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ABOUT THE OECD

The Organisation for Economic Co-operation and Development (OECD) is an
intergovernmental organisation in which representatives of 34 industrialised countries in
North and South America, Europe and the Asia and Pacific region, as well as the European
Commission, meet to co-ordinate and harmonise policies, discuss issues of mutual concern,
and work together to respond to international problems. Most of the OECD’s work is carried
out by more than 200 specialised committees and working groups composed of member
country delegates. Observers from several countries with special status at the OECD, and
from interested international organisations, attend many of the OECD’s workshops and other
meetings. Committees and working groups are served by the OECD Secretariat, located in
Paris, France, which is organised into directorates and divisions.

The Environment, Health and Safety Division publishes free-of-charge documents in ten
different series: Testing and Assessment; Good Laboratory Practice and Compliance
Monitoring; Pesticides and Biocides; Risk Management; Harmonisation of Regulatory
Oversight in Biotechnology; Safety of Novel Foods and Feeds; Chemical Accidents; Pollutant
Release and Transfer Registers; Emission Scenario Documents; and Safety of Manufactured
Nanomaterials. More information about the Environment, Health and Safety Programme and
EHS publications is available on the OECD’s World Wide Web site (www.oecd.org/ehs/).

This publication was developed in the IOMC context. The contents do not necessarily
reflect the views or stated policies of individual IOMC Participating Organizations.

The Inter-Organisation Programme for the Sound Management of Chemicals (IOMC)
was established in 1995 following recommendations made by the 1992 UN Conference on
Environment and Development to strengthen co-operation and increase international co-
ordination in the field of chemical safety. The Participating Organisations are FAO, ILO,
UNEP, UNIDO, UNITAR, WHO, World Bank and OECD. UNDP is an observer. The
purpose of the IOMC is to promote co-ordination of the policies and activities pursued by the
Participating Organisations, jointly or separately, to achieve the sound management of
chemicals in relation to human health and the environment.
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This publication is available electronically, at no charge.

For this and many other Environment,
Health and Safety publications, consult the OECD’s
World Wide Web site (www.oecd.org/ehs/)

or contact:

OECD Environment Directorate,
Environment, Health and Safety Division
2 rue André-Pascal
75775 Paris Cedex 16
France

Fax: (33-1) 44 30 61 80

E-mail: ehscont@oecd.org
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FOREWORD

This document is Annex 2 of a report of the WHO OECD ILSI/HESI International Workshop on Risk
Assessment of Combined Exposures to Multiple Chemicals which was held on 15-16 February 2011 in
Paris, France. The workshop was held following the proposal from the 45th OECD Joint Meeting of the
Chemicals Committee and Working Party on Chemicals, Pesticides and Biotechnology in February 2010.

This document is published under the responsibility of the Joint Meeting of the Chemicals Committee
and the Working Party on Chemicals, Pesticides and Biotechnology of the OECD.
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ANNEX 2

SESSION A PRESENTATIONS

lllustration of the WHO Combined
Exposures Framework: A tiered and
integrative approach to exposure and
hazard

Marcel T.M. van Raaij, Ph.D.

National Institute of Public Health and Environment
(RIVM), The Netherlands
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Contents

* How the framework was created
+ Basic principles of the framework
+ Examples of tiered system

- Examples for exposure

- Examples for hazard

The International Programme

on Chemical Safety (IPCS)

Harmonization of approaches to the assessment of risk from
exposure to chemicals

The International Programme on Chemical Safety (IPCS)
(WHO/ILO/UNEP) is leading a projectto harmonize approaches to
the assessment of risk from exposure to chemicals. The goal of this
projectis to globally harmonize approaches to risk assessment by
increasing understanding and developing basic principles and
guidance on specific chemical risk assessmentissues.
Harmonization enables efficient use of resources and consistency
among assessments.

