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The Threshold of Toxicological Concern (T

Generic human exposure threshold value, below which
“the probability of adverse effects on human health is

considered to be very low. “
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The Threshold of Toxicological Concern (T

The TTC is the lower 5% percentile of a pool of loghormally
distributed NOELSs, divided by an AF of 100.
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Consequencesf usingthe lower 5%percentile

C 5% risk that angne given compound has a NOEL/100 < TT
(risk for misclassification, risk of a falsegative)

C Obviously: the more compounds, the higher the risk of
misclassification

C Mathematically speaking:
1-0.95 "N




Consequencesf usingthe lower 5%percentile

probability of at least one

missclassified compound

(®%)) UNIVERSITY OF GOTHENBURG

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

20

40 60 80
number of compounds in the mixture (n)

100

120



(1)) UNIVERSITY OF GOTHENBURG

Consequencesf usingthe lower 5%percentile

probability of at least one

missclassified compound
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Consequencesf usingthe lower 5%percentile

C 5% risk that a given compound has a NOEL/100 < TTC

C Obviously: the more compounds, the higher the risk of
misclassification

C Mathematically speaking:
1-0.95 "N

C Ina 14 compound mixture there is a 50% risk that at least «
misclassified compound Is present.

_ Risk of misclassification

10 40%
20 64%
30 79%
40 87%

50 92%
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Whichpercentileto achieveanoverall
misclassificatiomiskof< 5 %?

C Depends on the number of compounds

C Mathematically speaking:
1- 0.95 Un
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Whichpercentileto achieveanoverall
misclassificatiomisk of <

5 %7?

C Depends on the number of compounds

C Mathematically speaking:

C Ina 20 compound mixture the lower 0.26% percentile needs
be used in order to ensure an overall misclassification risk of

1-0.95 tn

u percentile
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0.13%
0.10%
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Why are mixture®f specific concern?

Small, negligible single-substance effects
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Why are mixture®f specific concern?

mixture effects

Small, negligible single-substance effects
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~ Why are mixture®f specific concern?

Substantial, non-negligible
mixture effects

Small, negligible single-substance effects
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Why are mixture®f specific concern?

Small, negligible single-substance effects

Mixture Toxicity

7,
Iz

Observation Prediction
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Why are mixture®f specific concern?

C Mixture toxicity is higher than the toxicity of each compound
the concentration present in the mixture

C Compliance with individual threshold values (ADI, TDI, TTC)
does not necessarily safeguard against unwanted mixture
effects
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Suggesteahse of the TTCs In mixture risk
assessment

o N Is significant**exposure
s 5|gn|f‘|.u|:<ar|1t; Tum.abT 5 NO of environmental
exposure likely/plausible ? NO ecosystems

likely/plausible ?
No further action v/p

required

YES
ES
L NO

Is exposure to single components and to

Is information on the ] )
5 - YES | the combined exposure of components
Mixture composition ~ .
B with a similar MoA larger than TTC?
available?
_— YES or
N — NOT
_— KNOWN
—
— Is informati MoA
s information on Mo,
Are data available on the for
. YES
mixture as a whole? each component
available?
e
Is interaction
suspected?***
NO | YEs
/ NO
."I Are the MoA
f \ similar?
) YES
Vv \ No/ \
No RA RA based on H Case by case
possible Mixture as a Independent action Dose/concentration Y
whole addition RA

(Scientific Opinion on Mixture Toxicity Assessn&OHERRCENIHR, SCCS)
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&

Suggestedise of the TTCs In mixture risk
assessment

[YES
NO

Is exposure to single components and to
YES | the combined exposure of components
with a similar MoA larger than TTC?

Is information on the
Mixture composition

available?

YES or
NOT
KNOWN

Is information on MoA

VES for
each component

available?

Is interaction
suspected?***

/N 0

(Scientific Opinion on Mixture Toxicity Assessn&OHERRCENIHR, SCCS)
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Suggestedise of the TTCs In mixture risk
assessment

C Compounds with dissimilar modes of action do not contribute
to the mixture toxicity if present below their individual TTC

C If exposure to compounds with dissimilar modes of action is
below their individual TTC, there is no mixture risk > TTC

(Final Scientific Opinion on Mixture Toxicity Assessrie€&IHERSCENIHR, SCCS)
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Mixture toxicity concepts

Similarly acting substances: Concentration Addition

[ ]

_a, b
ECXnix) =S =~c ECx S

| =1

GDO:,

G = Concentration of component i in the mixture
(i=1...0
ECx = Concentration of substance i provoking a

certain effect X when applied alone

ECX (mix) = Predicted total concentration of the mixture, that
provokes x% effect.

pi = relative fraction of component i in the mixture

Dissimilarly acting substances: Independent Action

A
EMix =1- O(l- E|)

Buix = Effect of the mixture of n compounds
E = Effect of substance i, when applied singly
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TTCs and Independent Action

R
Eu =1- O (1- E)

EMix > E1+E2' E13 Ez
If E=0ANDE,=0then E,,=0,

. aTTC @
Ergo: TTCI\/IiX = Min TB
¢ P o=

Price et al. Risk Analysis, 2009
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TTC and |A and some pitfalls

C TTC must actually describe a true zeftect concentration if
|A IS supposed to safeguard against unwanted mixture effec

C We know that NOELSs are no true z@&fbect concentrations

C How about the lower 5% percentile of a fagrmal
distributed collection of NOELSs divided by an Assessment
Factor of 1007
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Are TTCs true zero effect levels?

Truly Zero = no effect on a molecular level

V —\/max3 [C] 4 ' ' SERY;
K,+[c |

Concentration
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TTC and IA and some pitfalls

C TTC must actually describe a true zeffiect concentration,

C AND the compounds must be completely independently
acting

| 1§ suppdsed to safeguard against unwanted mixture
effects at individual concentrations < TTC
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Independent Action

Bliss, 1939: | é i
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Independent Action

One toxicant does not influence the toxicity of another
one.
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Suggestedise of the TTC concept in mixture risk
assessment

\ [YES

NO

Is exposure to single components and to
YES | the combined exposure of components
with a similar MoA larger than TTC?

Is information on the
Mixture composition

available?

YES or
NOT
KNOWN

Is information on MoA

VES for
each component

available?

Is interaction
suspected?***

/N 0

(Scientific Opinion on Mixture Toxicity Assessn&OHERRCENIHR, SCCS)
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TTC and Concentration Addition

-1

~

B P, 9
TG = %Tq ¥ TTC, 9 8

Erre 2 E(MIX)

aTTCQ
C n +

if C Cae
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Suggested use of TTC for mixture risk
assessment

e . . es
Significant Interactions likely If' ) —> Case by case analysis
lno
. YeS
Al | concentr 38 < T @lé reasdh for concern
lno
yes
Cvix S T TGixca ? > No reason for concern
lno
yes

Proof of dissimilaMoA ? > MiXtox , << MIXtoX-,?

[ [

CA based risk assessment Consideration of 1A
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Summaryandconclusions

C The use of the lower 5% percentile leads to an inflated
misclassification risk for mixtures
(misclassification risk = risk that at least one of the
compounds has a NOEL/100 < TTC).

C In order to keep the misclassification risk at 5%, the percen
needs to be adjusted accordingly (roughly divideahjpy
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Summaryandconclusions

G

()

Mode of Action driven mixture assessments are \gaia
demanding.

|A is of very limited use

The application of IA doawt allow the c
mixture effects are absent at low dose

Use CA for estimating the mixture TTC_~ — #!
(~TTC/n)  Gom

Incorporation into a tiered approach
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