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PREFACE

This document describes the information requirememder REACH with regard to substance
properties, exposure, use and risk management nesasund the chemical safety assessment. It is
part of a series of guidance documents that arechba help all stakeholders with their preparation
for fulfilling their obligations under the REACH galation. These documents cover detailed
guidance for a range of essential REACH processesedl as for some specific scientific and/or
technical methods that industry or authorities rnteesiake use of under REACH.

The guidance documents were drafted and discusghiohihe REACH Implementation Projects
(RIPs) led by the European Commission servicesphiing stakeholders from Member States,
industry and non-governmental organisations. Afteceptance by the Member States Competent
Authorities the guidance documents had been handedto ECHA for publication and further
maintenance. Any updates of the guidance are drafie ECHA and are then subject to a
consultation procedure, involving stakeholders fraember States, industry and non-
governmental organisations. For details of the altason procedure, please see:
http://echa.europa.eu/doc/FINAL_MB_30_2007_Consiolta procedure_on_guidance.pdf

These guidance documents can be obtained via thsiteeof the European Chemicals Agency
(http://echa.europa.eu/about/reach_er).aBprther guidance documents will be publishedttua
website when they are finalised or updated.

This document relates to the REACH Regulation (E©)1907/2006 of the European Parliament
and of the Council of 18 December 2006

1 Corrigendum to Regulation (EC) No 1907/2006 ef Buropean Parliament and of the Council of 18 Bées 2006
concerning the Registration, Evaluation, Authoi@atand Restriction of Chemicals (REACH), estabiigha European
Chemicals Agency, amending Directive 1999/45/EC aepealing Council Regulation (EEC) No 793/93 and
Commission Regulation (EC) No 1488/94 as well amred Directive 76/769/EEC and Commission Direcsive
91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/ECL@3%6, 30.12.2006); amended by Council Regulafiog)

No 1354/2007 of 15 November 2007 adapting Regulafi€C) No 1907/2006 of the European Parliament @fnitie
Council on the Registration, Evaluation, Authoiigatand Restriction of Chemicals (REACH) by reasiinthe
accession of Bulgaria and Romania (OJ L 304, 220001, p. 1).
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Redrafting the section about the general workflov exposure
estimation:

o The workflow for environmental exposure assessniead been
completely redrafted (R.16.1.2). A diagram has bie¢mduced ta
better illustrate it. First tier assumptions and iteration/refinement
alternatives are also shown. The diagram is camdistith the text
and makes clear references to other chapters of IRRESA
Guidance. Many of the changes in this section anthé whole
guidance have been triggered by the need to makguidance R.16
more relevant for release estimation under REACHHd, ain
particular, consistent with its general approaclictvlaims to make
registrants describing the conditions of safe use.

Reworking chapter structure and headings. In pastic

0 The exposure assessment workflow (R.16.1.2) andrgkprinciples
(R.16.2: local assessment, regional assessmeriraedrame) have
been described first, before the release estimatide, distribution
and exposure estimation sections. In the previaudance, thes
introductory principles were spread in several gaaghs.

0 Both in the release estimation and in the exposstienation parts,
clear distinction has been made between firstagsumptions and
refinement options for the eventual iteration. Tiferent options
for refinement have been clearly listed in two safeaparagraphs,
one for release estimation (R.16.3.5) and the ofberexposure
estimation (R.16.8). In the previous version of thédance, they
were spread in different paragraphs.

D

j<*)

Revision of scenarios for the local assessment

o Two different scenarios for the local assessmentehheen
introduced: the “Industrial setting” scenario (R2&.1) describe
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scenario (R.16.2.2) describes releases derived fecomsumers
professional and service life uses. Since reletsester from wide
dispersive uses are associated with a municipabhgewreatment
plant, they can be assessed as a point source dbdhl scale. A
scenario for outdoor wide dispersive uses, basectleases onto g
urban paved surface, collection into a public seavat treatment in
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an STP has been developed. A method has been pdoadattribute
a default tonnage for wide dispersive uses at al Istale. Since a
releases from each identified wide disperse uskebyillefault ente
into the same sewage system, combined risk shautebbsidered.

Tonnage attribution

o Default conservative assumptions are now clearcileed for the
definition of a tonnage for each identified use ahtbcal (R.16.3.2)
regional and continental scale (R.16.3.3). If markiata or
information from downstream users is available, thgistrant can
overwrite these default values.

Parameters relevant for communication

o0 There was a need to clarify that the existing EUSIBBuUt
parameters (e.g. Fmain_source, Temission) are uibabse for
communication purposes along the supply chain. Theeye been
substituted by few parameters relevant to REACIH. (mxaximum
daily and annual use at an industrial site, seé.B.2).

Continental release estimation

0 A sub-paragraph has been inserted to illustrate ntiethod for
calculating the releases at the continental scigirey from the
tonnage at EU level, the regional tonnage and Hreesreleas
factors used at the local and regional scale (wihil6.3.3).

Review of the chapter on Measured data (R.16.4):

0 The previous paragraph, focused on environmentatamrations
has been expanded to consider also release measusenThe
consistency need with RMM/OC has been stressed.

Review of fate, distribution and exposure estinratections (R.16.5).

0 These section has undergone minor revisions madaityed at
avoiding duplication with concepts already mentwna the
previous paragraphs and ensuring consistency Wwémew releas
estimation part.

Review of Appendix 16.1

0 The appendix has been updated in order to be tensiwith the
new R.12 guidance. In particular, the introductioh two new
Environmental Release Categories, ERC 12A and ERX; telative
to industrial processing of articles with abrasteehniques, with
respectively, low and high release, the consistenitly the newly
developed ERC concept and release factors for tdiregional
releases onto industrial soil (ERC 1-7) have ba&oduced.
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Convention for citing the REACH regulation
Where the REACH regulation is cited literally, tigsndicated by text in italics between quotes.
Table of Terms and Abbreviations

See Chapter R.20

Pathfinder

The figure below indicates the location of Chafré6 within the Guidance Document.

‘ Information: available — required/needed Fi
I
! }

Hazard Assessment (HA) Exposure Assessment (EA)

Risk Characterisation (RC)

Dangerous
Or PBT?

Document in y Ask\ n Iteration
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R.16 ESTIMATION OF ENVIRONMENTAL EXPOSURE
R.16.1  Introduction

R.16.1.1 Aim of this chapter

This chapter will provide guidance on how to estemanvironmental exposure. More specifically,
it will deal with:

» Estimation of the releases to air, water (eithestex@ater and/or surface water), and soil at
local and regional scale.

» Fate and distribution of the releases in envirortalesompartments (air, soil, surface water,
sediment, biota) and sewage treatment plants;

» Calculation of exposure concentrations in / dosesréspectively:

o Environmental compartments (SectiolR.16.6.), in terms of Predicted
Environmental Concentrations (PECs), at both l@al regional scales, covering
both direct exposure of organisms and exposuréeidgod chain for predators

0 Man via the environment (Sectid®16.6.8 in terms of human daily intake of the
substance through drinking water, fish, leaf cropmt crops, meat and dairy
products, at local and regional scale.

R.16.1.2 Workflow for environmental exposure estimation

The estimation of environmental exposure is bufbbmu the following previously performed
processes: collection of relevasubstance propertiesandmapping of uses

The former consists in obtaining at least a minimagnofsubstance properties (e.g. from IUCLID)

such as vapour pressure, water solubility, molecwleight, octanol-water partition coefficient,

melting point and information on ready biodegratigbivhich are needed for the environmental
exposure estimation. The latter consists of débimibf relevant life cycle steps (see part D and
Chapter R.12), identification of uses, assignmehthe appropriate descriptor, including the
Environmental Release category - ERC, describiegcthnditions of use from the environmental
perspective (see Chapter R.12), and the definifan appropriate tonnage.

The whole exposure estimation is therefore buittrughe definition of the life cycle steps of the
substance giving rise to release/exposure (sedpand Chapter R.12) and the identification of the
covered uses for each life cycle step. Once thiméwork has been completed, the proper exposure
estimation can start.

The exposure estimation consists of the followiteps:

1. Determination ofoperational conditions(OC) andrisk management measures (RMM)
including, for the former, amount of substance cpss temperature, duration and frequency
of use or activity etc and for the latter indudtnveastewater treatment plants, filters,
scrubbers, municipal sewage treatment plants €tagter R.13);

12
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2. Release estimatiortonsisting of the determination of the local aedional release rates for
each use (Sectior®.16.3.2andR.16.3.3, starting from the appropriate release factos an
the tonnage assigned to any identified use;

3. Environmental distribution and fate and Exposure estimation The distribution and fate
of a substance in the environment (Secti®$6.5andR.16.9 is assessed at local and
regional scale. Consecutively, PEC (Predicted nwhental Concentrations) values for
each environmental compartment for (top-) predat8extionR.16.6.7 and the daily intake
of humans via the environment (Sectigrl6.6.8 are derived at local and regional scale.
PEC values for the sewage treatment plant are lesdcliat local scale (SectioRs16.6.5
andR.16.6.6..

Exposure estimation can be an iterative proceshkelfisk characterisation (part E) indicates that
the applied risk management measures and operiationditions are not adequate to control risks
occurring from the manufacture and all identifiesk(s) (Risk Characterization Ratio, RGRL),

the exposure estimation may need to be refineds @finement is possible at every step in the
workflow.

Inter alia, it might be possible to:
« refine or add more specifRMM/OC;

» refine the parameters in the applied release estimanethod based on representative on-
site data, such aslease measurementwhich should be linked with the RMM/OC,;

» refine themapping of usesand the tonnage assigned to each identified uge (sing
market data);

e use environmentalmeasured data (representative environmental concentrations or
properties of the receiving environment such assones river flow rates) ;

« usehigher tier exposureestimation tools;
« refine thesubstance propertiege.g. degradation rates, partitioning coefficient)

The following flowchart Figure R.16-) illustrates the steps described above; the dirdk boxes

are related to the exposure assessment, whilaégiiednes are related to other steps in the safety
assessment that have an impact on the exposurete€tangular boxes represent the processes,
while parallelepiped boxes show the outcome optioeess.

13
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Substance

properties <
(IUCLID)

Mapping of use(s)
(Guidance R.12)

Life cycle steps
Identified use
Use descriptors (ERC)
Tonnage

Risk characterisation
(Guidance E)

CSR and ES via

eSDS risk controlled

yes

no

Figure R.16-1 Diagram for environmental exposure agessment

14



CHAPTER R.16 — ENVIRONMENTAL EXPOSURE ESTIMATION

R.16.2  Exposure assessment principles

The exposure to the environment is in principleeassed on two spatial scales: locally in the viginit
of point sources of release to the environment, ragibnally for a larger area which includes all
point sources and wide dispersive sources in thed.aReleases at the continental scale are
considered to provide inflow concentrations for tkgional environment. The end results of the
exposure assessment are concentrations (PECsE isntvironmental compartments air, surface
water (fresh and marine), soil, sediment, and bietg. earthworms and fishes for secondary
poisoning) and human daily intake of the substari@ehe environment for both local and regional
scale. Continental concentrations are not useddysoints for exposure.

R.16.2.1 Local assessment

The concentrations of substances released fromgéegdoint source are assessed for a generic local
environment. This is not an actual site, but a Hiyptical site with predefined characteristics,
defined by a ‘standard environment’ (for its dgstion see SectioR.16.6.4 and a standard town

of 10000 inhabitants. The exposure targets arenzx$uio be exposed in, or at the border of, the
site. In general, concentrations during a relegisode are calculated. This means that local
concentrations are calculated on the basis oflp ddease rate, regardless of whether the diseharg
is intermittent or continuous (see Secti®ri6.2.4. They represent the concentrations expected at a
certain distance from the source on a day whenellease occurs.

For the exposure assessment of terrestrial organisipredators and of man indirectly exposed via
the environment a longer term average is usedadsté daily release rates because exposure is
assumed not to be influenced by temporal fluctuatiorelease rates.

In principle, degradation and distribution processkould be taken into consideration at the local
scale. However, because of the relatively short ti@tween release and exposure, concentrations at
local scales are almost entirely controlled by i@hitmixing (dilution into environmental
compartment). No other process is considered ircdlmilation of local PEC.

A fixed dilution factor is applied to the effluenbncentration of an STP (by default assumed to be
present)For further iterations, more specific assessmeray be appropriate. The actual dilution
factor after complete mixing can be calculated frtiva flow rate of the river and the effluent
discharge rate of the STP. This approach shouldsee for rivers only and not for estuaries or
lakes. In other cases, the calculation of the PE&loan be carried out using actual environmental
conditions around the point source.

Figure R.16-2shows the relationship between the local releasges and the subsequent
distribution process modelled for the environmentahpartments.
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Figure R.16-2 Local distribution calculation

Two scenarios are distinguished to assess theseeleathe environment at the local scale: (1)
release from industrial settings and (2) releasm fivide dispersive uses.

R.16.2.1.1Releases from industrial settings

Releases from uses in industrial settings are ssdess independent point source releases; it means
that each identified use of the substance is assumeccur at a different site. However, in some
cases, it is needed to combine those assessmettts fcombined risk” section of the CSR, e.g.
when manufacture and formulation take place as#me site.

The industrial setting scenario considers releasesater, air and soil (the latter through sludge
application and air deposition from a biologicalvage treatment plant).

Releases to water can be treated in an on-sitetridiuvaste water treatment plant (WWTP) or in a
municipal sewage treatment plant (STP). For inalstr municipal biological treatment plants, a
standard model is available to calculate the releaster treatment (Sectiéh16.6.5. By default, a
municipal STP is available as a standard RMM faalaelease from industrial settings. Indirect
releases to air via the STP, as a result of wagatrhent in the STP, are also considered in the
industrial setting scenario

Release to soil at the local scale will occur palication of sludge from an STP to agriculturail so
and via atmospheric deposition of substances mdetsair. Direct releases to soil from industrial
settings are not assessed at the local scalenbuabthe regional scale.
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R.16.2.1.2Releases from wide dispersive uses

A wide disperse use of a substance is charactebigdide assumption that the substance is used by
consumers or by many users in the public domatiuéing small, non industrial compame#\
wide dispersive use of a substance is by defashaated with a point source release of a local
municipal STP of a standard 10000 inhabitants tawat collects the releases to water from that
use. This is not the case for direct releasesrtarad soil from wide dispersive uses. Therefore,
these are not considered at the local scale, bytadithe regional one.

The local tonnage used by consumers or by manysusethe public domain (including small
companies) is calculated from the manufacturedaganfor more details see Sectigrnl6.3.2.2.

This calculation is carried out for each wide drspeuse of the substance. Since all these releases
will by default enter into the same sewage systmbined risk should be considered in section
10 of the CSR (see part F)

R.16.2.2 Regional assessment

The concentrations of substances released front amid diffuse sources in a larger area are
assessed for a generic regional environment. TteedRsubstances at the regional scale differs
from the fate at the local scale in the sense thate time is available for transport and

transformation processes. At longer distances fpmimt sources or when releases are wide
dispersive and not collected into a single pointiree, the further distribution and fate of the

substance are taken into account. It can be asstima¢dnter-media transport and degradation
become relatively more important. For calculatihg tegional PEC, a multi-media fate-modelling

approach is used (e.g. the SimpleBox model).

All releases to each environmental compartmeneémh use, assumed to constitute a constant and
continuous flux, are summed and averaged over &3, yand steady-state concentrations in the

environmental compartments are calculated. Theonadjiconcentrations are used as background

concentrations in the calculation of the local @nttationsFigure R.16-3jives a general overview

of the distribution processes in the regional moEel details see Secti¢h16.6.6.8

A standard region is represented by a typical dgmsspulated EU-area located in Western Europe
(~ 20 million inhabitants, 208 200 knf).

2 Whether a company is industrial or not from aniemmental point of view can for example be deterexdi on the
base of the obligation to have a permit for wastéewdischarge.
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Figure R.16-3 Schematic representation of the modébr calculating the regional PECs

Regardless of the assumptions made at local soadggnal releases to water are based on a
scenario where 80% (representing the EU averagtijeofvastewater is treated in a biological STP
and the remaining 20% is released directly intdesar waters.

Continental distribution

Concentrations in air and water are also estimatedcontinental scale (Europe) to account for the
chemical flux - due to passive transport of thessace with air and water - into the regional area
Both continental and regional concentrations afdeutaed using a multimedia fate model. The
continental concentrations are not used as endpfuinexposure in the risk characterisatibigure
R.16-4illustrates the relationships between contineméglional and local scale.

CONTINENT REGION

LOCAL ENVIRONMENT

background

M concentrations

inflow
concentrations

Figure R.16-4 The relationship between the contineal, regional, and local scale
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R.16.2.3 Time frame

Local releases of substances can be either comgnoo intermittent, they are the latter, for
instance, in the case of batch-processing of snbasa Continuous releases are characterized by an
almost constant release rate over a prolongedgéeig. 220 working days). Intermittent releases
are defined as occurring infrequently, i.e. lessthnce per month and for no more than 24 hours.

The release rate is given averaged per day (24sholinis implies that, even when a release takes
place only a few hours per day, it will be avexhgeer 24 hours.

In case of continuous releases, organisms witHatively short life-span, like aquatic organisms,
are exposed locally to toxic concentrations of shbstance for a considerable proportion of their
lifetime. Therefore, for these organisms, the ageraxposure levels during release episodes are
assumed to be continuous. It follows from this agstion that the estimated environmental
concentrations can be considered as estimatesngftéwm exposure levels for these organisms,
which can be compared to no effect levels derivethflong-term toxicity data.

If intermittent release is identified, only shoetih effects are considered for the aquatic ecasyste
and no-effect levels are derived from short-terricity data only.

Since most substances are not released direcHygit@nd because of its less dynamic nature than
air or surface water, the exposure of terrestriglanisms is assumed not to be influenced by
temporal fluctuations in release rates. Also in dase of predators and human beings, these
fluctuations are of a rather short-term nature canmeg to their life span and the time scale on which
chronic effects are considered. Predators, humath$earestrial organisms are therefore assumed to
be exposed to levels averaged over a longer peaiod,derived from average release rates (i.e.
annual average).

Regional releases of substances are assumed tocuettinuously over the year. Therefore average
exposure levels are calculated by the steady statkel for the regional scale using annual release
rates and they are compared with long term toxitétta.

For substances as such and in preparations isigras] that the releases take place in the year of
manufacture. However, for the article service ldad the subsequent waste life stage this
assumption is often not applicable since the releasurs over a longer period after manufacture.

In particular, it is assumed that the release @ehvironment takes place continuously over the
total service life. It has to be taken into accotimat the “market history” and “market future” af
substance plays a role here, since the releasednemmarketing year will add to the releases from
marketing volumes of previous years and future giedlence the registrant should make himself
aware whether the product-cycle of his substanserd@ched steady state. Steady state in this case
means that the annual marketed volume is drivethdyeplacement of products at the end of their
service life (becoming waste) or by losing or wimgnimarket share from competitors. In such case
the current annual production volume can be ta&egstimate the annual releases by multiplying it
by the release factor of the article over its smriife.

R.16.3 Release estimation

Releases can occur to air, surface fresh and mamer, wastewater and soil and are estimated
separately for every environmental compartmentesah relevant stage of the life cycle.
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Release estimation is the process whereby reléatks environment are quantified during the life
cycle stages and uses of a substance, taking @ctwuat the different release pathways, receiving
environmental compartments and the spatial scalleeofeleases.

Therefore, the aim of the release estimation atoulate the following parameters:

» Release rates (expressed in kg/day) to wasteveatdace water, air and soil for each relevant
life cycle stage and use at the local scale (Se&li?6.3.2.

» Release rates (expressed in kg/day) to wastewatdgce water, air and soil at the regional
scale (SectioiR.16.3.3.

R.16.3.1 Information needed for release estimation

Proper release estimation can only start afted#fmition of the life cycle stages for the subs&n
and the identification of the uses for each lifeleystep.

The information that needs to be considered forélease estimation is:

 Life cycle stages of a substance

» Supplied tonnage for the use, or group of usesdoh life cycle stage of a substance

» Information on Operational Conditions (OC) and Rié&knagement Measures (RMM)

* Release factors (expressed in kg/kg or %) depermtinthe type of use, the stage in the life
cycle and the OC and RMM

R.16.3.1.1Life cycle stages of a substance

The generalised life cycle stages of a substaregigen inFigure R.16-5The release pattern and
the estimated release factor are closely relatafigdife cycle stages of a substance. The release
estimate in a registration should in principle bersfrom the perspective of the entire life cydla o
substance, as described here.

Manufacture (production): Chemical synthesis of the substance. Manufactuthda stage where
the substance is manufactured, i.e. formed by atemeaction(s), isolated, purified, drummed or
bagged, etc. Different types of intermediates (grtes used to make other substances) can be
manufactured and distinguished.
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Figure R.16.5-Life cycle stages of substances

Formulation: Mixing and blending into a preparation. Formwiatis the stage where substances
are combined in a process of blending and mixingbtain a product or a preparation. This may be
a formulation such as a paint, or a product such pisotographic film. Formulations are applied or
used at the next stages of the life-cycle (indakpiofessional use, private use).

Industrial use: Use of the substance as such, in a preparatiom an article, in an industrial

process with the purpose of incorporating the sutrst into an article or technically supporting the
manufacturing process but not intentionally becagmpart of the product (processing aid). One
example of a processing aid is a developer usacpimtographic bath that is disposed of after use.

Professional and private useApplication of the substance or preparation byfgssionals or the
public at large outside industrial installations
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a) Professional use may include the use of substagsach, in preparations, or in articles, in
order to deliver services to business or privatgtamers. This may include sophisticated
equipment and specialised, trained personnel.

b) Private use includes the use of substances as sugireparations or in articles. It is
assumed that the user is not trained. Use canpiaoe in closed systems (lubricants for
vehicles or hydraulic systems) or open systemgi@labts for bicycles). It may also include
processing of material.

Service life Use of articles or the polymer matrix of a preg@n (paints, adhesives) containing
the substance over a period > 1 year. Such aesviticlude for example wearing and maintenance
of textiles, housing, using and maintenance ofalehj use and maintenance of sport articles, etc.

Waste treatment Final stage where substances, preparations iotearire disposed of after their
service life, such as for example used lubricantssavents, old tyres or home appliances.
Unintended losses of preparations may also enterttie waste life stage, like e.g. overspray from
coating, surplus of dyes, inks or residues fromamieg of machinery. Treatment includes
incineration, landfilling, or recovery of the basmaterial or substance. For more information about
exposure assessment for the waste life cycle seg€hapter R.18.

At each of the life-cycle stages a larger or smdHhaction of the substance is lost via releases an
will therefore not enter the next life cycle stayghen applying release factors in more precise
release calculation, this could be taken into antdBetween the various life cycle stages transport
storage, and handling may occur. This has not letinated in Figure R.16-1. Releases due to
storage, handling, repacking and filling, includiogal transfer, are assumed to be included within
the relevant life cycle stage. Transport is notstdered further under REACH.

R.16.3.1.2Tonnage

The starting point for release estimation is thentmge of substance manufactured/imported by the
registrant and the tonnage associated with eactfansgroup of uses) during the life cycle of the
substance for which exposure scenarios need tevsaped.

The manufacturer’s annual production or the imptetannual import of a substance will be
distributed in the EU market and flows down the@yphains. The registrant usually knows his
own production/import tonnage and the markets tlwhe sells the substance. However, often he
has little information on the annual or daily togeaused by the downstream users (including
formulators and industrial users).

If the registrant is able to get information of th@nage used by his downstream users and if he has
enough market data, he can assign a tonnage tg Efeecycle step (formulation, industrial use,
consumer and professional use, service life agidmd uses identified in the use mapping section
(Chapter R.12). For each downstream use, it isilplest® consider as a worst case assumption, the
tonnage used by the largest customer. It is assuh@dfor each use, the evaluation performed
using this tonnage ensures control of risk fosaibller customers.

If specific and reliable data are not availablensmyvative assumptions (like the use of the total
manufactured volume for every identified use) némde made by the registrant to assign the
tonnage to identified uses for releases estimalioso doing, the calculated exposure estimates and

22



CHAPTER R.16 — ENVIRONMENTAL EXPOSURE ESTIMATION

corresponding RCR will help the registrant to sebnities for collection of more specific
information.

R.16.3.1.30perational conditions and RMM

Both operational conditions and risk managementsomes have an impact on the type and amount
of release and the resulting exposure.

Operational conditions consist of a set of actidos|s, parameters such as amount of substance,
process temperature and pH, duration and frequeh@lease, type of use (e.g. indoor or outdoor),
containment of process (open or closed), continumulsatch process (leading to an intermittent
release), capacity of surroundings, etc. havinga atde effect, an impact on the release and the
exposure.

Risk management measures consist of technolog@gertedures aimed at either reducing the
releases or excluding a release pathway.

Examples of risk management measures intendedltweerelease are filters, scrubbers, biological
or physico-chemical wastewater treatment plants etc

An example of exclusion of a release pathway isnwbleidge from a waste water treatment is
incinerated and not spread on agricultural soil.

If a specific RMM is applied as standard practitan be controlled on-site and its effectiveness is
known, release factors can be decreased and tat@adcount in the development of the ES (see
Section D and Chapter R.13). Since a municipalogichl sewage treatment plant (STP) is a
standard practice in Europe, it is assumed asnaatd RMM for industrial waster water treatment.

The use of specific waste water treatment plant8V{W) or the absence of the municipal STP

associated with industrial settings should be takémaccount in the exposure estimation and may
need to be taken into account for development®fs.

For a general overview of abatement techniques, tRMM library3 (see
http://www.cefic.org/files/downloads/Guidance%20R2UREACH%20-%20Dec%202007.pdfan
be consulted. EU BREF Documents under the EU Direcin Integrated Pollution Prevention and
Control (IPPC) are also a valuable source of infdram.

R.16.3.1.4Release factors

Release factors express the fraction (either kgfkgo) of the used amount being released to the
environmental compartment under consideration.

The release of a substance from a certain usetéglgnical processes in installations or vehicles,
application of preparations in private householiig)ends on the operational conditions (like e.g.
temperature, pressure, level of containment of imacl, level of internal regeneration of

3 The RMM library will become available via the CEFRvebsite
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processing fluids, dry or wet process, dipping @raging) and risk management practices
(OC/RMM).

Special considerations have to be taken into adconrthe derivation of the release factors from
service life of long-life articles and waste displpsee Chapters R.17 and R.18, respectively.

To streamline the release estimation and to supabét collection in and communication across the
supply chain, environmental release categories €R@ve been developed. The ERCs are listed
and described in Section R.12.3.4, Appendices R.12nd R.12.4.2.

ERCs provide conservative default release factorbet used as a starting point for a first tier
environmental exposure assessment. The sourcesd# tielease factors and their value (expressed
in %) is documented iAppendix R.16-1Examples on how to work with ERCs are given in Pa

The use of an ERC does not require any explicdrinfition on substance properties for an first tier
release estimate. In addition, the default assumpgs that RMM are not in place, except for the
municipal STP connection. If a specific RMM is dpgdlin current standard practice (for example
according to the best available technologies) &edeffectiveness of such a technique is known,
release factors can be reduced accordingly andhtaite account in the development of the ES
(part D and Chapter R.13).

Besides a set of default release factors for atfesenvironmental exposure assessment, ERCs also
provide use descriptors. When refining the relefsetor, the same ERC description may
correspond to different ESs (depending on RMM ay @sulting in different release factors.

ERCs are based on the following aspects Aggeendix R.16-1and R.12.3.4):

life cycle stage;

level of containment;

type of use and technical fate;

dispersion of release sources;

indoor or outdoor use;

release potential during service life and wastgesta

2 A N

Alternative release factors, such as those basdekpasure Scenario Documents (ESppendix
R.16-2 or those developed by industrial sectors (SPERL) be used as a refinement option
(SectionR.16.3.5. If a refined release factor is applied, the rapienal conditions and RMM
leading to this factor need to be documented inetimgronment related section of the exposure
scenario.

R.16.3.2 Local release estimation

Two scenarios are distinguished to assess theseebpathe environment, as discussed in Section
R.16.2

 Industrial setting.
» Wide dispersive use.

The default parameters used in the release rateslation, proposed in the present section are
conservative and are suitable for a first iteratddthe exposure assessment. The release estimation

24



CHAPTER R.16 — ENVIRONMENTAL EXPOSURE ESTIMATION

could be refined when more specific on-site dateluding RMM and OC, are available (Section
R.16.3.5.

R.16.3.2.1ndustrial setting scenario

The release rate (kg/d) to the environmental cotmgants is estimated on the basis of the tonnage
used at the site.

The releases to water are by default treated im@igipal STP and/or an industrial WWTP, before
being discharged into surface water; however thelahility and type of STP should always be
checked and, adapted to site specific situation.

In order to estimate the release to the environrwgran industrial setting, the following paramster
are needed:

i. maximum daily use at a si{onnes/day); this is the maximum amount usechatsite
and in one day for each life cycle stage (manufactformulation and industrial end
use). It is used for the calculation of the expestencentrations for the environment;

ii. maximum annual use at a sinnes/year); this is the maximum amount usednie
site and in one year for each life cycle stage (rfemture, formulation and industrial
end use). It is the starting point for the caldolatof the exposure of man via the
environment and (top) predators.

The two above mentioned parameters, together vathrational conditions and risk management
measures, guarantee control of risk for all doveastr users covered by the same identified use.

By default, the maximum daily use at a sgecalculated from the total registrant’s tonnéagiethe

EU level) for identified use, divided by the detanumber of release days depending on the
tonnage of the substance manufactured per yeaAfggendix R.16-). It is assumed that the total
tonnage is processed by a single user.

The calculation of the default maximum daily user €ach identified use, is reported in the
following tables for manufacture, formulation amdliistrial end uses. “Tonnage” in the following
tables is the total registrant’'s tonnage at EU llenanufactured or supplied to an identified use,
expressed in kg/year. The underlying assumptiothas large tonnages are more likely to be
manufactured or used continuously.

For manufacture

Tonnage of the substancl. of release days (days/year) Maximum daily use
manufactured per year (tonnes/day)

T <1000 20 Tonnage/20

1000 < T < 10000 100 Tonnage /100

10000<T 300 Tonnage /300

For formulation

Tonnage of preparaﬁéﬁor the use N. of release days (days/year) Maximum daily use
(or group of uses) per year (tonnes/day)

4 By default it is assumed that the percentage bbtsince in the preparation is 100. It is possiblenbdify the
percentage of substance in the preparation induitbrations.
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T <100 10 Tonnage/10
100 < T < 2000 100 Tonnage /100
2000<T 300 Tonnage /300

For industrial end uses

Tonnage of preparatioior the use N. of release days (days/year) Maximum daily use
(or group of uses) per year (tonnes/day)

T <1000 20 Tonnage/20

1000 < T <5000 100 Tonnage /100

5000<T 300 Tonnage /300

The maximum annual use at a siéeset equal, by default, to 100% of the registsasupply
volume for identified use.

The release rate to an environmental compartmerdrfadentified use is then calculated using the
following general equation.

E!ocaI,IU,j :QdainJU |:RFIU,j EQUATION R.16-1
Where:
Eiocal, U, j Release rate (kg/d) to the compartment “j” & lical scale for an identified use
(1V).
Quaily,1u: Daily use (kg/d) at a site for an identified ugeaximum daily use and/or
maximum annual use divided by 365 days).
RRu, j: Release factor (% or kg/kg) to compartment “jt identified use. The default

value is set by ERCs (see Secti®i6.3.1.3

For further iteration, the registrant can overwtite maximum daily and maximum annual use, by
using suitable and specific on-site, downstreanm, usarket data, etc. if available or use specific
release factors by describing the operational ¢mmdi and/or risk management measures (OC and
RMM) controlling the release (e.g. with specifiteigse factors which consider abatement strategies
put in place at the site).

The refinement process is described in Sed®idr6.3.5

R.16.3.2.2Wide dispersive use scenario

The tonnage used for the release calculation mitide dispersive use scenario is a fraction of the
regional tonnage at EU level which is used in addad town of 10000 inhabitants.

In relation to releases to water, the scenari@set on the following characteristics:

» releases from outdoor wide dispersive uses occilreiurban infrastructure,
» releases from both indoor and outdoor uses areatetl in a central public sewage system,
* releases from both indoor and outdoor uses artettdrsy an STP.
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For outdoor uses, this scenario can be consideseal r@asonable worst case. Assuming that all
releases occur on a paved surface of an urbarsinfcdaure and are collected in a sewage system
may be conservative, but this is balanced by tearaption that all releases to water are treated in
an STP.

Direct releases to air and soil are not considardide wide dispersive use scenario.

For wide dispersive uses, an Average daily use awsaris assumed (tonnes/day). Consequently
the same releases are used for the assessmeret gkifor the environment and for man via the
environment (and (top) predators).

