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TK Toxico-Kinetics

TNO Netherlands Organisation for Applied Scientific
Research

TTC Threshold of Toxicological Concern

TTL Threshold Toxicity Level

TWA Time-Weighted Average

UFs Uncertainty Factors

UR Unit Risk

USES Uniform System for the Evaluation of Substances

WHO World Health Organization
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A
NOAEL highest lowest
NOAEL
NOAEL
NOAEL
NOAEL Highest

1 IRIS  Glossary

No-Observed-Adverse-Effect Level (NOAEL): The highest exposure level at which there are
no biologically significant increases in the frequency or severity of adverse effect between the
exposed population and its appropriate control; some effects may be produced at this level,
but they are not considered adverse or precursors of adverse effects.

IRIS Glossary

Critical Effect: The first adverse effect, or its known precursor, that occurs to the most

sensitive species as the dose rate of an agent increases.

2 WHO(2001) p.14 NOAEL
or NOAEC is the highest level of exposure that causes no detectable adverse
alteration or morphology, functional capacity, ******

3 (1997) p.45
NOEL/NOAEL

4 Dourson et al(1983)
These factors are to be applied to the highest valid NOAEL or NOEL which does not have
a valid LOAEL equal to or below it, *****

5. Gaylor et al(2000)
UFs RfD NOAEL
NOAEL, generally that represents the highest dose tested where critical effects were not
demonstrated, or LOAEL



critical effects
critical effect Lowest NOAEL

1 Rhomberg(1995?) p.77
lowest NOAEL
NOAEL highest tested dose at which no -----
Among all data sets, that producing the lowest NOAEL is chosen, and this NOAEL
represents the highest daily administered dose level that was without apparent adverse
effect in all available studies. This is divided -----

2 ECETOC(2003) p.64
p.60 Annex B

Lowest (appropriate) animal NOAEL
p.64
USEPA lowest NOAEL - RfD
p.27 Annex section 2. critical effect
lowest NOAEL relevant

3 ECETOC(1995) p.11

( ) NOAEL - TDI the lowest (appropriate) animal NOAEL
4 (2005)
NOEL NOAEL
NOAEL

5 EC TGD Chapter p.93 Human Health RA
3.4 Dose-Response Assessment
NOAEL dose
highest dose level

NOAEL LOAEL

NOAELs
lowest relevant value

6 EPA(2000) AWQC p.3-18 3.3.2
identifying NOAEL for the most sensitive known toxicity endpoint, at is, the toxic effect
that occurs at the lowest dose. This effect is called the critical effect.
NOAEL (LOAEL) UF MF - RfD

2



7 Vermeire et al(1999) p.459
If within one category (same exposure duration, same test substance, and same species)
more NOAELSs were available, the lowest NOAEL has been used for the selection.

8 Vermeire et al(2001) p.1668 DBP
According to the EU draft risk assessment report(EC 1999) the lowest NOAEL of DBP was
observed,
The lowest dose level of 52 mg.kgbw-1.d-1 chosen as the NOAEL in the EU risk assessment.

9 Jageretal(2001) p.1686 DBP
This factor is applied to the lowest available single-species LC50 or NOEC because it is
assumed that protection of the “most-sensitive organism” protects the structure and
functioning of the entire ecosystem.

10 Speijers(1999)
The allocation of an ADI is in principle based on the most critical (many times the
lowest) no-observed (adverse)-effect level [NO(A)EL] established in toxicological studies in
experimental animals or in humans by applying a uncertainty factor for extrapolation from
animals or humans to the general human population (and for the extrapolation from high to
low intake levels).

On the basis of the most critical (quite often the lowest) no-observed (adverse)-effect level
[NO(A)EL] established in toxicological studies with laboratory animals

RIVM 7 10 critical effect lowest NOAEL

11 Renwick(1993) p.290
The pivotal study and critical effect ( ) will normally be selected as the study which
provides the lowest NOAEL.