COMBINED EXPOSURES TO MULTIPLE CHEMICALS

18
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Workshop Washington DC, March 2007

» “Aggregate” Exposure
- Combined exposure to a single agent from various sources
» “Cumulative” Exposure

- Combined exposure to multiple agents with a similar working
mechanism

» Combitox

- Combined exposure to multiple agents with or without similar
working mechanisms

+ Complex mixtures

Public Comments

+ Late 2009: draft framework has been opened for public
comments

* Framework has been adapted based on comments
received

* Framework is not designed to be a detailed descriptive
procedure but to provide a general philosophy how to
approach (risk) questions associated with combined
exposures.
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Framework
General Philosophy

Qverall Approach

Points of consideration

Case Studies

[llustration of the framework

WHO framework (1)

» Consideration of a common assessment group is
dependent not only on potential risk but also on purpose
(priority setting, screening, QRA) and focus (e.g. local,
national) of the assessment

+ Tailored approach in order to ensure no more resources
are invested than necessary (iterative process)

20




ENV/JIM/MONO(2011)10/ANN2

WHO Framework (2)

* What is the nature of the exposure and are key
components known, or are data on the hazard of
the mixture available

* |s exposure unlikely taking into account the context

* |s there a likelihood of co-exposure within a relevant
timeframe ?

* What s the rationale for considering compounds in
a common assessment group

General issues

» “Aggregate” exposure is really an ‘EXPOSURE problem.
« The otherissues are ‘TOXICOLOGICAL' problems

» Adequate exposure assessment is essential

* Terminology issues:

- Single Chemical, all routes
- Multiple Chemical, Multiple routes
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Tiered Exposure
Assessments

Tier0

Simple semi-
uantitative estimates|
of exposure

!

Tier1

estimates

1

Tier2

increaseduse

Increasing refinement of exposure

1

Tier3
Probabilistic exposure
estimates

enericexposure scenarios)
using conservative point

Refined exposure assessment,

of actual measured data

Problem Formulation

Nature of exposure?

Is exposure likely?

Co-exposure within a relevant timeframe?
Rationale for considering compounds in an
assessment group?

Tiered Hazard
Assessments

Assessment

Tiero
Default dose
additienforall
cempenents

1

Tierl
Refined potency based
onindividual POD,
refinement of POD

1

Tier2
More refined potency (RFP) and
groupingbased on MOA

!

Tier3
PEPK or BBDR; prebabilistic
estimates of risk

Yes, no further
action required

~ T -

Isthe margin of
exposure
adeguate?

No, continue with iterative

refinement as needed
i.e. more complex exposure &

piezey jo juswauyss Juisesasu|

hazard models)
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WHO Framework (3)

Tiered Exposure
Assessments

Tier 0
Simple semi-
guantitative
estimates of
EXposure

!

Tier 1
Generic exposure
Scenarios using
conservative point
estimates

|

ier
Refined exposure

I

Tier 3
Probahilistic exposure
estimates

Increasing refinement of exposure models

assessment, increased use
of actual measured data

Tiered Hazard
Assessments

Yes, no further
action required

~. T

Tier 0
Default dose

addition for all
components

!

Tier 1
Refined potency based

e——r | Isthemargin | [ igviual PoD,
of exposure refinement of POD
adequate?

!

Tier 2
More refined potency (RFP)
and grouping based on MOA

]

Tier 3
PBEPK or BBDR; probabilistic
estimates of risk

No, continue with iterative

refinement as needed
i.e. more complex exposure

S|apow pJezey jo Juswauyal Buisealou)

.
-

&hazard models
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Tier O

» Exposure
- Simple semi quantitative estimates of summed exposure
+ E.g. ranking of Canadian Domestic Substances List
+ E.g. Budget NMethod for Food Additives
+ MSDI for Flavourings
* Hazard
- Assume dose addition for all components

- Assume equipotency
+ E.g. Hazard Index

- TTC Concept

Example Tier 0 Exposure

‘Budget Method” used for Food Additives
« Not actual exposure but conservative screening tool
* Uses a number of default assumptions, e.g.

- Physiological needs

- Energy density of food

» Calculation by:
1. Maximum amount of food and drinks consumed
2. Maximum levels in foods en drinks
3. Proportion of food that can contain additive
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lllustration: Ponceau 4R (E124)

« Max. uselevel food: 50-500 mg/kg

- 500 mg/kg only in specific food category
(decorations, sauces, pickles)
second maximum level: 300 mg/kg

+ Max. uselevel drinks: 200 mg/L (adults)

« Proportion of foods and beverages for adults that
can contain additive: 25 %

300 x 0.025 x 0.25+ 200 x 0.1 x 0.25 = 7 mg/kg bw/d
N AN J
NG N

food drinks

Example Tier 0: Hazard

* Assume all compounds in the mixture to be equipotent
(to the most potent compound known).