The default average daily use over a year for tide wlispersive scenarios is estimated starting
from the registrant’s total EU tonnage for an idféeed use, dividing it by:

» 10 to take in account the distribution at the ragldevel (20,000,000 inhabitants)

» 2000 to take into account the fraction used instiai@dard town (20,000,000 inhabitants in the
region / 10000 inhabitants in the standard town)

» 365 (daysl/year)

The resulting tonnage is multiplied by a safetytda®f 4 to take into account geographical or
temporal peaks in the use and the release of aaswdes for example the use of anti-freeze
compounds in window washing fluids for cars.

Therefore the fraction of the EU tonnage for idéedi use to be used by default at local scale
(standard town) for a wide dispersive scenari@tesual to 4 / (10x2000x365) = 5,5 X'10

The same general equatiokg(ation R.16-1 is used when assessing the release rate to an
environmental compartment for the identified widspérsive use.

R.16.3.3 Regional release estimation

All regional releases associated with the diffeidettified uses, both industrial and wide disperse
sources, are cumulated to estimate the total rabiehease (kg/day) to surface water, wastewater,
air and soil. The regional releases associated ththdifferent identified uses are based on the
tonnage at regional level for each use and the sal®ase factors used at local scale.

By default, the tonnage at the regional level far industrial settings (i.e. manufacture, formaiati
and industrial uses) is set equal to 100% of thedge at EU level, while for wide dispersive uses
it is set equal to the 10% of the registrant’'s $ypplume at EU level. If the registrant has more
information (market data), the volume to be usedtlie regional calculation could be refined. The
refinement process is describe in Secioh6.3.5

Releases at the regional scale are assessed far, @itand soil (including industrial soil). Atigh
scale, also direct releases to soil are considered.

As stated before, when calculating the total reglioeleases, by default, 80% (representing the EU
average) of the wastewater is assumed to be tréatadSTP and 20% to go directly to surface
water without any treatment, regardless of the rapsions made about STP connection at local
scale.
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The formulas to be applied for the calculation lod total regional release to air, surface water,
wastewater and soil are the following:

Total Regional Releage=>. Regional Releasgby use

Total Regional Releagg = > Regional Releasgg by use

Total Regional Releaggewater= 2. Regional Releaggstewately Usex 80/100

Total Regional Releaggace wate= 2. Regional ReleaggsiewatePy Usex 20/100
where:

Total Regional Releaggewater passes through an STP and, subsequently, is digthin surface
water.

Continental release estimation

As long as the activities related to a specifigstaf the life cycle of a substance can be assumed
take place within a region, as it is often the dasemanufacture, formulation and industrial uses,
100% of the whole registrant’s tonnage at EU lévelttributed to the regional scale.

When activities are more widely distributed oves tBU, as is assumed for wide dispersive uses,
only a fraction of the whole EU tonnage is attréalito the region (10% by default) while most of
the whole EU tonnage (90% by default) is attribuiedhe continental scale. Therefore, for these
life cycle stages, releases at continental scalé asntribute as background to the regional
concentration.

The continental release for each environmental evtnent and for each stage can be calculated
using:

Continental release = (EU level tonnage — regitoratage)x release factor

The total continental release for each environmeammpartment is obtained by summing over all
life cycle stages. If the fraction going to theigggis changed in iteration, the continental redeas
will also change.

A continental release estimation is also carriedfouPBT substances. In this case, the whole EU-
level tonnage is used for each life cycle stagediimate the overall releases to the continental
scale, due to registered tonnage as whole.

R.16.3.4 Summary of the release patterns

As mentioned before, three scenarios (see Se®id6.9) are applied to reflect the pattern of
release in space and time:

< Industrial setting scenario at a local scale ($ad®.16.3.2.)
< wide dispersive scenario at local scale (Seddd6.3.2.2
* releases in a standard region for all identifieesuSectiorR.16.3.3
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The following table summarizes the environmentahpartment where releases are considered, for
each of these scenarios. The rationale behind thesamptions is explained throughout the
previous paragraphs.

Table R.16-1 Direct releases to environmental companents considered in the different
scenarios

Release compartment  air water soil
Scenario

Industrial setting (local Y Y N
scale)

WDU (local scale) N

Regional scale Y

Y: release pattern supported by the scenario
N: release pattern not supported by the scenario

R.16.3.5 Refinement options for iteration

The release estimation as described in the prev&metionsR.16.3.2(local scale) andR.16.3.3
(regional scale) should be seen as a conservatstdiér evaluation, for example when assessing a
tentative ES. If specific information on marketaladlownstream uses and release of the substance
is available, a higher tier assessment may be ipeefb.

The release estimation can most directly be impidserefining the maximum daily or annual use
and the release factor, as will be detailed later.

Furthermore, the DU can demonstrate that he opevdtkin the conditions of the ES by scaling up
or scaling down the factors used for the releadeulzdion, for example using the actual use
amount, type of risk management measures and dbtigl efficiencies, and operational condition
(e.g using the actual dilution factor in a rivegving an effect on the release rate or the exposure
calculation (see part G.1).

R.16.3.5.1Maximum daily/annual use
Local scale

In the context of théndustrial setting scenariothe _maximum daily or annual use at a sifea
substance for an identified use can be overwrlttethe registrant, on the basis of:

« Site specific information, such as the actual maximdaily use in the manufacturing stage
(readily accessible to the registrant)

e Information on the actual amount used by the ldrgesvnstream user (formulators and
industrial or professional end uses).

When overwriting either the maximum daily or thexinaum annual use the number of release
days should be set equal to the Maximum Annual {tiseesy™) divided by the Maximum Daily
Use (tonnesd™), but should never be higher than 365 days.
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The maximum daily or annual use at the site shaumgure control of risk for all registrant’s
downstream users.

The sales database of the registrant or suppligrbaable to identify the highest sales tonnage per
year for a single user, assuming that the largesusey directly without a distributor in between.
By contrast, the real maximum daily use at thesisstes is generally unknown to the registrant. If
the registrant wants to overwrite the maximum da#g for a specific identified use, he needs to
collect information from key downstream users, agkihem for the maximum amount used in a
single day.

No particular options to refine the annual averagefor wide dispersive useswe foreseen; only if
the registrant has sufficient information to demmate that the use of the substance is evenly
distributed in space and time throughout the regeg. for detergents), it is possible to divide th
default tonnage by a factor of 4 (Sectierl6.3.2.2 and to use this tonnage when performing the
calculations. This has to be justified and documein the CSR.

Regional scale

The estimation of the regional tonnage depend$ergéographical distribution of the substance’s

use. By default, 100% of the whole tonnage at Bl¢llés assigned to the region for manufacture,

formulation and industrial uses and 10% of it fadevdispersive uses . However, market data could
be used to overwrite the default for the regionhvat percentage that corresponds to the actual
situation.

The refined regional tonnage can also be usechfotdcal scale calculation of releases from wide
dispersive uses (Sectidh16.3.2.2 instead of the default 10% of the EU-tonnage eWtefining

the regional tonnage for wide dispersive uses,ctireesponding release to the continental scale
needs to be adjusted.

R.16.3.5.2Release factor/rate

The release factor associated with Environmentd¢d®e Categories can be used for a first tier
assessment. However, better information may belablai that could then be used instead. In
particular for identified point sources, specifiddrmation on release factors or rates (which are
linked to the release factor by the formula: redetator = release rate/used amount, both expressed
in the same units and relative to the same peridiong) may be available. If this is the case, they
should be refined and these data used for higheasisessment.

The release factor or rate can also be refinedaking into account Risk Management Measures
and Operational Conditions (RMM/OC). In this cadejs important to explicitly link such
RMM/OC to the release factor/rate and communicamt properly to the downstream user.
Examples of this kind of refinement is the useaifial settings for the local STP (based on refined
substance properties and/or modified versions efShmpleTreat model, see SectiBrl6.6.5.4
rather than default parameters.

It is also possible to refine the default releagetdrs by taking into consideration substance
parameters such as vapour pressure, water sojudnilit boiling point.

There are several sources for the refinement ebsel factors or release rates. One of them is the
above mentioned Exposure Scenario Documents (E8®&loped by the OECD (ségpendix
R.16-9. An ESD is a document that describes the soupresluction processes, pathways and use
patterns with the aim of quantifying the releasés substance into water, air, soil and/or solid
waste.
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Unfortunately, in most ESDs, the release factors seldomly described in relation to risk
management measures. Only in a few cases (e.dicptaklitives) it is possible to link specific
RMMs to release factors.

Other sources of information can be considered wafning release factors:

» Sector specific ERCs, the so called SPERCs, desdldyy industrial sector organisations
can be used in place of the conservative ERCsaAad possible, SPERCs have to be linked
to the RMM and OC driving the release estimation;

« Standard practice of RMM/OC normally adopted byratustrial sector

« Site specific RMM/OC put in place by single indiestr mainly at the manufacturing stage,
where a high level of information is expected tcabeessible to the registrant.

« Permits set by authorities, determining maximumeasé rates into environmental
compartments (surface water and air).

* Release rate measurements, mainly when licencepardits set by authorities require
frequent and regular monitoring of releases toremvhental compartments. These data are
normally available for the first three life cycleages: (i) Production, (ii) Formulation, and
(i) Industrial Use.

With respect to the outdoor use of long-life aggclvith a low release, the release factor alscstake
into account the service lifetime of the articlg: @efault this is set to 20 years which is mulagli
with a default average release from a single arti€l0.16% over a year (see appendix R16.1). Both
the release factor from a single article and theice lifetime can be refined. The default service
lifetime can be refined based on market data. Biease factor from the single article can be
refined based on measured data or other modelsétete: The factors provided here are derived
for additives in plastic (see Emission Scenario iboent on plastic additives, OECD 2004b). If
relevant, the registrant should also make himse#ra whether the default assumptions also apply
to other materials.

If the release rate at local scale is overwritthn, release factor should be updated accordingly (o
the basis of the overwritten release rate and dal Idaily tonnage) and used to compute the
regional and continental release.

R.16.4 Measured data

R.16.4.1 Introduction and general principles

A general introduction to the use of measured exodata in the process of estimating exposure
can be found in Section D.5.2. The use of measurenacompasses

a) actual measured concentrations which can be uséatilidate the interpretation of model
output and, eventually can be used as Predicteaddereental Concentrations (PEC)

b) other measured parameters that can be used torstippaelease and exposure calculation
(e.g. measured release factors or rates and measareovals in sewage treatment
facilities). Concentrations can be measured eithehe receiving environment or in the
release.
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Measurements can be used as:
e part of carrying out release and exposure estimdyothe M/I

e part of the DU— M/l communication. This could happen if the DU makvant measured
data, e.g. on measured release factors of a sgbstahich can be used in the release and
exposure estimation.

Measured data at the local scale, representativsitiation a) have to be clearly linked with the
operational conditions and risk management measlessibed in the Exposure Scenario.

For some substances measured data will be avaflabter, fresh or saline water, sediment, biota
and/or soil. These data have to be carefully etatudor their quality and representativeness
according to the criteria below. They are used ttogre with calculated environmental
concentrations when deciding on the environmentaicentration to be used for exposure
estimation (see also R.16.5.6.9).

The evaluation should follow a stepwise procedure:

» adequate measured data should be selected by #walwd the sampling and analytical
methods employed and the geographic and time sochlbe measurement campaigns (Section
R.16.4.2;

» the data should be assigned to local or regioraiaios by taking into account the sources of
release and the environmental fate of the subsi@eaionR.16.4.3)

+ the measured data should be compared to the comeisyy calculated PEC. For naturally
occurring substances background concentrations I@avbe taken into account. For risk
characterisation, a representative PEC should hedett upon based on comparison of
measured data and a calculated PEC (SeRtitb6.6.6.9.

R.16.4.2 Selection of adequate measured data

The available measurements have to be assessedéfsre using them in release and exposure
estimation. The following aspects should be considte

e Quality of the sampling and analytical techniques

« Selection of representative data for the envirortal@mpartment of concern
* Outliers

« Treatment of values below the limit of quantificati(LOQ)

« Data comparability

It is advisable to obtain as much useful informatan release and exposure from a data set as
possible, but there is inherent danger for inappatg use of the data for risk assessment purposes.
To address this problem, two quality levels forsérig data, based on the available contextual
information, are given imable R.16-2(based on OECD, 2000). In recommending this téide
OECD stressetl...these criteria should be applied in a flexible mnar. For example, data should
not always be discounted because they do not rheetriteria. Risk assessors should make a
decision to use the data or not, on a case-by-basés, according to their experience and expertise
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and the needs of the risk assesstérte most important factors to be addressedteenhalytical
guality and the availability of information necesst assess the representativeness of the sample.
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Table R.16-2 Quality criteria for use of existing @ta (based on OECD, 2000)

Study category
1 2
Criteria Valid without Valid with restrictions - May be useq
restriction — may be| to support Exposure estimation
used for measured (difficult data interpretation)
PEC
What has been analyset? required required
Analytical method® required required
Unit specified® required required
Limit of quantitation” required required
Blank concentratior? required optional
Recovery’ required optional
Accuracy” required optional
Reproducibility® required optional
Sample collectior? required optional
One shot or meat? required required
Location? required required
Date dd/mm/yy? required Minimum is knowledge of year
Compartment characteristitd required optional
Sampling frequency and pattern required required
Proximity of discharge point¢’ required required
Discharge emission pattern and required (for local required (for local scale)
volume™ scale)
Flow and dilution or application ratg required (focal required (for local scale)
scale)
Treatment of measurements below required required
the limit of quantification

Notes toTable R.16-2

1) Precisely what has been analysed should be made details of the sample preparation, including fo
example whether the analysis was of the dissolkettibn, the suspended matter (i.e. adsorbed dractir the
total (aqueous and adsorbed) should be given.

2) The analytical method should be given in detaiorappropriate reference cited (e.g. the releva@/DIN
method or standard operating procedure).

3) Units must be clearly specified and informationegiwhether it has been normalised to e.g. orgaaricon,
lipid etc.
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4) The limit of quantitation and details of possibteokvn interfering substances should be quoted.

5) Concentrations in system blanks should be given.

6) Recovery of standard additions (spikes) shoulduzseyl.

7 Results of analysis of standard “reference samplesitaining a known quantity of the substance khbe
included. Accuracy is connected to the analyticathd and the matrix.

8) The degree of confidence (e.g. 95% confidence vatgerand standard deviation in the result from egpe
analysis should be given. Reproducibility is alearmected to the analytical method and the matrix.

9) Whether the sampling frequency and pattern retated emission pattern, or whether they allow féeats

such as seasonal variations need to be considered.

10) The assessor needs to know how the data have te=tead, e.g. are the values reported single vatneans,
90-percentile, etc.

11) The monitoring site should be representative ofltlation and scenario chosen. If data represenpaeal
means, the time over which concentrations wereaaeet should be given too.

12) The time, day, month and year may all be importimptending upon the release pattern of the subst&imoe
of sampling may be essential for certain dischamédsion patterns and locations. For some mode#imd
trends analysis, the year of sampling will be theimum requirements.

13) Compartment characteristics such as lipid conteattent of organic carbon and particle size shdeéd
specified.

14) For the local aqueous environment, detailed inféionaon the distance of other sources in addition
guantitative information on flow and dilution areaded.

15) It is necessary to consider whether there is ataohsnd continuous discharge, or whether the aobst
under study is released as a discontinuous emisbiowing variations in both volume and concentratidth
time.

—

Quality of the sampling and analytical techniques

A quality check should be performed for both sangland analytical techniques. The applied

sampling techniques (e.g. use clean and appropc@atéainers to avoid contamination of the

sample), sample shipping and storage, sample @parfor analysis and analysis must take into
account the physico-chemical properties of the tauloe (e.g. the substance may degrade in
presence of light, oxygen, may be volatile, et&ady. further information, see EC, 2009a. Measured
data that are of insufficient quality should notused in the release and exposure estimation.

Selection of representative data for the environwlezompartment of concern

The representativeness of the monitoring data late@ to the objective of the monitoring
programme from which they originate. Monitoring grammes may be designed to cover a large
spatial area (high number of stations over a ldegdtory), to achieve a high spatial resolution
(high number of stations per area unit), or to rr@nonly one point source release. Monitoring
programmes may be designed to assess temporas t(eighh sampling frequency), or to monitor
the status of a site at a given time.

For the purpose of risk assessment, there areistioat aspects to consider:

- The level of confidence in the result, i.e. the bemof samples, how far apart and how
frequently they were taken. The sampling frequeang pattern should be sufficient to
adequately represent the concentration at thetedlsde.
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- Whether the sampling site(s) represent a locakgional scenario. Samples taken at sites
directly influenced by the release should be usedidscribe the local scenario, while
samples taken at larger distances may represergdi@al concentrations.

For example, when evaluating the representativeagsischarges from a wastewater treatment
plant, the number of samples and the sampling &ecy should be adaptéaer alia to the type of
treatment process (including retention time), esrvinental significance and nature of the substance
and effluent variability. Effluent quality and gu#y vary over time in terms of volumes discharged
and constituent concentrations. Variations occug ttua number of factors, including changes in
human activity, changes in production cycles, \emma performance of wastewater treatment
systems in particular in responses to influent gearand changes in climate. Even in industries that
operate continuous processes, maintenance operasioch as back-washing of filters, cause peaks
in effluent constituent concentrations and voluiti¢S-EPA, 1991).

Data from a prolonged monitoring programme, wheyasenal fluctuations are already included,
are of special interest. However too old data matybe representative of the risk management
measures and operating conditions described imxtpesure scenario. Indeed, pollution may have
been reduced or increased by the implementatioriskfmanagement measures or of operation
conditions, by new releases or change in releaserpa

If available, the distribution of the measured dedald be considered for each monitored site, to
allow all the information in the distribution funeh to be used. For regional PEC assessment, a
further distribution function covering several siteould be constructed from single site statistics
(for example, median, or Y0percentile if the distribution function has onlgeomode), and the
required o percentile values, mean or median values of tisisiloution could be used in the PEC
prediction. The mean of the BOpercentiles of the individual sites within one icey is
recommended for regional PEC determination. Cacallghbe taken that data from several sites
obtained with different sampling frequencies shoudt be combined, without appropriate
consideration of the number of data available feanh site.

If individual measurements are not available thesults expressed as means and giving standard
deviation will be of particular relevance. A"®@ercentile concentration may also be calculated. |
most instances a log-normal distribution of conidns can be assumed. If only maximum
concentrations are reported, they should be coreidas a worst-case assumption, providing they
do not correspond to an accident or spillage. Hamneuse of only the mean concentrations can
result in an underestimation of the existing ridlecause temporal and/or spatial average
concentrations do not reflect periods and/or laretiof high exposure.

For intermittent release scenarios, even the 96egnéite values may not properly address release
episodes of short duration but of high concentratiischarge. In these cases, mainly for PEClocal
calculations, a more realistic picture of the retepattern can be obtained from the highest vdlue o
average concentrations during release episodes.

When considering data about dilution, it shouldtélken into account that flow rates of receiving
waters are typically highly fluctuating. In thissea the 18 percentile, corresponding to the low
flow rate, should always be used. If only time aged flow rates are available, the flow rate for
dilution purposes should be estimated as one tfithle average (Sectid®.16.6.6.2.

When releases of a substance from waste treatmeligpmsal stages are significant, measured data
may be important along with model calculationshie assessment of the release of the substance
from the waste life stage. Besides measured datoocentrations in leachate and landfill gases it
is important that flows of water and, when apprafa; gases and solids, from principal treatment or
disposal processes and facilities are measuredbtaino flow-weighted concentrations. As a
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surrogate and complement, average time trend datead runoff or landfill gas production data can

also be used to extend flux measures to long-testimates. Release data of higher quality may
become available when the European Pollutant Relaad Transfer Register (E-PRTR) is fully

implementeél

However, for release scenarios from waste dispogatations including landfills, the measured
concentration may underestimate the environmentaicentration that might occur once a
substance has passed through all the life-cyctgestancluding the possible time lags. In selecting
representative data for waste related releasesjdamation should be given to the question whether
or not production/import of the substance is iradtestate with the occurrence of substance in the
waste streams and/or releases from waste treaimdfur releases from landfills.

In a similar manner, if the amount of a substamcase in the society in long-life articles has not
reached steady state and the accumulation is oggomy a calculated PEC will represent the
future situation. This should be considered whemmaring such a PEC with measured data
representing a non-steady-state.

Representative and reliable measured data fromtororg programmes or from literature should
be compiled as tables and annexed to the risk steses$ report. The measured data should be
presented with the relevant contextual informatiothe following manner:

Location Substance Concentration Period Remark Refence
Country substance or | Units: [pg/L], month, year | limit of quantitation| Literature
Location metabolite [ng/L] (LOQ) reference
[mg/kg], etc relevant information
Data on analytical method
- mean analytical quality
- average control
- range
percentile
- daily
- weekly
- monthly
- annual
- etc.

Concentrations can be measured in the receivingg@maent or in the release. If the reported
concentration has been measured directly in theasel this should be clearly indicated in the
reporting table.

Outliers
Outliers can be defined as unexpectedly high ordalues. Outliers may reflect:
- sampling or analytical flaws

- other errors (e.g. in data capture or treatment)

5 http://ec.europa.eu/environment/air/pollutantsistary/eper/index.htm
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- random variability

- an accidental, increased or new release, a rederige in release pattern or a newly
discovered occurrence in a specific environmerdgaigartment

Sampling or analytical errors could potentiallydemonstrated after quality check of the sampling
and analytical methodologies (see previous section)

Data with evident mistakes (e.g. wrong units, errior data capture, etc.) should be discarded or
corrected.

Measured concentrations caused by an accidenegselshould not be considered in the exposure
estimation.

Outliers are, by definition, infrequent and implidgles measurements, i.e. unlikely to be explained
by the random variability of the data alone. Thebability of deviation of a measurement from the
rest of the measurements due to random varialilitthe data can be quantified assuming a
statistical distribution of the data (e.g. using Grubbs’ test (Grubbs, 1969)). But simpler emglric
criteria may also be applied to detect outi€EC, 1999).

Where outliers have been identified their inclugxelusion should be discussed and justified. The
data should be critically examined with regardhie possible explanations listed above. Extreme
values may reflect an actual sudden increase eések, discharges or losses of the substance, and
this should of course be considered in the assegsme

Treatment of measurements below the limit of giieation

A commonly encountered problem when working withnitaring data is the use of concentrations
below the limit of quantification (LOQ) of the ag&tal method. At very low concentration levels,
random fluctuations become preponderant and thertaioty of the measurement is significantly
high. Clearly at concentrations approaching the Ldd@n analytical method, percentage errors will
be greater than at higher concentrations.

All measurements below the LOQ constitute a spgeiablem and should be considered on a case-
by-case basis. It should be checked first thatriadrix analysed is the most appropriate (e.g.
hydrophobic substances should be analysed in sationebiota rather than in water) and that the
analytical technique being used is suitable andisea enough (EC, 2009a). In the absence of
adequate method of analysis for the substance case of substances that are toxic in extremely
low concentrations, one approach that could beideresd would be to use a value corresponding to
LOQ/2 (EC, 2009b). As this method could heaviljushce the assessment (e.g. when calculating a
mean or a standard deviation), other methods mag bE considered (e.g. assuming same
distribution of data below and above the LOQ) (E299).

6 For example the following approach may be used:

log(X;) >log(p;s) + K(log(ps) —10g(p,s))
Where Xi is the concentration, above which a meswalue may be considered an outlier, pi is tHeevaf the ith
percentile of the statistic and K is a scalingdacThis filtering of data with a scaling K = 1 $used in most statistical
packages, but this factor can be subject dependent.
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Data comparability

Another important point to check is the comparapiiif the data. For example, the concentrations
in water may either reflect total concentrations dissolved concentrations according to the
sampling and preparation procedures used. The ntratiens in sediment may significantly
depend on the content of organic carbon and parsize of the sampled sediment. The soil and
sediment concentrations should preferably be basedoncentrations normalised for the particle
size (i.e. coarsest particles taken out by sieving)

Samples of living organisms (= biota) may be usgdehvironmental monitoring. They can provide
a number of advantages compared to conventionarveatd sediment sampling especially with
respect to sampling at large distances from aseleaurce or on a regional scale. Furthermore they
can provide a PBfeta and consequently an estimation of the body butddme considered in the
food chain. But concentrations in biota can vargeasheling on species (mainly because of different
feeding habits and different metabolic pathways) am other factors such as age, size, lipid
content, sex, season etc. These pieces of infavmathould be considered carefully before
comparing or aggregating measured concentratiob®ita. For instance, normalisation for the lipid
content is a common practice when working with rtammg data in biota. A specific guidance on
chemical monitoring of sediment and biota is cutyeander preparation for the implementation of
the Water Framework Directive.

R.16.4.3 Allocation of the measured data to a local a regional scale

Concentrations measured in the receiving envirotirebould be allocated to a local or regional
scale in order to define the nature of the envirental concentration that is derived.

If there is no spatial proximity between the samplsite and point sources of release (e.g. from
rural regions), the data represent a regional cdreon (PECregional) that has to be added to the
calculated PECIocal. If the measured concentrati@ftect the releases into the environment
through point sources, they are of a PECIocal-type.a PEClocal based on measured
concentrations, the regional concentration (i.eCrfgional) is by definition already included.

R.16.5 Partitioning and degradation
In this section the derivation of the substancats find distribution characteristics is described.

After entering the environment, substances aresprarted within a compartment, such as in air or
in soil, or between several compartments (betweearal water, air and soil or water and soil).
Some xenobiotics are taken up by organisms. Bigaatation produces higher concentrations of a
substance in an organism than in its immediaterenmient, including food. Substances may also
be transformed into other substances (‘metabojitdsansformation (‘fate’) includes both biotic
and abiotic degradation processes.

To assess the environmental exposure, the follopingesses should be considered:

« Adsorption to aerosol particles (gas-aerosol paniitg) (detailed in SectioR.16.5.3.)

< Partitioning between air and water (volatilisati¢dé¢tailed in SectioR.16.5.3.2

« Partitioning between solids and water in soil, sedit and suspended matter (adsorption
and desorption) (detailed in SectiBrl6.5.3.3andR.16.5.3.4
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e Partitioning between water/solids and biota (biamgriration and biomagnification)
(detailed in SectioR.16.5.3.%

e Transformation processes in the environment. Badlogical (biotic, detailed in Sections
R.16.5.4.4R.16.5.4.% and abtiotic (detailed in SectioRs16.5.4.1R.16.5.4.2R.16.5.4.3
should be considered. If stable and/or toxic desiad products are formed, these should
be assessed as well.

In this section the derivation of the substance &aid distribution characteristics is described.

R.16.5.1 Information needed for assessing the partitioning ad degradation behaviour

The following minimum information are required: raollar weight, water solubility, vapour
pressure, octanol-water partition coefficient anfbimation on ready biodegradability for the
substance. For an inorganic substance, it is alsised to provide information on the abiotic
degradation, and solid-water partition coefficier#ad the water-biota partition coefficients.
Information requirements on physico-chemical pripsrare discussed in detail in Section R.7.1.

R.16.5.2 Output from the calculations

The output from the calculations is a number ofstatice characteristics, mainly expressed as
partition coefficients and degradation rates (df-lnges) to be used in the further modelling oéth
exposure levels.

R.16.5.3 Partition coefficients

Once released into the environment, the substamitielse transported between the compartments,
for example by water and air movements (advectibnaddition, the substances will by diffusion

seek to be in equilibrium with the various compaits. The latter is mainly driven by the partition

properties of the substance.

Basically, all needed partition coefficients candaéculated just from information on the octanol-
water partition coefficient, the water solubilitpdavapour pressure. As these basic calculations are
developed for organic substances, care shouldde@ tahen dealing with inorganic substances.

In this section, the following processes are dbsdhi

+ fraction of substance in air associated with adroso

» partitioning between air and water;

e partitioning between solids and water in soil, sehit and suspended matter;

» partitioning between water/solids and biota (biamoriration and biomagnification).

It should be noted that for ionising substancesjtming behaviour between air-water and solids-
water is dependent on the pH of the environmentti®@eR.16.5.3.6gives more specific guidance
for the assessment of these compounds.

Estimates based on “partitioning” are limited tstdbution of a substance in molecular form.
However, substances may also be distributed in d@heironment as particles (caused by
abrasion/weathering of anthropogenic materialsjapxtation based on partitioning may not be
relevant. In such a case the partitioning methog omralerestimate exposure of soil and sediment
environments and overestimate the exposure of wéftethe particle size is small also air
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distribution may occur, at least in the local perdjve. There are no estimation methods available
for particle distribution so this has to be deattvon a case-by-case basis.

R.16.5.3.1Adsorption to aerosol particles (gas-aerosol partibning)

The fraction of the substance associated with akpeticles can be estimated on the basis of the
substance's vapour pressure, according to Jung& )1 this equation, the sub-cooled liquid
vapour pressure should be used.

Fasse= ——ONIUNGS SURFe EQUATION R.16-2

VPL+ CONjunge SURFer

Explanation of symbols

CONjunge constant of Junge equation -fRh *
SURF surface area of aerosol particles [m2- m'3] *

VP vapour pressure [Pa] data set
Fasser fraction of the substance associated with aeqesxicles [

* as a default the product of CONjunge and SURFaset to 10-4 Pa (Van de Meent, 1993; Heijna-Mewdkuod
Hof, 1993).

Alternatively the octanol-air partition coefficieabuld be used as described by Finizio et al. (1997

For solids, a correction of the vapour pressureeéalired to derive the sub-cooled liquid vapour
pressure (Mackay, 1991):

VP
VPL = —— 55— EQUATION R.16-3
.79+ (L——— el
e TEMP
Explanation of symbols
TEMP environmental temperature K] 285
TEMPy e melting point of substance K] data set
VPL sub-cooled liquid vapour pressure [Pa]
VP vapour pressure [Pa] data set

R.16.5.3.2Volatilisation (air-water partitioning)

The transfer of a substance from the aqueous pgbabe gas phase (e.g. stripping in the aeration
tank of a STP, volatilisation from surface watargstimated by means of its Henry's Law constant.
If the value is not available in the input data fa¢ required Henry's Law constant and KRgwater
(also known as the “dimensionless” Henry's Law tam3 can be estimated from the ratio of the
vapour pressure to the water solubilig@ation R.16-h For water miscible compounds, direct
measurement of the Henry’'s Law constant is recondenFor detailed information, see Section
R.7.1.22.
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HENRY = VP - MOLW EQUATION R.16-4
SOlL
K air-water = _HENRY EQUATION R.16-5
R . TEMF

Explanation of symbols
VP vapour pressure [Pa] data set
MOLW molecular weight [g- mol™] data set
SoL solubility [mg I data set
R gas constant [Pa m* mol* kY] 8.314
TEMP Temperature at the air-water interface K] 285
HENRY Henry's law constant [Pa m* mol”]
Kair-water air-water partitioning coefficient [-]

If no reliable data for vapour pressure and/or Isitity can be obtained, QSPRs are available, see
Sections R.7.1.5.3 and R.7.1.22.

R.16.5.3.3Adsorption/desorption (solids-water partitioning)

In addition to volatilisation, adsorption to solidrfaces is the main partitioning process thatedriv
distribution in soil, surface waters, and sedimeimte adsorption of a substance to soil, sediment,
suspended matter and sludge can be obtained frgmerimental data eor estimated. More
explanation and information on the requirementghar property is given in Section R.7.1.15.

For water soluble, highly adsorptive substancesiieeofk,,, as input into Simple Treat model (see
SectionR.16.6.5 may lead to an overestimation of the aquatic eMp® concentration. SimpleTreat
will predict a low elimination on the basis of tlog Ko (and small Henry's Law constant), while
adsorption onto sludge may be a significant elinmimamechanism for these substances.

The solid-water partition coefficienKf) in each compartment (soil, sediment, suspendetema
can be calculated from the Koc value, and the ifvacof organic carbon in the compartment.
Initially, the fraction of organic carbon in theastlard environment should be used, as given in
Table R.16-9

KPeomp = FOCeomp + Koc  with compl { soil , sed, gusp EQUATION R.16-6
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Explanation of symbols

Koc partition coefficient organic carbon-water [ kg™ data set/Ch. 4
FOoGomp weight fraction of organic carbon in compartmeoip [kg kgl Table R.16-9
KPsusp partition coefficient solid-water in suspended teiat [ kg™

KPsed partition coefficient solid-water in sediment KoY

KPsoil partition coefficient solid-water in soil [ kg™

Ky is expressed as the concentration of the substambed to solids (in Mgm kgsoiig 1) divided by
the concentration dissolved in porewater&m@lwatefl). The dimensionless form &%, or the total
compartment-water partitioning coefficient in (-mgomp'g)/(mg Mater’), €an be derived from the
definition of the soil in three phases:

_ Ctotalcomp
K compwater= 7Cporevg
omp
K EQUATION
K compwater= Faiil comp* K air-water + FWatereomp FSOlidcomp* 1%5’3’- RHOsolid R.16-7
with compd{soil ,susp, sed}
Explanation of symbols
Fwategomp fraction water in compartmenbmp [m®* m?3 Table R.16-9
Fsolickomp fraction solids in compartmenbmp [m>m?  TableR.16-9
Fairomp fraction air in compartment comp (only relevantgoil) [m* m?¥ Table R.16-9
RHOsolid density of the solid phase [kg- M 2,500
KPeomp solids-water part. coeff. in compartmeoimp [ kg™ Equation R.16-6
K air-water air-water partitioning coefficient [] Equation R.16-5
K soil-water soil-water partitioning coefficient [m®* m?3
K susp-water suspended matter-water partitioning coefficient [m3- m'3]
K sed-water sediment-water partitioning coefficient [m* m?¥

R.16.5.3.4Partition coefficients in the marine environment
This section only highlights some specific issuated to the marine environmental conditions.

