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RISK CHARACTERIZATION PARADIGM

v" Hazard identification

< Inherent biological activity,

v" Hazard assessment

< Dose-response analysis

% Assessment of relevance for humans
EXPOSURE ASSESSMENT

< Active principle
% Dose of toxicant
% Dose in individuals
% Dose in special population groups

HAZARD IDENTIFICATION

« Identification of adverse health effects

< Animal-based toxicological studies

< In vitro toxicology data

« In silico models (i.e.QSAR, comp.tox)
< Human data

HAZARD ASSESSMENT

“Quantification of adverse health effects

% Dose-response for critical effect
% Selection of critical data

< Mode/mechanism of action

% Kinetic variability

% Dynamic variability
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THRESHOLD OF TOXICOLOGICAL CONCERN
AND THE RISK CHARACTERIZATION PARADIGM

- Hazard identification HAZARD IDENTIFICATION

% Inherent biological activity,

« Hazard characterisation

< Dose-response analysis

% Assessment of relevance for humans
EXPOSURE ASSESSMENT

< Levels of substance in food and diet
“ Amounts of food consumed

« Intake in special population groups
% Intake in individuals
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THRESHOLD OF TOXICOLOGICAL CONCERN (TTC)
IN RISK CHARACTERISATION
(D

The threshold of toxicological concern (TTC)

is a pragmatic risk assessment tool that is based on the principle of:

establishing a human exposure threshold value for all chemicals so low
that 'risk assessment” could be based on
structural considerations alone

and toxicological specific data are not required
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TTC APPLICATIONS

MIGRANT SUBSTANCES FROM PACKAGING MATERIALS (USFDA-TOR- 1993)

Flavourings substances in food (WHO-JECFA 1993,1995,1999....)

Endorsed for the risk assessment of chemicals (WHO-IPCS 1998)

Non relevant plant protection product metabolites in ground water (EC-2002)

Genotoxic impurities in pharmaceutical preparations (EMA 2003,2004)

Flavourings substances in food (EFSA 2004)

Genotoxic constituents in herbal preparations (EMA 2006)

Suggested for REACH (Registr, Evaluat, Authoriz and restrict of Chemical substances) (ECHA 2008)

Impurities, breakdown and reaction products, metabolites and low level contaminants in food and feed. (EFSA 2102)

Suggested for application to aquatic environmental exposure (2005)

Suggested for application to the cosmetic ingredients and their impurities (2007)
Suggested for prenatal developmental toxicity (2010)

Suggested for mixture of substances potentially detectable in surface water (2011)
Suggested for risk prioritization of trace chemicals in food. (2011)
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TTCOHEH

ERABMISBITLEMR (USFDA-TOR- 1993)

ERPOEHME (WHO-JECFA 1993,1995,1999....)

ILEME D R 7T~ DEANDIRE (WHO-IPCS 1998)

# T K OHEMREFI O K BMEMEEERTLD (EC-2002)
EEGRTOEGREEDHLTHY (EMA 2003,2004)

BaPOEHME (EFSA 2004)

EAEPOREEEOHIBERS (EMA 2006)

REACH ({t##En &%, 51l RASIUHIRICET 5REA]) ITxd SiRE (ECHA 2008)

KERIRFTORE~DEAIZH T HIRE (2005)

RS E SV ZDOFMM~DBEAIZH T HIRE (2007)
HAERTEESEICX T H1RE (2010)
HRAKPTERHENDTEEMDHIBEM~DIRE (2011)
BRIIEFNIREBRUTOEEMED Y RIDBREIRM D F~DIRE (2011)
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THRESHOLD OF REGULATION (TOR)
APPROACH FOR FOOD CONTACT MATERIALS

D T
> Dietary concentration of chemicals, without structural alerts for

carcinogenicity, below 0.5 ppb (500 ng/kg or 500ng/L), is so negligible
that it presents no public health concern (USFDA):

a daily exposure level of 1.5 pg/person/day was derived
assuming that a person consumes 1500 g of food and 1500 g of fluids daily
and the chemical is distributed evenly throughout the total diet

Food contact materials with an exposure below this level are "Exempted from requlation”.

> TTC principle is derived from FDA's Threshold of Regulation (TOR)
approach for food contact materials.

(Cheeseman et al, 1999) 15
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THRESHOLD OF TOXICOLOGICAL CONCERN (TTC)

THRESHOLD IN RELATION TO STRUCTURAL CLASSES Refinement by Munro et al. (1996)
D

» The Threshold of Regulation(TOR) value was based on a carcinogenicity database (FDA
1995)

» Munro and coworkers (1996) evaluated the use of TTC related to other endpoints than
carcinogenicity (612 compounds)

» They used structural information based on an algorithm developed in 1978 by Cramer
et al.

> The chemicals were grouped into three structural classes based on a "decision tree"
approach.