12 Swartout et al(1998) Table 1
The lowest NOAEL observed in a set of toxicological studies

13 Felter et al(2002)

p.258
A conservative default NOAEL is used which represents the low end of that potency class.
100-1000pag/cm?2 - 100 default NOAEL
14 Gaylor(2000)
Haber’s law

reference dose = critical minimal NOAEL/UFs

3



dose rate total dose Haber
Renwick

Renwick(1995) UF

p.255 1/3

The TDI used for risk assessment would then be the lower of either the teratogenicity
NOAEL divided by its enhanced factor or the NOAEL for any critical effect at lower doses
divided by its normal factor.

TDI NOAEL
critical effect NOAEL

lower tumors
a
NOAEL
highest dose
critical effect lowest
NOAEL UFs TDI lowest

critical effect



BMD BMR 10% 5% 1%

BMD NOAEL Response(Benchmark Response)

A EPA(BMD)
Benchmark Dose(BMD) Methodology C BMR(Benchmark Response) Value

Quantal Data yes/no
a 10 BMR
10%
BMR ED10
LED10
BMR
5%
BMR
a (
10% )
BMR (
BMD( BMDL) )
(

1/4 )

(dichotomized) BMR guantal (
BMD( BMDL)
)
adverse
(Crump1995.)
98 tile

10

B ECETOC(2003)
Annex 3.1 Benchmark Dose
incidence level 5% NOAELs
(Crump1984 10 )




C (1997)
(1997)p.45
“< 5 BMD NOAEL
10 7z
D Kodell et al(1999)
BMR 1 NOAEL 10% LOAEL

11

E Gaylor et al
(1999) ED10 LOAEL
(2002) EPA BMD10 Baird et al(1996) Slob
et al(1998) BMD50

F CRM v 1.1
NOAEL LOAEL NOAEL
10 NOAEL

BMDL10 BMDLO5 Faustman 1994 Haseman
1983 2 LOAEL 10

0.63 ppm -18 BMCL10 1.60 ppm BMCLO5 0.76 ppm

-19 BMCLO5 0.30 mg/m3
MOE

ED10 LOAEL
LED10 NOAEL
LED5 NOAEL

kkhkhkkhkhkhkkkkkkhkkhkhhhkhkhkhkhkkhkhkikhkhkhkhkkhkkhkhkihkihhkikhkkkhkhkhkikikik

EPA 2003 2 draft final p.3-13

When tumor data are used, a POD is obtained from the modeled tumor incidences.
Conventional cancer bioassays, with approximately 50 animals per group, generally can
support modeling down to an increased incidence of 1-10%; epidemiologic studies, with larger
sample sizes, below 1%. Various models commonly used for carcinogens yield similar
estimates of the POD at response levels as low as 1% (Krewski and Van Ryzin, 1981; Gaylor et
al., 1994). Consequently, response levels below 10% can often be used as the POD. As a

6



modeling convention, the lower bound on the doses associated with standard response levels
of 1, 5, and 10% can be analyzed, presented, and considered. For making comparisons at doses
within the observed range, the ED10 and LED10 are also reported as a common POD that can
be used, with appropriate adjustments, in hazard rankings that compare different agents or
health effects (U.S. EPA, 2002c).



A
scaling
scaling factor BW 2/13 3/4
species
(Gillooly et
al(2001)) allometric scaling ( Allometry
)
(Schmidt-Nielsen(1984) (1995))
mg/kg/day
NOAEL
( )
BW(Body Weight)
EPA(1992) Rodricks et al(2001)
EPA 1980 2/3
FDA CSPC BW
1980 Travis et al(1988) 3/4
1992 EPA FDA CSPC 3/4
(Federal Register) )
EPA Reference (RfD RfC)
2002 (EPA(2002)) 3/4
TK(Toxicokinetics) 3/4
TD(Toxicodynamics)
Feron et al(1990) Vermeire et al(1999) Kalberlah et
al(1998) ECETOC(2003) 3/4
Rhomberg et al(1998) LD50 BW
3/4
NOAEL mg/kg/day
(D ) mg/kg/day



(
mg/kg/day
A ABW

ABW)

H><HBW

BW

A><ABW/ABW H><HBW /HBW

H Ax<ABW! n HBW! n

A

( HBW)