* Use Hazard Index

Exposure A Exposure B Exposure C
+ + <1

TDIA TDI B TDIC
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Tier 1

« Exposure
- Generic exposure scenarios using conservative point
estimates

+ E.g. Summation of deterministic estimates for all components of
the common assessment group

+ E.g. default values for use of cosmetic products per day
* Hazard
- Assume dose addition for all compenents

- Refine relative potencies (gross toxicity outcomes, NOAEL,
BMD)

» E.g. Point Of Departure (POD) index instead of Hazard Index

Example Tier 1: Exposure

» Aggregate exposure to Carvone (conservative point estimates)

» Exposure through natural products (herbs, cabbage etc)
- NFCS data: 0.0004 mg/kg bw/day
» Exposure as food additive (beverages, biscuits, candy etc)
- Annual production/survey: 0.04 mg/kg bw/day
« Exposure through personal care products (toothpaste, soap etc)
- Indicative data EU monograph: 0.0006 mg/kg bw/day
» Exposure as pesticide (e.g. potatoes)
- Unpealed potatoes NFCS data: 0.012 mg/kg bw/day

« Total deterministic exposure = 0.053 mg/kg bw/day (sum)
» Because Acceptable Daily Intake (ADI) is 0.025 mg/kg bw/day
— refinement is needed.

Source:RIVM report 320108002/2009; Wolterink et al.
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Example Tier 1: Hazard

* If dose additivity is still assumed
* Use refinement in hazard starting points

- Use Point of Departure instead of TDI/ADI/RfC
* Use Point of Departure Index (PODI)

- Use BMD or NOAEL for specific toxic endpoint

- No Assessment Factors
- Use the same toxicological endpoint for all compounds

Exposure A Exposure B Exposure C
+ + <1
POD A POD B PODC
Tier 2
» Exposure

- Refined determinstic exposure (not worst case; more realistic);
needs more input information

- More incorporation of measured data
- Still use summation for total exposure
» Hazard
- Use more specific information on Mode of Action
« Critical evaluation of assessment group
- Use relative potencies (RPFs), preferably by BMD analysis

- Use index compound: express the concentrations of all compounds
in equivalents of the IC
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Relative Potency Factors (OPs)

BMD,,'s for
Male Brain ChEIl Data

1000

o +

T

BHMD, s
(9% confidence limits)
»
¥
-
L
L ]
L
[o——
-
——
+
¥

Chemical Name

* BMD, /s calculated from basic model
= Index chemical
* BMD10's calculated from expanded model

Tier 3

« Exposure
- Probilistic exposure assessment
- Use distributions of exposure factors / parameters
- Use actual data as much as possible
- Relevant populations
« Hazard
- Mode of Action considerations
- Possibly PBPK madelling or PBPK — PD modelling
- Possibly probabilistic estimates of hazard
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EFSA opinion Triazoles tiered approach

Deterministic; MRL or field trial in combination with average or Worst
large portion size data ors

!

Deterministic; mean and highest monitoring values in
combination with consumption data

L

Deterministic; include processing factors

v

Probabilistic distributions, distributions

v v

Probabilistic; fraction of population instead of persons days Realistic

case

Aims (adjusted) of this study

» |s probabilistic assessment possible and can it be used at the
international level addressing both acute and chronic toxicity. Are
those models applicable for calculating actual exposure using
monitoring data as well as potential exposure as a consequence of

the process of MRL setting

- Compatibility of databases and models at the EU-level
- Statistical models for cumulative assessment

- Uncertainty analyses
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Probabilistic modelling (exposure)

residue consumption
database database

———c _Jc _—_t—t——2 ‘-

[ik:)
35 B -4 a1

99, 99.9, and/or 99.99 percentile
MCRA Software platform

Converting toxicity into RPFs (1)

Acute toxic effects
+ Common effect is cranio-facial malformations

* Index compound flusilazole
Chronic toxic effects

+ Common effect is hepatoxicity
* Index compound cyproconazole
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Converting toxicity into RPFs acute (2)