Munro et al., 1996 17
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CRAMER CLASSIFICATION TREE

TTC EXPOSURE LIMITS
D

1800 pg/d 30 pg/kg b.w.
546 ug/d 9 ug/kg b.w.
90 wg/d 1.5 pg/kg b.w.

Munro et al., 1996 19

CRAMERIC K578V —
&l %

1800 pg/BH 30 pg/kg AE
9 wg/kg AE
546 pg/H
1.5 pug/kg A =E
90 wg/H

Munro et al., 1996 20




CARCINOGENS WITH STRUCTURAL ALERT FOR GENOTOXICTY

Upper bound risk for cancer lower than one in a million? (calculated by linear extrapolation from the TD50)

0.15pg/day

Kroes et al. (2004)

Recommendation of usinga TTC
of 0.15 pg/day for substances
with structural alerts for

genotoxicity

21
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D

0.15pg/H

Kroes et al. (2004)
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COHORT OF CONCERN

L) Jpper bound risk for cancer lower than one in a million? (calculated by linear extrapolation from
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THRESHOLD OF TOXICOLOGICAL CONCERN (TTC)
IN RISK CHARACTERISATION

YV V VY VYV V

a TTC should NOT be considered.

For specific structural alerts: i.e. aflatoxin-like, azoxy and N-nitroso-compounds (potent genotoxic
carcinogens)

Polyhalogenated dibenzo-p-dioxins, -dibenzofurans and dioxin like PCB’s (non-genotoxic
carcinogens, bioaccumulative, with very large kinetic differences between animals and humans)

Steroids (potent non-genotoxic carcinogens)

Non essentials metals and metal containing compounds (not included in the data base)
Proteins (risk of allergenicity, not included in database)
High molecular weight chemicals such as polymers (not included in database)

Nanomaterials (not included in database)

Kroes et al. (2004) o5
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TTC APPLICATIONS

Migrant substances from packaging materials (USFDA-TOR- 1993)

FLAVOURINGS SUBSTANCES IN FOOD (WHO-JECFA 1993,1995,1999...)
Endorsed for the risk assessment of chemicals (WHO-IPCS 1998)

Non relevant plant protection product metabolites in ground water (EC-2002)

Genotoxic impurities in pharmaceutical preparations (EMA 2003,2004)

FLAVOURINGS SUBSTANCES IN FOOD (EFSA 2004)

Genotoxic constituents in herbal preparations (EMA 2006)

Suggested for REACH (Registr, Evaluat, Authoriz and restrict of Chemical substances) (ECHA 2008)

Impurities, breakdown and reaction products, metabolites and low level contaminants in food and feed. (EFSA 2102)

Suggested for application to aquatic environmental exposure (2005)

Suggested for application to the cosmetic ingredients and their impurities (2007)
Suggested for prenatal developmental toxicity (2010)

Suggested for mixture of substances potentially detectable in surface water (2011)
Suggested for risk prioritization of trace chemicals in food. (2011)
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TTCOHEH

BHRAEHNSBITLIME (USFDA-TOR- 1993)

BRPOEFHWIR (WHO-JECFA 1993,1995,1999....)
L2MEDYRIFHEADBERA~DRE (WHO-IPCS 1998)

TR OEMREF O R MEMERBERLLO (EC-2002)
EXRPOREEROHIFHM (EMA 2003,2004)

REPOEHMR (EFSA 2004)

EARDOBREEEDOHIMAAS (EMA 2006)

REACH ({bmE N B5R. 5. BTSLUHRICET 558) (317 512F (ECHA 2008)

KREFTHORE~DERIH T HIRE (2005)

RS E SV ZDOFMM~DBERAIZH T HIRE (2007)
HAERMSESHITH T HIRE (2010)
HRAKPTEREHENDTEEEDHIBEM~DIRE (2011)
BRICEFNIBRHBRUTOLEERED )R DEELIBR D+~ DIRE (2011)
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JECFA* - FLAVOURINGS SAFETY ASSESSMENT

| 1. Structural Class |

I 2. Metabolized to innocuous products? I

A3. Exposure > threshold YES | MO B3. Exposure > threshold
of concern for Cramer class? of concern for Cramer class?
¢| YES | I NO I
NEREEA | A4 Is the substance B4. NOEL available Additional data required
concern or its metabolites with an adequate
L endogenous? margin of safety?
YES ¥ No | +| o |
YES
AB. NOEL available B5. Is exposure o safe
with an adequate > 1.5 pg/day? once
YES margin of safety? NO
YES
No safety NO
concern Add onal aara (A ed
*The Joint FAO/WHO Expert Committee on Food Additives (JECFA) 31
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TTC APPLICATIONS

Migrant substances from packaging materials (USFDA-TOR- 1993)
Flavourings substances in food (WHO-JECFA 1993,1995,1999....)