A><ABW mg/day

BW

H

Ax (ABW/HBW): n A (ABW/HBW)n 1

ECETOC(2003)
=3/4 HBW  65kg
M D D
ABW (ABW/65.0)1 »  (ABW/HBW)" 1 ECETOC(2003)
kg Table 8
0.025 0.140 7.14 7.1
0.050 0.167 6.00 6.0
0.200 0.236 4.24 4.3
0.250 0.249 4.01 4.0
0.300 0.260 3.83 3.8
0.500 0.296 3.37 3.4
10 0.626 1.60 1.6
15 0.693 1.44 14
Guinea-pig
mg/kg/day 3/4
M D ( 4.0 )



Edler L; Poirier K; Dourson M; Kleiner J (Reprint); Mileson B; Nordmann H; Renwick A; Slob
W; Walton K; Wurtzen G Dourson Renwick Slob
TERA ILSI TSG RIVM
ILSI
Food Chem. Toxicol., (Feb-Mar 2002) Vol. 40, No. 2-3, 283-326. Reference Count: 109

JECFA FDA EPA

EU
SAR TTC
CSAF
BMD
1.1 EU
WG
1.2 outline ( )
SAR TTC( ) TTC Threshold of Toxicological Concern
2.1
2.2 subpopulations
2.3
24
2.5
2.6
2.7
(Categorical Regression)
CSAF (Chemical-Specific Assessment Factors)
BMD
10
11

10



12 /
CSAF (Chemical-Specific Assessment Factors)
BMD
PB-PK
SAR  TTC( )

(Categorical Regression)

SCF Scientific Committee on Food EU
TTC Threshold of Toxicological Concern

FDA 1993 0.5ppb
1/2000
1/200
477 1/10

JECFA 1996 Cramer (2978)
NOAEL5% /100 - 1800 540 90 pg/ /day

NOAEL 3.0 0.91 0.15 mg/kg/day
/100 30 9.1 1.5 ug/kg/day
60 1800 540 90 pg/kg/day

11

60kg



Tl  Mathematical modelling and quantitative methods

AU  Edler L; Poirier K; Dourson M; Kleiner J (Reprint); Mileson B; Nordmann H; Renwick
A; Slob W; Walton K; Wurtzen G

SO Food Chem. Toxicol., (Feb-Mar 2002) Vol. 40, No. 2-3, 283-326. Reference Count: 109
AB  The present review reports on the mathematical methods and statistical techniques
presently available for hazard characterisation. The state of the art of mathematical
modelling and quantitative methods used currently for regulatory decision-making in Europe
and additional potential methods for risk assessment of chemicals in food and diet are
described. Existing practices of JECFA. FDA. EPA. etc.. are examined for their similarities
and differences. A framework is established for the development of new and improved
guantitative methodologies. Areas for refinement. improvement and increase of efficiency of
each method are identified in a gap analysis. Based on this critical evaluation, needs for
future research are defined. It is concluded from our work that mathematical modelling of the
dose response relationship would improve the risk assessment process, An adequate
characterisation of the dose response relationship by mathematical modelling clearly requires
the use of a sufficient number of dose groups to achieve a range of different response levels,
This need not necessarily lead to an increase in the total number of animals in the study if an
appropriate design is used.

Chemical-specific data relating to the mode or mechanism of action and/or the
toxicokinetics of the chemical should be used for dose response characterisation whenever
possible. It is concluded that a single method of hazard characterisation would not be suitable
for all kinds of risk assessments, and that a range of different approaches is necessary so that
the method used is the most appropriate for the data available and for the risk
characterisation issue. Future refinements to dose-response characterisation should
incorporate more clearly the extent of uncertainty and variability in the resulting output.