Compound BMD NO(A)EL (RPF)
RPF

Flusilazole 1.0 1.0
Bitertanol 2.1 1.7
Cyproconazole 2.2 4.2
Diniconazole 1.0 0.6
Epoxiconazole 1.5 0.8
Propiconazole 0.1 1.7
Triadimefon 1.2 1

Calculations possible in different countries

All residues
Residue per country pooled

Exposure {ug/kg bw/d}
Exposure {uglkg bwid)

FR
LR

Country

SE UK

30



ENV/JIM/MONO(2011)10/ANN2

Example Tier 3

* Integrated Probabilistic Risk Assessment (IPRA) model

+ Combined probabilistic assessment for both exposure
and Hazard

- Van der Voet el al. (2009); Fd Chem Tox 47

IPRA Model overview (food example)

Exposure

Distribution

Prob.Exposure

Assessment

Consumption | Concentratio Processing Dose Effect | Critical Effect Intespecies Intraspecies
data nin food Factors data animal Size (Bench SETELTE \ariation
Mark)
................ i SRS SO e v S U
- Critical Effect Dose
. Chelinni_al ) (BMD)
oncentrationin -
; Critical Effect Dose
: Animal
ProcessedFoods (BMD)
/ L Human

\_

Prob.Hazard
Assessment

Distribution of
Individual CED

Human

Distribution of Individual Margin of Exposure (IMoE)
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IPRA example OPs: IMoE results

MMP equivalents
pirimiphos-methyl |
omethoate |
azinphos-methyl |
fenthion |
dichlorvos |
methidathion |
phosmet ]
chlorpyrifos ]
dimethoate

monocrotophos
chlorfenvinphos |
methamidophos |
acephate |

il

10 100 1000

10000

100000

Individual Margin of Exposure

Bosgra et al. (2009); Reg. Tox. Pharm. 54

WHO Framework

Tiered Exposure
Assessments

Tier 0
Simple semi-
guantitative
estimates of
EXposure

!

Tier 1
Generic exposure
Scenarios using
conservative point
estimates

ier2
Refined exposure

of actual measured data

I

Tier 3
Probahilistic exposure
estimates

Increasing refinement of exposure models

assessment, increased use

Yes, no further
action required

S~ T

Is the margin
of exposure
adequate?

No, continue with iterative

refinement as needed
i.e. more complex exposure

Tier
Mare refined potency (RFP)
and grouping based on MOA

Tiered Hazard
Assessments

Tier 0
Default dose

addition for all
components

!

Tier 1
Refined potency based
on individual POD,
refinement of POD

!

2

]

Tier 3

PBEPK or BBDR; probabilistic

estimates of risk

1000000

S|apow pJezey jo Juswauyal Buisealou)

-

&hazard models

32



ENV/JIM/MONO(2011)10/ANN2

Thank you for your attention

erc
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WHO Combined Exposures
Framework
lllustrative Case Study

uOttawa

L'Université canadienne
Canada’s university

M.E. (Bette) Meek

MclLaughlin Centre
University of Ottawa
bmeek@uottawa.ca

Université d'Ottawa | University of Ottawa

uOttawa.ca

Outline

* WHO IPCS Framework
— Objectives
* Building on Existing Methodology for
Consideration of Combined Exposures
* Incorporating Recent Developments in
Assessment to Increase Efficiency
— Illustration of Generic Aspects of the Framework
by Detailed Case Study
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Assessment for Combined Exposures
State of the Art

inadequale —
Assess Data Quality 4 I Only Qualitative Assessment |

«— adequale —
Components

inhole Mixture

Sufficiently Group of
Mixture Toxicologically To co\og\caHy "
Similar Similar Interaction s
<ofConcenD< Mt e ) (Mlxtures Similar In pendeﬂt

Mliztu re \

RFDIC;

Slope Comparative Environment

Factor Potency Transformatio Relative Interactions
Hazard Paotency Response Hazard

/ \ Index Factoy Addition Index

Dose Addition | Independent Joint Action | Interaction (> or <

dose addition)

Dose Addition

Rm e
Hazard Index,
RETETETEE DHSH HI= Z estimated intake;,
i=1 RDi
Phint of Dt PODI = Z estimated intake;
Index PODI
n