Endorsed for the risk assessment of chemicals (WHO-IPCS 1998)

Non relevant plant protection product metabolites in ground water (EC-2002)

GENOTOXIC IMPURITIES IN PHARMACEUTICAL PREPARATIONS (EMA 2003,2004)
Flavourings substances in food (EFSA 2004)

GENOTOXIC CONSTITUENTS IN HERBAL PREPARATIONS (EMA 2006)

Suggested for REACH (Registr, Evaluat, Authoriz and restrict of Chemical substances) (ECHA 2008)

Impurities, breakdown and reaction products, metabolites and low level contaminants in food and feed. (EFSA 2102)

Suggested for application to aquatic environmental exposure (2005)

Suggested for application to the cosmetic ingredients and their impurities (2007)
Suggested for prenatal developmental toxicity (2010)

Suggested for mixture of substances potentially detectable in surface water (2011)
Suggested for risk prioritization of trace chemicals in food. (2011)
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TTCOHEH

BHRAEHNSBITLIYE (USFDA-TOR- 1993)

BRTFOEFHME (WHO-JECFA 1993,1995,1999...)
LENEDYRIFHE~DBERA~DERE (WHO-IPCS 1998)

Tk eh OiEMERERI O KRB EM S EB RGO (EC-2002)
ERXSDORERIEOHSTHY (EMA 2003,2004)

BRPOFHME (EFSA 2004)

RAERDPOBEREDHIMARS (EMA 2006)

REACH ({bmE N B5R. 5. BTSLUHRICET 55A) (317 5123 (ECHA 2008)

KREFTHORE~DERIH T HIRE (2005)

RS E SV ZDOFMM~DBERAIZH T HIRE (2007)
HAERMSESHITH T HIRE (2010)
HRAKPTEREHENDTEEEDHIBEM~DIRE (2011)
BRICEFNIBRHBRUTOLEERED )R DEELIBR D+~ DIRE (2011)
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G6ENOTOXIC IMPURITIES IN PHARMACEUTICAL PREPARATIONS

[ ]
DURATION OF EXPOSURE
< 1 month 1-3months 3-6months 6-12 months > 12 months

Muller et al.

(2006) :
Daily Intake Not listed 120 40 20 10 15

(ng/day)
EMA (2008) ;
baly Imake {13 le 60 20 10 5

(ug/day) 0
FDA (2008)
Daily Intake ‘l‘iggys 60 20 10 5

(ng/day)

106 cancer risk - extra conservatism during shorter duration trials (e.g. for volunteers)

- 10 cancer risk - risk used by ICH for carcinogenic residual solvents and CHMP draft for genotoxic impurities

35

EXRPOREEBEDHIFHD

AEM
<1mA 1-3mB  3-6mH  6-12bA > 1208

Muller et al.

(2006) .

_@er RE# 120 40 20 10 1.5

(ng/day)
EMA (2008)

L REmE *'1@'2%5 60 20 10 5

(ug/day)
FDA (2008)

-y ‘1‘1‘2'5(')'55 60 20 10 5

(ng/day)

106 DHRAAVRY - LBHBEHOHER (R TA4TICE2EBREE) CRONS BEICREAIL>T=ERHA)

- 105 DRAAURY - BREVEESRHAMNERR S (ICH) DA B ERBWEES LUHNEERFOE
FrREEREZEER (CHMP) DEEEEFMYEEREZRIV:IRY
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TTC APPLICATIONS

Migrant substances from packaging materials (USFDA-TOR- 1993)

Flavourings substances in food (WHO-JECFA 1993,1995,1999....)

Endorsed for the risk assessment of chemicals (WHO-IPCS 1998)

Non relevant plant protection product metabolites in ground water (EC-2002)

Genotoxic impurities in pharmaceutical preparations (EMA 2003,2004)

Flavourings substances in food (EFSA 2004)

Genotoxic constituents in herbal preparations (EMA 2006)

Suggested for REACH (Registr, Evaluat, Authoriz and restrict of Chemical substances) (ECHA 2008)

Impurities, breakdown and reaction products, metabolites and low level contaminants in food and feed. (EFSA 2102)

Suggested for application to aquatic environmental exposure (2005)

SUGGESTED FOR APPLICATION TO THE COSMETIC INGREDIENTS AND THEIR IMPURITIES (2007)
Suggested for prenatal developmental toxicity (2010)

Suggested for mixture of substances potentially detectable in surface water (2011)

Suggested for risk prioritization of trace chemicals in food. (2011)
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BHRAEM M OBITLI=ME (USFDA-TOR- 1993)

ERPOFEHME (WHO-JECFA 1993,1995,1999....)

