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The general goal of this discussion paper is to contribute towards further
harmonization of the human health risk assessment. First, it discusses the
development of a formal, harmonized set of assessment factors. The status quo
with regard to assessment factors is reviewed: i.e.. the type of factors to be
identified, the range of values assigned as well as the presence or absence of a
scientific basis for these values. Options are presented for a set of default
values and probabilistic distributions for assessment factors based on the state
of the art. Methods of combining default values or probabilistic distributions of
assessment factors are also described. Secondly, the effect parameter, the No-
Observed-Adverse-Effect Level (NOAEL), is discussed. This NOAEL as
selected from the toxicological database may be a poor substitute for the
unknown, true No-Adverse-Effect level (NAEL). New developments are
presented with regard to the estimation of the NAEL. Finally, a strategy is
proposed for implementation of the new developments into human health risk

assessments.

This work is a collaboration between TNO (Nutrition and Food Research
Institute) and RIVM (National Institute of Public Health and the Environment).
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Risk assessment: an overview

Shown is the EU(European Union) Risk Assessment scheme for new and
existing substances. The risk assessment methodology is laid out in Technical
Guidance Documents and implemented in a PC-program EUSES European
Union System for the Evaluation of Substances).
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Risk characterization

Environmental risk characterization

RCR=LEC
PNEC
i POINT ESTIMATES
Human risk characterization L
/
Mos=—22 Mos=——1%
INTAKE CONCENTRATION

The measure of risk RCR (Risk Characterization Ratio) often is a point
estimate: e.g.. PEC/PNEC for the environment (Predicted Environmental
Concentration/Predicted No-Effect Concentration) and a MOS (Margin of
Safety) for human populations.

TOX = Toxicity parameter such as the NOAEL (No-Observed-Adverse-Effect
Level) of LOAEL (Lowest-Observed-Adverse-Effect Level)

INTAKE = a measured or predicted daily exposure dose which can be taken up
via the skin or orally

The MOS is evaluated taking into account all uncertainties (intraspecies,
interspecies, route-to-route, subchronic to chronic, LOAEL to NOAEL,
inadequacies in database). At this point in time there is no harmonization at
international/EU level with regard to quantification of
uncertainties(extrapolation/assessment factors).
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Disadvantages of point estimates
(Thompson & Graham, Hum. Ecol. Risk Assessm. 2: 1008-1034)

L Itis generally not possrble to deterxmne precrsely where a pomt estimate lies in the range of
" possibilities. . :

2. Use of point estimates may mlslcad nsk managers by producing falsely precrse esumates

3. Use of point estimates may lead to ‘non-optimal decisions. -

4. Useof] pomt estimates eliminates the mcennves for conductmg research that might reduce

uncertainty. = . - R

5. Use of point esnmates lgnores vanabrhty in the populauon and’ thus precludes dlscussmn and

“consideration of inequity in the-distribution of risk in the exposed population.” =~ "

ciivinm

This sheet highlights disadvantages of the use of point estimates for risk
characterization.

Uncertainty =

1. Uncertainty due to natural variability in time or space. Uncertainty caused
by variability cannot be reduced by further research.

2. Uncertainty due to ignorance.
3. Uncertainty due to error.
4. Uncertainty due to choices
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Advantages of probabilistic’ RA

Burmaster, Hum.Ecol. Risk Assess. 2:25-29

The probabilistic framework of risk (Burmnsler, 1996)
Honours the definition of risk. )
2. Includes all information available about uncenmnty and varmbrlny inherent in the nssessment
3. Reveals the compounded conservatism:in the deterministic framework Risk managers and the '
- ‘general public ¢an see the full range of possibilities. "
*. Reveals the nature and the extent of professional judgement in- 2 nsk nssessment
.-.Can ‘indicate the main sources of uncemunty in the. ﬁnnl result, thereby offermg nn efﬁcxenr way to
. refine the assessment.
6. - Re-estnb] ishes the now blurréd: boundnry between risk assessment nnd rrsk management Too ‘often’
"' risk'assessors-use exnggemted point values so the risk’ manager-can' ignore the complexities and
; cos(-eﬂ‘ectrveness of measures. Allows the risk manager to make a.rade-off between the costs of*
typcl errors (rejecting a harmless: snbst:mce) and type 1I errors (nccepung a harmful substance).
: Ulumntely saves money as’ ‘the results are generally less-conservative; yet fully protective. © *. .
~Is closer. to the truth Tbe outpu( is n drsmbunon of porenual risk. Gemng closer to the truth is"”

@

N

Allows for comparmg chemlcnls with dif? nt'.degrees of unceminty - : :
\ctsto rewnrd_ the input of meamred data;: Even.when additional datalead to hxgher PECIPN EC
,muos, theif i enamty mny be lower which may therefore resull in: an- assessment wrth greater -

S conﬁden@:e~ N m

This sheet highlights the advantages of probabilistic risk assessment.
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Example od uncertainty analysis in exposure assessment. The PEC is the point
estimate of exposure. Alternatively this PEC could be a predicted dose.The
PEC shown is on the “unsafe” side. Due to uncertainty there is a 30%
probability that the PEC is “safe”. Environmental variability is represented by
alternative distributions.