12



Model

Main characteristics

Subpopulations Data requirements

Strengths Limitation and Applicability Computational Acceptability Gaps and
weakness complexity and software research needs
SAR TTC SAR FDA  0.5ppb
JECFA
Cramer
1.5gTTC
JECFA SCF
( ) NOAEL NOAEL
UF=10 NOAEL UF MOS/MOE
Threshold UFs
( )
NOAEL / NOAEL Vs
/ def/CSAF/
UFs defUF
def UFs
CSAF defUFs PBTK 10 IPCS 10 def
in vivoTK in UFs TD
( ) ( ) vitro Health Canada
%tile / SCF 10
%tile in vivo/in vitroTD
(cyclamate,dioxins)
POD EU -
Non-threshold LMS LMS ToxRisk LMS EU
LMS LMS
SAS,SPSS,Splus LMS EPA
LMS 10 TK
POD
ED10 ED25

13



Model Main characteristics Subpopulations Data requirements Strengths Limitation and Applicability Computational Acceptability Gaps and
weakness complexity and software research needs
BMD 5% - ( - EU BMR
10% UF=10 BMR( 57/10 ) ToxRisk/EPA/PROAST(RIVM)
EPA Health Canada
) SAS,SPSS,Splus BMD
def/CSAF/ UFs WHO
(
)
RA ADI/TDI/RfD NOAELs BMDs RA def def EU Vs
EFs
Probabilistic / RIVM( ) def
RA NAEL (CrystalBall, Risk) RA
UFs
(EFs)
( ) UF
RA
in vivo ( ( EPA EU
) )
Categorical -
regression ( ADI ( ( EPA )
) ) (
PBPK / OSHA TK
TK Data-intensive PBPK TK/TD
Physiologically TD PB-PK
-based A ( Pharsight ACSL) EPA
Pharmacokinetic ) in vitro in vivo
JECFA
EU

14
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ECETOC(1995)
Dourson et al(1996)

Vermeire et al(1999)

Haber et al (2002)

Kalaberlah et al (2003)

B UFs

B UFs

UFs

LLN Renwick USEPA
Health Canada IPCS RIVM USATSDR USEPA

JECFA/JMPR Health Canada USEPA RfD Calabrese & Gilbert
Renwick IPCS LLN TNO MOS ECETOC

mining

TNO Naumann Zielhuis van der Kreek US EPA RfC

WHO USEPA USATSDR ECETOC FEA



B UFs

ECETOC(1995) UF
LLN Renwick EPA
DEF DEF DEF
Kinetic S 0-4 4 10
Dynamic (R)0.3-3 0-2.5 2.5
Kinetic H) 15 0-4 3.2 10
Dynamic 0-25 3.2
QM
0.1-
(Q2) 10
1-5
LOAEL-NOAEL (Q3) 10
1-5
1-10 1-10 10
(9)) 1-10
1- 10
(©) 1-10 1-10
severity (1-10)
Lewis et al Renwick Dourson et al
(1990) (1991,1993) (1983)
DEF



B UFs

Dourson et al(1996) UF
B
UFs D Health IPCS RIVM US US
Canada ATSDR EPA
1-10 10 10 10 10
¢ ) TK TD (3.16><3.16)
1-10 10 10 10 10
o TK TD (2.5>4.0)
10 d 10
LOAEL LOAEL 10 10 10
- OAEL
1-100 1-100 10
( 1-10 1-10 0 to 10
)
Meek et al IPCS Rademaker Pohl et al Dourson
(1994) (1994) et al (1995) Jarabek
(1994) (1994)
b) UF 10,000
c) (nominal)
d) ATSDR MRLs



B UFs

Vermeire et al (1999) UF
AFs ADI HC EPA Calabrese Renwick LLN TNO MOS ECETOC
JECFA/JMPR RfD & Gilbert IPCS
10 10 1-10 4-10 10 o 10
-TK 0-2.5 1-10
-TD 0-4.0
3 2
10 1-10 10 ND
-TK 0-2.5 1-10
-TD 0-4.0
X3 4
3 1
100 10 1-10 10 ND
/ 1-10 3
/ 1-10 1-10 2-3
1
L—NOAEL 1-10 2-10 ND ND 2-3
ND ND ND
ND
ND
DB 1-10 1-10 ND 1:high
1-2:medium
ND:low
1-10 ND
MFs 0-10 1-10
— / / / /
multi otherM multi multi multi multi multi




B UFs

Vermeire et al(1999)

E) IPCS 3.16 F)

G) 7 4 2.4 1.4
H) FDA ADI

D

K)

L) Calbrese & Gilbert HLV

M) section .B.2

mult

ND ( )