Measured partition coefficients between water asg@ond compartment, if available, are usually
derived from studies using non-saline water (frestlewor distilled/deionised water). In the absence
of measured data, the relevant partition coefftsiemust be extrapolated from the primary data
listed in SectiorR.16.5.3 However, the techniques that allow such an egtedjon are also largely
based on freshwater data sets. Therefore, to a#isesdistribution of substance in the marine
environment, it is necessary to consider the extentvhich partition coefficients may differ
between seawater and freshwater.

43



CHAPTER R.16 — ENVIRONMENTAL EXPOSURE ESTIMATION

The ionic strength, composition, and pH of seawatempared with freshwater, have potential
effects on the partitioning of a substance witheottompartments. To a large extent, these effects
are associated with differences in water solubditgl/or speciation of the substance, compared with
freshwater. The relatively high levels of dissolmedrganic salts in seawater generally decrease the
solubility of a substance (referred to as ‘salting?), by about 10-50% for non-polar organic
compounds but by a smaller fraction for more palampounds (Schwarzenbach et al., 1993). A
recent review found a typical reduction factor g6L(Xie et al., 1997).

For non-ionisable organic substances, the decreaséubility in seawater, compared with
freshwater, is expected to result in proportionatéases in the partition coefficients between wate
and octanol, organic carbon and air. However, damgig the uncertainty in measured partition
values and the uncertainty associated with theusetineed to predict some or all of the partition
coefficients, the differences attributable to tle@water environment (less than a factor of 2) are
unlikely to be significant in risk assessment. Thusless measured seawater data of equal
reliability are available, freshwater data can kedufor non-ionisable organic compounds without
adjustment for the marine environment.

For ionisable organic compounds, as for freshwéterpH of the environment will affect the water
solubility and partitioning of the substance. Thisrsome evidence that the degree of dissociation
may also be directly affected by the ionic strergftiseawater (Esser and Moser, 1982). However,
the resulting shift in the dissociation curve iktigely small compared with that which can occur
due to pH for substances with dissociation constelase to the marine water pH. It may, therefore,
be preferable to obtain realistic measurements $®/ af seawater instead of deionised water.
Because the pH of seawater (approximately 8) temtie more constant than that of freshwater, the
procedure to correct partition coefficients forigable substances, as described in Section R.7.1.20
may however be considered sufficiently reliablerfa@rine conditions.

For inorganic substances such as metals, the forapeciation of the substance can be directly
affected by the ionic composition of seawater, Whigay have a considerable influence on both
solubility and partitioning. On a case-by-case fabiere may be sufficient information available to
allow the relevant partition coefficient in seawate be calculated from the freshwater data;
otherwise, measurements under marine conditionsh@ayecessary.

R.16.5.3.5Bioconcentration and biomagnification (biota-wateréolids partitioning)

Bioconcentration and bioaccumulation may be of eomdor lipophilic organic substances and
some metal compounds as both direct and indire@t &ffects may be observed upon long-term
exposure. Secondary poisoning is concerned witle tfkects in organisms in higher trophic levels
of the food web, either living in the aquatic orréstrial environment, which result from ingestion
of organisms from lower trophic levels that cont@iocumulated substances. The subject of
bioaccumulation and the corresponding informatgquirements is discussed in Section R.7.10.1.

Bioaccumulation in aquatic species is describedhieyBioconcentration Factor (BCF). The static
bioconcentration factor is the ratio between theceatration in the organism and the concentration
in water in a steady-state (sometimes also callgdilierium) situation. When uptake and
depuration kinetics are measured, the dynamic biceatration factor can be calculated from the
guotient of the uptake and depuration rate constant

Corg ki EQUATION

or-—— R.16-8

BCForg =
water k2
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Explanation of symbols

Corg concentration in aquatic organism [mg kg
Cuater concentration in water [mg: I'l]

Ky uptake rate constant from water Kt dY
ks Elimination rate constant Ta
BCForg bioconcentration factor [I- kg™

The testing strategy for bioaccumulation is desatilm Section R.17.10.1.

A distinction is made between the methodology usedssess the effects of substances whose
effects can be related directly to bioconcentrafidinect uptake via water) and those where also
indirect uptake via the food may contribute sigmfitly to the bioaccumulation. Bioaccumulation
of metallic species is not considered expliciththis section.

Indication of bioaccumulation potential

The most important and widely accepted indicatibhioaccumulation potential is a high value of
the n-octanol/water partition coefficienK4,), see Section R.17.1.8. In addition, if a substanc
belongs to a class of substances, which are knowadumulate in living organisms, it may have a
potential to bioaccumulate. However, some propertid a substance may preclude high
accumulation levels even though the substance tmghalog Ko or has a structural similarity to
other substances likely to bioaccumulate. Altexredyi there are properties, which may indicate a
higher bioaccumulation potential than that suggebtea substance's low ldg,, value. A survey

of these factors is given below.

Summary of indications of bioaccumulation potential
If, at production/import volumes between 1-100 &mper year, a substance:

has a log K,= 3 and a molecular weight below 700 g/mol; or

is highly adsorptive; or

belongs to a class of substances known to havéeatal to accumulate in living organisms; or
there are indications from structural features;

andthere is no mitigating property such as of hyds@y(half-life less than 12 hours);

there is an indication of bioaccumulation potentis¢e Section R.7.10.3 for more information on
indicators for bioaccumulation and their interptieta and use.

Experimentally derived bioconcentration factors

REACH Annex IX indicates that information on bioaowlation in aquatic — preferably fish -
species is required for substances manufactureshmrted in quantities of 100 t/y or more. For
substances that are produced or imported at tosra&gE00 t/y or more. an experimentally derived
BCF will be present (unless mitigating factors gpplee Section R.7.10.3.1 on testing data for
bioaccumulation).

Calculation of BCFfish
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If measured BCF values are not available, the B@High or other organisms can be predicted
from the relationship betweenand BCF (QSARS), see Section R.7.10.3.2 on nomtedata.

Calculation of BCF earthworm

When measured data on bioconcentration in worrasaslable, the measured BCF earthworm can
be used. If data are not available, the BCF caestienated with a QSAR. For more information on
terrestrial bioaccumulation and biomagnificatiome SectiorR.16.6.7

Biomagnification factor

In a relatively simple food chain with 1 or 2 traphevels, the concentration in the fish (i.e. the
food for the fish-eater) ideally should take acdoohall possible exposure routes, but in most
instances this will not be possible because ibisatear what contribution each potential exposure
route makes to the overall body burden of a comtamti in fish species. Therefore for very
hydrophobic substances a simple correction faatorpbtential biomagnification on top of the

bioconcentration through the water phase can bdiedpg-or a more in-depth discussion on
biomagnification, see Section R.7.10.

The biomagnification factor (BMF) should ideally tesed on measured data. However, the
availability of such data is usually very limiteddatherefore, the default values givenTiable
R.16-3can be used (see also Section R.7.10.4.4). Frefuexplanation, seBection R.16.6.0n
secondary poisoning. When measured BCF values\aitalle, these should form the basis for
deciding on the size of the BMIF

It is realised that food chains of the marine emwinent can be very long and complex and may
consist of 5 or more trophic levels. Since veryropthobic substances may biomagnify in the tissue
and organs of the predator, for the calculationthef internal concentration of the predator an
additional biomagnification factor (BMJ must be applied. Default values for BMiE given in
Table R.16-3&as well.

The possible extent of bioaccumulation in marinedfehains with more than the above three to
four trophic levels should be evaluated case bg fasecessary input data for such an evaluation is
available, using the principles for the shorterd@bain. Also if further data are available it nizey
possible to refine the assessment of secondargiais via marine food chains by employing more
advanced modelling that takes the differences mirfigtance uptake and metabolic rates into
account for the different trophic levels.

Table R.16-3 Default BMF values for organic substares with different log Ko or BCF

in fish
log Kow BCF (fish) BMR BMF,
<4.5 < 2,000 1 1
45-<5 2,000-5,000 2 2
5-8 > 5,000 10 10
>8-9 2,000-5,000 3 3
>9 < 2,000 1 1

The derivation of appropriate default BMFs can oalythis stage, be considered as preliminary for
use in screening of substances for the purposédenfifying those that need further scrutiny. In
reviewing the appropriateness of the BMF appliedany particular assessment, it should be
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recognised that factors other than the kg and BCF should also be taken into account. Such
factors should include the available evidence thay indicate a potential for the substance to
metabolise or other evidence indicating a low pidérfor biomagnification. Evidence of a
potential for significant metabolism may include:

+ data from in vitro metabolism studies;
+ data from mammalian metabolism studies;
» evidence of metabolism from structurally similamgmounds;

 a measured BCF significantly lower than predicteahf the log Kow, indicating possible
metabolism.

Where evidence exists suggesting that such mesabatiay occur, the BMF detailed above may be
reduced. Where such reductions are proposed, gedatsstification should be provided.

R.16.5.3.6lonising substances

The degree of ionisation of an organic acid or lmsatly affects both the fate and the toxicity of
the compound. The water solubility, the adsorptod bioconcentration, as well as the toxicity of
the ionised form of a substance may be markedlferdifit from the corresponding neutral
molecule.

When the dissociation constant (pKa/pKb) of a st is known, the percentage of the
dissociated and the neutral form of the compoumdbeadetermined. See Section R.7.1.17 for more
details and explanation on the information requépts.

Every time when partitioning of a substance betwaeter and air or solids is concerned, a
correction needs to be made in order to take dmyundissociated fraction of the compound into
account at a given pH. See Section R.7.1.20 foetjuations for the correction factor.

R.16.5.4 Degradation rates in the environment

The degradation in all environmental compartmemrd #he sewage treatment plant can be
predicted using information on the ready biodegpéity of the substance. It should be emphasized
here, that the calculations using information cadsebiodegradability only, are very conservative.
So, improved information on the actual degradataies in the environment can be used as a part
of the iteration strategy. In this situation anct@se of dealing with inorganic substances, guiglanc
on how to deal with information on degradationiigeg in this section.

In this section, the following processes are dbsdki

* hydrolysis in surface water;

» photolysis in surface water and in the atmosphere;
» biodegradation in the sewage treatment plant;

+ biodegradation in the environmental compartmenifgse water, soil, sediment).
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In general, the assessment of degradation proceseesdd be based on data, which reflect the
environmental conditions as realistically as pdssiBor an in-depth discussion on the information
requirements on degradation, see Section R.7.9.

R.16.5.4.1Hydrolysis

Values for the hydrolytic half-life (DT50) of a hsalysable substance can be converted to
degradation rate constants, which may be useckimitdels for calculating PR, and especially
PEGegionar The results of a ready biodegradability studyl silow whether or not the hydrolysis
products are themselves biodegradable. Similady,stibstances where hydrolytic DT50 is less
than 12 hours, environmental effects are likelpeattributed to the hydrolysis products rathentha

to the parent substance itself. These effects dhalab be assessed. See Chapter R.6 and Sections
R.7.9 and R.7.1.7 for more details on hydrolysis.

For many substances, the rate of hydrolysis withéavily dependent on the specific environmental
pH and temperature and in the case of soil, alsstore content. For risk assessment purposes for
fresh water, sediment and soil, a pH of 7 and goezature of 12°C (285 K) will normally be
established which conform to the standard envirotai@arameters dfable R.16-9However, for
some substances, it may be necessary to assurfferardipH and temperature to fully reflect the
potential of the substance to cause adverse effEists may be of particular importance where the
hydrolysis profile shows significantly differenttea of hydrolysis over the range pH 4 - 9 and the
relevant toxicity is known to be specifically cadsky either the stable parent substance or a
hydrolysis product.

Rates of hydrolysis always increase with increasergperature. When hydrolysis half-lives have
been determined in standard tests, they shoulcetedculated to reflect an average EU outdoor
temperature by the equation:

DT50(X °C) = DT50(t) (&8 ~*» EQUATION R.16-9

where X = 12°C for fresh water. When it is docuneenfor a specific substance that the typical pH
of the environmental compartment to be assessedadiects the hydrolysis rate in addition to
temperature, the most relevant hydrolysis rate Ishibe taken or extrapolated from the results of
the standard test in different pH values. Theredfie temperature correction is to be applied,
where relevant.

When the use of an alternative pH will affect thevimnmental distribution and toxicity by
changing the nature of the soluble species, fomgka with ionisable substances, care should be
taken to ensure that this is fully taken into actovhen making a final PEC/PNEC comparison.

The half-life for hydrolysis (if known) can be camied to a pseudo first-order rate constant:

, _ In 2
et DT50hydr,

water

khyd EQUATION R.16-10
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Explanation of symbols

DT50hydi.er  half-lifetime for hydrolysis in surface water [d] data set
khydryater first order rate constant for hydrolysis in sudaeater [d]

R.16.5.4.2Photolysis in water

In the vast majority of surface water bodies digsdlorganic matter is responsible for intensive
light attenuation. Thus photolysis processes amenally restricted to the upper zones of water
bodies. Indirect processes like photo-sensitisatipmeaction with oxygen transients (102, OH-
radicals, ROO-radicals) may significantly contribib the overall breakdown rate. Photochemical
degradation processes in water may only becomenportant fate process for substances, which
are persistent to other degradation processeshjedggradation and hydrolysis). For more details
on this property, see Section R.7.9.4.

The following aspects have to be considered whématng the photochemical transformation in
natural water bodies:

» the intensity of the incident light depends on eeak and geographic conditions and varies
within wide ranges. For long-term considerationsrage values can be used while for short-
term exposure an unfavourable solar irradiancetévseason) should be chosen;

* in most natural water bodies, the rate of photdieads affected by dissolved and suspended
matter. Since the concentration of the substanderuconsideration is normally low compared
to the concentration of e.g. dissolved humic aciis, natural constituents absorb by far the
larger portion of the sunlight penetrating the whigdies.

Using the standard parameters of the regional m@eela water depth of 3 m and a concentration
of suspended matter of 15 mg/l), the reductionightlintensity is higher than 98% through the
water column.

Indirect (sensitised) photochemical reactions ghaumly be included in the overall breakdown rate
of water bodies if there is clear evidence tha gathway is not of minor importance compared to
other processes and its effectiveness can be fjgdntror facilitating the complex calculation of
phototransformation processes in natural waterspoten programs have been developed (See
Section R.7.9). In practice it will not be possilbdeeasily demonstrate that photodegradation in
water is significant in the environment.

A value for the half-life for photolysis in watef known) can be converted to a pseudo first-order
rate constant:

In 2
kphot == EQUATION R.16-11
PO DT50photq,,., Q
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Explanation of symbols

DT50photqQaer half-lifetime for photolysis in surface water [d] data set
kphotQyater first order rate constant for photolysis in suefaeater [

R.16.5.4.3Photochemical reactions in the atmosphere

Although for some substances direct photolysis beyn important breakdown process, the most
effective elimination process in the troposphere rfeost substances results from reactions with
photochemically generated species like OH radiaatene and nitrate radicals. The specific first

order degradation rate constant of a substance@tthradicals (kOH in cm3.molecule-1.s-1) can

either be determined experimentally or estimated,Sections R.7.9.3 and R.7.9.4.

By relatingkon to the average OH-radical concentration in theoaphere, the pseudo-first order
rate constant in air is determined:

KDEGaRr = Koy * OHCONGR * 24 « 3600 EQUATION R.16-12
Explanation of symbols
Kon specific degradation rate constant with OH-radical [cm* molec™ s*]  data set/Ch.4
OHCONG;; concentration of OH-radicals in atmosphere [molec cm?| 5 10°*
kdeg, pseudo first order rate constant for degradaticauri [d4

*The global annual average OH-radical concentrateombe assumed to be 5.105 molecules.cm-3 (BU3R)19

Degradation in the atmosphere is an important moead it is essential to consider whether it can
affect the outcome, particularly for high tonnagdstances when the regional concentration may
be significant. Photodegradation data in the atmespmust be evaluated with some care. Highly
persistent substances may be reported as rapidiwdied in air under environmental conditions
where the substance could be in large amountsigdk phase. In the real environment, most of the
substance may be associated to particles or aeamsblthe real atmospheric half-life could be
orders of magnitude higher.

R.16.5.4.4Biodegradation in a sewage treatment plant

The assessment of biodegradability and/or remavaéwage treatment plants should preferably be
based on results from tests simulating the contfitio treatment plants. For further guidance on
use of STP simulation test results, see Sectior9R.7

The ready biodegradability tests that are usethe@itoment are aimed at measuring the ultimate
biodegradability of a substance. They do not giggiantitative estimate of the removal percentage
in a wastewater treatment plant. Therefore, in otdemake use of the biodegradation test results
that are available and requested in the presemhichklegislation, it is necessary to assign rate
constants to the results of the standard testgs®in STP-models. Because direct measurements of
degradation rates at environmentally relevant coimatons are often not available, a pragmatic
solution to this problem has been found. For thgpopse of modelling a sewage treatment plant
(STP), the rate constants Dhble R.16-Avere derived from the biodegradation screenintp.tedl
constants in Table R.16-4 have the following preisites:

» they are only used for the water-dissolved fractbthe substance. Partitioning between water
and sludge phases should be calculated prior taghkcation of the rate constant
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» sufficiently valid data from internationally stamdesed tests are preferred

Data from non-standardised tests and/or testsarénmed according to the principles of GLP may
be used if expert judgement has confirmed themeteduivalent to results from the standardised
degradation tests on which the calculation modets, SimpleTredt are based. The same applies to
STP-measured data, i.e., in-situ influent/efflumesurements.

Table R.16-4 Elimination in sewage treatment plants
Extrapolation from test results to rate constantsim STP model (SimpleTreat)

Test result Rate constant'Kh™?)
Readily biodegradable 1

Readily, but failing 10-d window 0.3

Inherently biodegradable, fulfilling specific criig 0.1

Inherently biodegradable, not fulfilling specifidteria 0

Not biodegradable 0

R.16.5.4.5Biodegradation in surface water, sediment and soil

The rate of biodegradation in surface water, sail sediment is related to the structure of
substances, adequate concentration to induce matreldzyme systems, microbial numbers,

organic carbon content, and temperature. Theseefiep vary spatially and an accurate estimate of
the rate of biodegradation is very difficult evdraboratory or field data are available. Fate and
exposure models normally assume the following siioptions:

» the kinetics of biodegradation are pseudo-firsegrd
« only the dissolved portion of the substance islalste for biodegradation.

For many substances available biodegradation datstricted to aerobic conditions. However, for
some compartments, e.g. sediment or groundwataerabic conditions should also be considered.
In deeper sediment layers anaerobic conditions allyrprevail. The same applies to anaerobic
conditions in landfills and treatment of sewagedgki Salinity and pH are other examples of
environmental conditions that may influence therddgtion.

Normally, specific information on biodegradability sediment or soil is not available. Hence, rate
constants for these compartments have to be estinfietm the results of standardised tests. For an
in-depth discussion of biodegradation testing sgias, see Section R.7.9.

Temperature influences the activity of microorgemssand thus the biodegradation rate in the
environment. When biodegradation rates or halfslilave been determined in simulation tests, it
should be considered to recalculate the degradedims obtained to reflect an average EU outdoor
temperature b¥quation R.16-9When it is documented for a specific substane¢ ghdifference
between the temperature employed in the test andwarage outdoor temperature has no influence
on the degradation half-life, no correction is reshd

7 SimpleTreat is incorporated in the EUSES and TGEeksheet. See Sections R.16.6.1 and R.16.6.:2doe details
on how to get the tools
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When results from biodegradation tests simulatihg tonditions in surface waters are not
available, the use of results from various scregb@sts may be considerefable R.16-5gives a
proposal for first order rate constants for surfaeger to be used in local and especially, regional
models, based on the results of screening testdbifmlegradability. The proposal is based on
general experience in relation to available datebimdegradation half-lives in surface waters of
readily and not readily biodegradable substances.

The assigned degradation half-lives of an inheydritdegradable substance of 150 days in surface
water (Table R.16-%and 300 — 30,000 days in soil and sedim&able R.16-% will only affect the
predicted regional concentration provided thatrésidence time of the substance is much larger
than the assigned half-life (i.e. only for substmpresent in soil compartment and sediment).

It is noted that the conditions in laboratory soieg tests are very different from the conditions i
various environmental compartments. The conceantraif the test substance is several orders of
magnitude greater in these screening tests thancémeentrations of xenobiotic substances
generally occurring in the environment and thuskihetic regimes are significantly different. The
temperature is also higher in screening tests thage generally occurring in the environment.
Furthermore the microbial biomass is normally loweder environmental conditions than those
occurring in these screening tests, especiallijéntésts for inherent biodegradability. These facto
are taken into account in the proposed degradaites and half-lives ifable R.16-5andTable
R.16-6.

Table R.16-5 First order rate constants and half-lies for biodegradation in surface
water based on results of screening tests on biagtadability #)

Test result Rate constant k (4 Half-life (d)
Readily biodegradable 4.7 102 15
Readily, but failing 10-d windo® 1.4 10? 50
Inherently biodegradabf@é 4.7 10° 150

Not biodegradable 0 o

Notes to Table.R.16-5:
a) For use in exposure models these half-livesotlaeed to be corrected for different environmetetalperatures.

b) The 10-day time window concept does not applhéoMITI test. The value obtained in a 14-d windewegarded as
acceptable in the Closed Bottle method, if the nemalp bottles that would have been required touatelthe 10-d window
would cause the test to become too unwieldy.

c) Only those inherently degradable substancedttiiithe criteria described in note b) to Talitel6-5 above. The half-
life of 150 days reflects a present "best expelggument”.

The general experience is that a substance paases for ready biodegradability may under most
environmental conditions be rapidly degraded amdetstimated half-lives for such substances (cf.
Table R.16-% should therefore be regarded as a “the realisticst-case concept”. An OECD
guidance document for classification of substaf@emrdous for the aquatic environment (OECD,
2001) contains a chapter on interpretation of d#gfian data. Even though this guidance relates to
hazard classification and not risk assessment, n@nthe considerations and interpretation
principles may also apply in a risk assessmentextn©One difference is of course that in the risk
assessment context not only a categorisation afubstance (i.e. a classification) is attempted, bu
instead an approximate half-life is estimated. Apotdifference is that for risk assessment, the
availability of high quality test data is requiréd virtually all cases and further testing may
therefore be required in the case of low qualittada
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In distribution models, calculations are performéat compartments each consisting of
homogeneous sub-compartments, i.e. surface watetainong dissolved organic carbon and
suspended matter, sediment containing porewater aarslid phase, and soil containing air,
porewater and a solid phase. Since it is assunachthdegradation takes place in the sorbed phase,
the rate constant for the surface water, bulk sedtror soil in principle depends on the suspended
matter/water, sediment/water or soil/water panitaoefficient of the substance. With increasing
hydrophobicity (sorption) of the substance, theliyedissolved fraction present in the water phase
available for degradation decreases, and thergfmeoverall rate constant should also decrease.
However, for surface waters the influence of sorpis already comprised in the degradation rates
when they are determined for bulk water in simolatiests employing the same conditions as in the
aquatic environment. Neither is it needed to carsitle influence of sorption processes when rate
constants are established from screening testtsedud to the well-established practice to conclude
on biodegradability in the environment from suckada

When no data from tests simulating the conditionsail or sediment are available, the use of
screening test data may be considered (see Sertibf). The guidance for use of such data is
based on the general recognition that for substamgth low Kp values at present not enough
empirical data are available to assume some satepéndence of the soil biodegradation half-life
on the solids/water partition coefficient. Nevetéss, for substances with high Kp-values there is
evidence that some sort of Kp dependence exisexeldre degradation half-life classes for (bulk)
soil, partly based on Kp are presentedable R.16-6If a half-life from a surface water simulation
test is available it may, in a similar manner, faime basis for the establishment of a half-life in
soil. The half-lives indicated in the table are sidered conservative.

Table R.16-6 Half-lives (days) for (bulk) soil basg# on results from standardised
biodegradation test results

KPsoil Readily biodegradable Readily biodegradable, | Inherently

I kg™ failing 10-d window biodegradable
<100 30 90 300

>100,< 1000 300 900 3,000
>1000,< 10,000 3,000 9,000 30,000

etc. etc. etc. etc.

The following equation can be used to convert Dba rate constant for biodegradation in soil:

In 2
kbiossii = —— EQUATION R.16-13
* DT50bios
Explanation of symbols
DT50biay; half-life for biodegradation in bulk soil [d] Table R.16-6
kbiogi first order rate constant for degr. in bulk soil d'll

The extrapolation of results from biodegradaticstedo rate constants for sediment is problematic
given the fact that sediment in general consis@ @latively thin oxic top layer and anoxic deeper
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layers. For the degradation in the anoxic layerata constant of zero (infinite half-life) can be
assumed unless specific information on degradatimier anaerobic conditions is available. For the
oxic zone, similar rate constants as the onesdibcan be assumed. For the present regional model,
a 3 cm thick sediment compartment is assumed watiobéc conditions in the top 3 mm. The
sediment compartment is assumed to be well mixd¢d iespect to the substance concentration. This
implies that the total half-life for the sedimemtngpartment will be a factor of ten higher than the
half-life in soil. The degradation half-life fordienent is given by:

In 2
kbioses = ———— - Faer EQUATION R.16-14
ed DT50biOsoi| sed Q
Explanation of symbols
DT50bia; half-life for biodegradation in bulk soil [d] Table R.16-6
Faetey fraction of the sediment compartment that is aierob [m* m3¥| 0.10
kbiogeq first order rate constant for degr. in bulk seditne [dl]

The remarks in the section on soil biodegradategarding use of half-lives derived in surface
water simulation tests may also apply for sediments

R.16.5.4.60verall rate constant for degradation in surface wger

In surface water, the substance may be transfortiedugh photolysis, hydrolysis, and
biodegradation. For calculation of the PECregiottaé, rate constants for these processes can be
summed into one, overall degradation rate constarghould be noted that different types of
degradation (primary and ultimate) are added. ®hidone for modelling purposes only. It should
also be noted that measurements on one degradaimess might in fact already include the
effects of other processes. For example, hydrolysia occur under the conditions of a
biodegradation test or a test of photodegrada#ind,so may already be comprised by the measured
rate from these tests. In order to add the ratefi@gient processes, it should be determinedttiet
processes occur in parallel and that their effacés not already included in the rates for other
processes. If exclusion of hydrolysis from the ottiegradation rates cannot be confirmed its rate
constant should be set to zero. The equation bedtates to primary degradation. If the primary
degradation is not the rate-limiting step in theltalegradation sequence and degradation products
accumulate, then also the degradation product(s)efd in the particular process (e.g. hydrolysis)
should be assessed. If this cannot be done ot isractical, the rate constant for the process lshou
be set to zero.

kdeg, .., = KNYd( e + KPNOtQer + KDIO, e, EQUATION R.16-15

Explanation of symbols

kphotowater  first order rate constant for hydrayisi surface water s} Equation R.16-11
Khydrwater first order rate constant for photolyisisurface water 5] Equation R.16-10
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kbiowater first order rate constant for biodegramtain surface water  [Y Table R.16-5
Kdegwater Total first order rate constant for deegradatiosurface [d?
water

R.16.5.4.7Biodegradation in the marine environment

The rate of biodegradation in the various marindgrenments depends primarily on the presence of
competent degraders, the concentration and thasittproperties of the substance in question, the
concentration of nutrients and organic matter dredpresence of molecular oxygen. These factors
vary significantly between various marine enviromise

In estuarine environments, the supply of xenobiptiwtrients and organic matter is much higher
than in more distant marine environments. Thesetofac enhance the probability that
biodegradation of xenobiotics occurs with a greedéz in estuaries than is the case in more distant
marine environments. Furthermore, estuarine andtab&nvironments are often turbulent and
characterised by a constant sedimentation and sgession of sediment particles including
microorganisms and nutrients, which increase tlogldgradation potential in these environments
compared to marine environments with a greater mdgpth. The presence of suspended particles
and surfaces for attachment may favour the degoadaf xenobiotics in estuarine environments.
For more information on (bio)degradation in mammeironments, see Section R.7.9.
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Use of marine biodegradation screening test data

For many substances, no test data from marine ationl tests are yet available. For many
substances only data from screening tests are ablail This may be data from marine
biodegradation screening tests or freshwater biadkagion screening tests (see Section R.7.9.4.1).

When only results from marine or freshwater biodegtion screening tests are available, it is
recommended to use the default mineralisation Inad& for the pelagic compartment as specified
in Table R.16-7

Table R.16-7 Recommended mineralisation half-liveglays)
for use in marine risk assessment when only screewj test data are available

Freshwater " Estuaries 4 Other marine
environments 9
Degradable in marine screening test N.a. 15 50
Readily degradable 2 15 15 50
Readily degradable, but failing 10-d window 50 50 150
Inherently degradable 3 150 150 )
Persistent 00 00 00

Notes toTable R.16-7

1) Half-lives fromTable R.16-7

2) Pass level >70% DOC removal or > 60% ThOD in&s. Not applicable for freshwater.

3) A half-life of 150 days may be used only for gadnherently degradable substances that are guickl
mineralised in the MITI Il or the Zahn Wellens Téste Section R.7.9). The half-life of 150 daysds
fully scientifically justifiable (see Section R.7.9ut reflects a “guesstimate consensus” between a
number of experts.

4) Also including shallow marine water closestte toastline

5) The half-lives mentioned under this headingremenally to be used in the regional assessmenstaoa
model) as described in SectiBnl6.6.6.8

The half-lives for the marine environments that described inTable R.16-7are provisional
recommendations, which should be reconsidered, whéitient data for degradation of different
substances in screening tests and simulation test® been evaluated. The basis for the
recommendation is the assumption that the degradafi xenobiotics in freshwater and estuarine
waters in general can be described by similar disgien rates, whereas the degradation rates are
lower in other marine environments more distantfithe coastline (Here the half-life is suggested
to be increased by a factor of three relative toages for readily biodegradable substances and
even more for more slowly degradable substanced,age R.16-).

R.16.6  Exposure and intake estimation

Exposure of the environment is the result of tHease of substances (SectiRril6.3, which may
partly be degraded/removed due to treatment fesl{SectiorR.16.6.3.3, subsequent distribution
and degradation within the environment (Secti6.5. Secondary poisoning (sectiéh16.6.7

of predators and intake of man via the environn{SettionR.16.6.9 is calculated based on the
environmental exposure concentrations in water sait.
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R.16.6.1 Output from the exposure and intake calculations
The output from the distribution and exposure dakions are the following PECs:
For inland risk assessment:
microorganisms in sewage treatment systems;
atmosphere
aguatic ecosystem (including sediment);
terrestrial ecosystem (including groundwater taed for man-indirect calculations);
top predators via the food chain (secondary poisgni
For marine risk assessment:
e aguatic ecosystem (including sediment);
» top predators via the food chain (secondary paigpn
A survey of the PEC values to be derived is givethe table below.

In addition, intake by man via the environmenta&ulated (SectioR.16.6.§.
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Table R.16-8 Derivation of PEC-values
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R.16.6.2 Input to exposure estimation calculations

Input into the exposure estimation calculations are

Substance properties as described in Se&id6.5.1

6.3
Removals and distribution in waste treatment systeatived in SectioR.16.6.5.4

Release rates as described in Sedid6

Partition coefficients and degradation rates deriveSectiorR.16.5
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For full details, read SectidrR.16.6and Sectiorr.16.7

R.16.6.3 Principles

Two types of PEC-values are derived to be usechén further risk assessment: the regional
concentration (PECregional) and the local concéntrg PEClocal). In addition, continental PEC-
values are derived, but they are not used in thie assessment. The continental PEC-values are
used to account for the chemical exchange - dusiyeasransport of the substance with air and
water - with the surrounding area of the regiomahaThese three types of concentrations differ in
temporal and spatial scale.