Toxic Equivalency TEQ= Z% Cix TEF; NOAFL/BNIC

| =

i Dose
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"Revised Terminology

e "Single Chemical, All Routes”

* "Multiple Chemicals”, “"Single” or "Multiple Routes”

e (Combined)"Assessment Group”

* “"Dose additive” —same mode of action

* “Independent Joint Action” - independent modes of
action or different target

e "Departing from Dose Additivity”
— Interactive effects
* Synergy/antagonism

" Objectives of the WHO IPCS "Combined
Exposures” Framework

* Provides overview harmonizing construct

— Builds upon other related initiatives and methodologies
» Consideration of an assessment group based on:

— purpose

— focus (e.q., local, national)

* Designed to maximize efficiency in the
consideration and generation of information,
depending on:

— the potential risk and objective of the assessment
— conservative less data dependent initial tiers; more data

and labour intensive subsequent tiers
— interpretation based on explicit delineationaofuncertainty
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Contents of the Framework

e When to conduct a combined assessment

* Generic description of the framework approach
— Hierarchical structure with iterative consideration of
exposure and hazard
— Initial tiers are conservative and less data dependent; later
tiers require more data and are labour intensive
* Three case studies (examples, only)

— Priority setting for drinking water contaminants
— Full assessment on conazoles

Screening assessment on PBDEs

Problem Formulation
Nature of exposure?
/s exposure likely?
Co-exposure within a relevant timeframe?
Rationale for considering compounds in an
assessment group?

Increasing refinement of exposure

Tiered Exposure
Assessments

Tier0

Generic expasure
SCenarios using
conservative paint
estimates

[l

Tier2
Refined exposure
assessment, increased use
of actual measured data

[l

Tier 3
Probahilistic exposure
estimates

Assessment

Yes, no further

Simple semi- : : Default dose
quantitative action required addition for
estimates of \ companents
ExPOSUre ﬁ / @
Tier 1 Tier1

Is the margin
of exposure
adequate?

No, continue with iterative

refinementas needed
i.e. more complex exposure

Tiered Hazard
Assessments

Tier0

Refined potency based
on individual POD,
refinement of PCD

4

Tier2
More refined potency (RFF)
and grouping based on MOA

4

Tier3
PEFK or BEDR; prohabilistic
estimates of risk

pJezeL| Jo JusLlsUyal Buiseslou]

& hazard models)
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Background — Case Study
* PBDEs used as:
— Flame retardants in consumer products

* Internalelectrical/electronic components and casings
in household appliances/electronics, furniture
upholstery, wire and cable insulation

* 3main commercial mixtures containing 7 isomers used in
Canada

— ComPeBDE (mixture, 4 — 6 bromines)
— ComOcBDE (mixture, 6-9 bromines)
— ComDeBDE (mixture, 9-10 bromines)

* Considering risk to population in the general environment &
consumer products (screening)

Case Study -Tiered Exposure and Hazard Considerations - PBDEs

Problem Formulation
Nature of exposure?
Is exposure likely?
Co-exposure within a relevant timeframe?
Rationale for considering compounds in an
assessment group?

Increasing refinement of exposure

Tiered Exposure
Assessments

Tier0
Simple semi-

_ Tier1
Highestvalue for

conservative point [ — i —
estimates from all of exposure
mediaforf age groups adequate?

Assessment

Yes, no further
action required

Is the margin

No, continue with iterative

refinementas needed
i.e. more complex exposure

Tiered Hazard
Assessments

Tier0
Patency for most

quantitative sensitive
estimates of endpoint for most

exposure \ ﬂ / taxic of 7
ﬂ congeners based

on LOEL

pJezZEL| JO JusaUyal Buisealou]

-
=)

& hazard models)
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2 Problem Formulation:
onsidering a Framework Analysis for a Combined
Assessment Group

* |sexposure likely taking into account the context?
— E.g., based on consideration of use profile, environmental
dilution/degradation, substance not absorbed?)
Yes. General population exposed through direct contact
with PBDE containing products

* |sthere alikelihood of co-exposure within a relevant time

frame?
— E.g., based ontemporal aspects, both external exp. and

toxicokinetics and —dynamics

Yes. There is overlap in congeners with commercial
mixtures and reason to believe that their kinetics will be
similar, based on similarity in physiochemical

propetrties.