ILEME D R 7T~ DBEHANDIRE (WHO-IPCS 1998)

# K OIEMREFI O R BMEMEEERTLD (EC-2002)
EERPOEEEEDOHLTHY (EMA 2003,2004)

BaPOEHME (EFSA 2004)

BEARPOEEGCEEDHLHERAS (EMA 2006)

REACH ({t#En &%, 51l RASIUHIRICET 5REA]) ITxd SiRE (ECHA 2008)
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KBEFTOREADBEAITH T HIRE (2005)
ERBRSBELVEOFHMAOBRI~HTSHRRK (2007)
HARTR 4 E TN BIRE (2010)

R TRESN AR O H DR AWM DIRE (2011)
BRICAFNHIMBLEMED YRS OREIRLSHA~DIRE (2011)
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APPLICATION OF THE TTC TO COSMETIC INGREDIENTS

fvailablp online at www.sciencedfrect.com

Michael Gibney, Dublin, EIR

Applichtion of the tl

(Richard Gl Bin DK

Andy Renwick, Southampton, UK E i
g

533-2563

www elsevier.com/lpcate/foodchemtox

concern (TTC) to

R. Kroed *. A.G. Renwick [**. V] Feron ¢, C.L. Galli 9. M Gibney ©. H. Gieim r

R.H. Guy £, P.C. Lhuguenot ", J.J.M. van dk Sandt

Victor Feron, Zeist, NL Jean-Claude Lhuguneot, Dijon, F J.M. van de Sandt, Zeist, NL Kroes et al. FCT 2007
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I. SIMILARITY TO COMPOUNDS
IN MUNRO ET AL. (1996) DATABASE ?

Fragrance ingredients

Dyes and colourants

Food-type components

Low molecular weight organic compounds with various uses
Normal organic constituents of the human body
Pharmaceutical-type compounds

Surfactants, emollients, humectants and emulsifying agents
Plant and animal extracts

Polymeric compounds (YES-monomers)

Inorganic salts of various metals

YES
YES
YES
YES
YES
YES
YES
NO
(NO)
(NO)

Kroes et al. FCT 2007
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I. MUNROSDT—ER—2(1996) I=BITHILEMDELIR

HERG

FHELUEH

BYRS
ERZDESFRERILEY
ARDBEDHEHRMS

ERmRAS

SEETER. FE®H . KEF]. FLIEF
EVELUBYOHHEY
EnFiEEY (YES-E/X)
SETFELERDEMIE

YES
YES
YES
YES
YES
YES
YES

NO

NO

NO

Kroes et al. FCT 2007
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II. COULD TOPICAL APPLICATION AFFECT THE ABSORBED FRACTION THAT IS CONVERTED
TO INACTIVE OR TOXIC METABOLITES COMPARED TO ORAL ADMINISTRATION ?
[

Dermal _, Stratum _ Epidermis > Dermis
exposure corneum \

Systemic

pre-systemic metabolism

/ / circulation
Oral Gut

. === Gut wall =—» Liver
intake lumen

43
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THERE ARE TWO TOXICOLOGICALLY RELEVANT SCENARIOS
D

Extensive presystemic metabolism via the oral route

% if the parent compound were the active form and first-pass metabolism of the oral dose
resulted in detoxication, the oral toxicity database of Munro et al. (1996) could under-

predict toxicity after topical application.

>

°,
*

if the presystemic metabolite were the active form and first-pass metabolism of the oral

*,

dose resulted in bioactivation, the oral toxicity database of Munro et al. (1996) could over-

predict toxicity after topical application.

Kroes et al. FCT 2007
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BEEFHICEET 520001 F

EORRELUI-, [LHEIC RSS2 S TERURTO R E

<+ LLLBIEEMAERETHY ., BOERSN-NEOYMEERRBMICEYBEEINSLSE., Munro
DDEMT—HR—R(1996) FEEEFEDEEEB/NFTET HREELNHD

>

HLLE SERUAMORBMATIEETHY . BORRSNVEONEBEERBICLVERRNTE
HIEShHE5IE, Munros DEET—ER—2R (1996) I3 [EE Mk DE L BRFHE T HFREYE
Hd

°,

*

Kroes et al. FCT 2007
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III. EXPOSURE ?

% Can the extent of systemic uptake be modelled using the

compound's physicochemical properties?

< Can different exposure scenarios be allowed for by realistic
uptake adjustment factors?

Kroes et al. FCT 2007
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II. SRE%~

<+ LEYOHELZNFEZNALT, 2EMORIDBEEZETIETHLEE
BIREMN?
<+ REOEMEICHBI SODRBEFESILET. BG-REVTIADKER

BIREMN?