Uncertainty in effects assessment
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We cannot usually estimate a risk because impacts are not properly defined.
Currently a no-effect level is estimated by applying assessment factors (10 -
1000) on the results of laboratory tests. The impact of exceedance of this safe
level remains unknown. The diagram shows the desired result of risk
assessment as a hypothetical fraction of the population (humans) or species
(environment) which is exposed above their no-effect level. This result can be
achieved by taking uncertainty and variability into account as will be discussed
further in this presentation.
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Disadvantages

Table I Disadvantuges or costs of probabilistic risk assessment.

3.
4,
5

Costs of probablhstic ri
1.

- stochastic vnrnable"
.Probnb:hsuc methods need many mpm dlsmbuuons ; .
_To work in the probablhsuc framcwork ‘risk assessors,: loxxcologxsts and regnlmors need to'learn

B "vnnables and equauons

Explanations for the limited use of probabﬂlstlc rlsk nssessmcm (Thompson & Graham, 1996): -

I
2.

Lack of (EPA) guidance, -

The existence of eslnbllshed pomt esumales for.some mputs (e B  the Exposurc Factors

Handbook)...
Inexperience with usmg probabxhsuc resulls
Increased legal challenge.

_:Mistrust nnd suspicion:. Risk m:magers mny suspect thnt outcome wnll favour mduslry (perhups just
by delaymg decisions:by- endless’ dlscusswn) or may be womed t.hnt the assessment contnms hldden

; 'nssumpuons .ot hard-to-deétect errors: : S . .

: Dxfﬁculu '

in-risk commumc:m

assessment (Burmaster, 1996)
Pl’Dbllbl]lSUC mcthods need more mcnsured duta to: estimate lhc vanabxhly or uncertmmy m a

Risk mnnagement decisxons are hardert

; :locntnon. and spread of lhe whole dxstnbuno ]

This sheet summarize disadvantages or costs of probabilistic risk assessment.

Risk assessors and managers should discuss advantages and disadvantages to
come to a decision on implementation of such methods.It must be
demonstrated how decision making can benefit from the extra effort needed to
perform probabilistic risk assessment.
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Derivation of a Human Limit Value

May be a poor substitute for the
unknown true No-Adverse-Effect Level

R AL
ADI, TDI,RfD = ,___:Q:O:“%:E:Lfi___
AF AF, AF ..

raditional approach obscures relative
contribution of science and policy judgments

* Inflexible, imprecise assessment factors may result
in limited use of existing knowledge

* Choice of applied factors seldom motivated

ultiplication of worst case factors

The classical derivation of Human Limit Values (HLVs) such as Acceptable
Daily Intakes (ADI), Tolerable Daily Intakes (TDI) and Reference Doses or
Concentrations (RfD, RfC) has several shortcomings.

Assessment factors

Few approaches are based on scientific data, but most methods basically rely
on the arbitrary imprecise 100-fold factor used to derive the Acceptable Daily
Intake (ADI).

The NOAEL

The NOAEL selected from the toxicological database may be a poor substitute
for the unknown, true NAEL..
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Quantification of assessment factors

1. Toxicity profile derived (distributions of) assessment factors
2. Default factors

* Point estimates (e.g.10)

* Database derived lognormal distributions

Interspecies: toxicokinetics and toxicodynamics
Intraspecies: toxicokinetics and toxicodynamics
Sub-chronic to chronic

LOAEL to NOAEL

Route-to-route

riivian

Toxicity derived (distributions of ) assessment factors are always preferred
above default factors.

With regard to default factors it is recommended to investigate the probabilistic
nature of assessment factorsby trying to describe their entire distribution.

Lognormality is assumed for these distributions (based on empirical evidence
and on theoretical grounds)
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Interspecies factor: scaling

Y=aW"

Y = physiological/toxicological characteristic

a = constant
W = body size (weight, surface area)
n =1 (BW) or 0.75 (caloric demand), 0.67 (surface area)

civien

For extrapolation of data from animal studies to humans account should be
taken of species-specific differences between animals and humans. These
interspecies differences can be divided in differences in metabolic size and
remaining species-specific differences. To account for differences in metabolic
size three methods are used in practice: extrapolation based on body weight,
surface area, and caloric demand. These methods can be described by an
allometric equation: for that purpose body weight has to be raised to the power
1,0.67, and 0.75, respectively.

For inhalation NOAELSs for systemic effects no correction is made for
differences in metabolic size, because extrapolation is already based on
toxicological equivalence of a concentration of a substance in the air; animals
and humans breath at a rate depending on their caloric requirements
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