The regional concentration mainly serves as estisnfdr background levels, and the estimate of
these are so-called steady-state concentratiantheeconcentration obtained at releases and fate
processes taking place over infinite time. Thenestéd values are thus considered worst-case
estimates. How conservative the estimate is dependbe rate of the fate processes, being most
conservative for substances where the fate proseake place very slowly. The size of the regional
scale is a default set at 10% of the size of the His will be described in more details in Section
R.16.6.6.8.

The local concentration is calculated for each fified local point source. The temporal scale is in
days, i.e. for discharges with varying magnituderothe day, the daily average concentration is
typically used in the further assessment. Alsotaridard” environment for the local scale has been
defined, e.g. operating with a default dilution1df in fresh water systems. This does not exclude
that for specific industrial point sources that taculation of PEClocal can be carried out using
actual environmental conditions around the source.

A number of environmental properties have impacttbe exposure level, e.g. temperature,
concentration of organic matter in the soil andirsedt. In SectionR.16.6.4the main generic
characteristics of the ‘standard’ environmentspresented.

The environmental distribution estimation of a sabee is considered on a local scale (in
proximity of a production or processing site) andegional scale (to assess the distribution in a
larger area with several sources), detailed belmhvia SectionfR.16.6.6.8

Three spatial scales are used in the distributaloutations: continental, regional and local. The
local scale receives the background concentratiom fthe regional scale; the regional scale
receives the inflowing air and water from the coaitital scale.

Figure R.16-4 illustrates the relationships betwine three scales.

This implies that the continental, regional, andalocalculations must be done sequentially. It
should be noted that the use of regional data elsgbaund for the local situation may not always
be appropriate. If there is only one source ofsiestance, this release is counted twice at tha loc
scale: not only due to the local release, but #reesrelease is also responsible for the background
concentration of the region.

R.16.6.3.1Local environmental distribution

Distribution on the local scale is assessed irvitiaity of point sources.Higure R.16-2 shows the
relationship between the local release routes laadubsequent distribution processes modelled for
the different environmental compartments. Eachiegfbn of the substance and each stage of the
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life cycle are assumed to occur at different pedirces. Therefore, in principle, a local assessmen
has to be performed for each relevant applicatimh @ach relevant life-cycle step (which can be
summed if several steps occur on the same locatfoggneric standard environment is defined to

allow for a risk assessment on the European I&lit is impossible to characterise an 'average
European environment', default parameter valuesclaosen which reflect typical, or reasonable

worst-case, settings. Dedicated modelling appraaehe used to calculate the concentrations in air,
surface water and soil. The sediment and groundwateentrations are estimated from the surface
water and soil concentration respectively.

In defining the standard environments, a numbeassumptions have been made with respect to
spatial and time scale, which are described ini@eB.16.6.4

R.16.6.3.2Regional distribution

For calculating the regional PEC, the multi-mediefmodel SimpleBdkis used. The basic
characteristics of this model are showrFigure R.16-3 A description of the assumptions made is
given in SectiorR.16.6.6.8

In the multi-media model used, the environmentaldimeare represented by the following
homogeneous and well-mixed compartment 'boxes':

e Atmosphere;

« Surface water (freshwater and marine environment);
e Sediment (freshwater and marine environment);

e Soil;

Continental distribution

Concentrations in air and water are also estimatedcontinental scale (Europe) to provide inflow

concentrations for the regional environmdrig(re R.16-J. These concentrations are also derived
using the SimpleBox model. The continental conegitins are not used as endpoints for exposure
in the risk characterisation.

R.16.6.3.3Distribution in a sewage treatment plant

The degree of removal in a wastewater treatmemi fdadetermined by the physico-chemical and
biological properties of the substance (biodegtiadatadsorption onto sludge, removal due to
sludge withdrawal, volatility, and the operatinghddions of the plant).

For estimation of fate in an STP, the model Simpgal 3.10 is recommended. The model is also
implemented in the recommended tools (see Sedidl®.7.1andR.16.7.3.

Sewage treatment takes place at the local, regamhtontinental scale.

On a local scale, it is assumed that wastewatéipadls through a STP before being discharged into
the environment. On a regional scale, it is assuthatl 80% of the wastewater is treated in a
biological STP and the remaining 20% released thjréato surface waters. Typical characteristics
of the standard sewage treatment plant are usea higther tier in the risk assessment process more
specific information on the biodegradation behawiofia substance may be available that can be

8 SimpleBox is incorporated in the tools EUSES a@DTExcel (see Sections R.16.6.1 and R.16.6.2)
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used to refine the assumptions for the STP. Thauttedlilution factor for sewage from municipal
treatment plants emitted to a freshwater environrigeh0. A default dilution factor for discharges
to a coastal zone (marine environment) of 100 ssimed to be representative for a realistic worst
case. Higher dilution factor can be applied if then be founded by site-specific information.
Sludge from an STP is assumed to be spread orufigrad soil for 10 consecutive years.

Further description of the distribution calculationsewage treatment plants is given in Section
R.16.6.5

R.16.6.4 Characterization of environmental compartments
In this section, the following parameters are dativ

» definition of the standard environmental charasters;

» bulk densities for soil, sediment, and suspendetiema

For the derivation of PECs at the local and redi@gale, one standardised generic environment
needs to be defined since the general aim is @irobobnclusions regarding risks of the substance at
EU level. The characteristics of the real environteill, obviously, vary in time and space. In
Table R.16-9 average or typical default values are given fax parameters characterising the
environmental compartments (the values are chosemleon all spatial scales). The standard
assessment needs to be performed with the defasliven inTable R.16-9When more specific
information is available on the location of theegede sources, this information can be applied in
refinement of the PEC by deviating from the pararsebfTable R.16-9

Several other generic environmental characteristioginly relevant for the derivation of
PECregional (e.g. the sizes of the environmentahgartments, mass transfer coefficients) are
given in SectiorR.16.6.6.8Table R.16-1AndTable R.16-14

61



CHAPTER R.16 — ENVIRONMENTAL EXPOSURE ESTIMATION

Table R.16-9: Characterisation of environmental corpartments.

Parameter Symbol Unit Value
General

Density of the solid phase RHOsolid [kQsolia msonf] 2,500
Density of the water phase RHOwater [KGwater Muater'] 1000
Density of air RHOair (KQair Mai’’] 13
Temperature (1) TEMP (K] 285
Surface water

Concentration of suspended matter (dry weight) | SEHSP | [MGsolia Iwater'l] 15
Suspended matter

Volume fraction solids in susp. Matter Fsalig [Msoiic msuspf] 0.1
Volume fraction water in susp. Matter Fwatgr [Muater msusf] 0.9
Weight fraction organic carbon in susp. solids Bl [KGoc kGsoiid ] 0.1
Sediment

Volume fraction solids in sediment Fsalig [Msoic> Msed] 0.2
Volume fraction water in sediment Fwatgr [Muate Msed'] 0.8
Weight fraction organic carbon sediment solids s&pC [KGoc kGsoiid ] 0.05
Soll

Volume fraction solids in soil Fsoligh [Msoic> Msoi ] 0.6
Volume fraction water in soil Fwatgg [Myate Meoir ] 0.2
Volume fraction air in soil Faig; [Mair* Mo 0.2
Weight fraction organic carbon in soil solids EqcC [kQoc KGsolid '] 0.02
Weight fraction organic matter in soil solids Fgm [kGom kgso,id'l] 0.034

Each of the compartments soil, sediment, and sulggematter is described as consisting of three
phases: air (only relevant in soil), solids, anderaThe bulk density of each compartment is thus
defined by the fraction and bulk density of eachggh Both the fractions solids and water, and the
total bulk density are used in subsequent calarati This implies that the bulk density of a

compartment cannot be changed independently ofrémtions of the separate phases and vice

versa.

The bulk densities of the compartments soil, sedimand suspended matter are defined by the

fractions of the separate phases:

RHQO

= Fsolid

comp comp

- RHOsolid+ Fwater,,,,- RHOwater+ Fair

with comp{soil, sed susg

- RHOair

comp

EQUATION
R.16-16
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Explanation of symbols

FXcomp fraction of phase x in compartment comp [m®* m?3 Table R.16-9
RHOx density of phase [kg- m¥] Table R.16-9
RHOomp wet bulk density of compartment comp Tig®]

Application of the formulas above for the valuesntiened leads to the following bulk densities ofteatandard
environmental compartment:

Total bulk density of the environmental compartmsent

RHOgsp Bulk density of (wet) suspended matter [kg- m?¥| 1,150
RHOxeq Bulk density of (wet) sediment [kg- m?] 1,300
RHO; Bulk density of (wet) soil [kg- m?¥| 1,700

R.16.6.5 Wastewater treatment — estimation of PECstp

In this section, the following parameters are detiv

» release from a sewage treatment plant to air (fotleer used in PECair estimation);
» concentration in sewage sludge (to be further us&ECsoil estimation);

« concentration in effluent of a sewage treatmenntplio be further used in PECwater
estimation).

Elimination refers to the reduction in the concatitm of substances in gaseous or aqueous
discharges prior to their release to the envirortniglimination from the water phase may occur by
physical as well as chemical or biochemical proegsih a sewage treatment plant (STP), one of
the main physical processes is settling of suspkrdatter which will also remove adsorbed
material. Physical processes do not degrade aadesbut transfer it from one phase to another
e.g. from liquid to solid. In the case of volatdabstances, the aeration process will enhance their
removal from the water phase by “stripping” themnfrthe solid/liquid phases to the atmosphere.
Substances may be removed from exhaust gaseoamstigy scrubbing e.g. by adsorption on a
suitable material or by passing through a trapgivigtion.

R.16.6.5.1Wastewater treatment

One of the critical questions to answer in deteimginthe PEC for the aquatic environment is
whether or not the substance will pass through stewaater treatment plant and if yes, through
which kind of treatment plant before being discleargnto the environment. The situation in the
Member States concerning percentage connectioavtage works is quite diverse (séppendix
R.16-9, The percentage connection rate across the Coitymsisubject to improvement due to the
implementation of the Urban Waste Water Treatmemediive (UWWTD, 91/271/EEC). This
directive requires Member States (via transpositioto national legislation) to ensure that
wastewater from all agglomerations of > 2,000 papoh equivalents is collected and treated
minimally by secondary treatment. The time limit fmplementation of the directive is 31/12/98,
31/12/2000 or 31/12/2005 dependent on the sizé@®fagglomeration and the sensitivity of the
receiving water body. An interim figure of 80% cetion to wastewater treatment is proposed for
the regional standard environment. This value asigint to be representative for the actual situation
in large urban areas at the time of revision of Gueédance Document. Article 6 of the UWWTD
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allows Member States to declare non sensitive afeaswvhich discharged wastewater from
agglomerations between 10,000 and 150,000 popuolatimuivalents, which are located at the sea
and from agglomerations between 2,000 and 10,0p0lation equivalents located at estuaries does
not have to be treated biologically but only medbalty (primary treatment). It is notable that 4
Member States have applied this article, corresipgntb < 9% of the organic load (in terms of
population equivalents).

The situation with respect to wastewater treatna¢midustrial installations can vary. Many of the
larger industrial installations are usually coneecto a municipal wastewater treatment plant or
have treatment facilities on site. In many cadesse treatment plants are not biological treatment
plants but often physico-chemical treatment plantswvhich organic matter is flocculated by
auxiliary agents e.g. by iron salts followed byealismentation process resulting in a reduction of
organic matter measured as COD of about 25-50%. alimve-described situation is taken into
account as follows:

* on a local scale, wastewater may or may not passigh a STP before being discharged into
the environment. Depending on the exposure scenjaioaquatic PE&, with or without STP
can be calculated. In some cases, both may be dhdébdecannot be ascertained that local
releases will pass through the STP. The PEC withonsidering a STP-treatment will only be
used in the exposure estimation, when the substemesidered has a specific identified use
where direct discharge to water is widely practised

» for a standard regional scale environment (forrddin, see SectioR.16.6.6.8 it is assumed
that 80% of the wastewater is treated in a biolligleTP and the remaining 20% released
directly into surface waters (although mechanicahtiment has some effect on eliminating
organic matter, this is neglected because on ther dtand stormwater overflows usually result
in direct discharges to surface water even in ttee ©f biological treatment. It is assumed that
these two adverse effects compensate each otherandess with regard to the pollution of the
environment).

The degree of removal in a wastewater treatmemi jgadetermined by the physico-chemical and
biological properties of the substance (biodegiadatadsorption onto sludge, sedimentation of
insoluble material, volatilisation) and the opergtconditions of the plant. As the type and amount
of data available on degree of removal may varg, fillowing order of preference should be

considered:

R.16.6.5.2Measured data in full scale STP

The percentage removal should preferably be bagsah umeasured influent and effluent
concentrations. As with measured data from therenmient, the measured data from STPs should
be assessed with respect to their adequacy anesergativeness.

Consideration must be given to the fact that tiecéf’eness of elimination in treatment plants is
quite variable and depends on operational conditisach as retention time in the aeration tank,
aeration intensity, influent concentration, age auhptation of sludge, extent of utilisation,

rainwater retention capacity, etc. The data maydesl provided that certain minimum criteria have
been met, e.g. the measurements have been cautieder a longer period of time. Furthermore,

consideration should be given to the fact that remhonay be due to stripping or adsorption (not
degradation). In case no mass balance study haspeeformed, the percentage of transport to air
or sludge should be estimated, e.g. by scalingfrdetions to air and sludge from the tables in
Appendix R.16-30 the measured removal.
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Data from dedicated STPs should be used with cauttor example, when measured data are
available for highly adapted STPs on sites produbiigh volume site-limited intermediates, these
data should only be used for the assessment afpleisific use category of the substance.

R.16.6.5.3Simulation test data

Simulation testing is the examination of the patdrdf a substance to biodegrade in a laboratory
system designated to represent either the activsiiedge-based aerobic treatment stage of a
wastewater treatment plant or other environmeritaations, for example a river. For information
on simulation testing, see Section R.7.9.

There is insufficient information available on tlgplicability of elimination data from the
laboratory test to the processes of a real sewdget. pThe results can be extrapolated to
degradation in the real environment only if the aatrations that were used in the test are in the
same order of magnitude as the concentrationsatieato be expected in the real environment. If
this is not the case, extrapolation can seriousbrestimate the degradation rates especially when
the extrapolation goes from high to low concentrai If concentrations are in the same order of
magnitude then the results of these tests can bd geantitatively to estimate the degree of
removal of substances in a mechanical-biologic&.ST

If a complete mass balance is determined, theidracemoved by adsorption and stripping should
be used for the calculation of sludge and air cotraéons. In case no mass balance study has been
performed, the percentage of transport to airwdgé should be estimated for example by using the

tables inAppendix R.16-3

R.16.6.5.4Modelling STP

If there are no measured data available, the degfreemoval can be estimated by means of a
wastewater treatment plant model using lag &Ko or more specific partition coefficients can also
be used; see Sectidh16.5.3.2, Henry's Law constant and the results of bioddgfian tests as
input parameters. However, it should be remembetteat the distribution behaviour of
transformation products is not considered by tipigraach. It is proposed to use in the screening
phase of exposure estimation a revised versiomefsewage treatment plant model SimpleTreat
(Struijs et al.,, 1991). This model is a multi-compgent box model, calculating steady-state
concentrations in a sewage treatment plant, camgisf a primary settler, an aeration tank and a
liquid-solid separator. With SimpleTreat, the seawargatment plant is modelled for an average size
treatment plant based on aerobic degradation byeastudge, and consisting of 9 compartments
(seeFigure R.16-% Depending on the test results for ready andibeiient biodegradability of a
substance, specific first order biodegradation @iestants are assigned to the compound. An
improved process formulation for volatilisation finche aeration tank, which is also applicable to
semi-volatile substances (Mikkelsen, 1995), has limeorporated in the revised version.
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Figure R.16-5: Schematic design of the sewage treagnt plant model SimpleTreat

For the purpose of modelling a STP, the rate cotstaresented imable R.16-shave been derived
from the biodegradation screening tests. The miogetesults from SimpleTreat using these first-
order rate constants of 0, 0.1, 0.3 and 1 h-1abelated inAppendix R.16-31t contains relative
release data pertaining to air, water, and sludge fanction of Henry's Law constant and log Kow
for the different biodegradation categories. If specific measured biodegradation rate data are
available for a particular substance, the tabulatddes fromTable R.16-4and Appendix R.16-3
should be used.

Typical characteristics of the standard sewagerre@t plant are given ifable R.16-10 The
amount of surplus sludge per person equivalent taedconcentration of suspended matter in
influent are taken from SimpleTreat (run at lowdwgy rate). At a higher tier in the risk assessment
process more specific information on the biodegiaddehaviour of a substance may be available.
In order to take this information into account adified version of the SimpleTreat model may be
used. In this version the following scenarios gréamal:

» temperature dependence of the biodegradation mpces
» degradation kinetics according to the Monod equatio
» degradation of the substance in the adsorbed phase;

» variation in the sludge retention time;
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* not considering a primary settler.

Table R.16-10: Standard characteristics of a munipial sewage treatment plant

Parameter Symbol Unit Value
Capacity of the local STP CAPACITY [eq] 10,000
Amount of wastewater per inhabitant WASTEWinhab [I d* eq 200
Surplus sludge per inhabitant SURPLUSsludge | [kg d* eq'] 0.011
Concentration susp. matter in influent SUSPCQ@NC [kg: M 0.45
The input-output parameters are (3@pendix R.16-3
Input
HENRY Henry's law constant [Pa m* mol?] Equation
R.16-4
Kow octanol-water partitioning coefficient [ dasat
kbiog;, first-order rate constant for biodegradation irPST [dY] Table R.16-4
Output
Fstpyr fraction of release directed to air by STP [
Fstpvater fraction of release directed to effluent by STP 1 [-
FstRiudge fraction of release directed to sludge by STP [-]

Calculation of the STP influent concentration

For local scale assessments, it is assumed thapaine source is releasing its wastewater to one
STP. The concentration in the influent of the SiT®,the untreated wastewater, can be calculated
from the local release to wastewater and the inflflew to the STP. The influent flow equals the

effluent discharge.

Clocaln =

Explanation of symbols

_ Elocalwater' ].d5
EFFLUENTSp

EQUATION R.16-17

local release rate to (waste) water during episode

Elocalyater
EFFLUENT,, effluent discharge rate of STP
Clocalys concentration in untreated wastewater

[kg d™] Equation R.16-1
II- d'l] Equation R.16-19
[mg 1]
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R.16.6.5.5Calculation of the STP-effluent concentration

The fraction of the substance reaching the efflughthe STP is tabulated in the Guidance
Document Appendix R.16-3 The concentration of the effluent of the STRiigen by the fraction
directed to effluent and the concentration in wted wastewater as follows:

Clocals = Clocaln - FStA,., EQUATION R.16-18
Explanation of symbols
Clocaly concentration in untreated wastewater [mg 1] Equation R.16-17
FSthyater fraction of release directed to water by STP [-] Appendix R.16-3
Clocals concentration of substance in the STP effluenfmg: 1]

If no specific data are known, EFFLUENTSstp shoudddased on an averaged wastewater flow of
200 | per capita per day for a population of 10,00@bitants (se€able R.16-1D

EFFLUENTsp, = CAPACITYs, - WASTEWinhab EQUATION R.16-19

Explanation of symbols

CAPACITY capacity of the STP [eq] Table R.16-10
WASTEWinhab  sewage flow per inhabitant [I-d* eq" Table R.16-10
EFFLUENT, effluent discharge rate of STP -4

For calculating the PEC in surface water withouwvage treatment, the fraction of the release to
wastewater, directed to effluent (Faf) should be set to 1. The fractions to air and guFstp;
and Fstpudgeresp.) should be set to zero.

Calculation of the release to air from the STP

The indirect release from the STP to air is givgrihe fraction of the release to wastewater, which
is directed to air:

Estp, = Fstp, . Elocalwater EQUATION R.16-20
Explanation of symbols
Fstpir fraction of the release to air from STP [ Appendix R.16-3
Elocalyater local release rate to water during release episode [kg- d] Equation R.16-1
Estpyr local release to air from STP during release egiso [kg- d™]
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Calculation of the STP sludge concentration

The concentration in dry sewage sludge is calcdl&tem the release rate to water, the fraction
of the release sorbed to sludge and the rate cigewludge production:

FStpsIudge * Elocalwater . 106

Caludge = SLUDGERAT] EQUATION R.16-21
Explanation of symbols
Elocalyager local release rate to water during episode  [kg- d’l] Equation R.16-1
FStRudge fraction of release directed to sludge by STP  [-] Appendix R.16-3
SLUDGERATE rate of sewage sludge production [kg- d7 EquatION R.16-22
Csiudge Concentration in dry sewage sludge [mg kg’l]

The rate of sewage sludge production can be estihfeam the outflows of primary and secondary
sludge as follows:

2
SLUDGERATE 3 SUSPCONG - EFFLUENTs,+ SURPLUSSsIdge CAPACITY,, EQUATIO
N R.16-22

Explanation of symbols

SUSPCONGy concentration of suspended matter in STP influeffikg:m™| Table R.16-10
EFFLUENT,, effluent discharge rate of STP [m*dY Equation R.16-19
SURPLUSsIludge surplus sludge per inhabitant ecemial [kg-dteq?] Table R.16-10
CAPACITY g capacity of the STP [eq] Table R.16-10

SLUDGERATE rate of sewage sludge production [kg-d™]

Anaerobic degradation may lead to a reduction efghbstance concentration in sewage sludge
during digestion. This is not yet taken into acdoun

R.16.6.5.6Calculation of the STP concentration for evaluatiorof inhibition to
microorganisms

As explained above in the section on STP modelihg,removal of a substance in the STP is
computed from a simple mass balance. For the aartdnk this implies that the inflow of sewage
(raw or settled, depending on the equipment wighimary sedimentation tank) is balanced by the
following removal processes: degradation, volattian and outflow of activated sludge into the
secondary settler. Activated sludge flowing outtleé aeration tank contains the substance at a
concentration similar to the aeration tank, whiglthie consequence of complete mixing. It consists
of two phases: water, which is virtually equal fuent flowing out of the solids-liquid separator
(this is called the effluent of the STP), and susiegl particles, which largely settle to be recycled
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into the aeration tank. Assuming steady state amdptete mixing in all tanks (also the aeration
tank), the effluent concentration approximates thally dissolved concentration in activated
sludge. It is assumed that only the dissolved cainaBon is bioavailable, i.e. the actual
concentration to which the microorganisms in adtidasludge are exposed. For the risk
characterisation of a substance upon microorganisrttse STP, it can therefore be assumed that
homogeneous mixing in the aeration tank occurs kvimplies that the dissolved concentration of a
substance is equal to the effluent concentration:

PEGstp = CLOCAIlgre EQUATION R.16-23
Explanation of symbols
Clocaky total concentration of substance in STP effluent [mg I Equation R.16-18
PEGp PEC for microorganisms in the STP [mg I"Y

In the case of intermittent release the situatomuch more complex. During an interval shorter
than several sludge retention times (SRT), presiymab small portion of the competent
microorganisms will remain in the system. If théeival between two releases is shorter than one
month (three times an average SRT), adaptatiohevfittivated sludge is maintained resulting in
rapid biodegradation when a next discharge enber$§TP. Such a situation is not considered as an
intermittent release and the PECSTP can still besidered equal to Clocaleff. After longer
intervals the specific bacteria that are capabl@ddegrade the compound, may be completely lost.

If the activated sludge is de-adaptated, the cdreion in the aeration tank may increase during
the discharge period. In that case the concentratignfluent of the STP is more representative for
the PEC for microorganisms:

PEGstp = CLOCALne EQUATION R.16-24
Explanation of symbols
Clocaly total concentration of substance in STP influent [mg 1] Equation R.16-17
PEGsp PEC for microorganisms in the STP [mg 17

However, it needs to be noted that when the digghperiod is shorter than the hydraulic retention
time of the aeration tank (7-8 h), the maximum emiation in the effluent will be lower than the
initial concentration at the discharge, due to pdilpersion, dilution and sorption in the sewer
system, the primary settler and the activated "uplgcess. It is estimated that this maximum
concentration will be at least a factor of thre@do than the initial concentration. Whether or not
this correction factor must be applied needs taldsided on a case-by-case basis. For such short
release periods care must be taken that the relateseare in fact calculated over the actual selea
period (as kg.h-1) and not averaged out over oge da

The choice of using the effluent concentration I aeflected in the choice of the assessment
factors used for deriving a PNEC for the STP micgaaisms. In modern wastewater treatment
plants with a denitrification stage, an additiotaadk is normally placed at the inlet of the bioka]i
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stage. As the main biological degradation processestaking place in the second stage, the
microbial population in the denitrification tank ¢dearly exposed to higher concentrations of the
substance as compared to the effluent concentrafignthe technical standard of the STPs
improves, this will have to be addressed in thi&asment scheme in the near future.

Example R.16-1 Removal in the STP continued from EBmple R.16-2

The substance A is characterized as being reatiiegradable. It is furthermore non-volatile and
has a logKow of 3.

From the lookup-tables in this Guidance Documépendix R.16-3 the fraction discharged t
water can be found at Fgtp0.12.

o

d) pass levels within 28 days in a test on “ready biodegradability”, 10-day window criterion
is fulfilled

Fate of chemicals that are *“readily biodegradable™ in an OECD/EU test: kbiog, = 1 ™! in the
aqueous phase of activated sludge.

log H
| %toai]l -4 -3 -2 -1 0 1 2 3 4 5
log Kow o o 0 0 0 0 3 19 55 66 68
i1 0 0 0 0 0 3 19 55 66 68
2 0 0 0 0 0 3 19 54 66 87
3 0 0 0 0 0 3 18 53 B4 66
4 0 0 0 0 0 3 16 46 56 57
5 0 0 0 0 0 1 9 29 36 37
6 0 0 0 0 0 1 4 15 20 20
log H
| % to water] 4 -3 -2 -1 0 1 2 3 4 5
log Kow o 13 13 13 13 13 12 9 5 4 3
I 13 13 13 13 13 12 9 5 4 3
2 13 13 13 12 12 9 5 4 3
3 @ 12 12 12 12 1 9 5 4 3
4 1 11 1 11 10 8 4 3 3
5 8 8 8 8 8 7 6 4 3 3
6 7 7 7 7 7 7 B 4 3 3

The release of substance A from the STP can baatst to:

Elocal

water

= Fstp, ., LElOCal_ wastewater 012 |]I).0625|:j—g = 0.0075%g

R.16.6.6 Derivation of PEC

In the following sections guidance is given for tlkalculation of the PEClocal for each
compartment and Sectidh16.6.6.8resents the calculation of regional steady-stateentrations
(PECregional).

In defining the standard environments a numbersstimptions have to be made with respect to
scale and time. These are summarised briefly IMwoes detail is given in the relevant sections.

» the concentration in surface water (PEClocalwaiwrn principle calculated after complete
mixing of the effluent outfall. Because of the ghtime between effluent discharge and
exposure location, dilution will usually be the doant “removal’ process. Therefore,
degradation in surface waters, volatilisation frtie water body, and sedimentation are not
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normally taken into account as removal processestaAdard dilution factor is used. To allow
for sorption, a correction is made to take accatithe fraction of substance that is adsorbed to
suspended matter. The resulting dissolved conda@ntras used for comparison with
PNECwater. The concentration in sediment is caledlat the same location. For exposure of
aguatic organisms, having a relatively short lilssphe concentration during an release episode
is calculated. For indirect exposure of humans prebatory birds and mammals, annual
averages are used, being more appropriate witlecesp chronic exposure;

the concentration in soil (PEClocalsoil) is caltethas an average concentration over a certain
time-period in agricultural soil, fertilised withusige from a STP and receiving continuous
aerial deposition from a nearby point source ($ad®.16.6.6.% (production/processing site
and STP aeration tank). Two different soil types distinguished: arable land and grassland,
which differ in the amount of sludge applied, arg tmixing depth. For the terrestrial
ecosystem, the concentration is averaged over @ éftar human indirect exposure a period of
180 days is used. The concentration in groundwsiealculated below this agricultural area;

the concentration in air (PEClocalair) is calculatess an average concentration at 100 meters
from the source. This distance is assumed to beegeptative for the average size of an
industrial site. The concentration in air is used éxposure of humans, therefore, an annual
average concentration is calculated. Depositiocalsulated as an average for a circle around
the source with a radius of 1000 m, which is supgda® represent the local agricultural area
(SectionR.16.6.6.). Deposition is used as input for the soil modalenual average deposition
fluxes are used.

R.16.6.6.1Calculation of PEClocal for the atmosphere

In this section, the following parameters are detiv

local concentration in air during release episode;
annual average local concentration in air;

total deposition flux (annual average).
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The air compartment receives its input from
direct release to air, and volatilisation from tt
sewage treatment plant. The most import:
fate processes in air, are schematically dra

in Figure R.16-6

PECIocal for air cannot be compared with tl partitioning
PNEC for air because the latter is usually r
available. The PECIocal for air is used .
input for the calcu-lation of the intake ¢
substances through inhalation in the indire
exposure of humans. Deposition fluxes &
used as input for the calculation of PECloc
in soil. Therefore, both deposition flux an
concentration are calculated as annual aver__ _
values.

degradation

air
gas phase

wind
partitioning

) o
rainwater o O aerosol
o

wet deposition dry deposition

Figure R.16-6 Fate processes in the air

Many air models are available that are highly compartment

flexible and can be adjusted to take specific
information on scale, release sources, weatheritbomsl etc. into account. For new substances, as
well as very often for existing substances, thigetpf information is normally not available. Hence
a standardised exposure estimation is carried aking a number of explicit assumptions and
using a number of fixed default parameters. Thesgian plume model OPS, as described by Van
Jaarsveld (1990) is proposed using the standamhzders as described by Toet and de Leeuw
(1992). These authors used the OPS model and d¢auiea number of default calculations in order
to describe a relationship between the basic cterstics of substances (vapour pressure and
Henry's Law constant) and the concentration iraad deposition flux to soil near to a point source.
The following assumptions/model settings are made:

+ realistic average atmospheric conditions are usbtiined from a 10-year data set of weather
conditions for The Netherlands;

» transport of vaporised and aerosol-bound substaiscesiculated separately. The partitioning
between gas and aerosol is determined by meare afquation of Junge (see Equation R.16-
2);

» the atmospheric reaction rate is set at a fixedevalf 5% per hour. However, on the spatial
scale that is regarded (i.e. a distance of 100am fihe source), atmospheric reactions do not
play any role in the removal of the substance (emewery high reaction rates) (Toet and De
Leeuw, 1992);

» losses due to deposition are neglected for estmaii the concentration and deposition fluxes
at this short distance from the source;

» assumed source characteristics are:

o0 source height: 10 meters, representing the heighbuildings in which production,
processing or use take place;

0 heat content of emitted gases: 0; this assumes thero extra plume rise caused by excess
heat of vapours compared to the outdoor tempetature
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0 source area: 0 meter; representing an ideal paatce which is obviously not always
correct but which is an acceptable choice;

« calculated concentrations are long-term averages.

The concentration in air at a distance of 100 nsefteim the point source is estimated. This distance
is chosen to represent the average distance bettheenelease source and the border of the
industrial site. The deposition flux of gaseous artbsol-bound substances is estimated analogous
to the estimation of atmospheric concentrationsnegans of an estimation scheme and with help of
the OPS model. The deposition flux to soil is agerhover a circular area around the source, with a
radius of 1000 m to represent the local agricultaraa. Deposition velocities are used for three
different categories:

< dry deposition of gas/vapour: estimated at 0.0lsgm/
< wet deposition of gas/vapour: determined with tiRSOnodel,

e dry and wet deposition of aerosol particles; deteech within the OPS model using an
average particle size distribution.

Based on the assumptions and model settings ad kdiove, calculations with the original OPS-
model were performed for both gaseous and aerofstances (Toet and de Leeuw, 1992). These
calculations were only carried out for a sourcerggth of 1 g/s, as it was proven that concentration
and deposition fluxes are proportional to the seustrength. From these calculations it was
concluded that local atmospheric concentrationslagely independent of the physical-chemical
properties of the compounds. Hence, once the eldemm a point source is known, the
concentration at 100 meter from the source carstima&ted from a simple linear relationship.