Kroes et al. FCT 2007
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THE MAXIMUM FLUX ACROSS THE SKIN
(Imax in pg/cm®/hour)

Jmax can be related to the permeability coefficient Kp (cm/h) and the saturation solubility in the water
sat
J max = K * C
P water

N\,

Estimated experimentally

log Kp = -2.7 + 0.71 * log P - 0.0061 * MW

P = octanol-water partition coefficient of the chemical - MW = molecular weight Kroes et al. ECT 2007

TTC Expert Group 49

EREEBTSVEBEORX TR
(Tmax in yg/cm‘/hour)
o
JmaxlE, BEDFZBFZRE Kp (cm/B) B XU RATBEELEELTINVS

sat
Jmax = KP * C water

N

SKERMICFE M= T=

log Kp = -2.7 + 0.71 * log P - 0.0061 * & F=

P = A58/ =L -KOFEHRH Kroes et al. FCT 2007

TTC Expert Group 50




PROPOSED DEFAULT ADJUSTMENT FACTORS FOR THE % DOSE

ABSORBED OF COSMETIC INGREDIENT ACROSS THE SKIN
G

2
_ Jmax (4 g/cm /hr) _ Default % Dose Absorbed (24 hrs)
(maximum flux across the skin for that chemical)
Non-reactive chemicals Negligible
above 1000 Dalton 919
Jmax < 0.1 10%
0.1< JTyux<1.0 40%
Jmax > 10 80%
Kroes et al. FCT 2007
TTC Expert Group 51

tRRRS DERBRREW%ENET S-ODMERMELEED
= =®=®=

2
Jmax (ug/cm* /) RN 0D B 5 96 (2485 )
(RIEZBBTIMEDRKRE)
10004 )Lk B M IER IS L 24 W CELIELNE
Jmax < 0.1 10%
0.1« Jyux < 1.0 40%
Jmax > 10 80%

Kroes et al. FCT 2007
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Application of the threshold of toxicological concern approach for the safety evaluation of calendula flower (Calendula
officinalis) petals and extracts used in cosmetic and personal care products.
Re TA, Mooney D, Antignac E, Dufour E, Bark I, Srinivasan V, Nohynek G. Food Chem Toxicol. 2009 Jun;47(6):1246-54
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Application of the threshold of toxicological concern approach for the safety evaluation of calendula flower
(Calendula officinalis) petals and extracts used in cosmetic and personal care products.
Re TA, Mooney D, Antignac E, Dufour E, Bark I, Srinivasan V, Nohynek 6.
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TTC APPLICATIONS

Migrant substances from packaging materials (USFDA-TOR- 1993)

Flavourings substances in food (WHO-JECFA 1993,1995,1999....)

Endorsed for the risk assessment of chemicals (WHO-IPCS 1998)

Non relevant plant protection product metabolites in ground water (EC-2002)

Genotoxic impurities in pharmaceutical preparations (EMA 2003,2004)

Flavourings substances in food (EFSA 2004)

Genotoxic constituents in herbal preparations (EMA 2006)

Suggested for REACH (Registr, Evaluat, Authoriz and restrict of Chemical substances) (ECHA 2008)

Impurities, breakdown and reaction products, metabolites and low level contaminants in food and feed. (EFSA 2102)

Suggested for application to aquatic environmental exposure (2005)

Suggested for application to the cosmetic ingredients and their impurities (2007)

Suggested for prenatal developmental toxicity (2010)

SUGGESTED FOR MIXTURE OF SUBSTANCES POTENTIALLY DETECTABLE IN SURFACE WATER (2011)
Suggested for risk prioritization of trace chemicals in food. (2011)
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TTCOHEH

BHRAEM M OBITLI=ME (USFDA-TOR- 1993)

ERPOFEHME (WHO-JECFA 1993,1995,1999....)

ILEME D R 7T~ DBEHANDIRE (WHO-IPCS 1998)

# K OIEMREFI O R BMEMEEERTLD (EC-2002)
EERPOEEEEDOHLTHY (EMA 2003,2004)

BaPOEHME (EFSA 2004)

BEARPOEEGCEEDHLHERAS (EMA 2006)

REACH ({t#En &%, 51l RASIUHIRICET 5REA]) ITxd SiRE (ECHA 2008)

KERIRFTORE~DEAIZH T HIRE (2005)
EMBEEDELVZOTHY~DERICET HIRE (2007)
HAERTEESEICX T H1RE (2010)
BEAKDTREHShIATREDHSIBESM~DRRE (2011)
BRICEFNIREBRUTOEEMED Y RIDBREIRK D F~DIRE (2011)
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TIER O - SUBSTANCES POTENTIALLY DETECTABLE IN SURFACE WATER

D T
e 10 COMPOUNDS detected in surface water, were classified into Cramer Classes,
assuming that no toxicological information, other than structure, is available,

TTC values for each substance assigned
Cramer Class I (1800 pg/day = 0.0300 mg/kg b.w. day)
Cramer Class IT (540 pg/day = 0.0091 mg/kg b.w. day)
Cramer Class ITT (90 pg/day = 0.0015 mg/kg b.w.day)