11

em Formulation: Considering a Framework Analysis
for a Combined Assessment Group (Cont’d)

* Whatis the rationale for considering compounds in

an assessment group?
— E.g., based on information on chemical structure (SAR,

QSAR, structural alerts)
— Hazard or other biological data (tox or efficacy)

* Sametarget organs

* Same biological outcome

* Sameintended use target of the chemical
— (e.g. anti-oxidant use in fat, moulting inhibitars)

The assessment group contains 7 isomers with identical base structure,
overlap in congeners with the commercial mixtures, similarities in uses
and common target organs. Physicochemical properties and toxicity
vary in predicted fashion with increasing degree of bromination.
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Case Study -Tiered Exposure and Hazard Considerations - PBDEs

Problem Formulation
Nature of exposure?
Is exposure likely ?
Co-exposure within a relevant timeframe?

Rationale for considering compounds in an

assessment group?
Assessment

Tiered Exposure
Assessments

Yes, no further
action required

T &~

Tier0
Simple semi-
quantitative
estimates of
exposure

[l

Tier1
Highestvalue for

consenvative point | — Isthe margin P—
estimates from all of exposure
mediafor6 age groups adequate?

Increasing refinement of exposure

No, continue with iterative

refinementas needed
i.e. more complex exposure

Tiered Hazard
Assessments

Tier0
Paten cy for most
sensitive
endpointformost
toxic of 7
congeners based
on LOEL

& hazard models)

Tiero

Exposure
* Relative ranking of all Existing Substances in

Canadaduring

pJezeL 40 Juswsuya. Buisealou|

-+
w

categorization, based on limited information provided for all:

— quantity (estimated annual quantity of use, Q),
— number of submitters (S)

— use (sum of normalized expert ranked use codes,

workshops

U), reflecting two

e “Ground-truthed”against more robust and recent data on

use
— Commercial chemical profiles
— Mandated use surveys

40
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Potential for Exposure (Greatest,
Intermediate & Lowest)

Quantity Number of | Sum of Expert
(kg/year) |Submitters | Ranked Use
Codes
GPE >100000 | Top 10% Top 10%
IPE >10 000 n.a. Top 30%
LPE All All All
i Use x PE
i=1

“Tiero

Exposure

* Fourcongeners considered to present “lowest potential for
exposure” of the general population (TeBDE; PeBDE;
HxBDE;HeBDE)

* Three congeners considered to present “intermediate
potential for exposure” of the general population (OcBDE;
NoBDE; DeBDE)

e Summedsemiquantitative benchmarked measures of

gexposure

— % (use xrelative ranking for PE ) normalized to quantitative
estimates for Priority Substances with similar profiles

16
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Case Study -Tiered Exposure and Hazard Considerations - PBDEs

Problem Formulation

Nature of exposure?

Is exposure likely ?

Co-exposure within a relevant timeframe?
Rationale for considering compounds in an
assessment group?

Assessment

Tiered Hazard
Assessments

Tiered Exposure
Assessments

Yes, no further Tier0

TierQ

Simple semi- ; f Potency for
quantitative action reqUIrEd most sensitive

gstimates of endpoint for
eXposUre \ ﬁ / most toxic of 7

ﬂ congeners
Tier based on LOEL

Highestvalue for

consenvative point | — Isthe margin P—
estimates from all of exposure
mediafor6 age groups adequate?

Increasing refinement of exposure

No, continue with iterative

refinementas needed
i.e. more complex exposure

pJezeL 40 Juswsuya. Buisealou|

-
-l

& hazard models)

Tiero

Hazard

* Not possible to develop a hazard index, due to lack

of reference doses

n u 3
estimated intake;
Hi= 2 gL
1 RfDi

* Arrayed the data to consider lowest reported effect

level for most toxic congener

18
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0 —Identifying Lowest Effect Levels —
ample of Supporting Data

Bt
iy

Carcmognicty!
e ooty

Corpersten, 20013

19

Tier 0 — Conservative Estimate of Hazard —
Summary of Lowest Effect Levels

Congener Group | LOEL (mg/ke Reference
bw/day)