In the calculation of PEClocal for air both reledsem a point source as well as the release from a
STP is taken into account. The concentration onrdgonal scale (PECregional) is used as

background concentration and therefore, summelgetdotal concentration. The STP is assumed as
a point source and the concentration of the substancalculated at a 100 m distance from it. The

maximum from the two concentrations (direct andS/i@P) is used as the PEClocal:

Clocal: = max ( Elocaki , Estp, ). Cstch EQUATION R.16-25
Temission
Clocalair,ann= Clocalair T EQUAT|ON R.16-26
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Explanation of symbols

Elocal; local direct release rate to air during episode [kg- d™] eqg. (5)
Estpr local indirect release to air from STP during egis [kg- d™] Equation R.16-20
Cstd,; concentration in air at source strength of 1cky [mg m3 2.78.10°
Temission Number of emission days equal to: [dyY )

Maximum Annual Use (kgy™*) / Maximum Daily Use (kgd™) g?fg_ogr_lz_l
Clocal; local concentration in air during release episode [mg mJ]
Clocakir ann annual average concentration in air, 100 m fromtmource [mgm’3]

PEClocakianm = Clocalaranm + PECregional, EQUATION R.16-27

Explanation of symbols
Clocabir ann annual average local concentration in air [mg m’s] Equation R.16-26
PECregional, regional concentration in air [mg m?¥ SectionR.16.6.6.8

PEClocal;ann  annual average predicted environmental concrin ai [mg m'3]

The calculation of deposition flux is slightly mooemplex because of the dependence of the
deposition flux on the fraction of the substancat ik associated with the aerosols. In calculating
the deposition flux, the releases from the two sesi(direct and STP) are summed:

DEPtotal= ( Elocaky + Estp,, )- ( Fasse - DEPStde+ (1- Fasse) - DEPstds EQUATION

R.16-28
_ Temission EQUATION
DEPtotal..»= DEPtotal. T R.16-29
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Explanation of symbols

Elocal; local direct release rate to air during releasscefe [kg- d™] Equation R.16-1
Estpr local indirect release to air from STP during egis [kg- d™] Equation R.16-20
Fasger fraction of the substance bound to aerosol [ Equation R.16-2
DEPstqe, standard deposition flux of aerosol-bound compsuatda

source strength of 1 kg [mg m? dY 1102
DEPstq.s deposition flux of gaseous compounds as a function

of Henry's Law constant, at a source strengthkaf 4™ [mg m?%dY

VogHENRY < -2: 5 10*

-2 <ogHENRY < 2: 4 10*

YogHENRY > 2: 3 10*
Temission Number of emission days equal to: [dyY

Maximum Annual Use (kgy™®) / Maximum Daily Use (kgd™) SectionR.16.3.2.1
DEPtotal total deposition flux during release egiso [mg mZdY
DEPtotaln annual average total deposition flux [md.ov]

R.16.6.6.2Calculation of PEClocal for the aguatic compartment
In this section, the following parameters are detiv
» local concentration in surface water during relesgsisode;

» annual average local concentration in surface water

The effluent of the sewage treatment plant ‘-
diluted into the surface watdfigure R.16-7
shows the most important fate processes_

i e iy e L S | ////////////

» complete mixing of the effluent

surface water is assumed as /
representative exposure situation for t %

aguatic eco-system; partitoning <+—> o0
& suspended
« for the first approach in the locs A . ~ Mmatter
assessments, volatilisation, degradatic sedimentation/

resuspension

and sedimentation are ignored because
the short distance between the point
effluent discharge and the exposure
location.

Figure R.16-7 Fate processes in the surface water
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The calculation of the PECIlocal for the aquatic panment involves several sequential steps (see
alsoFigure R.16-J. It includes the calculation of the discharge aamtration of a STP to a water
body, dilution effects and removal from the aquemaslium by adsorption to suspended matter.

Dilution in the receiving surface water and adsorpto suspended matter

The distance from the point of discharge where detapmixing may be assumed will vary
between different locations. A fixed dilution factmay be applied. Dilution factors are dependent
on flow rates and the industry specific discharge/f Due to the different seasonal, climatic and
geographical conditions in the Member States, thiilsgion factors may vary over wide ranges.
They have been reported in a range from 1 (e.grideybeds in summer) up to 100,000 (de Greef
and de Nijs, 1990). The dilution factor is gensardlhked to the release scenario of the use
category. For example, for consumer products arageedilution factor for sewage from municipal
treatment plants of 10 is recommended. This is sgarded as a default dilution value for other
types of substances if no specific data are availab

When a substance is released to surface water mmedtely as particles (e.g. as precipitates or
incorporated in small material pieces) this maydléa overestimation of PECsurface water and
underestimation of PECsediment. If this is expettedccur it should be considered in the further
evaluation (e.g. when comparing PEC with monitodaga and in the risk characterisation).

In certain circumstances, it may be possible tatifle specific release points which would allow
the use of more precise information regarding thalable distribution and fate processes. Such
site-specific assessments should only be used wieknown that all the releases emanating from
the particular point in the life-cycle e.g. manutae, arise from a limited number of specific and
identifiable sites. In these circumstances eacltipgoint of release will need to be assessed
individually. If it is not possible to make thisdgement, then the default assumptions should be
applied. In site-specific assessments, due acamambe taken of the true dilution available to the
given release as well as the impact of degradatiolatilisation, etc. in the derivation of the PEC.
Normally, only dilution and adsorption to suspendediiment need to be considered but site-
specific conditions may indicate that local digttibon models can be used.

It must be noted that with the assumption of comepheixing of the effluent in the surface water no
account is taken of the fact that in reality in thxing zone higher concentrations will occur. For
situations with relatively low dilution factors thimixing-zone effect can be accepted. For situation
with very high dilution factors, however, the migizones may be very long and the overall area
that is impacted by the effluent before it is coatgly mixed can be very substantial. Therefore, in
case of site-specific assessments the dilutiorofaittat is applied for calculation of the local
concentration in surface water should not be greass 1000.

If no measured data are available on the partitmefficient between suspended matter and water,
Kpsusp, it can be estimated from thg Kf the substance, determined for other sorbekessioil or
sediments (SectiolR.16.5.3.3 by taking into account different organic carbamnients of the
media.

For some substances it may be possible that PEGsalnulated in water which are in excess of the
water solubility. These results need to be intagatecarefully on a case-by-case basis. The
concentration in surface water will not be corrdctaut the result needs to be flagged. The PEC has
to be interpreted based on the effects found irathatic toxicity tests.

In a situation where a substance is released thrsageral point sources into the same river, the
resulting cumulative concentration may in a firppeach be estimated by assuming it to be
released from one point source. If this PEC leadsconcern” then refined approaches may be
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used, such as river flow models, e.g. OECD (199ickwv address the specific release pattern as
well as river parameters.

The local concentration in surface water is cakealas follows:

Clocales
(1+ Kpsu5p' SUSRvater‘ 106) . DILUTION

ClOCalwater: EQUAT'ON R.16-30

Explanation of symbols

Clocalg concentration of the substance in the STP eftluen [mg 17 Equation R.16-18
KPsusp solids-water partitioning coefficient of suspenaesltter [ kg™ Equation R.16-6
SUSRyater concentration of suspended matter in the river [mg I'l] 15

DILUTION dilution factor [-] 10

Clocalyater local concentration in surface water duringasteepisode [mtj;’l]

When considering the available dilution, accourduith be taken of the fluctuating flow-rates of
typical receiving waters. The low-flow rate (or"Lpercentile) should always be used. Where only
average flows are available, the flow for dilutiparposes should be estimated as one third of this
average. When a site-specific assessment is apgmpthe actual dilution factor after complete
mixing can be calculated from the flow rate of ttieer and the effluent discharge rate (this
approach should only be used for rivers, not feuagtes or lakes):

EFFLUENTs, + FLOW

DILUTION = EQUATION R.16-31
EFFLUENTSy
Explanation of symbols
EFFLUENT,, effluent discharge rate of stp - dy Equation R.16-19
FLOW flow rate of the river [I-dY data set
DILUTION dilution factor at the point of completeixing [-] (max. = 1000)

For indirect human exposure and secondary poispaimgnnual average concentration in surface
water is calculated:

Temission

Clocalwaterann= Clocalwater* ? EQUATION R.16-32
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Explanation of symbols

Clocalater local concentration in surface water during rekeapisode  [mg 1Y)  Equation R.16-30
Temission Number of emission days equal to: [dyY  SectionR.16.3.2.1

ll\/laximum Annual Use (kg/™®) / Maximum Daily Use (kgd
)

Clocalyaerann ~ @nnual average local concentration in surfacemat [mg I'l]

The concentration at the regional scale (PECretjiatar) is used as background concentration for
the local scale. Therefore, these concentrations@ammed:

PEClocalaer = Clocalwser + PECregional,,, EQUATION R.16-33

PECI0Cakaeram = Clocalvaeram+ PECregional,, EQUATION R.16-34

Explanation of symbols

Clocalyater local concentration in surface water during egéso [mg 1]  Equation R.16-30
Clocalyater.ann annual average concentration in surface water [mg I’l] Equation R.16-32
PECregional.er regional concentration in surface water [mg 1Y Section R.16.6.6.8
PECIocalater predicted environmental concentration during eggso [mg 1Y

PEClocalaerann  @nnual average predicted environmental conceotrati [mg I’l]

Example R.16-2 Concentration in surface water

See SectiorR.16.6.6.Xor detailed description of the model.

Only the manufacturer M is discharging substande e STP. The substance A is incorporated
in an article matrix and is not expected to beasdel from the article.

For the assessment the background concentratioegkected. The local concentration in the
surface water in the vicinity of the outlet of t8dP, which is discharging to a river, can|be
estimated at:

PE e = e = O00THOIC 3761
vt = Q4 ILUTION ~ 2,000m° /d [10

The PNEGater Of substance A has been determined to 0.5 ug/th&$°NEC value is higher than
the PEGacal, water it is concluded that the substance A does nabéxdrisk to the surface water.

R.16.6.6.3Calculation of PEClocal for the sediment compartmet

In this section, the following parameter is derived
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» local concentration in sediment during the relegsisode.

PEClocal for sediment can be compared to the PN&Csédiment dwelling organisms. The

concentration in freshly deposited sediment is naks the PEC for sediment, therefore, the
properties of suspended matter are used. The cwatien in bulk sediment can be derived from
the corresponding water body concentration, assyraithermodynamic partitioning equilibrium

(see also Di Toro et al., 1991):

Ksusp-water

PEClocakes = ———— - PECIlocakae- 1000 EQUATION R.16-35
RH()susp

Explanation of symbols

PEClocal.er  CONcentration in surface water during releaseoelgis [mg.T Equation R.16-33
K susp-water suspended matter-water partitioning coefficient 3 ] Equation R.16-7
RHOusp bulk density of suspended matter [kFIm Equation R.16-16
PECIocaleq predicted environmental concentration in sediment [mg.kg?]

Highly adsorptive substances may not be considadeduately with the approach described above,
as they are often not in equilibrium distributioatlween water and suspended matter because of
their cohesion to the suspended matter; howevegrriay be desorbed after ingestion by benthic or
soil organisms.

In the case when release to the surface water piiedtely occurs as patrticles this calculation may
underestimate the sediment concentration. If thisxpected to occur it should be considered in the
further evaluation (e.g. when comparing PEC witmitoring data and in the risk characterisation).

R.16.6.6.4Calculation of PEClocal for the marine aquatic compartment

The use of local marine exposure scenarios cartessary for specific sites releasing directly into
the sea. In such cases, potential local releaste tmarine environment can occur and, hencs, it i
necessary to perform a local exposure estimatiothfolocal marine environment.

Dilution and the presence (or absence) of a STRnpeters have large influences on the local
concentration in seawater (Clogalaet- The calculation needs to consider whether efisiare
treated in an STP or not.

For discharges to a coastal zone, local dilutidhbwi greater than in a freshwater river. Firsitiah
dilution may occur if the density between the edfit and the saline receiving medium differs
(Lewis, 1997). The initial dilution factor is usiyabhround 10. Further dilution due to currents can
also be assumed, particularly if the point of reées subject to tidal influences. In the Baltichoe
Mediterranean sea, where there are almost noitiflaénces compared to the Atlantic Ocean or the
North Sea, only initial dilution may occur on caltays, but normally, further dilution due to
currents is probable. Dilution factors of more th&00 have been determined from model
simulations (based on current measurements) irNtirth Sea, 200 m away from the discharge
point (e.g. Pedersen et al., 1994).
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In “site-specific” assessments, due account cataken of the true dilution available to the given
release as well as the impact of degradation, isktton, etc. in the derivation of the PEC.
Normally, only dilution and adsorption to suspendediment need be considered but site-specific
conditions may indicate that valid local distrilmrti models can be used. A realistic worst case
dilution factor for discharges to a coastal zond@® may be assumed if no further information is
available. The same estimation method as for ineqmbsure estimation can then be used to obtain
the local concentration in seawater (ClaGahte)-

For estuaries, which are influenced by currentd adal movements, it is assumed as a first
approach that they are covered by either the inlandhe marine risk assessment. Specific
approaches (using higher tier models) can be dsezbded.

Then, the local concentration in seawater can aimdd with:

Clocales
(1+ KPyer SUSRaer-10°) - DILUTION

Clocalseawate™ EQUATION R.16-36

Explanation of symbols

Clocaly concentration of the substance in the STP eftluen [mg 'Y Equation R.16-18
Kpsusp solids-water partitioning coefficient of suspenabedltter [ kg™ Equation R.16-6
SUSRyater concentration of suspended matter in the seawater [mg I’l] 15

DILUTION dilution factor [ 100

Clocakeawater local concentration in seawater during relegésoele [mg I’l]

Kpsusp is derived as for inland risk assessment. For ecifip estimation of the partitioning
behaviour of substances in saltwater environmezgsSectionR.16.5.3.4

It is recognised that the dilution available toisctarge will also be related to the actual volwhe
that discharge. In the freshwater scenario, thegldirge volume is standardised to a volume of
2,000 ni/day ie. the outflow from a standard STP. It isréfiere proposed that the discharge
volume to the marine environment is also normalised,000 rYday such that the quantity of the
substance discharged (in kg/day) is assumed, fdeftiog purposes, to be diluted into this volume
prior to discharge.

For indirect human exposure and secondary poispaimginnual average concentration in surface
water is calculated:

Clocal = Clocal Temission EQUATION
OCa seawategnn OCa seawater® 365 R16_37
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Explanation of symbols

Clocaleawaer  local concentration in seawater during releassoele [mg 1] Eguation R.16-36
Temssion Number of emission days equal to: [d-yj Section R.16.3.2.1

ll\/laximum Annual Use (kg/™®) / Maximum Daily Use (kgd
)

Clocakeawaterann @nnual average local concentration in seawater : I[h]19

The concentration at the regional scale (PECredligiae is used as background concentration for
the local scale. Therefore, these concentrations@ammed:

PECIocak = Clocal + PECregiond,,aer EQUATION R.16-38

PECIlocal n= Clocal nt PECregiond,,, . EQUATION R.16-39

Explanation of symbols

Clocaleawater local concentration in seawater during episode [mg 'Y Equation R.16-36
Clocaleawaterann ~ @nnual average concentration in seawater [mg 'Y Equation R.16-37
PECregionalawaer regional concentration in seawater [mg I’l]

Section R.16.6.6.8
PECIlocalcawater predicted environmental concentration during egpéso [mg I’l]
PECIlocaleawaterann - @nnual average predicted environmental conceairati [mg I’l]

If relevant site-specific information is availabie,can be used to improve the assessment. Some
significantly different exposure situations needbéoreviewed though:

» substances released from offshore platforms. A baised mandatory control system for the
use and reduction of the discharge of offshore tanbes is already agreed within OSPAR
(OSPAR, 2000a; 2000b). For this specific exposutgason within the EU legislation, the
methodology proposed by OSPAR can be taken intsideratior;

+ substances released from harbours, marinas, fisisfand dry-docks. Specific scenarios will
have to be developed for these situations, whiemarst relevant for biocides.

» substances released from harbours, marinas, fisisfand dry-docks. Specific scenarios will
have to be developed for these situations, whiehrarst relevant for biocides.

The methodology for assessing releases from piatfde.g. CHARM-model) that has been developeden th
context of these OSPAR decisions wasnmeetiscussed in the context of the developmeth@fpresent guidance
document for marine risk assessment.
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R.16.6.6.5Calculation of PEClocal for the marine sediment compartment

The concentration in freshly deposited sedimertalien as the PEC for sediment; therefore the
properties of suspended matter are used. The cwatien in bulk sediment can be derived from
the corresponding water body concentration, assymithermo-dynamic partitioning equilibrium
(Di Toro et al., 1991):

K EQUATION
PEClocal,, = —="""" [PEClocal,,,, 1000 Q
(o) R.16-40
susp
Explanation of symbols
PEClocaleanater  CONncentration in seawater during release episode [mg I’l]
K susp-water suspended matter-water partitioning coefficient m m?d Equation R.16-7
RHOsp bulk density of suspended matter [kg- m¥| Equation R.16-16
PEClocaleq predicted environmental concentration in sediment [mg kg!]

Highly adsorptive substances may not be considadeduately with the approach described above,
as they are often not in equilibrium distributioatlween water and suspended matter because of
their cohesion to suspended matter; however they beadesorbed after ingestion by benthic
organisms.

Suspended matter exposed to local releases caequdrgly be transported over long distances and
deposited to sediment in distant areas. Thereloi® possible that areas unrelated to local sgdtin
are exposed to the same sediment concentratiomgoalsl be expected only in the immediate
vicinity of the releases. This has especially totdeen into account when comparing measured
concentrations to estimated concentrations.

R.16.6.6.6Calculation of PEClocal for the soil compartment

In this section, the following parameters are detiv

» local concentration in agricultural soil (averagegr a certain time period);

» local concentration in grassland (averaged overiio time period);

» percentage of steady-state situation (to indicatsigtency).
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Exposure estimation for the soil compartment isdngmt with respect to exposure of terrestrial
organisms. Furthermore, crops are grown on agullisoils for human consumption, and cattle,
producing meat and milk, are grazing on grasslafdgire R.16-8shows the most important fate
processes in the soil compartment.

Guidance for calculating PEClocal in soll
given for the following exposure routes:

Buiuonired

e application of sewage sludge i
agriculture;

solids

e dry and wet deposition from the
atmosphere.

Direct application of substances (on the ba
of the maximum recommended applicatic Ieaching?
rate; e.g. pesticide adjuvants or fertilisers)

not taken into account. Guidance may ne
to be developed in the future.

Figure R.16-8 Calculation of PECsoil

For sludge application to agricultural soil an éggion rate of 5,000 kg/ha dry weight per year is
assumed while for grassland a rate of 1000 kg/tsllguld be used. Sludge application is treated as
a single event once a year. The contribution toa¥erall impact from wet and dry deposition is
based on the release calculation of a point sog8&=etion R.16.6.6.) and is related to a
surrounding area within 2000 m from that sourcee @aposition is averaged over the whole area.

Atmospheric deposition is assumed to be a contistilox throughout the year. It should be noted
that the deposition flux is averaged over a yednis Ts obviously not fully realistic, since the
deposition flux is linked to the release episodgeraging is done to facilitate calculation of a
steady-state level. Furthermore, it is impossibléndicate when the release episode takes place
within a year: in the beginning of the growing segsany impact on exposure levels will be large,
after the growing season, the impact may well ls@ginificant. Therefore, averaging represents an
appropriate scenario choice.

The PEC in agricultural soil is used for two purgsis
 for risk characterisation of terrestrial ecosystems

» as a starting point for the calculation of indirbciman exposure via crops and cattle products
(see SectiofR.16.6.8and Chapter R.17).

There are several extensive numerical soil and rgleater models available (mainly for
pesticides). These models, however, require a ldétalefinition of soil and environmental
characteristics. This makes this type of models #gpropriate for a generic risk assessment at EU-
level. For the initial assessment, a simplified elad used. The top layer of the soil compartment i
described as one compartment, with an averagexinfwough aerial deposition and sludge
application, and a removal from the box by degiadatvolatilisation, leaching, and other
processes if relevant. The concentration in thig Isax can now be described with a simple
differential equation.

The initial concentration, Csoil(0), is governed the input of the substance through sludge
application.
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dCsoi EQUATION
ot - K G * Da R61
Explanation of symbols
Dair aerial deposition flux per kg of soil [mg kg® d?] Equation R.16-42
t Time [d]
k first order rate constant for removal from tofi so [d7 Equation R.16-46
Csoi concentration in soil [mg kg

In the formula above, the aerial deposition fluxised in mg substance per kg of soil per day. D
can be derived by converting the total depositlor {DEPtotal,) as follows:

Dar = DEP10takm EQUATION R.16-42
DEPTHsoi - RHOxoi
Explanation of symbols
DEPtotaln annual average total deposition flux [mg m?dY Equation R.16-29
DEPTH,; mixing depth of soil [m] Table R.16-11
RHOi bulk density of soil [kg: m?¥| Equation R.16-16
Dair aerial deposition flux per kg of soil [mkg® d™]

The differentialEquation

R.16-4has an analytical solution, given by:

Csoil (t) =

R.16-43

Dair Dair - EQUATION
'|: - Cosoil (0):|'ek[ Q

k k

With this equation, the concentration can be cated at each moment in time, when the initial
concentration in that year is known.
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Accumulation of the substance may occur
when sludge is applied over consecuti
years. This is illustrated in. As a realist
worst-case exposure scenario, it
assumed that sludge is applied for
consecutive years. To indicate fc
potential persistency of the substance, 1
percentage of the steady-state situation
calculated. As shown iRigure R.16-9the
concentration in soil is not constant i
time.

The concentration will be high just afte
sludge application (in the beginning of tt
growth season), and lower at the end of 1
year due to removal processes. Therefc
for exposure of the endpoints, th
concentration needs to be averaged ove
certain time period. Different averagin
times should be considered for the
endpoints: for the ecosystem a period

30 days after application of sludge is used.
In order to determine biomagnification

effects and indirect human exposure, it is
more appropriate to use an extend...
period of 180 days.

Concentration (% of initial)

160

120 \ \\

L]
—
L

L]
L
L]
L]

&0 \ \ \ \

20

0 1 2 3
time [year)

Figure R.16-9 Accumulation in soil due to
several years of sludge application.
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This averaging procedure is illustratedrigure R.16-10wvhere the average concentration is given
by the area of the shaded surface, divided by tineber of days.

Concentration (% of initial)

4 50 100 150 200 250 300 350
time (days)

Figure R.16-10 The concentration in soil after #ang.

The shaded area is the integrated concentration ova period of 180

The local concentration in soil is defined as therage concentration over a certain time period T.
The average concentration over T days is given by:

T
Clocalkoi = % . Jo Csai (1) dt EQUATION R.16-44

Solving this equation for the range 0 to T gives final equation for the average concentration in
this period:

Clocalsei= Dar 1[ Csoi (0) - Dka" } [1 -e'kT] EQUATION R.16-45
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Explanation of symbols

Dair aerial deposition flux per kg of soil [mg kg™ d?] Equation R.16-42
T averaging time [d] Table R.16-11

k first order rate constant for removal from tojl so [dY Equation R.16-46
Csoi (0) initial concentration (after sludge applicatio [mg kg™] Equation R.16-53
Clocal; average concentration in soil over T days [mg kg™

Derivation of the removal rate constants

The total rate constant for removal is made upewksal parts:

- biodegradation rate constant;
- volatilisation of substance from soil;
. leaching to deeper soil layers.

Other removal processes may be important in sorsescg@.g. uptake by plants). If rate constants
are known for these processes, they may be addtekttmtal removal. The overall removal rate
constant is given by:

K=K g0 + Kiouen + KbIQ, EQUATION R.16-46
Explanation of symbols
Kyolat pseudo-first order rate constant for volatilisatfoom soil [dl] Equation R.16-47
Kieach pseudo-first order rate constant for leaching ftom soil [dl] Equation R.16-48
kbioggj pseudo-first order rate constant for biodegradatiosoil [d] Equation R.16-13
k first order rate constant for removal from tofd so [dY

The rate constant for diffusive transfer from goikir is estimated as the reciprocal of the sfim o
mass transfer resistances at the air- and soik Silehe soil/air interface. Given a substance-
independent air-sidpartial mass transfer coefficieask;, and the soil-referenced overall mass
transfer coefficientkasky;, the rate constant for volatilizatiok,t i, becomes:

1 1 1

= . EQUATION
kvolat ka'SIair * Kair—water / Ksoil—water ka'sls;oil

sol R.16-47

jEDEPTH
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Explanation of symbols

kaski partial mass transfer coeff. at air-side of ttresail interface [m.d-1] 120

kaslo; partial mass transfer coeff. at soilair-side @ #ir-soil int. [m.d-1] Equation R.16-59
Kair-water air-water equilibrium distribution constant [m33h Equation R.16-5
K soil-water soil-water partitioning coefficient [m3.m-3] Equation R.16-7
DEPTH,; mixing depth of soil [m]

Kyolat pseudo first-order rate constant for volatilisatfoom soil [d-1]

A pseudo first-order rate constant for leaching barcalculated from the amount of rain flushing
the liquid-phase of the soil compartment:

Finf RAINrate

K each = soil EQUATION R.16-48
K soil -waer - DEPTH soil

Explanation of symbols
Finfsy; fraction of rain water that infiltrates into soil [ 0.25
RAINrate rate of wet precipitation (700 mm/year) i 1.9210°
K soil-water soil-water partitioning coefficient [m* m?¥ Equation R.16-7
DEPTH; mixing depth of soil [m]
Kieach pseudo first-order rate constant for leaching femih layer [dl]

Derivation of the initial concentration after 10ars of sludge application

As a realistic worst-case assumption for expostiie,assumed that sludge application takes place
for 10 consecutive years. To be able to calcula¢ecbncentration in this year averaged over the
time period T Equation R.16-4f an initial concentration in this year needs ¢oderived. For this
purpose, the contributions of deposition and sluglg@ications are considered separately.

The concentration due to 10 years of continuoussiépn only, is given by applyingquation
R.16-43with an initial concentration of zero and 10 yeafrénput:

Cdep,;,,(0)= Dka" - Dka" . g 3510k EQUATION R.16-49

For sludge application, the situation is more coogpéd as this is not a continuous process. The
concentration just after the first year of sludgelecation is given by:
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Coluigs (0) = e APPlow FQuaTIeK
DEPTHsoi - RHOsoi :
Explanation of symbols
Csludge concentration in dry sewage sludge [mg kg™ Equation R.16-21
APPLqge dry sludge application rate [kg: m?% yrY]  Table R.16-11
DEPTH; mixing depth of soil [m] Table R.16-11
RHOx; bulk density of soil kg m'3] Equation R.16-16
Csludgeyi 1 concentration in soil due to sludge in first yetetr=9 [mg kg™

)

The fraction of the substance that remains indipesbil layer at the end of a year is given by:

Facc = @365k EQUATION R.16-51
Explanation of symbols
k first order rate constant for removal from tojd so [dYy Equation R.16-46
Facc fraction accumulation in one year [

At the end of each year, a fraction Facc of théaihtoncentration remains in the top-soil layeneT
initial concentration after 10 applications of gheds given by:

Csludge,.,, (0) = Csludge,; (0) - [ 1+ X2, Facc | EQUATION R.16-52

The sum of both the concentration due to deposaimh sludge is the initial concentration in year
10:

EQUATION R.16-53
Csoino (0) = Cdepgy (0) + Csludge,,, (0)

This initial concentration can be usedBguation R.16-440 calculate the average concentration in
soil over a certain time period.

Indicating persistency of the substance in soil

Ten consecutive years of accumulation may not femnt for some substances to reach a steady-
state situation. These substances may accumulatbuftdreds of years. To indicate potential
problems of persistency in soil, the fraction &f #ieady-state concentration can be derived:
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Csoil 10 (0)
Csoil o0 (O)

Fst-st = EQUATION R.16-54

Explanation of symbols

Cs0i 10 (0) initial concentration after 10 years [rkg’] Equation R.16-53
Csoile (0) initial concentration in steady-state situation [mg kg'] Eguation R.16-55
Fst-st fraction of steady-state in soil achieved 1 [-
The initial concentration in the steady-state yeajiven by:

Cogto (0) = 2ot 4 Csludge,;, (0) - L EQUATION R.16-55

k 1 - Facc

Explanation of symbols
Dar aerial deposition flux per kg of soil [mg kg™ d™] Equation R.16-42
k first order rate constant for removal from tofd so [dY Equation R.16-46
Facc fraction accumulation in one year [ Equation R.16-51
Csludggui 1 concentration in soil due to sludge in first yeai=8 [mg kg™ Equation
(0) R.16-50
Casoike(0) initial concentration in steady-state situation [mg kg™

Calculation of PEClocal

For soil, three different PECs are calculatedditferent endpointsTable R.16-11

Table R.16-11 Characteristics of soil and soil-uder the three different endpoints

Depth of soil Averaging time | Rate of sludge Endpoint
compartment application
[m] [days] [kgaw M year’]
PECIlocal,; 0.20 30 0.5 terrestrial ecosystem
PECIlocalg. soi 0.20 180 0.5 crops for human
consumption
PECIloca{assiana | 0.10 180 0.1 grass for cattle

The “depth of soil” represents the depth rangettiertop soil layer which is of interest. The depth
of 20 cm is taken because this range usually haiglraroot density of crops, and represents the
ploughing depth. For grassland, the depth is leg® grasslands are not ploughed. The averaging
period of 180 days for crops is chosen as a reptathee growing period for crops. For grassland
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this period represents a reasonable assumptiaédgperiod that cattle is grazing on the field. For
the ecosystem a period of 30 days is taken asewami time period with respect to chronic
exposure of soil organisms.

The concentration at the regional scale is usdshakground concentration for the local scale. For
this purpose, the concentration in unpolluted seiéds to be applied (“natural soil”, only input
through deposition). Otherwise, sludge applicaisotaken into account twice.

PEClocalsi = Clocalsi + PECregional s EQUATION R.16-56

Explanation of symbols

Clocaly; Local concentration in soil [mg kg‘l] Equation R.16-44
PECregionahural soil regional concentration in natural soil [Mkg?’] Section R.16.6.6.8
PEClocaly predicted environmental conc. in soil [nhg ]

The equation for deriving the concentration in ploee water is:

PECIlocaksi - RHOsi
PECIlocakoi, porew = EQUATION R.16-57
ls ' Ksoil-water . 1000 Q

Explanation of symbols

PECIlocal predicted environmental conc. in soil [mg kg Equation R.16-56
K soil-water soil-water partitioning coefficient [m* m?¥ Equation R.16-7
RHOx; bulk density of wet soil kg m'3] Equation R.16-16
PECIocadoiiporew predicted environmental conc. in porewater -[ﬁﬂ;

R.16.6.6.7Calculation of concentration in groundwater
In this section, the following parameter is derived

local concentration in groundwater.

The concentration in groundwater is calculatedifidirect exposure of humans through drinking
water. For the calculation of groundwater levedsiezal numerical models are available (mainly for
pesticides). These models, however, require a ctersation of the soil on a high level of detail.
This makes these models less appropriate for thialistandard assessment. Therefore, as an
indication for potential groundwater levels, thencentration in porewater of agricultural soil is
taken. It should be noted that this is a worst-esseimption, neglecting transformation and dilution
in deeper soil layers.
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PEClocalw = PECI0Cakgsoilporew EQUATION R.16-58

Explanation of symbols

PECIlocalg soil,porew predicted environmental conc. in porewater [mg I’l] Equation R.16-57

PEClocaw predicted environmental conc. in groundwater [mg- 1]

In order to illustrate the calculation methodology, example on the calculations is given below

(continued from the previous example).

Example R.16-3 Concentration in agricultural soil

When estimating the concentration in agricultuial, she deposition from air () should
also be considered. However, as the substanceidvadatile this is not relevant for th
situation.