Exposure (mg/kg b.w. day) = Surface water concentration (mg/L) x 0.42 L day/18 Kg (children)

(Drinking water assumption made for children to be conservative)

Hazard Quotient (HQ) for each substance = Exposure/TTC value

ILSI Health and Environmental Sciences Institute (HESI) Mixtures Project
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EHATE A:
- FERE O -hBAMNSIRHESO ST REMEDHSMR

BANSBRHBEShZAHEEOHZ10EEDIELEYIE. LREBEBEUNOEEPNERITLTVERELT.
CramerMD IS RIZH SN T

c EVHOTTCERUTOXSIZEYYETHA:

Cramer 25X I (1800 pug/H = 0.0300 mg/kg 4 &E/H)
Cramer 75X IT (540 yg/H = 0.0091 mg/kg AE/H)
Cramer %52 IIT (90 pg/B = 0.0015 mg/kg kE/H)

« REE (mg/kg hE/R) =
HhRIKEE (mg/L) x 0.42 L B/18 Kg (/MR)
(BRHADRBETRIL, MRIZHNT, YRLBIZITo-HDIto1:)

c BEYVEONYTF—FLE (HQ) =
RBRE/TTCE

ILSI Health and Environmental Sciences Institute (HESI) Mixtures Project
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TIER O - SUBSTANCES POTENTIALLY DETECTABLE IN SURFACE WATER
D

COMPOUND EXPOSURE (mg/kg-bw/day) | TTC VALUE (mg/day) | TTC VALUE (ma/kg-bw/day) P2 @UETRENT ()
BASED ON TTC
A 1.94E-06 0,546 0.0091 2.1E-04
B 177E-06 0,090 00015 1.2E-03
c 8.87E-05 0,546 0.0091 9.76-03
b 3.97E-05 1.800 0.0300 1.36-03
E 3.03E-06 0.090 00015 2.0E-03
F 4.20E-06 0,090 0.0015 2.8€-03
6 7.936-04 0546 00091 8.7E-02
H 6.53E-06 1.800 0.0300 2.2€-04
I 1.42E-04 0,090 00015 9.5E-02
7 257E-05 1.800 00300 8.6E-04
HAZARD INDEX 0.2

The calculated Hazard Index of 0.2 is less than 1.0, and therefore the results of this Tier O

assessment would suggest that advancement to higher assessment tiers is not necessary in this case.

ILSI Health and Environmental Sciences Institute (HESI) Mixtures Project 59

EHATE A:
ER O -thEAMSEHSOSREMEDHISPH

ftam £HEE (mg/kgthE/H) TTCHi (mg/E) TTCHE (mg/kgthE/B) TTCI=ESNF—FE (HQ)
A 1.94E-06 0.546 0.0091 2.1E-04
B 1.77E-06 0.090 0.0015 1.2E-03
C 8.87E-05 0.546 0.0091 9.7E-03
D 3.97E-05 1.800 0.0300 1.3E-03
E 3.03E-06 0.090 0.0015 2.0E-03
F 4.20E-06 0.090 0.0015 2.8E-03
G 7.93E-04 0.546 0.0091 8.7E-02
H 6.53E-06 1.800 0.0300 2.2E-04
I 1.42E-04 0.090 0.0015 9.5E-02
J 2.57E-05 1.800 0.0300 8.6E-04
TR 0.200

FESNI-RIREN0.2 (X1.0KRMTHY. CORERE ODFHEHRIL. COBHTIE
FYBRDFHET HIBEAGNIEETKRLTIS

ILSI Health and Environmental Sciences Institute (HESI) Mixtures Project 60
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TTC APPLICATIONS

Migrant substances from packaging materials (USFDA-TOR- 1993)

Flavourings substances in food (WHO-JECFA 1993,1995,1999....)

Endorsed for the risk assessment of chemicals (WHO-IPCS 1998)

Non relevant plant protection product metabolites in ground water (EC-2002)

Genotoxic impurities in pharmaceutical preparations (EMA 2003,2004)

Flavourings substances in food (EFSA 2004)

Genotoxic constituents in herbal preparations (EMA 2006)

Suggested for REACH (Registr, Evaluat, Authoriz and restrict of Chemical substances) (ECHA 2008)

Impurities, breakdown and reaction products, metabolites and low level contaminants in food and feed. (EFSA 2102)

Suggested for application to aquatic environmental exposure (2005)

Suggested for application to the cosmetic ingredients and their impurities (2007)
Suggested for prenatal developmental toxicity (2010)

Suggested for mixture of substances potentially detectable in surface water (2011)

SUGGESTED FOR RISK PRIORITIZATION OF TRACE CHEMICALS IN FOOD. (2011)
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TTCOHEH

BHREEM M oBITLI=ME (USFDA-TOR- 1993)

BERPOEHME (WHO-JECFA 1993,1995,1999....)