B UFs

Haber et al (2002) UF
(metals and mining) OEL(Occupational Exposure Limits)
TNO Naumann Zielhuis US EPA
van der Kreek RfC
1996 1997 1979 2001
3 1 1-10 3
3 10 1-3 10
1-10 3 5-10 10
LOAEL - NOAEL 3 2-4 10
1
1
1 1 10
100 100 1200 3000
RfC
3000
RfC



B UFs

Kalaberlah et al (2003) UF

Deterministic risk assessment

LOAEL
~ NOAEL TK TD TK TD AF
WHO 4.0 2.5 3.2 3.2 , 10,000 WHO
(ADLTI,TDI, 1994
PTWI) BMD 1999
EPA 10 10 10 10 EPA
RfD (10 10 2002
ATSDR 10 10 10 1000 Pohl
MRL et al
1995
ECETOC 3 3( S 4( ) 3( ) ECETOC
PNAEL (4 ) 1) 1995
2-3(
- )
FEA 10 10 10 10 3000 Eikman
TRD et 2001
etc
10 10 up to 10

FEA Federal Environmental Agency

PTWI Provisional Tolerable Weekly Intake
TRD Tolerable Absorbed Dose

PNAEL Predicted No Adverse Effect Level

TI Tolerable Intake



B UFs



C UFs

Dourson et al(1996) DEHP RfD
UFs UF

IPCS( 2001)
TK TD

AF

Baird et al(1996) NOAEL EF

Slob et al(1998) NOAEL BMD CED

Vermeire et al(1999) DBP

VS

Dourson et al IPCS CSAFs
=10 Renwick

Baird et al NOAEL

Slob et al BMD CED

Vermeire etal NOAEL CED

EF Extrapolation Factors



C UFs

RfD

UF Dourson et al(1996) DEHP
DEHP RfD  2x<10 (1996)
critical effect Guinea pig 1
(1953 )
NOAEL LOAEL 19mg/kg/day (EPA)
19 64mg/kg/day
EPA (1996) rat mouse
NOAEL 60mg/kg/day LOAEL 195mg/kg/day
retarded growth
guinea pig rat
guinea pig LOAEL
EPA(1996) UF 1000
10 10 LOAEL - NOAEL
guinea pig
LOAEL 10 UF
UF
10 UF EPA
DEHP UF=1
MF UF=10>=<10><3><3 - 1000

Carpenter et al(1953)



C UFs

IPCS(2000)
IPCS(2001) CSAFs p 41
CF

Assessment Factor

A AKar  HKar
A pKa

10.2 pH

TK
14C
Table A-1
TK Table A-2
TK Cmax Tmax AUC CLml/min/kg
TK Table A-3
TK
TK
TD
A in vitro in vivo
1.0mg/kg
CSAF AKAF
TK

Cmax AUC AUC

PBPK testes plasma AUC

1)

2) NOAEL

3) AUC CL

1)

2)



C UFs

3)
4)
AKar
Rat CL CL - 3.7 4.0
37ml/min/kg  at 10mg/kg
9.9 ml/min/kg at 0.25mg/kg 37/9.9 - 3.7

TK HKar

TK
Renal

Renal blood flow
HKAarF

Renal blood flow 654ml/min SD(326ml/min) 328ml/min

HKAF 654/328 2.0

SD .95 tile
95% 975 99

1.7 2.0 2.4

SD
Excel NORMDIST

Distribution ORMDIST((654/factor) 654 163 true)
0.050.0250.01 95 975 99

factor 2
CL renal blood flow
HKAF
CF TD
AKar< ADur<HKar><HDur

%
SD 3.7=<2.5%2.0=<3.16 =58.46 - 60

95%tile 3.7><2.5%1.7><3.16 =49.69 - 50
97.5 3.7><2.5%2.0><3.16 =58.46 - 60
99 3.7>x2.5%24>%3.16=70.15 - 70

1.5 =980/654

2.5

lower AUC



C UFs

Baird et al(1996)