From the lookup-tables in this Guidance Documefippendix R.16-3 the fraction
discharged to sludge can be found at fgtp 0.03. The same release fraction can
estimated using the model SimpleTreat.

log H

|% to sludge] -4 3 -2 -1 0 1 2 3 4 5

log Kow o o 0 0 0 0 0 0 0 0 0
i1 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0

3 @ 3 3 3 3 3 3 3 3 3

4 186 16 16 16 16 16 16 15 15 15

5 47 47 47 47 47 47 45 45 45 45

672 72 72 72 72 72 71 89 67 87

The concentration in sludge is calculated to:

6
FStpsludge |:Elocalwastewate D'O

SLUDGERATI

SLUDGERATE is the rate of sewage sludge product8iiJDGERATE = 710 kg/d for the
standard sewage treatment plant,

Csludge=

The concentration is sludge is calculated to:

0.03[0.0625%9 10° %
Csludge= K 9 - 2.64%
71(ng g

The concentration contribution to the soil concatin for one sludge application is
calculated by:

be
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Csludge APPL,,,,
DEPTH,,, [(RHO,

soil soil

ACsludge,; (0) =

APPLsludge is the dry sludge application rate. Digfealue is 0.5 kg/ftyr (when assessing
the terrestrial ecosystem)

DEPTHSsoil is the mixing depth of soil. Default valis 0.2 m.
RHOsoil is the bulk density of soil. Default valise1 700 kg/m

2.64% 05 2kg [yr
ACsludge,, (0) = g m E” :0.004%
02m11700°9 9
m

The substance will be removed from the soil by héag (keacr), degradation (kbig;) and
volatilization (ko). The total rate constant (k) is calculated from

k = kI(-)ach + kbiosoil + kvolat
Finf_,[RAINrate
kleach =
K [(DEPTH

soil-water soil
Finfsei: fraction of rain water that infiltrates into sdbefault value is 0.25
RAINrate: the rate of wet precipitation. Defaulluais 1.9210° m/d

Ksoil-water: soil-water partitioning coefficientoFthis substance, having calculated the K
from the QSAR assuming that the substance belantigetgroup “Predominantly
hydrophobics”, Kpsoil is estimated atKsoil-watec@culated at 10.4 #m®

02501920103 "

leach — 3

104 02m
m

k =0.0002d"

kbiosoil is found from the half-life in soil (DT5@,{), which is 30 days iTable R.16-6
(readily biodegradable substance, Kpsoil<100 I/kg):

kbio, , = —n(2)

. ) _IN@) 4 _ o
DT50bio

30

soil

As the substance is involatile;k=0 d*

oc
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The total rate of removal is thus: k=0.023+0.0002d+0 d* =0.023d"

The fraction of the substance that remains inapesbil layer at the end of a year is:

Facc= e =g =0.0002

The initial concentration after 10 appplicationshfdge is calculated at:

Cooii0 = ACsludge,, (0) EE1+ Z Facc" } 0. 00% EE1+ Z 0. 0002”'} 0. 003k—§

The average concentration in soil during the B&tdays after the sludge application at year

10 is calculated at:

Clocal,, = DE” +k1EI_[ACsIudg(—gOII - Dalr}[ﬁl—e‘k”]

+— 1 10003MI—0|dr-e0] = 000219
0.023030 kg kg

The PECIocal, is calculated by adding Clocalsoil to the regiooahcentration in natural

soil, which is set to 0 mg/kg in this example. HEClocal,i = 0.002 mg/kg.

PNEG, of substance A has been determined to 0.10 mgkghe PNEC value is higher

than the PEClocg;, it is concluded that the substance A does notbéxh risk to the soi
ecosystem.

R.16.6.6.8Calculation of PECregional
In this section, the following parameters are dstiv

Regional exposure concentrations in all environadezsampartments.

Regional computations are done by means of mulierfade models based on the fugacity concept.

Models have been described by Mackay et al. (1992 de Meent (1993) and Brand

es et al.,

1996) (SimpleBox). These models are box modelssisting of a number of compartments (see
Figure R.16-1)1 which are considered homogeneous and well mi&eslibstance released into the

model scenario is distributed between the compantsnaccording to the properties of

regional assessment, as drawirigure R.16-11

both the
substance and the model environment. Several tgpdate processes are distinguished in the
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Figure R.16-11 Regional calculations

release, direct and indirect (via STP) to the camnpents air, water, industrial soil, and
agricultural soil;

degradation, biotic and abiotic degradation proeegs all compartments;

diffusive transport, as e.g. gas absorption anatiislation. Diffusive mass transfer between
two compartments goes both ways, the net flow mayeliher way, depending on the
concentration in both compartments;

advective transport, as e.g. deposition, run-affsien. In the case of advective transport, a
substance is carried from one compartment intoheendiy a carrier that physically flows from
one compartment into the other. Therefore, advedtansport is strictly one-way.

Substance input to the model is regarded as canigand equivalent to continuous diffuse release.
The results from the model are steady-state corat@nts, which can be regarded as estimates of
long-term average exposure levels. The fact thateady state between the compartments is
calculated, does not imply that the compartmentwtuch the release takes place is of no

importance.

In a Mackay-type level Ill model, the distributi@md absolute concentrations may highly depend
upon the compartment of entry.

Advective import and export (defined as inflow framtside the model or outflow from the model
environment) can be very important for the outcahboth regional and local model calculations.
Therefore, the concentration of a substance dfathkeler” of the region must be taken into account.
This is defined as the background concentratioa sfibstance. The background concentration in a
local model can be obtained from the outcome ofrégtonal model. For substances with many
relatively small point sources, this backgroundaamiration may represent a significant addition to
the concentration from a local source. The backgiaroncentration in the regional model has to be
calculated using a similar box model of a largerlesce.g. with the size of the European continent.
In this continental model, however, it is assumbdt tho inflow of air and water across the
boundaries occurs. Furthermore it is assumed thatlstance releases enter into this continental
environment. The resulting steady-state concenfratiare then used as transboundary or
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background concentrations in the regional mode¢ ddntinental and regional computations should
thus be done in sequence.

For the PECregional calculation, in contrast to RESI, an average percentage connection rate to
STPs should be included in the calculation. Th&léeto a more realistic estimation of the likely
background concentration on a regional scale. Rerpurposes of the generic regional model, a
STP connection rate of 80% (the EU average acoptdiAppendix R.16-%will be assumed.

The results from the regional model should be preted with caution. The environmental
concentrations are averages for the entire regimrapartments (which were assumed well mixed).
Locally, concentrations may be much higher tharsghaverage values. Furthermore, there is a
considerable degree of uncertainty due to the tmiogy in the determination of input parameters
(e.g. degradation rates, partitioning coefficients)

Model parameters for PECregional

When calculating the PECregional it is importanichhmodelling parameters are chosen and what
fraction of the total releases is used as releasihé region. There are two different possibitie

calculation of a PECregional on the basis of adsatised regional environment with agreed
model parameters;
calculation of a PECregional on the basis of cousprecific model parameters.

A standardised regional environment should be deedhe first approach in the calculation of
PECregional. When more specific information is &ldé on the location of production /release
sites, this information can be applied to refine thgional assessment. The second approach may
sometimes result in a better estimation of the entrations for a specific country. However,
depending on the information on production siteatam, it will lead to a number of different PEC
values which makes a risk characterisation at &6l lmore complicated.

Calculations are performed for a densely populated of 200200 km with 20 million inhabitants.
The model parameters proposed for this standardrrege given inTable R.16-121t should be
noted that it is extremely difficult to select tgpl or representative values for a standard Europea
region. Therefore, the rationale behind the valkfeSable R.16-12s limited. Nevertheless, these
values present a starting point for the regionahlescassessments. Characterisation of the
environmental compartments for the regional motelusd be done according to the values in
Table R.16-12
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Table R.16-12 Proposed model parameters for regiohenodel

Parameter Value in regional model
area of the regional system 4.104%m
area fraction of water 0.03

area fraction of natural soil 0.60

area fraction of agricultural soil 0.27

area fraction of industrial/urban soil 0.10
mixing depth of natural soil 0.05m
mixing depth of agricultural soil 0.2m
mixing depth of industrial/urban soil 0.05m
atmospheric mixing height 1000 m
depth of water 3m

depth of sediment 0.03m
fraction of the sediment compartment that is aerobi 0.10
average annual precipitation 700 mmyr-1
wind speed 3ms-1
residence time of air 0.7d
residence time of water 40d
fraction of rain water infiltrating soil 0.25
fraction of rain water running off soil 0.25

EU average connection percentage to STP 80%

The area fractions for water and for natural, agnical and industrial/urban soils, are average
values obtained from ECETOC (1994), supplementdkd elata received from Sweden and Finland.
Data for Norway and Austria are obtained from thgOFstatistical databasesttp://apps.fao.ord!

The residence time for air (defined as the timevbeh air entering and leaving the region) of 0.7
days is derived from the wind speed of 3 m/s aedatiea of the region. The residence time of water
of 40 days is selected as a reasonable averagfgef@uropean situation.

The amount of wastewater discharged, is the prodfitte amount of wastewater discharged
per person equivalent and the number of inhabitahthe system. Using a flow per capita of
200 +d* (equivalent to the value used in the SimpleTreatel, seeFigure R.16-1 and a
population of 20 million, this results in an addlital water flow through the model environment of
4.0 10° m* d*. The inflow caused by inflowing riverwater, is 618’ m™ d™.

In addition to the environmental characteristicstlug region, selected intermedia mass transfer
coefficients are required in the multimedia fuggaceitodel to ensure comparability of the outcome
with other models. These transfer coefficientssanamarised iTable R.16-13
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Table R.16-13 Intermedia mass transfer coefficients

Parameter Value

air-water interface: air side partial mass transtesfficient Equation R.16-68
air-water interface: water side partial mass transbefficient Equation R.16-69
Aerosol deposition rate 0.001 m.s-1
air-soil interface: air side partial mass transfeefficient 1.39.10-3 m.s-1
air-soil interface: soil side partial mass transfeefficient Equation R.16-59
sediment-water interface: water side partial memsster coefficient 2.78.10-6 m.s-1
sediment-water interface: pore water side partedsitransfer coefficient 2.78.10-8 m.s-1
net sedimentation rate 3 mm.yr-1

Mass transfer at air-soil and air-water interfandh®e regional and continental scale

Soil-air interface

A substance-dependent soil-side partial mass eamsfefficient (PMTC) at the soil-air interface
kaskoi (m.d?) is deduced from the exponential concentratioffilerim an undisturbed soil:

kasl,, = (Veff + szfso"J EQUATION R.16-59

soil
p

In undisturbed soil, processes of downward advedjmre water + small particles), diffusion (air,
water, solids), and degradation take place simetiasly. These processes are included in
Simplebox 3.0 (Den Hollander et al., 2004). Theultess an exponential decrease of the
concentration with depth, characterised by a suobstaependent penetration depthp) (
(Hollander,2004 and 2006).

2
d = Veff, +\/V€‘ﬁsou + Deff,, [4[kdeg, EQUATION R.16-60
P 2kdeg,
In which:
Veft,,, = FRusoil "ANRATEF Ifuyy | oo oo, SOLIDaAWO gy a0 R.16-61
Fwatersoi, I:S(:)lldsoil
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DIFFgas(Fair,,* + FRwsoll DIFFwater (Fwater,, "

Fair,, Fwater,,

+ FRssoil OLIDQlﬁ.SOlI
Fsolid

Deff,;, = FRasoll

soil

Fwater,,
+ Fwater, + Fsolid,,, (K

soil soil-water

FRwsoil =

I:a'lrsoil EK air —water

Fsolid

FRssoil = soi

alrsoil EKair—water/Ksoil—water + Fwategoil/Ksoil—water + FSOIIdsoil

FRasoil =1- FRwsoil — FRssoil

DIFFgas= 257 1o® 18
MOLW

DIFFwater= 20010°° 32
MOLW

EQUATION R.16-62

EQUATION R.16-63

EQUATION R.16-64

EQUATION R.16-65

EQUATION R.16-66

EQUATION R.16-67

100



CHAPTER R.16 — ENVIRONMENTAL EXPOSURE ESTIMATION

Explanation of symbols

MOLW
kdeg,i
RAINRATE
Finfsoi

dp
Veffsi
Deffsoil
FRa.soll
FRw.soil
FRs.soil
Fairsoi
Fwatet,;
Fsolid,o
Kair-water

Ksoil—water

DIFFgas
DIFFwater
SOLIDadv.soll
SOLIDdiff.soil

kaskoi

molecular weight of the substance

rate constant for degradation in bulk soil

average daily rate of wet precipitation
fraction of precipitation that penetrates into siod
substance-dependent penetration depth

effective advection (with penetrating porewater)
effective diffusion coefficient

mass fraction of the substance in thplase of soil
mass fraction of the substance in the mattase of soil
mass fraction of the substance in thel sgiase of soil
volume fraction of air in the soil compartment
volume fraction of water in the soil compartment
volume fraction of solids in the soil compartment
air-water partitioning coefficient

soil-water partitioning coefficient

molecular diffusivity of the substancetie gas phase
molecular diffusivity of the substancetie water phase
rate of advective downward transpdrsoil particles
solid phase diffusion coefficient the soil compartment

partial mass-transfer coefficient at soil sidehat &ir-soil
interface

fgor]
“Id
1l
[-]
[m]
m] [
[fd]
[]
[
[]
abms; ]
Mudter M ]
[Msoiig”™ M ]
[fm]
[fm]
fiai”]
(el
[
!
[m-d™]

Table R.16-12
Table R.16-12

Equation R.16-60
Equation R.16-61
Equation R.16-62
Equation R.16-65
Equation R.16-63

Equation R.16-64
Table R.16-9

Table R.16-9
Table R.16-9
Equation R.16-5
Equation R.16-7
Equation R.16-66

Equation R.16-67
6.341012

6.3710%2

The maximum value for the penetration degtp) (s set to 1 metre for all the three soil typedtun

regional scale. The minimum depth is set to thauletoil depth Table R.16-1P

Water-air interface

The partial mass transfer coefficients of the atew interface depend on the windspeed of the
system and the molecular weight of the substance:

0018
kaw, = 001(03+ 02[WINDSPEED{- 010 joass
e = 001 Mo’
N
KaW,ye, = 001(0.0004+ 0.0004WINDSPEEB) [{~ ~o% )

MOLW

EQUATION R.16-68

EQUATION R.16-69
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Explanation of symbols

MOLW molecular weight of the substance Hagol™]
WINDSPEED average windspeed B Table R.16-12
kawg, partial mass-transfer coefficient at the air sifiehe air- [m~d'l]

water interface

KaWyater partial mass-transfer coefficient at the water sitithe ~ [m-d”]
air-water interface

PEC regional for the marine environment

The impact of substances on the marine situatiahahe released from point and diffuse sources
over a wider area can be assessed in a similaaw/&y the freshwater environment.

To assess the potential impacts of multiple poind diffuse sources of substances on the marine
environment a river plume in coastal sea water dasitlered as a marine regional generic
environment as follows:

An area of coastal sea that receives all the waten the rivers from the regional system. This
seawater compartment is exchanging substancesthéticontinental seawater compartment by
dispersion and advection (a current of seawatewviffigp in a certain direction). The size of the
coastal compartment is 40 km long, 10 km wide abdnldeep. In addition to the input from the
regional river water it receives 1% of the direglenses from the inland sources which is supposed
to represent a relevant fraction of the sources dha located near the sea and also have direct
releases into the sea compartment. Most of theaetecharacteristics of the coastal compartment
are similar to the freshwater compartment aparftbe suspended matter concentration that is set
to 5 mg/l. In the absence of specific informatieng( from marine simulation tests) it is assumed
that the biodegradation rate in the water columrapproximately three times lower than in
freshwater.

This scenario can be modelled with a multi-media faodel that is used for the freshwater PEC
calculations, modified to allow dispersive exchabgéveen the coastal zone to the continental sea
water. By default, mixing of river water into theastal sea gives a dilution factor of approximately
10. As a result concentrations in coastal seaveateexpected to be a factor of 10 (for conservative
substances) or more (for substances that reacttiliz# or sediment) lower than in river water. The
extent of degradation, volatilization, etc. in tltisastal sea scenario is also incorporated in the
multi-media model.

The calculation of PECregional,marine accordinghis standard scenario may be sufficient for
generic risk assessment If additional informatienavailable on sources and releases and site-
specific information on the suspended matter camnagon, the flow rate and the dispersion
velocity, the generic assessment can be made riterspecific by overriding some of the default
parameters or can even be replaced by site-speeddels. The dispersion velocity greatly affects
all calculated concentrations, while in additiore thuspended matter content further affects the
dissolved concentration in seawater for substaneie a high log k.. For the marine
environment, models are available that can be tsedsess the concentrations in certain specific
compartments (bays, estuaries, regions) of thenmamvironment to which specific industrial sites
discharge wastewater.
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Model parameters for the continental concentration

The continental box in principle covers all 27 Ebliotries and Norway and similar percentages for
water and natural, agricultural and industrial/urksoils as given iffable R.16-12 All other
parameters are similar to the ones given in thegolieg tables. Release estimation to this
continental box should be based on the EU-wide ymrtion volume of the substance. The resulting
concentrations in water and air must be used akgbaund concentrations (i.e. concentrations in
water or air that enter the system) in the regianatlel. When the model is built according to
Figure R.16-11t is assumed that no inflow of the substance thé&continental system takes place.
More recent versions of multimedia models do alsot&in so-called global scales for different
temperature regions, for instance moderate, trapét arctic (see e.g. Brandes et al., 1996). In this
case the continent is embedded in the moderate $ast like the region is embedded in the
continent. The size of the total global scale &t thf the northern hemisphere. The global scales
allow for a more accurate estimation of continectaicentrations although this effect tends to be
marginal. However, the global scales provide margight in the ultimate persistence of the
substance.

Table R.16-14 Parameters for the continenta® model

Parameter Value in continental model
area of the continental system 3.56.807

area fraction of water 0.03

area fraction of natural soil 0.60

area fraction of agricultural soil 0.27

art_ala fraction of industrial/urban | 0.10

soi

R.16.6.6.9Decision on the environmental concentrations useaif exposure estimation

When PECs have been derived from both measuredaddtealculation, they are compared. If they
are not of the same order of magnitude, analysiscatical discussion of divergences are important
steps for developing an environmental risk assessofeexisting substances. The following cases
can be distinguished:

Calculated PEG PEC based on measured concentrations

The result indicates that the most relevant sairoé exposure were taken into
account. For risk characterisation, the value witle highest confidence should be
used;

Calculated PEC > PEC based on measured concengatio

This result might indicate that relevant elimioatiprocesses were not considered in the PEC
calculation or that the employed model was notabldt to simulate the real environmental

10 The parameters for the continental model arelssled on the current 15 EU Member States and Norwa
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conditions for the regarded substance. On the dthed measured data may not be reliable or
represent only the background concentration or BgGnal in the regarded environmental
compartment. If the PEC based on measured datadeesderived from a sufficient number of
representative samples then they should overriglentbdel predictions. However if it cannot be
demonstrated for the calculated PEC that the simemamot unrealistically worst-case, the
calculated PEC should be preferred.

Calculated PEC < PEC based on measured concengatio

This relation between calculated PEC and PEC basedneasured concentrations can be
caused by the fact that relevant sources of release not taken into account when calculating
the PEC, or that the used models were not suit8lieilarly, an overestimation of degradation
of the compound may be the explanation. Alternatigeses may be spillage, a recent change
in use pattern or release reducing measures thatodyet reflected in the samples.

If it is confirmed that the PEC based on measumcentrations is still representative for the
exposure situation of the substance further workeeded to elucidate the exposure situation.
Other reasons might cause the described divergence:

there is a transboundary influx;

a natural source exists;

the compound represents a metabolite of anothetaute;

a retarded remobilisation results from a pool pnege other environmental compartments (e.g.
from scrap or waste materials or former applicatjon

If the measured values have passed the procedwrdicél statistical and geographical evaluation,
a high degree of confidence can be attributed dasdldata and they shall overwrite the calculated
PECs. It is necessary to consider all environmeotathpartments when the measurements and
predictions are made otherwise the possibilitytance agreement may be overlooked.

R.16.6.7 Predators (secondary poisoning)

R.16.6.7.10utput

The output of the calculations are predicted cotraéinn in the food for the predators, i.e. the
concentration in worms and fish.

R.16.6.7.2nput

For fish-eating predators, the local and regioraC® for surface water (SectioRs16.6.6.2and
R.16.6.6.4, BCF for fish and BMEBMF; (SectionR.16.5.3.% are needed.

For worm-eating predators, the PEC for soil (Sec#16.6.6.6 and BCF for worms (Section
R.16.5.3.% are needed.

Assessment whether exposure route is relevant

The first step in the assessment strategy is tosiden whether there are indications for
bioaccumulation potential. These indications haserbdiscussed in Secti®16.5.3.5

Subsequently, it is necessary to consider whelleestibstance has a potential to cause toxic effects
if accumulated in higher organisms. This assessrisebased on classifications on the basis of
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mammalian toxicity data, i.e. the classificationry&oxic (T+) or Toxic (T) or harmful (Xn) with

at least one of the risk phrases R48 “Danger dbsgrdamage to health by prolonged exposure”,
R60 “May impair fertility”, R61 “May cause harm tilne unborn child”, R62 “Possible risk of
impaired fertility”, R63 “Possible risk of harm ttne unborn child”, R64 “May cause harm to
breastfed babies”. Here it is assumed that theladlai mammalian toxicity data can give an
indication on the possible risks of the substandgdgher organisms in the environment.

The current, either qualitative or quantitativepigach in the human health risk assessment for
genotoxic carcinogens is not practicable in theirenmental part. Tumor incidence rates for a
genotoxic carcinogen and subsequent cancer rigkeeated to individual risks in man and it is in
most cases difficult to link those effects to patiains. Endangoured species might be an exception,
particularly those characterized by long-life-cyclehere individuals may need to be protected to
support survival of the species.

It is not unlikely, however, that the conservatamproach followed in the risk assessment for man
indirectly exposed via the environment for genatosubstances, will also be protective for
individual top predators.

If a substance is classified accordingly or if thare other indications (e.g. endocrine disruption)
an assessment of secondary poisoning should berped.

Fish-eating predators

A schematic view of the assessment scheme forxpesere route water. aquatic organisms.
fish - fish-eating mammal or fish-eating bird describbd\e is given irFigure R.16-12

Water Fish Fish-eating
PEQ)ral,predator
4 from —* predator
Aquatic organisr BCF & BMF

Figure R.16-12 Assessment of secondary poisoning

No specific assessment of the risk to fish as altre$ the combined intake of contaminants from
water and contaminated food (aquatic organismpissiclered necessary as this is assumed to be
covered by the aquatic risk assessment and theasiskssment for secondary poisoning of fish-
eating predators.

The risk to the fish-eating predators (mammals @nbiitds) is calculated as the ratio between the
concentration in their food (PECogalae) and the no-effect-concentration for oral intake
(PNEGyra). The concentration in fish is a result of uptdi@m the aqueous phase and intake of
contaminated food (aquatic organisms). Thus, PHG&kais calculated from the bioconcentration
factor (BCF) and a biomagnification factor (BMF)ote that PECorgkaarcould also be calculated
for other relevant species that are part of thel fofiopredators.

The details of the individual assessment stepsl@seribed in the following sections.

Calculation of a predicted environmental concentmatin food
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The concentration of contaminant in food (fish) fidh-eating predators (PECO§@haw) IS
calculated from the PEC for surface water, the mmess or estimated BCF for fish and the
biomagnification factor (BMF):

PEC

Ol

o predator = PECumer [BCFyg, [BMF EQUATION R.16-70

Explanation of symbols

PECora}eqaor  Predicted Environmental Concentration in food [Mg KQwet ﬁsh’l]
PEGuater Predicted Environmental Concentration in water -[h’l];
BCHRish bioconcentration factor for fish on wet weight isas [I- kgwetﬁsh’l]
BMF biomagnification factor in fish [-]

The BMF is defined as the relative concentration ainpredatory animal compared to the
concentration in its prey (BMF = Cpredator/Cprelfle concentrations used to derive and report
BMF values should, where possible, be lipid noraali

An appropriate PEger reflecting the foraging area of fish-eating mansmahd birds should be
used for the estimate. The foraging area will afirse differ between different predators, which
makes it difficult to decide on an appropriate scélor example use of PEClocal may lead to an
overestimation of the risk as fish-eating birdstammals do also forage on fish from other sites
than the area around the point of discharge. Algmjegradation in surface water is not taken into
account using PEClocal. However, using PECregioma} have the opposite effect, as there may
be large areas in the region with higher concentrat It has therefore been decided that a scenario
where 50% of the diet comes from a local area ésprted by the annual average PECIocal) and
50% of the diet comes from a regional area (repiteseby the annual average PECregional) is the
most appropriate for the assessment.

Marine fish-eating predators and marine top-predato

The principal endpoints for the secondary poisorisgessment are the predators and top predators
that prey on organisms that are in direct contath the marine agueous phase and receive the
substances from this source. A relatively simpledfechain is modelled which consists of the
marine water phase, marine food, marine fish arals@parate levels of predators. This food chain
is visualised inFigure R.16-13As can be seen from this scheme risks for thiffereint trophic
levels need to be assessed:

1. risks to marine fishNo specific calculation needs to be performed f&timegating the risk to
marine fish as this is covered by the risk assessfoeaquatic organisms.

2. risks to marine predatorsthe risk to marine predators is calculated as #tie between the
concentration in their food (marine fish) and the-gffect concentration for oral intake
(PNECorajredato). The concentration in the marine fishi{f} is obtained from bioconcentration
of the substance from the agqueous phase and (fprhyelrophobic substances) as a result of
bioaccumulation from the food the fish consumesi¢itonsists of different types of aquatic
organisms). Therefore, both a bioconcentrationofa¢BCF) and a biomagnification factor
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(BMF;) are used to calculatefd Note that for the BGE, also information for other
organisms such as mussels may be considered.

risks to marine top predatorsthe risk to marine top-predators is calculated hes ratio
between the concentration in their food (marinedaters) and the no-effect concentration for
oral intake (PNECora}, predato)- Since very hydrophobic substances may biomagnifihe
tissue and organs of the predator, for the calcumabf the internal concentration of the
predator an additional biomagnification factor (Bj{ffust be applied. Note that no additional
BMF factor for the top predator itself is requirsidice the comparison between PECoral and
PNECoral is not based on internal concentration®buntake rates.

w

Fish Predator
Cfish from Cpredatorfrom
arine too BCF and BMF, Ciish and BMF,

Top-predato

v

Figure R.16-13 Secondary poisoning food chain

Assessment of secondary poisoning via the aquadid €hain

It should be recognised that the schematic agtmdid chain water- aquatic organism- fish -
fish-eating bird or mammal is a very simplistic s@@o as well as the assessment of risks for
secondary poisoning based on it. Any other infoiomathat may improve the input data or the
assessment should therefore be considered asheelsubstances where this assessment leads to
the conclusion that there is a risk of secondarisgong, it may be considered to conduct
additional laboratory tests (e.g. tests of bioaadation in fish or feeding studies with laboratory
mammals or birds) in order to obtain better data.

The simplified food chain is only one example adexondary poisoning pathway. Safe levels for
fish-eating animals do not exclude risks for othéxds or mammals feeding on other aquatic
organisms (e.g. mussels and worms). Therefore éniphasised that the proposed methodology
gives only an indication that secondary poisonisgai critical process in the aquatic risk

characterisation of a substance.

For a more detailed analysis of secondary poisqrsageral factors have to be taken into account
(US EPA, 1993; Jongbloed et al., 1994):

» differences in metabolic rates between animalbéndaboratory and animals in the field;

 normal versus extreme environmental conditiondeddhces in metabolic rate under normal
field conditions and more extreme ones, e.g. bregpériod, migration, winter;

» differences in caloric content of different typdsfaod: cereals versus fish, worms or mussels.
As the caloric content of fish is lower than cesdaitds or mammals in the field must consume
more fish compared to cereals for the same amduemergy needed leading to a higher body
burden of the pollutant;

» pollutant assimilation efficiency: differences inioavailability in test animals (surface
application of a test compound) and in the fielinipound incorporated in food) and/or;
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» relative sensitivity of animals for certain substest differences in biotransformation of certain
compounds between taxonomic groups of birds or masinThe US EPA uses a species
sensitivity factor (SSF) which ranges from 1 t010.0

Whether these factors should be used is still uddbate.

Assessment of secondary poisoning via the terag$trdd chain

Biomagnification may also occur via the terrestfigd chain. A similar approach as for the aquatic
route can be used here. The food-chain sogarthworm— worm-eating birds or mammals is used
as has been described by Romijn et al. (1994).

Since birds and mammals consume worms with thdircgatents and the gut of earthworms can
contain substantial amounts of soil, the expost@iteepredators may be affected by the amount of
substance that is in this soil. The PECg4ahoris calculated as:

PECoraI,predator = Cearthworm EQUAT'ON R.16-71

where GarthwormiS the total concentration of the substance intbem as a result of bioaccumulation
in worm tissues and the adsorption of the substemtte soil present in the gut.

For PEG,; the PECIocal is used in which with respect to giudpplication the concentration is
averaged over a period of 180 days (see Se&i®6.6.6.6. The same scenario is used as for the
aquatic food chain, i.e. 50% of the diet comes fRECIocal and 50% from PECregional.

Gut loading of earthworms depends heavily on smilditions and available food (lower when high
quality food like dung is available). Reported \edurange from 2-20 % (kg dwt gut/kg wwt voided
worm), 10% can therefore be taken as a reasonalile.vThe total concentration in a full worm

can be calculated as the weighted average of tmwdissues (through BCF and porewater) and
gut contents (through soil concentration):

BCF, [C

cC _ earthworm porewater
earthworm —
Wearthworm

(W,

earthworm

+W

gut

+Cg; W,

gut EQUATION R.16-72

soil
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Explanation of symbols

PECora}edator Predicted Environmental Concentration in food [MY KGwet earthworm ]
BCFearthworm bioconcentration factor for earthworms on wet weigasis [L* KGwet earthworm]
Cearthworm concentration in earthworm on wet weight basis - koG eanhwomgl]
Crorewater concentration in porewater [mig]

Ceoi concentration in soil [Mg: KGuwe ]
Wearthworm weight of earthworm tissue kg tssuel

Waut weight of gut contents [kl

The weight of the gut contents can be rewrittengigiie fraction of gut contents in the total worm:

Wgu[ =W, ,rtworm IZFgut [CONV,, EQUATION R.16-73

where:
RHO_
CONV,,; = _“sail__ EQUATION R.16-74
Fsolid |:RH()solid
Explanation of symbols
CONVg conversion factor for soil concentration wet-dryigie [KGwwt KGewe 1]
soil

Fsolid volume fraction of solids in soil [m* m?¥| Table R.16-9
Faut fraction of gut loading in worm KQawi KGwwi * 0.1
RHO; bulk density of wet soil [kgwt M7 Equation R.16-16
RHOxqiig density of solid phase [kQawt m'3] Table R.16-9

Using this equation, the concentration in a fulkmvaan be written as:

BCF,

earthworm

[Cporewater +C [F [CONVsoiI
EQUATION R.16-75

earthworm — 1+F__ [CONV.

gut soil

soil gut

C

When measured data on bioconcentration in wornasaflable the BCF factors can be inserted in
the above equation. For most substances, howdnese data will not be present and BCF will have
to be estimated. For organic substances, the moaite iof uptake into earthworms will be via the

interstitial water. Bioconcentration can be desulilas a hydrophobic partitioning between the pore
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water and the phases inside the organism and cambelled according to the following equation
as described by Jager (1998):

BCF, =(084+0.01,)/RHO,

earthworm —

EQUATION R.16-76

arthworm

where for RHQartnwormby default a value of 1 (kg L™) can be assumed.

Jager (1998) has demonstrated that this approadbrmed very well in describing uptake in
experiment with earthworms kept in water. For saiposure, the scatter is larger and the
experimental BCFs are generally somewhat lower tharpredictions by the model. The reasons
for this discrepancy are unclear but may includgeeixmental difficulties (a lack of equilibrium or
purging method) or an underestimated sorption.

Earthworms are also able to take up substances fivoch and it has been hypothesized that this
process may affect accumulation at log Kow>5 (Bedfret al, 1995). The data collected by Jager

(1998), however, do not indicate that this exposatge actually leads to higher body residues than
expected on the basis of simple partitioning. Gartest be taken in situations where the food of
earthworms is specifically contaminated (e.g. isecaf high concentrations in leaf litter) although

reliable models to estimate this route are curydatking.

The model was supported by data with neutral omanbstances in soil within the range log Kow
3-8 and in water-only experiments from 1-6. An &ilon range of 1-8 is advised and it is

reasonable to assume that extrapolation to lowev Kalues is possible. The model could also be
used for chlorophenols when the fraction in thetraduorm was at least 5% and when both

sorption and BCF are derived from the Kow of thetrad species. The underlying data are however
too limited to propose this approach in generaidaised substances.

R.16.6.8 Humans exposed indirectly via the environment

R.16.6.8.1Introduction

Indirect exposure of humans via the environment wegur by consumption of food (fish, crops,
meat and milk) and drinking water, inhalation of and ingestion of soil. The different routes of
exposure are illustrated Figure R.16-14

Exposure via soil ingestion and dermal contactds addressed in this guidance because they
represent significant exposure routes only for igesituations of soil pollution. The indirect
exposure is assessed by estimating the total daike of a substance based on the predicted
environmental concentrations for (surface) watesugdwater, soil and air.