HxB 0.9
HeB —
OcB —
NoB =
ComPeB 2
ComOcB 5

ComDeB, DeB 2.2

Developmental: behavioural
(mouse)

Developmental: behavioural
(mouse)

Developmental: behavioural
(mouse)

Liver histopathology: subchronic
dietary study (rat)

Liver weight: subchronic dietary
study (rat)

Developmental: behavioural
(mouse)

43

E et al.(2001)
E et al. (1998, 2001)

Vet al. (2002)

GLCC (undated)
GLCC (1987)

Vet al. (2001a,b,
2003); V (2002) 20
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Hazard

e (ritical Effect Level — conservative value for lowest effect
level for most toxic congener (PeBDE) (0.8 mg/kg bw/day)
— Neurobehavioural effects in neonatal mice (single oral dose postnatal
day10)

— Supported by evidence of similar effects in mice exposed by maternal
administration and neonatal mice administered tetra, hexa or deca
congeners by the same investigators

Lower effect level (0.44 mg/kg bw/day) for ComPeBDE for alterations
in hepatic enzyme activities not confirmed by histopathological
changes at this or higher doses

21

ier o (Continued)

Risk Characterization/Uncertainties

e Summed semiquantitative benchmarked measures
of exposure > lowest observed effect level for the
most toxic congener

* Need for higher tier assessment

» Very conservative estimate of exposure

— Semi-quantitative exposure based on limited data

22
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Case Study -Tiered Exposure and Hazard Considerations - PBDEs

Problem Formulation
Nature of exposure?
Is exposure likely ?
Co-exposure within a relevant timeframe?
Rationale for considering compounds in an
assessment group?

Tiered Exposure Assessment Tiered Hazard
Assessments Assessments

Yes, no further

TierQ Tier0

Simple semi- : H Paten cy for most
quantitative action reqUIrEd senysnwe
gstimates of endpointformost
eXposUre \ ﬁ / toxic of 7
ﬂ congeners based

Tier1 on LOEL

Highest value for
conservative point
estimates from all
mediafor 6 age
groups

- Is the margin -
of exposure

adequate?

No, continue with iterative
refinementas needed

i.e. more complex exposure
& hazard models)

Increasing refinement of exposure
plezey jo juawauyel Buiseslou)

T
w

Tier1

Exposure

* Upperbound estimate of daily intake of total PBDEs
by 6 age groups of the population (0.2 to 0.6 ug/kg
bw/day), based on:

— Disparate monitoring data in ambient and indoor air,
water, various foodstuffs, human breast milk and dust

— Standardreference values for intakes, body weights, etc.
— Inseparate scenarios, considered also:
e atraditional “country food diet”

* estimated intake from dermal contact with household
products
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ler 1 - Upper Bound Estimate of Exposure

1 Appendix to case-study A on PBDEs: Supporting data

Table 3: Upper-bounding estimate of PBOE daily intake for the general population.

Route of Estimatod intake {ugkg-bw por day) of PBDEs by various age grocups

exposure 0§ manths” G5dyears’ S 1fyoars’ 12-TGyoars  20-50 yoars® 604 yowrs’
Formuta fod®  Broastfed” Mot formus fod

TT=10" TTewt [EEET 132007 7m0’ 63x10"

d4ax10" Ads 10" B83x10" 73s10" a1 =10 a6 =10™

o
s2=10" s59=10" 4g=10" 26107 28=w"  28=1w”
28
200107 s8x 10" ELER LER 260107
3% 10 310" 122107 28 m" 24=10" 23
26 asw10™ 60=107" 30=10" 28107
21m

i D.2 tresuday (ot formula fec) and i ngest )Dmgn‘snln!unyﬂrraumﬂncf

520 Frants are mewisred 10 hew 078 kp of formuia per day, TeBOE to HEBDE congeners were idertfied in & Composite

Samile o baty formua ata valon f 14 RO Ry ted). Thia siudy was ihe cnly daia pomt for the medum

T Sum of the max) Mmm/‘e’l-&f&ol’T@BCE}cvﬁDE’UeNf@c N T2 SAMpkes of MUMan Dreds! Mik colectad in 1990 in Canaaea wis 589 nox 18t