PT(Human Population Threshold

NOAEL
Adjustment Factors(AF)
AF (historical information)
Chemical Specific generic
NOAEL rat
() () rat ()
Dourson et al(1983)
AFs Table 5
- fig.3 90% 0.1mg/kg/day

Median 3mg/kg/day
EPA RfD NOAEL 100mg/kg/day 1000

4%tile
generic
16 4 16
() NOAEL
() NOAEL
() LOAEL
() LOAEL
fig.4
Table 6 UF
heterogeneity basic alternative

PT Human Population Threshold

(median SD )

79mg/kg/day

0.1mg/kg/day

L-N

N

NOAEL
PT
AFA AFh  AFs  AFL AFD MF
LOAEL - NOAEL

Fig 1



C UFs

Slob et al(1998)

BMD CEDanimal NOAEL
EF Extrapolation Factor default distribution
cholinesterase
RfD
0.2mg/kg LOAEL LN UF 1000
-0.2/1000 0.2pug/kg RfD
BMD 20% reduction CEDanimal 0.17mg/kg
bootstrap CED
EFinter EFintra default CED
1%tile RfD 0.8g/kg
LOAEL - NOAEL obsolete
NAELsens.human — CEDanimal
EFinterspec X EI:int raspec
NOAEL
NOAEL bootstrap
CES Critical Effect Size  20%
BMD 1

CED Critical Effect Dose
EF Extrapolation Factor

EFintraspec E Finterspec

CES




C UFs

Vermeire et al(2001) DBP

Vermeire et al(2001) Vermeire T (Reprint); Jager T; Janssen G; Bos P; Pieters M,
”A probabilistic human health risk assessment for environmental exposure to
dibutylphthalate”,

Hum. Ecol. Risk Assess , (Nov 2001) Vol. 7, No. 6, 1663-1679

Total Human Dose(THD) Fig.

Table 1

Local ( )
BC

soil pore water

pore water
THD
EU 1996

Chemical specific
EUSES 1.00 CrystalBallv.4.0
Latin-Hypercube 2000
Table softener

L U uniform T Mode

GM

GM 95%

k=exp(1.96o|ogx Inb) k = 10 1% 9n x Oinx =INGSD
15

PECair BCFsish TSCF Leaf conductance BAF-meat Purification factor
Bioavailability inhalation

DBP lowest NOAEL rat EU 1997
0.1% 1000mg/kg food
52mg/kg/day 80mg/kg/day litter
EU 52mg/kg/day NOAEL
NOAEL BMD

Crump1l 10%



C UFs

Slob Peters(1998) CED Critical Effect Dose
Likelihood ratio test
BMR CEDO05
Bootstrap
Bootstrap
-5 95%tile 90
AFs IPCS(2000)
AFs
DBP
compounding conservatism
MC - overall UF
Baird et al(1996)
Table3
0.75
N Fig.
NAELsens.human — CEI:)animal
EFinterspec X EFint rasp
CED RCR>
Table 3 AF
GM GSD
1 4.5 Vermeire et al
1+3 1.6 10 Slob et al
- 2 3.5 Vermeire et al
scaling factor mouse 7 rat4 guineapig 3 rabbit2.4 monkey 1.9
dog 1.5 4
( )
GM=0.17 mg/kg/d GSD 2.68 Fig.3
0.093 mg/kg/d max Dose 96%
BMD Fig.4 CED5% 281mg/kg/d
90% 224 362 mg/kg/d
CED AF - GM 8.2 mg/kg-food/d
5% 0.37
RCR CEDhuman THD fig.6
Deterministic  Exposure 0.093 vs HLV 0.052 ~ NOAEL/1000
RCR=1.8 (1.788)



C UFs

Probabilistic
BMD AFs
AF NOAEL
CES
Fig.6
option % ( 95%)
EU-TGD
RCR fig 6
80%
20
CED 35% 6
chemical specific AFs IPCS(2000)
(D Deterministic) (P Probabilistic)
D THD 93g/kg/d P THD
- PECair D 75%taile
/
RCR D RCR conservative
MOS 562 MinimalMOS 1000
- 10
NOAEL 152 MOS 1634
D RCR no concern
deterministic
Probabilistic Range Deterministic

DB

EU

20

60 70

35