11 According to certain studies some soil ingestingpoisms may accumulate chemical substances not
only from the soil pore water but also directly §pibly by extraction in the digestive tract) frone tfraction of

the substance adsorbed onto gaitticles. This may become important for stronglgabing chemicals, e.g.
those with a logKow > 3. For these compounds thed tgptake may be underestimated. In other stutbegever

it has been shown that soil digesters virtuallyydribaccumulate the substance via the pore waéer, i
bioconcentrate chemical substances from the sofl water. At present the latter process can be headey

use of the equilibrium partitioning theory
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surface

water

Figure R.16-14 Schematic representation of the expore routes considered in human
exposure

The calculation methods described serve primaadlystreening purposes. The concentrations in
the environmental compartments which are requisethput data in the models for the calculation
of the total daily intake via the different exposuroutes should be derived on the basis of
monitoring data and/or modelling by applying thepmmches described iBection R.16.6The
concentration of a substance in food is relateiistaoncentration in water, soil and air and to its
potential for bioaccumulation and its biotransfeh@viour. The models for the estimation of daily
intake allow the use of local or regional enviromtaé concentrations, as appropriate. The methods
require the use of a limited number of input par@mseand can, if required, be adapted for specific
human populations for which it may be necessarydsess the exposure separately. Standard
default values for the input parameters are present

Human behaviour shows an appreciable amount o&tiami between the different EU countries.
But also within countries, large deviations occetween individuals. As a consequence, indirect
exposure will vary greatly over the population veels to protect. The choice of the exposure
scenario will have a major influence on the resfilthe assessment. This choice will always be a
compromise as a scientifically sound solution igrearely difficult to obtain (this would involve
elaborate statistical evaluation of human soureingf mobility behaviour, as well as the distribution
and intensity of all local sources).

Indirect exposure is principally assessed on twatiapscales: locally near a point source of the
substance, and regionally using averaged conciemtsabver a larger area. In the local assessment,
all food products are derived from the vicinity arfe point source, in the regional assessment, all

111



CHAPTER R.16 — ENVIRONMENTAL EXPOSURE ESTIMATION

food products are taken from the regional modeirenment. It should be noted that the local and
regional environments are not actual sites or regjibut standardised environments as defined in
SectionR.16.6.4and SectiorR.16.6.6.8 Clearly, the local scale represents a worst-sésation.
People do not consume 100% of their food produocts the immediate vicinity of a point source.

Therefore, the local assessment represents aiaituahich does not exist in reality. However
usually, one or two routes dominate the total eypwand local exposure through these routes may
not be unrealistic. In contrast, the regional asvent represents a highly averaged exposure
situation which cannot insure protection of individs who consume food products from the
vicinity of point sources. A regional assessmewuggian indication of potential average exposure of
the inhabitants of the region. In light of the abawmentioned limitations, it is clear that a generic
indirect exposure estimation, as required in thésnework, can only be used to indicate potential
problems. The assessment should be seen as alhlpfufor decision making and not as a
prediction of human exposure actually occurringaahe place or time.

For an indirect exposure estimation on EU-levelstandard consumption pattern needs to be
defined. Food consumption rates and patterns diféween EU Member States so it is impossible
to select an average or worst-case EU country.ctoumt for the fact that intake rates vary between
countries, for each food product, the highest cguaterage consumption rate of all member states
will be used. This will of course lead to a totabfl basket which is an unrealistic, worst-case
scenario. In practice however, usually only onéwar routes form the bulk of the indirect exposure.

The fact that in the exposure scenario worst-caisdée through other routes also occurs is therefore
negligible. This makes this scenario appropriata &isst approach to indicate possible concern. The
outcome of this assessment is comparable to asgedktountries separately (using average intakes)
and taking the highest exposure level of all caesitr

It should be noted that extreme consumers of ceftaid products are not accounted for. Taking
extreme consumption into account would lead to nsaeere worst-case local assessments since
the entire food basket is already derived for 106%» the local standard environment.

In a case where the regional assessment indicatsom for concern, there is a clear need for

refinement of the assessment. In cases where thkdssessment does not indicate a potential risk,
there is no reason for concern. The situation &s lelear in the grey area where a regional

assessment does not give reason for concern, dlbchl assessment does. It should be noted that
there is no testing strategy triggered by the gxtirexposure estimation. Instead, when there is
reason for concern in the local assessment orfiyrther analysis of the major exposure routes is

required to investigate the realism of the locglasure scenario. As the most important routes are
indicated by the assessment, this provides a staging point for refinement.

R.16.6.8.20utput

The output of the calculations is regional and ldotal human doses via the environment of the
substance. These values are to be compared witbNE£ values for external exposure.
R.16.6.8.3Input

The data needed for the calculations are PEC-valesged in the distribution calculation (section
8.3-8.4). The needed PEC-values are giverainle R.16-15.

In addition to the data required for the environtakéexposure estimation (see Secti®vi6.9, the
bioconcentration factor (BCF), soil accumulatiorctfas (BSAFs), human intake rates of crops,
milk and meat are required. Default values forlttieer (from EUSES) are given rable R.16-16
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Table R.16-15 Environmental concentrations used asput for indirect exposure

calculations

Compartment Local assessment Regional assessment

surface water annual average concentration after steady-state concentration in surface water
complete mixing of STP-effluent

air annual average concentration at 100 m | steady-state concentration in air
from source or STP (maximum)

agricultural soil concentration averaged over 180 days afteteady-state concentration in agricultura
10 years of sludge application and aerial soil
deposition

porewater concentration in porewater of agricultural steady-state concentration in porewater pf
soil as defined above agricultural soil

groundwater concentration in porewater of agricultural steady-state concentration in porewater pf
soil as defined above agricultural soil

Table R.16-16 Human daily intake of food and water(from EUSES)

Food Intake
Drinking water 21d
Fish 0.115 kg/d
Leaf crops (incl. Fruit and cereals) 1.2 kg/d
Root crops 0.384 kg/d
Meat 0.301 kg/d
Dairy products 0.561 kg/d

Assessment whether indirect exposure route is aatev

Assessment of indirect exposure is generally oahdacted if:

. the tonnage >1,000 t/y or

. the tonnage >100 t/Y and the substance is cladsifie
0 as “Toxic” with a risk phrase “R48”; or
0 as a carcinogen or mutagen (of any category); or
0 as toxic to reproduction (category 1 or 2).

Assessment of the concentrations in intake medid(fwater, air and soil)

Currently, the scenario for indirect human expostaenot take into account exposure from aquatic
organisms apart from fish, because to date amatienally validated bioaccumulation standard iest
only available for fish and consumption data onadiglorganisms other than fish are scarce.

A general description of the different relevant @xgre routes and guidance for the assessment of
the resulting indirect exposure is given in thédi@ing sections.
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R.16.6.8.4 Exposure via the environmental compartments

Exposure via inhalation of air

This exposure route can contribute significantlyh® total exposure for volatile compounds.

The concentration in the intake medium (air) carcdleulated with distribution models of Section
R.16.6.6.1

Only the intake scenario chosen has important cpesees on exposure through this route. It is
proposed to follow a worst case, but transpareanario: continuous, chronic exposure of humans
to the air concentration (which is assumed conpt&ixiposure through inhalation will be summed
with exposure through oral routes.

Exposure via soil ingestion and dermal contact

These exposure routes will not be handled in tbistext while exposure through these routes is
usually very unlikely. Only in cases of extremelglipted soils (e.g. in dump sites or through
calamities) can these routes provide significantridoutions to the total exposure.

Exposure via drinking water

Drinking water can be prepared from surface watefram groundwater. Groundwater can be
contaminated through leaching from the soil surfaceface water can be polluted through direct or
indirect release. Hrubec and Toet (1992) evaludted predictability of the fate of organic
substances during drinking water treatment. Onethefr conclusions was that groundwater
treatment, which is generally not intended for real@f organic substances, can be neglected. The
accuracy of the predicted removal efficiencies garface water treatment is rather low. This is
mainly due to uncertainties in the most effectiv@atment processes (such as activated carbon
filtration).

R.16.6.8.5Exposure via food consumption

Assessing concentrations in food products (in tuetext fish, leaf crops, root crops, meat and
dairy products) in initial or intermediate screeanirstages usually involves calculation of
bioconcentration (BCF) or biotransfer factors (BTH)ese are defined as the external exposure (as
a concentration or a dose) divided by the intecoalcentration in the organisms. The use of fixed
factors implies that these factors describe a gtstate situation in which the exposure period is
assumed long enough to reach a steady-state.

It should be noted that reliable (and relevant)egixpental bioconcentration factors are always
preferred above estimated factors.

Bioconcentration in fish

Fish, residing in contaminated surface water, ate # take up appreciable amounts of (especially
lipophilic) substances through the gills or throutleir food. The concentration in fish may be
orders of magnitude greater than the concentratiomater. The bioconcentration factor in fish is
found to be well correlated with the octanol-wapartitioning coefficient (Kow), indicating that
lipid or fat is the main dissolving medium. Theimsttion of fish-water bioconcentration is more
specifically discussed in Sectién16.5.3.5.
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Biotransfer from soil and air to plants

Plant products form a major part of the food pragifor humans and cattle. Contamination of
plants will therefore have significant influence e exposure of humans. When trying to predict
concentrations in plant tissues, one will immedjatencounter several important conceptual
problems:

there are hundreds of different plant species fognihe heterogenous group of food crops.
Furthermore, varietal differences can also acctamarge differences;

different tissues from plants are consumed (rdatsers, fruit, leaves);

crops differ in contaminant exposure, many crogsfar instance grown in greenhouses;

crops can be exposed through uptake from the lgoil,also through gas uptake and aerial
deposition.

From the above it may be clear that a modelling@ggh can only give a rough approximation of
the concentrations in plants. To account for thesljmted variety in plant products, it is proposed t
distinguish between tuberous plants and leaf crépsthermore, the exposure of plants should
include the soil route, as well as the air route.

Uptake from soil is, in general, a passive proggsgerned by the transpiration stream of the plant
(in case of accumulation in leaves) or physicapson (in case of roots). Uptake into the leaves
from the gaseous phase can be viewed as a passivesp, in which the leaves components (air,
water, lipids) equilibrate with the air concentoaiti A general form of steady state partitioning,

coefficient) between these compartments is giveRigglerer (1990). Kow and Kaw (the air-water

partitioning coefficient) are used to assess tharidution between the air and the plant. It is

proposed to use the modelling approach of Trapphaithies (1995) to estimate levels in leaves
and roots due to uptake from soil and air.

Biotransfer to meat and milk

Lipophilic substances are known to accumulate iratmand can be subsequently transferred to
milk. Cattle can be exposed to substances in goassther feed) with adhering soil, drinking water,
and through inhalation of air. Biotransfer factoes be defined as the steady-state concentration in
meat, divided by the daily intake of the substafigavis and Arms (1988) calculated biotransfer
factors for cow's meat and milk by log-linear reggien on a number of substances (28 for milk and
36 for beef).

Even though the theoretical background is limitétgse factors provide a useful tool in risk
assessment. It is proposed to use the same expestimates for air and crops which have been
derived for human exposure for cattle, and the ssorieconcentration as for plants.

It should be noted that no distinction is made leetv different milk products like cheese or
yoghurt. For all dairy products, the concentratiomilk is used.
R.16.6.8.6Total daily intake for humans

If concentrations in the intake media are calcdlatine total daily intake of humans can be
estimated from the daily intake rate of each medymsumming the contribution of each medium.
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R.16.7  Tools based on models presented in section R.16.6

R.16.7.1 EUSES

EUSES (2.0.3) and a manual to the program can yfreel downloaded from the internet
(http://ecb.jrc.it/feusgsand can be run on a normal PC. EUSES can befosé¢de environmental
exposure estimation with the release estimatiom fé@ctionR.16.3 Besides the release estimation,
only a few data on substance properties are netledesiculate PECs at Tier 1. If the use of default
exposure estimates do not lead to a conclusiorafef sse in the first tentative ES, a higher Tier
assessment is possible for example by includingenspecific information on releases (Section
R.16.3 and improved data on substance properties (SERt6.9.

Currently a new CHEmical Safety Assessment and Riegotool (CHESAR) is being developed
by ECHA. The CHESAR tool is intended to help thgisrant to perform a CSA. A new dedicated
release module and the EUSES model are implemént€tiESAR in order to estimate PECs and
human daily intake of a substance via the enviroripntoth at the local and regional scale.

Input (Tier 1 assessment)

For Tier 1 assessments of environmental distrilbyutibe information described ifable R.16-17
should be collected (more information on fate maybeded for inorganic substances).
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Table R.16-17 Information requirements for Tier 1 asessment of environmental

distribution

Parameter Description Source

MOLW Molecular weight Technical dossier — chapter 2

MP Melting point of substance Technical dossierapthr 7

BP Boiling point of substance Technical dossieraptar 7

VP Vapour pressure of substance Technical dosstapter 7

SOL Water solubility of substance Technical dossidrapter 7

KOW Octanol water partition coefficient of substang Technical dossier— chapter 7 (not

inorganics)

Kpsaoil Soil-water partition coefficient. As a default, | Technical dossier —adsorption-
EUSES calculates the parameter on the basis @ésorption screening — chapter 9
KOW. For inorganic substances however, See also SectioR.16.5.3.3
Kpsoil should be measured directly, because|
other sorption mechanisms, like sorption to
mineral surfaces play in important role.

Kpsed Sediment-water partition coefficient. As a Technical dossier —adsorption-
default, EUSES calculates the parameter on fhaesorption screening— chapter 9
basis of KOW. For inorganic substances See also SectioR.16.5.3.3
however, Kpsed should be measured directly;,
because other sorption mechanisms, like
sorption to mineral surfaces play in important
role.

Kpsusp Solids-water partition coefficient in suspendefdTechnical dossier —adsorption-
matter. As a default, EUSES calculates the | desorption screening— chapter 9
parameter on the basis of KOW. For inorganicsee also SectioR.16.5.3.3
substances however, Kpsusp should be
measured directly, because other sorption
mechanisms, like sorption to mineral surfaces
play in important role.

Biode- Results of screening test on biodegradability| Technical dossier— chapter 9

gradability Not relevant for inorganic substances. See also Sectior?.16.5.4.4

R.16.5.4.5R.16.5.4.7
Ej,locallU,j Local release to compartment j (j: water, air, | Release estimation based on use
soil) from identified use scenario
See SectioiR.16.3
Regional Regional release from source and identified ydRelease estimation based on
Releasgby use | to compartment j (j: water, air, soil)} exposure scenario
See SectioiR.16.3

Output

The output of the Tier 1 consists of the predica/ironmental concentrations (PECs) for
environmental risk assessment (Jedle R.16-18 EUSES can prepare an electronic report of all
the input and output data in a Word or Excel forntas not possible to print a report in a seldcte
format, e.g., where only data for the Tier 1 assess are shown.

Nevertheless, it is possible to program a macMard or Excel that can select the lines containing
the information needed for the chemical safety ssaent

117



CHAPTER R.16 — ENVIRONMENTAL EXPOSURE ESTIMATION

Table R.16-18 EUSES - output: Predicted environmeat concentrations, PECs

Parameter

Destination

PECstp

sewage treatment plant

Concentration in the aeration tank of thAssessment of whether the substa

may inhibit processes in the STP

nce

PECIocal.air,ann

Annual average local PEC in ata(}

PEClIlocal.water

PEC in surface water during episode

Risk assessment fresh water

PEClIocal.water,ann

Annual average local PEC (diss{l

Secondary poisoning

PEClIocal.water,maring

PEC in marine water duririgcefe

Risk assessment marine water

PECIocal.water,ann,m
rine

aAnnual average local PEC in mari
surface water (dissolved)

neSecondary poisoning

PECIlocal.sed

PEC in sediment

Risk assessmentvirasn
Secondary poisoning

PECIocal.sed,marine

PEC in marine sediment

Risksagsent marine water

PEClIocal.agric,30

Local PEC in agricultural soil (tota
averaged over 30 days

) Risk assessment terrestrial environmer

—

PEClIocal.agric,180

Local PEC in agricultural sotbtgl)
averaged over 180 days (to calcul
concentration in crops)

Secondary poisoning
AliRdirect exposure of humans

PEClIocal.grass,180

over 180 days

Local PEC in grassland (total) averageSecondary poisoning

Indirect exposure of humans

PECreg.water,tot

Regional PEC in surface watealftot

Risk assessment fresh water
Secondary poisoning
Indirect exposure of humans

PECreg.seawater,tot

Regional PEC in seawater)(total

Risk  assessment marine
Secondary poisoning

Indirect exposure of humans

wa

PECreg.air

Regional PEC in air (total)

PECreg.agric

Regional PEC in agricultural soilgEpt

Risk assessment terrestrial environmg
Secondary poisoning
Indirect exposure to man

PECreg.natural

Regional PEC in natural soil (total)

Risk assessment terrestrial environme
Secondary poisoning

PECreg.ind

Regional PEC in industrial soil (total)

PECreg.sed

Regional PEC in sediment (total)

Risksmnent fresh water

PECreg.seased

Regional PEC in seawater sedimizi}

toRisk assessment marine water

nt

nt

How to run EUSES

A Tier 1 assessment of environmental exposure USWGES is discussed in Part D.5.5.
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R.16.7.2 Tier 1 and higher Tiers: TGD excel sheet

The TGD excel sheet (EU TGD 2003 Risk Assessmergafigsheet Model) can be obtained free of
charge from the Radboud University Nijmegenhttd://www.envsci.science.ru.nl/cem-
nl/products.htnjland can be run on a normal PC.

The TGD excel sheet may be an alternative of uBIAGES, which was described in the previous
section. The tool can only be used for environmegtposure estimation and the assessment of
Man exposed via the environment. The TGD excetshad EUSES are based on the models and
equations provided in Sectiéh16.6.

R.16.8 Refinement of exposure assessment

If risks deriving from the manufacture and all ited use(s) are not controlled, the registramt:ca

* Refine the hazard or exposure assessment patte GISA:
¢ Advise against unsafe uses.

Any step of the workflow leading to exposure estiora can be modified. Refinement options
related to the release estimation step (refinemergddition of more specific RMM/OC, use of

release measurement, refinement of the mappingeas)have been described in Secioh6.3.6

In this paragraph, the different options for rafigithe environmental distribution and exposure
estimation steps are described (Bapire R.16-).

a) use environmentaheasured data

If measured data related to environmental concioiia are available, of a suitable quality,
representative of the OC/RMM that were in place mnvheasurements were performed, supported
by sufficient contextual information, and assigmedhe appropriate spatial scale, they can be used
for the exposure estimate. More details about thessees can be found in Section R.16.4.

b) refine the determination of theibstance properties

The exposure assessment might lead to worst casétsrdbecause of limited knowledge of the
properties having an impact on fate and distributaf the substance. It might therefore be
necessary to refine information related to degiedatates, partitioning coefficients, vapour
pressure, water solubility etc.

The following table gives an overview of the das&di as input for EUSES exposure estimation and
which is possible to refine.
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Table R.16-19 Determinants and input information fo refined assessment

Determinant Description

Koc Organic carbon water partition coefficient
In Tier 1 estimated from log Kow
Used for estimation of

1  Kpsusp (solids-water partition coefficient in susged
matter)

2 Kpsed (solids-water partition coefficient in sedit)e
3 Kpsoil (solids-water partition coefficient in soil)

4 Kpsludge (solids-water partition coefficient in saye
sludge)

HENRY Henrys law constant. In Tier 1 estimated from VBLSnd
MOLW. For highly water soluble substances this rgase wrong
estimates of HENRY

kbiog, Rate constant for biodegradation in STP. In Tiestimated from
Biodegradability

kbiowater Rate constant for biodegradation in bulk surfaceew#n Tier 1
estimated from Biodegradability

kdegsoil Total rate constant for biodegradation in bulk saidl sediment. In

kdegsed Tier 1 estimated from Biodegradability

DT50hydrwater Half-life for hydrolysis in water #ite temperature of the data set

DT50photQater Half-life for photolysis in water at the tempern&wf the data set

DT50air Half life for degradation in air at the tpemature of the data set

In particular, the Henry's Law constant (HENRY)e tbctanol-water partitioning coefficient (Kow)
and the first order rate constant for biodegradafibios,) can be used to refine the input into the
STP calculations.

¢) refine thecharacterization of environmental compartments

Local and regional environments are not actuak site regions, but standardized environments
based on generic parameters (Sesbel R.16-12and Tabel R.16-15 When more specific
information is available on the location of releaserces, this information can be used to deviate
from these default parameters and refine the assedslf, for example, the manufacture or use of
a certain substance is confined within a specifiontry, parameters which are relevant for that
country can be used.

d) usehigher tier exposureestimation tools

There is a wide range of exposure estimation modélieh can be used to simulate fate and
distribution of substances among the different mmrnental compartments. These models vary in
their complexity and purposes. Tier 1 exposure megibn models (like EUSES and the
incorporated SimpleTreat model or the spreadsherstion TGD-excel) are simple to use, require
only a few data on substance properties and areifispdly developed to quickly evaluate

substances. However, they are inherently conseevadind are therefore used for an initial
screening.

More demanding models have been developed for gthgroses and for specific environmental
compartments and exposure routes.
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GPM and OPS are used, for example, to simulate edigm, deposition and chemical
transformations in the air compartment, HAZCHEM; R®UT and GREAT-ER to estimate
adsorption, degradation and volatilization in thatev compartment; PRZM and SESOIL to
simulate the vertical movement of substances, lagckerosion, runoff and volatilization for the
soil and groundwater compartment.

These models demand expert knowledge to operate, thecharacterization of the environmental
compartment where they are applied and a high lefraletail. However, they provide a more
accurate estimate of environmental concentrations.

If the substance is applied in a way similar toeatjgide, for example as a fertilizer, the modellin
suite proposed by FOCUS can be an alternative 8HESJfor this specific use.

FOCUS is an abbreviation for FOrum for the Co-oatiion of pesticide fate models and their USe.
The organisation is an initiative of the Europeammbhission to harmonise the calculation of
predicted environmental concentrations (PEC) ofvacsubstances of plant protection products
(PPP) in the framework of EU Directive 91/414/EEC.

FOCUS has recommended a number of models to be fosexbil and ground water exposure
estimation (MACRO, PEARL, PELMO, PRZM_GW) and farrface water exposure estimation
(STEP1-2, which is a screening tool to assess whethere is a risk to fresh water living
organisms; SWASH, which is a higher tier tool comig tools for leaching, drift, run-off, and fate
in surface water).

These tools, together with documentation and manhuedn be downloaded for free from:
http://viso.jrc.it/focus/index.html

In order to assess releases from offshore platfoitmsCHARM model (see fig. R.16-15) can be an
alternative to EUSES/TGD excel for this specifie.us

CHARM has been developed for screening level risiseasment of offshore substances,
e.g.“drilling” and “production” chemicals or “congtion/workover”. Since offshore drilling and
production of oil and gas may result in environna¢effects, it was decided to control the use and
discharge of substances in the North Sea OSPAR Smae of the participating countries within
the framework of the Oslo and Paris Conventiongedjupon the development of a Harmonised
Mandatory Control System (PARCOM Decision 96/3, n@8PAR Decision 2000/2). In this
Control System, CHARM s referred to as a model ¢atculations leading to a ranking of
substances on the basis of the PEC/PNEC ratios.

Long term exposure of persistent and bioaccumdaivbstances and inorganic substances cannot
be assessed by CHARM.

WATER

Chemical
e

Discharge
o5 Equilibrium

| T Partitioning

BIOLOGICAL * I
MIXING LAYER

SEDIMENT
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Figure R.16-15 The CHARM model

Most of the calculations within CHARM concern traimation of the concentration of a substance
in the waste stream, and different models are depeénding on of the process for which they are
used, the amount of the substance, its partitionfragacteristics, the oil (or condensate) and water
production at the platform, the in-process degiadatechanisms and the residence time before
release. Within CHARM the offshore environment igided into two compartments: water and
sediment. This is done in order to acknowledgefdloethat a substance present in the environment
will partition between the water and organic matiix the sediment. The concentration of a
substance may, therefore vary greatly from one @tment to another. Consequently, two PEC
values are calculated: PECwater and PECsediment. fidher details see for example
https://www.ogp.org.uk/pubs/CHARMManualFeb05.pdf

Another example where higher tier models can bd isseepresented by estuaries, which by default
are covered by either the inland or the marineaidessment.
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Appendix R.16-1- Environmental Release Categories
Table R.16-20 Name and description of EnvironmeR&dbase Categories

ERC

ERC 1

ERC 2

ERC 3

ERC 4

ERC 5

ERC 6A

ERC 6B

ERC 6C

Name

Manufacture of substances

Formulation of preparations

Formulation in materials

Industrial use of processing

Description

Manufacture of organic and inorganic substancef@mical, petrochemical, primary metals and miseradustry
including intermediates, monomers using continymesesses or batch processes applying dedicatedlor
purpose equipment, either technically controlledperated by manual interventions

Mixing and blendingsabstances into (chemical) preparations in alldygfdormulating industries, such as
paints and do-it-yourself products, pigment pafstels, household products (cleaning products),itaints etc.

Mixing or blending of stdosces, which will be physically or chemically bauinto or onto a matrix (material)
such as plastics additives in master batches stipleompounds. For instance a plasticizers oilitais in PVC
master-batches or products, crystal growth regulatphotographic films etc.

Industrial use of processing aids in continuous@sses or batch processes applying dedicated tirpagbose

aids in processes and productgquipment, either technically controlled or opeddtg manual interventions. For example, solvenésius

not becoming part of articles

Industrial use resulting in
inclusion into or onto a matrix

Industrial use resulting in
manufacture of another
substance (use of
intermediates)

Industrial use of reactive
processing aids

Industrial use of monomers in
polymerisation process

chemical reactions or the ‘use’ of solvents dutimg application of paints, lubricants in metal wogkfluids, anti-
set off agents in polymer moulding/casting

Industrial use of substances as such or in prépasathon-processing aids), which will be physigait
chemically bound into or onto a matrix (materialfls as binding agent in paints and coatings orsidég dyes in
textile fabrics and leather products, metals irticga applied through plating and galvanizing psses. The
category covers substances in articles with aqaati function and also substances remaining irattiele after
having been used as processing aid in an eafterycle stage (e.g. heat stabilisers in plastc@ssing)..

Use of intermediates in primarily the chemical istty using continuous processes or batch proceggaging
dedicated or multi-purpose equipment, either texzdlyi controlled or operated by manual interversidior the
synthesis (manufacture) of other substances. Btarige the use of chemical building blocks (feezigtn the
synthesis of agrochemicals, pharmaceuticals, morosate.

Industrial use of reactive processing aids in ¢artis processes or batch processes applying dedlicamulti-
purpose equipment, either technically controlledperated by manual interventions. For examplesieeof
bleaching agents in the paper industry.

Industrial use of monomers in the production ofypwrs, plastics (thermoplastics), polymerizationcesses. For
example the use of vinyl chloride monomer in thedorction of PVC
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ERC

ERC 6D

ERC 7

ERC 8A

ERC 8B

ERC 8C

ERC 8D

Name Description

Industrial use of process Industrial use of chemicals (cross-linking ageatsing agents) in the production of thermosetsrattbers,
regulators for polymerisation polymer processing. For instance the use of styirepelyester production or vulcanization agentthia
processes in production of  production of rubbers

resins, rubbers, polymers

Industrial use of substances inindustrial use of substances in closed systemsirJdesed equipment, such as the use of liquids/draulic

closed systems systems, cooling liquids in refrigerators and lahrnits in engines and dielectric fluids in eledtramsformers and
oil in heat exchangers. No intended contact betviectional fluids and products foreseen, and tbus
emissions via waste water and waste air to be ¢xgec

Wide dispersive indoor use of Indoor use of processing aids by the public atdangprofessional use. Use (usually) results iaadirelease into

processing aids in open the environment/sewage system, for example, detesge fabric washing, machine wash liquids andary

systems cleaners, automotive and bicycle care productigipes, lubricants, de-icers), solvents in paints athesives or
fragrances and aerosol propellants in air frestsener

Wide dispersive indoor use of Indoor use of reactive substances by the publiargé or professional use. Use (usually) resultirect release
reactive substances in open into the environment, for example, sodium hypodtedn lavatory cleaners, bleaching agents in fataréshing
systems products, hydrogen peroxide in dental care products

Wide dispersive indoor use  Indoor use of substances (non-processing aidd)épublic at large or professional use, which balphysically
resulting in inclusion into or  or chemically bound into or onto a matrix (matér&ich as binding agent in paints and coatingsibesives,
onto a matrix dyeing of textile fabrics.

Wide dispersive outdoor use Outdoor use of processing aids by the public gelar professional use. Use (usually) resultsriedlirelease into
of processing aids in open the environment, for example, automotive and bieyelre products (polishes, lubricants, de-icergrdents),
systems solvents in paints and adhesives.
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ERC

ERC 8E

ERC 8F

ERC 9A

ERC 9B

ERC 10A

ERC 10B

ERC 11A

Name Description

Wide dispersive outdoor use Outdoor use of reactive substances by the publarge or professional use. Use (usually) resaoldiriect release
of reactive substances in openinto the environment, for example, the use of swditypochlorite or hydrogen peroxide for surfacenlag
systems (building materials)

Wide dispersive outdoor use Outdoor use of substances (non-processing aidf)ebyublic at large or professional use, which balphysically
resulting in inclusion into or  or chemically bound into or onto a matrix (matériaich as binding agent in paints and coatingsibesives.
onto a matrix

Wide dispersive indoor use of Indoor use of substances by the public at largerafiessional (small scale) use in closed systerss.ib/closed
substances in closed systems equipment, such as the use of cooling liquids frigerators, oil-based electric heaters.

Wide dispersive outdoor use Outdoor use of substances by the public at largeafessional (small scale) use in closed systélss.in closed
of substances in closed equipment, such as the use of hydraulic liquidsutomotive suspension, lubricants in motor oil Brebk fluids in
systems automotive brake systems.

Wide dispersive outdoor use Low release of substances included into or oniolestand materials during their service life indmor use, such

of long-life articles and as metal, wooden and plastic construction and imgjichaterials (gutters, drains, frames etc.)
materials with low release

Wide dispersive outdoor use Substances included into or onto articles and riadsewith high or intended release during theivesr life from

of long-life articles and outdoor use. Such as tyres, treated wooden pradueased textile and fabric like sun blinds andagals and
materials with high or furniture, zinc anodes in commercial shipping alegure craft, and brake pads in trucks or caris. dlko
intended release (including includes releases from the article matrix as alre$yrocessing by workers. These are procesgasaly related
abrasive processing) to PROC 21, 24, 25, for example: Sanding of budditbridges, facades) or vehicles (ships).

Wide dispersive indoor use of Low release of substances included into or oniolestand materials during their service life framdoor use. For
long-life articles and materials example, flooring, furniture, toys, constructionteréls, curtains, footwear, leather products, papel cardboard
with low release products (magazines, books, news paper and packpger), electronic equipment (casing)
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ERC Name Description
Wide dispersive indoor use of Substances included into or onto articles and rizdgewith high or intended release during theivezr life from
ERC 11B long-life articles and materials indoor use. For example: release from fabricsjléex{clothing, floor rugs) during washing. Thisalincludes
with high or intended release releases from the article matrix as a result o€essing by workers. These are processes typiaéied to PROC
(including abrasive 21, 24, 25. For example removal of indoor paints.
processing)
Industrial processing of Substances included into or onto articles and nadsesire released (intended or not) from the articatrix as a
ERC12A articles with abrasive result of processing by workers. These are prosagp&ally related to PROC 21, 24, 25. Processbsre the
techniques (low release) removal of material is intended but the expectéebise remains low include for example cuttingeatite, cutting,
machining or grinding of metal or polymers in eregning industries.
Industrial processing of Substances included into or onto articles and nadsesire released (intended or not) from/with thiele matrix as
ERC12B articles with abrasive a result of processing by workers. These are psesaypically related to PROC 21, 24, 25..Processbere the
techniques (high release) removal of material is intended and high amountdust may be expected include for example sanojiegations

or paint stripping by shotblasting.
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Table R.16-21 Specification of the use conditiongflected in the environmental use categories.

ERC Lifecycle Stage| level of containment | Intended technical fate of substance Dispersion of release sources indoor/outdoor release promotion during service life
1 Manufacture open-closed Industrial Indoor Na
2 Formulation open-closed No inclusion into matri Industrial Indoor Na
3 Formulation open-closed inclusion into/onto rnxatr Industrial Indoor Na
4 Use open-closed processing aid Industrial Indoo Na
5 Use open-closed inclusion into/onto matrix Istdial Indoor Na
6a Use open-closed Intermediate Industrial Indoor Na
6b Use open-closed reactive processing aid Irdust Indoor Na
6C Use open-closed monomers for polymers Inchlstri Indoor Na
6d Use open-closed Process regulators for thegtaoubbers Industrial Indoor Na
7 Use closed system processing aid Industrial dndo Na
8a Use open-closed processing aid wide disperse ndoot Na
8b Use open-closed reaction on use wide disperse Indoor Na
8c Use open-closed inclusion into/onto matrix awvitisperse Indoor Na
8d Use open-closed processing aid wide disperse utdoor Na
8e Use open-closed reaction on use wide disperse Outdoor Na
8f Use open-closed inclusion into/onto matrix evitisperse Outdoor Na
9a Use closed systems processing aid wide disperse Indoor Na
9b Use closed systems processing aid wide dispers Outdoor Na
10a Service life Open inclusion into/onto matrix deidisperse Outdoor Low
10b Service life Open inclusion into/onto matrix devidisperse Outdoor High
1la Service life Open inclusion into/onto matrix deidisperse Indoor Low
11b Service life Open inclusion into/onto matrix devidisperse Indoor High
12a Service life open-closed Losses from matrixnduarticle processing Industrial Indoor Low
12b Service life open-closed Losses with matrixrdyarticle processing Industrial Indoor High
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Table R.16-22 Default parameters to derive enviremsal release rate

ne

Note No ERC Default release factors resulting from t
conditions of used described in the ERCs.
to air to water (no to soil

STP)

rq1 Manufacture of chemicals 5% 6% 0.01%

27 |2 Formulation of preparations 25% 2% 0.01%]

27 |2 Formulation in materials 30% 0.2% 0.1%

3.7 |4 Industrial use of processing aids 100% 100% 5%

47 |5 Industrial inclusion into or onto a matrix 50% 50% 1%.