1l (Ryan's Patry, 2001a, 2001t Ryen etal, 2002, 20025 Buemaled chicren 0-6 morihe cf age are sssuned o have an miake ot ct0 75 kg ofEreent

2 il pet cdy {Heamn Cansda, 9‘33\ ‘IQLI!'EMFQ\O‘ human Deeast milk nas Deen est l\d'h USE| J\ DZ

3 NOBUE of DeEDE in human ik wesi der tfed. Data coneidred i the seecton of rca inchuded Da 258, 200%) Ml
{1998), {2000), Stra (2000), Adurna o al [2001), Papke e al (2001], Hor o urmn,uu-.m. Guwelmr\[l.uﬁ

. 1o breaine 9.3 " of ai per day, to crink 0.7 res of water per day and 1o ingest 100 mg of scd per day. Consumption of food
ih Canacda (1598)
43, to breatne 145 m® af sir per day, ta dink 11 itres of waler Ber day and 1o ingest 65 mg of sail per day. Consumetin of lood

8 m® af air pot day. to drink 12 ires of water per day and ta ingest 30 mg of sail per day. Gonsumpton of food

oo (1994}
kg, 1a breatne 16,2 m" af sir per day, t0.drink 1 5 fitres. of water per day and to ingest 30 mg of ol per day. Consumption of food
A" Canacs [1998)

20 kg, 1o breathe 143 m® of ai pet day, to dinik 1.8 ftres of waler per day and 1o ingest 0 mg of ol per day, Consumption of food
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sample Calculations (Degree of Conservatism)

* 6 age groups of the population including 3 subsets of
infants (formula fed, breast-fed, non-formula fed)

» General and likely highly exposed populations

e Sum of the maximum concentrations of measured
congenersin human milk

e Foreach of 8 food groups, assumed highest
concentrations of the sum of PBDEs in analyzed
fooditems in that group

» Maximum value of group (PBDEs) in surface water

¢ Maximum sums of measured PBDEs in ambient,
indoor air and housedust
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Tier 1

Risk Characterization/Uncertainties

= Margin between critical effect level and upper bound deterministic
estimate of exposure

— intakeof total PBDEs for the most highly exposed subgroup of the population
(breastfedinfants):

= 0.8 mg/kg bw/day

2.6 ug/kg bw/day
=300
* Margin considered adequate in context of degree of conservatism (i.e.,
uncertainty)
— Critical effectlevel was for most sensitive effect for most toxic congener;
effectsin chronicstudies were 100 x greater

— Largeinterindividual variability in PBDEs in breast milk

*« Mean& medianlevels 400 & 200 fold < than maximum levels used in

estimates

— Increaseinbody burden of PBDEs over time (gx between 1992 & 2001) =

Case Study -Tiered Exposure and Hazard Considerations - PBDEs

Problem Formulation

Nature of exposure?

Is exposure likely?

Co-exposure within a relevant timeframe?
Rationale for considering compounds in an
assessment group?

Tiered Exposure Assessment Tiered Hazard
Assessments Assessments

Tier0 Yes, no further Tier0
Simple semi- . H Patency for most
quantitative action requ”ed sensitive
estimates of endpoint for most

exposUre toxic of 7
ﬂ congeners based
Tier1 on LOEL

Highestvalue for
conservative point
estimates from all
mediaforf age groups

Is the margin
of exposure
adequate?

No, continue with iterative
refinementas needed

i.e. more complex exposure
& hazard models)

Increasing refinement of exposure
plezey jo juswaulel Buisesiou]

=
=]
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4 Learnings from the WHO IPCS "Combined
Exposures” Framework

e Combined assessments sometimes more complex
than necessary

e Limited numbers of examples of combined
assessments from regulatory programs
— Most are component based

* Framework evolves through application
— the European Food Safety Agency
— Stockholm Convention Persistent Organic Pollutants

Review Committee
— Joint OECD/WHO IPCS Workshop

More Information

IPCS Harmonization Website

e http://www.who.int/ipcs/methods/harmonization/ar
ea s/aggregate/en/index.html

Includes:

e Draft Framework & Case Studies

e Report of the 2007 Workshop

— including extended abstracts on methodology used in
variousagencies
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