LB DY R VB~ DBERANDRE (WHO-IPCS 1998)

K OEMRER O BHENMEERERTLD (EC-2002)
EXRPOBEESEDHLTHY (EMA 2003,2004)

BRAOEHME (EFSA 2004)

EAEPDEGEEDHHERAS (EMA 2006)

REACH ({b##E D&k, 5. RBASIUHIRICET H5R8) 1269 HiE (ECHA 2008)

KBIRFTORE~DEAIZH T HIRE (2005)

LR E LV ZOFHY~DERICET HIRE (2007)
HARSESMITH T HIRE (2010)
HRAKPTRHSNSTEEDHHEEYM~DIRE (2011)
ERICEFhIMBLELVROYRHDEEME ST~ DR (2011)
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EXPERT GROUP ON THE APPLICATION OF THE THRESHOLD OF TOXICOLOGICAL CONCERN (TTC) CONCEPT TO UNEXPECTED PEAKS IN FOOD
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APPLICATION OF THE TTC CONCEPT TO UNEXPECTED PEAKS
FOUND IN ANALYSIS OF FOODS AT TRACE LEVELS.

»  During routine monitoring of a food in a quality control laboratory, an extra peak is detected.

»  Inthe evaluation of a new processing technology (irradiation, a new heat-process, etc) a new peak

was detected at trace level that are not present in the food being processed in traditional manner.

»  Anunknown peak occurs in the food due to the fact that a manufacturer intends to use a food

contact material containing a novel raw material to package the food.

» A manufacturer of an approved food additive has changed the production process slightly. A
comparison of the existing additive and the new product shows a hew peak that is not described in

the specifications.

Are the unexpected peaks a health concern?

ILSI EUROPE 65
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EHFLRLTORRKRFTORTRESIS
- FHLEVDE—I~NDTTCIREDEH

> GREEREETEHORRKE=SIDTICEVT. LC-EAREXICIST, UANCEROLNGN o= FHLELEBMOE—I iR
HEh TS

> FHLLIDTEA (KERERST, FILLBINT2E) OFHE IS, REDHETMISATOSEAPICIHFELGZV—EDHLLE—
I BELANILTRESNT

> HEEED.BREGETILOCHLWVENESALEREMMEESSEL TS, BRICERMDE—IARNS

> RUFAOBRAMPERELTOIEERX. BT . WETEEEEL:. EROFMPEHFLOENNORAEIOTNTST7E
EH(LC-MS) ZFEST-LLE M S HFREBICRBEINATOEDLK DD DO THEENLRBOONT-, TNEDEEITE, FHLL
E—IhbhIhEENTND

FHLGVWE—VIRELDBZLEGHMN?
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EXAMPLES: CUCUMBER

pesticide screen of cucumber extracts by GC-MS

ILSI EUROPE 6
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EXAMPLES: CUCUMBER

New peak was detected

pesticide screen of cucumber extracts by GC-MS

ILSI EUROPE 69
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Hi-HE—oNBH SNt

HROOVI I STEEHHILBFa T HEYDEERI—>

ILSI EUROPE 70
HRESHOLD OF TOXICOLOGICAL CONCERN (TTC) CONCEPT TO UNEXPECTED PEAKS IN FOOD




TTC EXCLUDED CLASSES:

CLASSES OF SUBSTANCES NOT COVERED BY TTC
D

Class/Group Reason for exclusion

Aflatoxin-like compounds!
N-nitroso-compounds!
Azoxy-compounds!
Steroids!

Polyhalogenated dibenzo-p-dioxins, -dibenzofurans

and dioxin like PCB's!

Proteins?
(Non)-essential metals?

High molecular weight substances such as polymers?

1Cohort of Concern
2other 'TTC excluded classes

EXPERT GROUP ON THE APPLICATION OF THE THRESHOLD OF TOXICOLOGICAL CONCERN (TTC) CONCEPT TO UNEXPECTED PEAKS IN FOOD

Potent genotoxic carcinogens
Potent genotoxic carcinogens
Potent genotoxic carcinogens
Potent non-genotoxic carcinogens

Bioaccumulative, non-genotoxic carcinogens, with very
large kinetic differences between animals and humans

Risk of allergenicity, not included in database
Not included in database, some are bioaccumulative

Not included in database

ILSI EUROPE 71

TTCRXISRZERNT S

TTCTEHNR—ShBELBIRDISR
D

U

T iRIEE !

N-=kOviE&#!
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RUBIESRUY -8F5-DFF20, RUBIEOAVIIFY
BEUSH LU H#PCB!

By E?

GB) BEERR?

RYT—DKSLEE S FLEW?