57 | 6A | Industrial use of intermediates 5% 2% 0.1%

57 6B | Industrial use of reactive processing aids 0.10% 5% 0.025%

57 | 6C€ | Industrial use of monomers for polymerisation 5% 5% 0%

57 | 8D | Industrial use of auxiliaries for polymerisation 35% 0.005% 0.0259

6.7 7 Industrial use of substances in closed systems 5% 5% 5%

37 8A | wide dispersive indoor use of processing aids, open 100% 100% n.a

57 8B Wide dispersive indoor use of reactive substanogen 0.10% 2% n.a,

47 8C | wide dispersive indoor use, inclusion into or catmatrix 15% 1% na.

378 | 8D | wide dispersive outdoor use of processing aidsp ope 100% 100% 20%

47 | 88 | Wide dispersive outdoor use of reactive substaropes, 0.10% 2% 1%

47 8F | Wide dispersive outdoor use, inclusion in matrix 15% 1% 0.5%

67 | 9A | wide dispersive indoor use in closed systems 5% na. na.

67 | 98 | wide dispersive outdoor use in closed systems 5% 5% 5%

8 10A I wide dispersive outdoor use of long-life articllesy release 0.05% 3.2.% 3.2%

910 | 108 | wide dispersive outdoor use of long-life articleigh or 100% 100% 100%

intended release

8 11A | wide dispersive indoor use of long-life articldew release 0.05% 0.05% n.a

910 | 11B | wide dispersive indoor use of long-life articleigthor intended| 100% 100% na

release

10 12A | Industrial processing of articles with abrasiventéques (low | 25% 2.5% 2.5%

release)

10 128 | Industrial processing of articles with abrasiventéques (high | 20% 20% 20%

release)
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Notes
General

Each environmental release category is linked faudeparameters to estimate the release rates to
the relevant environmental compartments. For eashramental release category, the release
factors are based on the highest release fact@iable for representative use patterns. A use
pattern represents the use of a chemical that thaspecific function during a process within a
certain type of industry or sector or has a spedifinction in a material or article. The highest
release factors have been selected from generabselinformation from EC (2003) for
representative cases. In the conservative desigheofelease factors, it is assumed that no risk
management measurase included. The physico-chemical properties sfibstance are not taken
into account. The distribution between air, wated aoil is therefore not based on the properties of
the substance. Also the potential waste treatmzenié is not considered. These characteristics lead
to conservative values for release to all compantmerhe background to, and the rationale for, the
default parameters to derive environmental releates Table R.16-2Dis based on the exposure
assessment principles detailed in Section R.1&2his section, the different spatial scales of
assessment are explained.

For industrial production, formulation and use (ERQ), air and water releases are considered for
exposure at both the local and the regional s€itect releases to soil are however only taken into
account at the regional scale. This is due todlethat industrial soil is not considered a pridec
target in the framework of chemicals assessmenhe 3ame assumptions apply to industrial
processing of articles (ERC12).

For wide dispersive uses (i.e. a large number efsjdncluding private use) and non-industrial
article service life (a large number of productrees) it is assumed that a certain fraction of the
estimated volume for that use is used in a stan@avd of 10000 inhabitants. At the local scale, the
corresponding releases in such a standard townogsutface water, via a municipal sewage
treatment plant (STP), resulting in a point sourtease. The releases to air and the direct radease
to soil are considered for exposure at regiondesca

Annotations per environmental release category

1) Manufacture of chemicals

The release factors are based on the informationtifie manufacture of basic chemicals and
chemicals used in synthesis (including monomerscatalysts). Besides basic (organic) chemicals
both the production of chemicals in the petrochairidustry and the metal extraction and refining
industry are included. Release factors are deffingad the general release factors for the production
of chemicals provided in EC (2003).

2) Formulation

For the life cycle stage formulation a distinctim made between mixing and blending of
substances (processing aids) in preparations itikedk, pastes or (compressed) gases for instance
in aerosol cans, and on the other hand processesxofg, which result in inclusion on a matrix,
for instance in the plastics industry. To meet rtbguirements of specific applications for plastics
materials the polymers are blended or mixed withous types of additives, including fillers,
pigments, plasticizers etc. In the polymers industiis process of compounding takes place before
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conversion of the plastic material into finishedicdes. Often the processes of compounding and
conversion are performed as successive process atéipe same facility. The production of master
batches, which are made up to contain high conaois of specific additives, is also considered
as a process of mixing and blending resulting @iuision into or onto a matrix. The production of

photographic films is also considered as formufatido a matrix. Release factors are derived from
the general release factors for formulation from EXD03). The highest release factors for
formulation resulting in inclusion into or onto aatrix have been selected for mixing of plastic

additives, pigments, fillers and plasticizers witie polymer matrix (compounding) and the

production of photographic films (EC 2003).

3) Processing aids

Processing aids are substance facilitating a psoaed will usually not be consumed (reacted) or
included into or onto the matrix of an articlesktould be stressed though that processing aidst migh
be converted by high temperature processes likalnoetiting and combustion of fuels (fuel
additives). Processing aids are for instance detgsgin fabric washing products, which facilitate
the washing process and will be directly releageddste streams after use. Solvents in cleaners,
paints or adhesives are another example of proggasis which are released with waste air, waste
water or as waste from the application processhilitrelease abatement or waste treatment, 100%
of this type of processing aid applied will be dedtvia air or water.

Release factors for industrial use of processidg have been derived from the release factor tables
for industrial use of processing aids (processikg). each compartment the highest release factors
for this specific use pattern are taken from EQ@0

In addition to industrial use, release factors hbgen derived for the use by the public at large
(households). Release factors for wide dispersdeeal processing aids have been derived from EC
(2003) for the sector personal or domestic use.aifdhe release factor is set at 100% for instance
to represent the use of propellants in aerosol c&its water the release factor is also set a 100%
for instance for the use of cleaning and washingnegand surface-active agents in all kinds of
cleaning products. The release of these type ahidads is assumed to be complete to either air or
water.

4) Substances processed into or onto an article niat

Besides the specific use of chemicals as processiigy chemicals are also processed with the
specific goal of being included into or onto a matFor example, pigments or fillers in paints will
be included in the paint layer (matrix) after tranting process, and dyes will be included into the
fibre matrix during the dyeing process. The highektase factors for air and water for this specifi
type of use have been taken from EC (2003), whsctelated for instance to dying of leather or
painting or coating

Please note: If a processing aid remains in theimaithout function after processing it should be
assessed under ERC 5 rather than ERC 4. An exdorpdech a case is a heat stabiliser remaining
in the polymer matrix although increased tempeeatwas only relevant at the formulation or
conversion stage.

5) Substances reacting on use

133



CHAPTER R.16 — ENVIRONMENTAL EXPOSURE ESTIMATION

Substances reacting on use have been categorizedhiermediates, reactive processing aids and
monomers used in the polymers industry.

Reactive processing aids have so far not been edwerthe default release factors in the Technical
Guidance Document (EC, 2003). Several assumptiasms heen made to provide release rates for
air and water. Generally, this type of substanceshahly soluble in water and therefore release to
air has been considered to be negligible and aseléactor of 0.1% has been assumed. A default
half life of 10 minutes has been assumed. For imidlisuse a residence time of 4 hours in a
recirculation system has been assumed. For wigeidive use a residence time of 1 hour has been
assumed in the sewer (once-through system). Fumtiter a distinction has been made between
monomersin a polymerization processes for the productibrihermoplastics and thermosetting
resins, and auxiliariekor polymer processing of rubbers and thermosgttesins (pre-polymers).
The release factors for intermediates have beemtikm available release factors for the chemical
industry and the specific use of intermediatef©ngynthesis of other chemicals. Release factors fo
the use of monomers in the polymer industry hase been taken from EC (2003) for this specific
type of use (polymerization processes). Releasas tind water from the processing of rubbers and
thermosetting resins are provided by EC (2003)yfper processing) for the following type of
chemicals; curing agents and cross-linking agents.

6) Release from closed systems

The release factors have been based on leakagwlofg liquids from refrigerators and leakage of
engine oil from cars. A leakage rate of 5% per yeaair is assumed based on Matthijsen and
Kroeze (1996) and Folkert and Peek (2001). The algekrates do not include losses from
recharging or filling of machinery (about 0.2% tw and 0.1% to water) but in general this is
negligible compared to the annual leakage ratedRel¢o soil and water is based on leakage rates
for engine oil as this is thought to be a represtére case for this type of use. Based on an agerag
leakage rate, annual number of kilometres travghedvehicle and the amount of engine oil per
vehicle the release factor can be calculated ésnol

A leakage rate of 10 mg/km and a mileage of 20K@Oper year and 4 litres of engine oil per
vehicle results in a release factor of about 5%year. The figures have been taken from Klein et
al. (2004) and are in line with the figures proddey OECD (2004a). For hydraulic fluids leakage
rates are very similar, they vary from 1% up towthths% per year (two applications) for soil. For
water leakage rates values are somewhat lower @itah5 up to 7 percent (OECD, 2004a).
Releases to water has also been taken into acémuimdoor use because of the possible spills to
(waste) water

7) Indoor and outdoor use
Industrial

Industrial activities are primarily considered te imdoor processes. The relevant life cycle stages
are production, formulation and industrial use (BERG. However this is not strictly the case for
large industrial installations (e.g. at refineridgdt are usually not inside a covered building.

Release to industrial soil assumed in the ERCs masylt from spilling during transfer or delivery
procedures or leakage from equipment like pumpgsegi{above and below ground), reactors and
storage tanks (above and below ground). They &y ralsult from the transport of waste streams
like waste water due to leakage of the drain pipadks, loose connections etc.) or the outside
(open) storage of raw materials on the site. Rekeasght also result from the industrial applicatio
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of certain products like hydraulic fluids and Iudamts for instance in industrial transport or miater
handling equipment such as conveyer belts.

In many EU countries, the releases to soil will lo&er due to special provisions which are
compulsory to prevent them. Some typical spill pretion systems are liquid proof floors, concrete
containment pits, curbs, dykes or bunds, containieckets etc.

Wide disperse uses

For outdoor use of processing aids (ERC 8D), tHease factor for soil refers to private use

(consumers) of solvents. Release factors for the cemmpartment for outdoor use of reactive

processing aids (ERC 8E) refer to for example g®af a bleaching aid in cleaning products by the
public at large. For the outdoor use of substanebigh results in inclusion into or onto a matrix

(ERC 8F), the release factors have been takerméoptivate use of paints and specifically refers to
substances like fillers and pigments.

8) Release from articles/materials during servicdfk, low release

Release factors are taken from the OECD emissienasio document on plastic additives (OECD,
2004b). The release factors presented in the ERIE tae based on the assumption that a steady
state has been reached in the market between thenésrof an article produced, the amount in use
(stock) and the amount becoming waste per yearetJsgich an assumption, the annual release is
not driven by the actual use of a substance fodymtion of an article but by the stock of artiate i
use. Thus the annual release is derived from tleage factor multiplied by the service life of the
article. Note that for new substances recentlyqaamn the market, there is no steady-state situatio
yet.

For outdoor use the release factor to water andisdiased on a worst case release of 0.16%
multiplied by the service life time period of thdiae (Tservice iitg - IN the Tier ITsenice iiteiS Set at 20
years, resulting in a release factor of 3.2%.

For indoor use the release factors are also takmn the OECD emission scenario document on
plastic additives (OECD, 2004b).

9) Release from articles during service life, highelease

Release factors to air and water for indoor usetaken from the emission scenario document for
the textile processing industry, industrial catgg@€) 13. For indoor wide dispersive use, the soil
compartment is considered not to be relevant, Ardsame release factors are used for air and
water.

For outdoor use the release factors are set to 108%ear for all compartments (steady state
situation and total release of substance over aeilife). The reasoning behind this assumption is
that complete release over service life for outdauplications may occur either to air, water ot.soi

10) Release fromprocessingof articles with abrasive techniques

The processes to be addressed here are high anehkngy manipulation or hot work operations
with articles, resulting in releases of substarm@#tained in these articles. The release from the
articles may occur in the form of a substance ab su as patrticle (larger particles, dust, aerdsols
where the substance is still embedded in a mokeserintact solid matrix. The processes potentially
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relevant may include treatment of article surfagesishing, sanding), sawing and cutting of semi-
finished articles (mechanical cutting, flame cugiror welding and soldering. This may often
correspond to PROC 21, 24 and 25.

Typical examples would be cutting of textile in thadoric industry, metal cutting, or sanding and
planing of PU-foam blocks in the production of &adrds. Also chemical/mechanical paint
stripping and other surface treatments of e.g.dings or vehicles are processes to be covered
under ERC 10B, 11B or ERC 12.

Particles from abrasive techniques can be quigeléfibers, wood shaving, chips, iron curls etc,

and thus unlikely to become airborne or potentigilye rise to intensified leaching of substances
due to the increase of surface. If dusts and akr@se formed indoor they are expected to be
removed by local ventilation (efficiency not inckdlin the release factors) or to precipitate on the
ground/floor, and become waste (floor cleaning)g@to waste water if cleaned with water. This is
comparable to the considerations on handling posvdar paint manufacture and plastics

compounding and conversion. Two different situati@an be discerned, related to the type of
abrasive process. When cutting or coarse grindirigxdile, polymers or metals is involved, larger

particles are formed as a relatively small fractminthe original material. In the low release

situation (ERC12A), the release factors of 2.5%lseed on the OECD ESD for plastic additives
(OECD 2004), based on grinding/ machining. Theastemight either be to air, water or soil or a
combination of these.

When surfaces are treated with high energy abrdesteniques such as sanding or shot blasting,
ERC12b is applicable. The worst case release msdbas dust releases due to shot blasting without
any RMM, where a high release factor of 20% isnested (Verstappen 1993). The release might
either be to air, water or soil or a combinatiortafse.

If surfaces are treated with abrasive techniguedeu outdoor, non industrial conditions (e.g.
sanding of bridges, high pressure cleaning of wpliint stripping of ships) substances contained in
the removed surface may be completely releasedtlirgoenvironment if no RMMs are applied
(OECD 2006). Thus such conditions can be coverei@uERC 10B.

If surfaces are treated with abrasive techniquekeuimdoor, non industrial conditions (ERC11B,
e.g. paint stripping of walls, doors, floors) sargtes contained in the removed surface or surface
coatings could be released totally when no RMMsiraggace (OECD, 2006). These activities are
taken into account under ERC11B when they are momrindustrial setting with many release
sources constituting wide dispersive release.
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Appendix R.16-2: Overview of OECD exposure scenaridocuments (ESDs).

ESD TITLE NACE IC PT REFERENCE REMARKS

Industrial manufacturing process/preparation type

Wood preservatives, part 1, part 2 , part 3, paré 16 15/0 8 OECD_1 BIOCIDAL
PRODUCTS

Plastic additives 20.6/22.2 11 9 OECD_2

Water treatment chemicals 20 2/3/6/12/15/0 2/5/121 OECD_3

Photographic industry 20.5 10 OECD_4

Rubber additives 221 11 9 OECD 5

Textile finishing 13 13 9 OECD_6

Leather processing 15 7 9 OECD_7

Photoresist use in semiconductor manufacturing 2612 4 OECD_8

Lubricants and lubricant additives 24 E.O 8E.O 13EO OECD_9

Automotive spray application 29/30 14 6/7 OECD_10

Metal finishing ! 4/8/16/15/0 OECD_11
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ESD TITLE

Antifoulants

Insecticides for stables and manure storage systems

Kraft pulp mills

Non-integrated paper mills

Recovered paper mills

Chemical industry: chemicals used in synthesis

Personal/domestic and public domain

Leather processing industry

Metal extraction, refining and processing industry

Photographic industry

Pulp, paper and board industry

Textile processing industry

Paint, lacquers and varnishes industry

NACE

17

17

17

2020.4/20.5/21

24

15/0

15/0

12

12

12

5/6

10

12

13

14

IC

PT

21

18

12

12

12

13

6/7

REFERENCE REMARKS

OECD_12 BIOCIDAL

PRODUCTS

OECD_13 BIOCIDAL

PRODUCTS

OECD_14

OECD_15

OECD_16

EU 1

EU 1

EU 1

EU 1

EU 1

EU 1

EU 1

EU 1
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ESD TITLE NACE IC
Rubber industry 11
Biocidal products
Human hygiene 5
Private area and public health area disinfectants 5/6
Drinking water disinfectants 6/15/0
In-can preservatives 5/6/7/8/12/13/14
Paper coating and finishing 12
Film preservatives 14/11
Wood preservatives 15/0
Leather industry 7
Textile processing industry 13
Rubber polymerised materials preservatives 11
Masonry preservatives 23.5/23.6 15/0

PT

6/7/9

10

REFERENCE

EU 1

EUB_1

EUB_2

EUB_3

EUB_4

EUB_5

EUB_6

EUB_7

EUB_8

EUB_9

BB 10

EUB_11

REMARKS
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ESD TITLE NACE

Preservatives for liquid-cooling and processing sysms

Slimicides

Metalworking fluid 25

Rodenticides

Avicides

Insecticides for stables and manure

Antifouling products

Embalming and taxidermist fluids

IC

2/3/9

12

1/5/6/15/0

1/6/15/0

14/16/15/0

15/0

PT

11

12

13

14

15

18

21

22

REFERENCE REMARKS

EUB_12

EUB_13

EUB_14

EUB_15

EUB_16

EUB_17

EUB_18

EUB_19
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Appendix R.16-3: Fate of chemicals in a wastewatéreatment plant based on the
SimpleTreat model

The tables in this appendix provide values forftiie of substances that enter the sewage treatment
plant, estimated according to the SimpleTreat 3o@eh(Struijs et al., 1996). The tables provide
information on how much of a substance that enteessewage treatment plant goes to air,
surface water and to sewage sludge and how muategsaded. Separate tables are given
depending on the categorization of a substance rdoap to the results of screening
biodegradation tests (sdable R.16-4.

The data in the tables have been obtained fromuledions with the SimpleTreat 3.0 model with
the following settings: the volume of wastewateses$ at 200 | per capita per day in line withble
R.16-10 Assuming that the total amount of solids in rewage produced per inhabitant per day is
0.150 (n d™)- 0.6 (kg m®) = 90 g per inhabitant per day, the concentratibeuspended matter
in influent has been set to 0.45 (kg®) (seeTable R.16-1D In order to maintain the main
characteristics of the sludge flow, the steadyestaincentration of suspended solids in the primary
settler has been set at 150 mg dry weight pergdlyiimg that still 2/3 of the solids in raw sewage i
separated by the primary settler. Consequentlfledetewage flowing from the primary settler into
the aeration tank contains an oxygen requiremeg)tqiRL76 mg BOD per .

The mode of operation is defined by the input patamsludge loading rate which specifies the BOD
loading of the plant. The operation of the actidatidge reactor is largely specified by this paatem
This input parameter is in units of kg BOD per ky @eight per day and is related to the sludge
retention time (SRT) or sludge age and the hydrastention time (HRT). A medium sludge loading
rate of 0.15 kg BOD kg™ d™ is used with a SRT of 9.2 d and an HRT of 7.1 hr.

SimpleTreat 3.0 contains a correction for strippaiigemicals, as the process description is only
valid for volatile chemicals (H > 250 Pa> mol™). The overall mass transfer coefficient during
surface aeration {k:) was assumed proportional to the dissolved oxygeerall transfer rate
coefficient (K ao), estimated from the oxygen requiremeng)(Rydraulic retention time (HRT) and
the difference between the oxygen saturation aadhttiual @ concentration in the aeratak@,).

In order to account also for the gas phase resistéid < 250 Pam® mol™) the proportionality
constant¥, still having the default value of 0.6, should ineltiplied by a factor containing the
dimensionless Henry constant(Kand the ratio of the mass transfer rate coeffisi®ef a chemical

in air and water. Munz and Roberts (1987) recommerapply 40 as a default value for this ratio.
As a result the first order rate constant for stsefaeration is written as:

40' KH ) RO

ket =V (30 . +1 HRT. A0,

In the following tables H (Henry's law constantpsit be used in Pan® mol™.
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a) No biodegradability

Fate of chemicals that are not degradable: oo 0 hi! in the aqueous phase of activated

sludge.
log
H
| % to air -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 0 0 0 0 2 15 64 91 95 95
1 0 0 0 0 2 15 64 91 95 95
2 0 0 0 0 2 15 64 91 94 95
3 0 0 0 0 2 14 62 89 92 92
4 0 0 0 0 1 12 52 77 80 80
5 0 0 0 0 1 5 28 48 51 51
6 0 0 0 0 0 1 9 23 27 27
log
H
|% to wate| -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 100 100 100 100 98 85 36 9 5 5
1 100 100 100 100 98 85 36 9 5 5
2 99 99 99 99 97 84 36 9 5 5
3 96 96 96 96 94 82 35 8 5 5
4 79 79 79 79 77 68 30 8 5 4
5 39 39 39 39 39 35 19 6 4 4
6 15 15 15 15 15 14 11 6 4 4
log
H
|% to sludgle -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0
2 1 1 1 1 1 1 1 0 0
3 4 4 4 4 4 4 3 3 3 B
4 21 21 21 21 21 20 18 16 15 15
5 61 61 61 61 60 59 53 46 45 45
6 85 85 85 85 85 85 80 71 69 69
log
H
FA) degrade] -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0
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|% removal -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 15 64 91 95 95
1 15 64 91 95 95
2 16 64 91 95 95
3 4 4 4 4 6 18 65 92 95 95
4
5
6

o
o
o
o
W NN

21 21 21 21 23 32 70 92 95 96
61 61 61 61 61 65 81 94 96 96
85 85 85 85 85 86 89 94 96 96

b) Inherent biodegradability

Fate of chemicals that are “inherently biodegragfaii an OECD/EU test: kbig = 0.1 ht* in
the aqueous phase of activated sludge.

log
H
| % to air -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 0 0 0 0 1 10 50 85 91 91
1 0 0 0 0 1 10 50 85 91 91
2 0 0 0 0 1 10 50 85 90 91
3 0 0 0 0 1 9 49 83 88 89
4 0 0 0 0 1 8 41 72 77 77
5 0 0 0 0 0 4 23 45 49 49
6 0 0 0 0 0 1 8 22 26 26
log
H
| % to water -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 59 59 59 59 58 52 28 8 5 5
1 59 59 59 59 58 52 28 8 5 5
2 59 59 59 59 58 52 27 8 5 5
3 57 57 57 57 56 50 27 8 5 5
4 48 48 48 48 48 43 24 7 5 4
5 28 28 28 28 27 25 16 5 4 3
6 13 13 13 13 13 13 10 6 4 4
log
H
|% to sludge -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0
2 1 1 1 1 1 1 1 0 0 0
3 4 4 4 4 4 4 3 3 3 3
4 19 19 19 19 19 19 17 16 15 15
5 56 56 56 56 56 55 51 46 45 45
6 83 83 83 83 82 82 78 71 69 68
log
H
% degraded -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 41 41 41 41 41 38 22 7 4 4
1 41 41 41 41 40 38 22 7 4 4
2 41 41 41 41 40 38 22 7 4 4
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3 39 39 39 39 39 37 21 6 4 4
4 33 33 33 33 32 31 18 6 4 3
5 17 17 17 17 16 16 10 4 2 2
6 4 4 4 4 4 4 4 2 1 1
log
H
| % removal -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 41 41 41 41 42 48 72 92 95 95
1 41 41 41 41 42 48 72 92 95 95
2 41 41 41 41 42 48 73 92 95 95
3 43 43 43 43 44 50 73 92 95 95
4 52 52 52 52 52 57 76 93 95 96
5 72 72 72 72 73 75 84 95 96 97
6 87 87 87 87 87 87 90 94 96 96

c) pass levels within 28 days in a test on ‘“readyiddegradability”, 10-day window
criterion is not fulfilled

Fate of chemicals that reach the biodegradation leagls within 28 days in an OECD/EU test
on “ready biodegradability but not within the 10ydéme window: kbigy, = 0.3 hi* in the
aqueous phase of activated sludge.

log
H
| % to air -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 0 0 0 0 1 6 36 76 84 85
1 0 0 0 0 1 6 36 76 84 85
2 0 0 0 0 1 6 36 75 83 84
3 0 0 0 0 1 6 35 73 81 82
4 0 0 0 0 1 5 30 64 7 7
5 0 0 0 0 0 3 17 40 45 46
6 0 0 0 0 0 1 7 20 24 25
log
H

| % to water -4 -3 -2 -1 0 1 2
0 33 33 33 33 32 29 19
1 33 33 33 33 32 29 19
2 32 32 32 32 32 29 19
3 32 32 32 32 31 29 18
4
5
6

log Kow

27 27 27 27 27 25 16
18 18 18 18 17 16 12
11 11 11 11 11 10 9

G101 O NN NN |Ww
S w s oo o g
OB PO
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log
H
|% to sludge -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0
2 1 1 1 1 1 1 1 0 0 0
3 3 3 3 3 3 3 3 3 3 3
4 17 17 17 17 17 17 16 16 15 15
5 51 51 51 51 51 51 49 46 45 45
6 79 79 79 79 79 78 76 70 68 68
log
H
% degraded -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 67 67 67 67 67 64 45 17 12 1
1 67 67 67 67 67 64 45 17 12 1
2 67 67 67 67 67 64 45 17 12 1
3 65 65 65 65 65 62 44 17 1 1
4 55 55 55 55 55 53 38 15 10 9
5 31 31 31 31 31 30 22 9 6 6
6 11 11 11 11 11 10 9 5 3 3
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log
H
| % removal -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 67 67 67 67 68 71 81 93 95 96

67 67 67 67 68 4 81 93 95 96
68 68 68 68 68 4 81 93 95 96
68 68 68 68 69 4 82 93 95 96
73 73 73 73 73 75 84 94 96 96
82 82 82 82 83 84 88 95 97 97
89 89 89 89 89 90 N 95 96 96

o OB WN -

d) pass levels within 28 days in a test on “readyiddegradability”, 10-day window
criterion is fulfilled

Fate of chemicals that are “readily biodegradalinein OECD/EU test: kbig = 1 h' in the
aqueous phase of activated sludge.

log
H
| % to air -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 0 0 0 0 0 3 19 55 66 68
1 0 0 0 0 0 3 19 55 66 68
2 0 0 0 0 0 3 19 54 66 67
3 0 0 0 0 0 3 18 53 64 66
4 0 0 0 0 0 3 16 46 56 57
5 0 0 0 0 0 1 9 29 36 37
6 0 0 0 0 0 1 4 15 20 20
log
H
| % to water -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 13 13 13 13 13 12 9 5 4 3
1 13 13 13 13 13 12 9 5 4 3
2 13 13 13 13 12 12 9 5 4 3
3 12 12 12 12 12 1 9 5 4 3
4 1 1 1 1 1 10 8 4 3 3
5 8 8 8 8 8 7 6 4 3 3
6 7 7 7 7 7 7 6 4 3 3
log
H
% to sludge -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0
3 3 3 3 3 3 3 3 3 3 3
4 16 16 16 16 16 16 16 15 15 15
5 47 47 47 47 47 47 46 45 45 45
6 72 72 72 72 72 72 71 69 67 67
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log
H
|% degraded -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 87 87 87 87 87 85 72 41 30 29
1 87 87 87 87 87 85 72 40 30 29
2 87 87 87 87 87 85 72 40 30 29
3 85 85 85 85 84 82 70 39 29 28
4 73 73 73 73 73 71 61 34 26 24
5 45 45 45 45 45 44 38 22 17 16
6 21 21 21 21 21 21 19 12 9 9
log
H
| % removal -4 -3 -2 -1 0 1 2 3 4 5
log Kow 0 87 87 87 87 87 88 91 95 96 97
1 87 87 87 87 87 88 91 95 96 97
2 87 87 87 87 88 88 91 95 96 97
3 88 88 88 88 88 89 91 95 96 97
4 89 89 89 89 89 90 92 96 97 97
5 92 92 92 92 92 93 94 96 97 97
6 93 93 93 93 93 93 94 96 97 97
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Appendix R.16-4: Connection to Sewage Treatment Rids in Europe

Default STP Connection Rate

Marked improvements in overall EU wastewater coitec(+22% relative to 1992) and treatment
(+69% relative to 1992) will follow full implementian of the Urban Waste Water Treatment
Directive (91/271/EEC) in 2005 (see Figure 1). Ebefore 2005, a provisional figure is indicated
for interim use as substantial increases in wagtweollection (+12%) and treatment (+40%)
capacity have already been reported from acrosElthé rojected wastewater treatment capacity in
the EU as a whole for 2000 is greater than baseliganic loadings (i.e., 106%), although this is
not uniformly distributed throughout the EU. Anenin figure of 80% connection to wastewater
treatment is therefore proposed for the generimred\ figure of 90 - 95% is also proposed for use
following full implementation of the UWWTD. This oawides with the likely ultimate degree of
connection and treatment capacity for urban regidrise EU.

Figure R. 16-16 Development in Collection and Traeent Capacity EU14 (Source: EC,
1999)12.
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Historical Data

Data on the proportion of the total population aeeted to wastewater treatment in individual MS
in the period 1970-95 are presentedTable R.16-23 The population weighted average for the
whole of the EU15 in 1995 was 73%. Although theeaappt degree of connection to wastewater

12 Eyropean Commission (1999). Implementation of@ilDirective 91/271/EEC of 21 May 1991 concernimgan
waste water treatment as amended by Commissiorctiviee98/15/EC of 27 February 1998. Summary of the
measures implemented by the member states andiemsesof the information received pursuant to Aetit7 and
13 of the directive. Available on European UnionUjEweb-site at http://www.europa.eu.int/water/water
urbanwaste/report/report.html.
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treatment is low in some countries, its absences du# necessarily always imply inadequate
treatment or direct discharge. For example, thepgntn of the population with individual
arrangements such as septic tanks has been re@mt@d% inGreece, 23% in France, 22% in
Finland, 12% in Portugal, 7% in Germany, 6% inyitdl.5% in the UK, 1.5% in the Netherlands,
1% in Spain and 0.5% in Luxembourg (EWWG, 1997)

Table R.16-23 Proportion of the Population servedya Wastewater Treatment Plant
(Eurostat/EC/EEA, 1998)

Member State Year

1970 1980 1985 1990 1995
Belgium 4 23 - - 27
Denmark 54 - 91 98 99
Germany 62 (West) 80 (West) 84 (West) 86 89
Greece - 1 10 11 34
Spain - 18 29 48 48
France 19 62 64 68 77
Ireland - 11 - 44 45
Italy 14 30 - 61 61
Luxembourg 28 81 83 90 88
Netherlands - 73 87 93 96
Austria 17 38 65 72 76
Portugal - 2 4 21 21
Finland 16 65 72 76 77
Sweden 63 82 94 94 95
UK - 82 83 87 86

Urban Waste Water Treatment

Details of the current situation within the EU raléhat there are 17,351 agglomerations of more
than 2,000 p.e. in the 14 member states excludalg (EC, 1999). This represents a total organic
loading of 424 million p.e. relative to an actudUE population of 314 million. Data from a
different source indicate an organic load of 108iomi p.e. (in Italy (EEWG, 1997)).

It is notable that relatively few countries (i.6reece, Spain, Portugal and the UK) have designated
coastal/estuarine areas as less sensitive. Disshanysuch areas are subject to less stringent
requirements regarding treatment (i.e., primany)ple. terms, this corresponds to <9% of organic

loads.

Details of developments in the capacity of collegtsystems conforming to the provisions of the
directive are presented Figure R.16-16 The projected increase in capacity in terms aohlie
p.e. (81 million) and percent (+22%) between thsebae situation in 1992 and the final situation
after implementation of the directive in 2005 idstantial. More marked increases are projected for
individual MS such as Spain (+113%), Ireland (+346d Portugal (+76%). Separate data for
Italy indicate an increase in collection capacify7é6 from a baseline of 95 million p.e. to 102
million p.e. in 2005 (EEWG, 1997).
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