1Cohort of Concern

2ZENLUSNDTTCHRMN ISR
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BUVEGEERESAEYE
BUVEGREERENAEYE
BUOEEEEESANE
BUOSERESERNSAMEME

BY-ErETOREICKRELRHELDEREMH o=, £YR
fiE (or £EANETE) . FEESURNAUYE

F—AR—RZEEFNTOENTLILF—FREDIRY

T—EN—RIZEFEN TR, EMRHE (or EHRRNER) T
2301H5

T—EAR—R[ZEFNTLVELY
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TIERED APPROACH:

PROPOSAL TO DEAL WITH UNKNOWN PEAKS
D

Proposed tier Background

Tier 1 Exclusion dependent on sample source For some samples, it will be possible to exclude the
presence of some or all 'TTC excluded classes’ on
basis of their origin.
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TIER 1
EXCLUSION DEPENDENT ON SAMPLE SOURCE

D
> Requires a complete knowledge of the product with all potential
contaminants that may be present.
> What is source? Packaging? Transport? Storage? Processing?
> Use expert judgment to exclude specific toxic classes. For example:
> Polypropylene-FCM unlikely to contain dioxins, aflatoxins etc.

> If unidentified peak is of f-flavour, non-essential elements, dioxins etc can be

excluded because they are not volatile.

Based on expert judgement

ILSI EUROPE
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EXAMPLES: CUCUMBER

Tier 1 Exclusion by sample source

> Cucumber watery fruit. Negligible amounts of fat - Dioxin like

compounds unlikely.

» N-Nitroso compounds are formed in the presence of nitrites and are
more associated with processed foods than fresh fruit and vegetables

and so are also excluded.

> Azoxy compounds are not typically associated with cucumber and

therefore they were discounted at this stage

ILSI EUROPE
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TIERED APPROACH:

PROPOSAL TO DEAL WITH UNKNOWN PEAKS
D

Proposed tier Background
Tier 2 Exclusion by chromatographic technique, Analytical techniques are relatively specific, so that a
sample preparation and/or detection peak detected can only stem from a certain range of
method used or partial identification substances. They may also indicate the type of

substance without providing a full identification.

ILSI EUROPE
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EXAMPLES: CUCUMBER

Tier 2 Analytical method (6P¢ and 6C-MS)

> Proteins and polymers structure excluded by GPC
> Steroids require very high GC oven temperatures.
> Aflatoxins not volatile enough for GC analysis.

» MS library did not give (partial) identification.

ILSI EUROPE
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TIERED APPROACH:

PROPOSAL TO DEAL WITH UNKNOWN PEAKS
D

Proposed tier Background

Tier 3 Exclusion by targeted analysis Analyses designed to detect certain structural elements
can be applied.

ILSI EUROPE
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EXAMPLES: CUCUMBER

D
Tier 3 Exclusion by targeted analysis

> Presence organometallics could not be ruled out ?

» ICP-MS analysis showed normal levels of non-essential

elements.

ALL ‘EXCLUDED CLASSES’ RULED OUT

ILSI EUROPE
D
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TIERED APPROACH:

PROPOSAL TO DEAL WITH UNKNOWN PEAKS
D

Proposed tier Background
Tier 4 Dietary exposure to food sources containing Due to nutritional habits, exposure depends heavily on
the unknown peak the food type.
ILS| EUROPE 87
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EXAMPLES: CUCUMBER

Tier 4 Exposure to food item containing unidentified peak.

> Cucumber intake of 6.5 g/day (UK NDNS 2001) .

> As the unidentified peak could be potentially genotoxic, the
TTC value of 0,15 ug/day would apply.

» - no safety concern when 23 pg/kg (23 ppb) cucumber.

ILSI EUROPE
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TIERED APPROACH:

PROPOSAL TO DEAL WITH UNKNOWN PEAKS
D

Proposed tier Background
Tier 5 Quantification of unknown compounds For risk assessment, the concentration of the
unknown peak in the sample has to be
estimated with sufficient accuracy.

ILSI EUROPE
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EXAMPLES: CUCUMBER

pesticide screen of cucumber extracts by GC-MS

ILSI EUROPE
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EXAMPLES: CUCUMBER

G T
Tier 5 Quantification

Unspiked cucumber

Cucumber spiked with
standards at 23 pg/kg (23 ppb)

Standard solution in solvent

ILSI EUROPE
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EXAMPLES: CUCUMBER

Unspiked cucumber

Cucumber spiked with

standards at 23 pg/kg (23 ppb)

Standard solution in solvent

Tier 5 Quantification

\ Mean response (peak

height) of spiked
substances is set as
the level of concern at
23 pg/kg (23 ppb)

ILSI EUROPE
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Scientific Opinion on Exploring options for providing advice about possible human health risks based
on the concept of Threshold of Toxicological Concern (TTC) EFSA Journal 2012;10(7):27501 99
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