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Risk assessment and management of 
material in contact with cosmetic products
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CCM

inhalation

ingestion

skin absorption

FCM
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inhalation

ingestion

skin absorption

potential
dose

applied
dose internal

dose
EXPOSURE

organ
metabolism

EFFECT

𝑟𝑒𝑎𝑙 𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 ≤ 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑑𝑜𝑠𝑒 ≥ 𝑎𝑝𝑝𝑙𝑖𝑒𝑑 𝑑𝑜𝑠𝑒 ≥ 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑑𝑜𝑠𝑒

Toxicological

Reference

Value

Maximum concentration in CCM

Maximum concentration in the cosmetic product
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𝐷𝑖,𝑃 𝐾𝑖,𝐹/𝑃

𝐾𝑖, Τ𝐹 𝑃 =
𝐶𝑖,𝐹
𝑒𝑞

𝐶𝑖,𝑃
𝑒𝑞 =

1

1 − 𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑖𝑡𝑦

𝛾𝑖,𝑃𝑎𝑚𝑜𝑟𝑝ℎ𝑜𝑢𝑠

𝑣

𝛾𝑖,𝐹
𝑣

𝐹𝑜 =
𝐷𝑖,𝑃𝑡

𝑙𝑃
2
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Risk Assessment

https://doi.org/10.1016/B978-0-08-100596-5.22501-8
https://fitness.agroparistech.fr/fitness/references/
https://www.foodpackagingforum.org/food-packaging-health/migration-modeling
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US guidance Europe guidance

http://publications.jrc.ec.europa.eu/repository/handle/JRC98028https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=P100BCMB.TXT

Methodology for 

Estimating the 

Migration of 

Additives and 

Impurities from 

Polymeric Materials

http://publications.jrc.ec.europa.eu/repository/handle/JRC98028
https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=P100BCMB.TXT
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What is the goal?

Multiscale modeling

𝐶𝐹
𝑡𝑖𝑒𝑟 1

estimated

concentration

in food 𝑪𝑭
𝒕𝒊𝒆𝒓 𝟏 𝐶𝐹

𝑡𝑖𝑒𝑟 2 𝐶𝐹
𝑡𝑖𝑒𝑟 3 𝐶𝐹

𝑡𝑖𝑒𝑟 4 𝐶𝐹
𝑡𝑖𝑒𝑟 5 𝐶𝐹

𝑡𝑖𝑒𝑟 6

1 2 3 4 5 6

> > > > >

Threshold
of concern:
𝑪𝒕𝒉𝒆𝒔𝒉

(e.g., SML)

𝐶𝐹
𝑡𝑟𝑢𝑒

Compliance cannot be 
demonstrated: use a 
higher tier or test 
experimentally 
compliance

Compliance can 
be demonstrated
𝐶𝑡ℎ𝑟𝑒𝑠ℎ > 𝐶𝐹

𝑡𝑖𝑒𝑟
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More knowledge, more sophistication

Tier index

+chemometrics
+QSAR
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𝑇

መ𝐶𝐹

𝑺𝒆𝒗𝒆𝒓𝒊𝒕𝒚 𝑿 = 100 ×

max
𝐶𝐹
𝐴

𝑇𝐴
,
𝐶𝐹
𝐵

𝑇𝐵
,
𝐶𝐹
𝐶

𝑇𝐶
,
𝐶𝐹
𝐷

𝑇𝐷

compound 𝑿 𝑡𝑟𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛

all compounds

compound 𝑿 𝑡𝑟𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛
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Diffusivitity of tolune in PET Diffusivities of toluene in 6 polymers

M2

M2

CH
3

𝐷 𝜉, 𝑇, 𝑇𝑔

= 𝐷0 exp −
𝐸∗

𝑅𝑇
exp − ෨𝑉1

∗
𝛼𝑙𝑖𝑛 𝑇, 𝑇𝑔 + 1

0.24

𝐷0 (m2·s-1) 1.87·10-8

𝐸∗ (kJ·mol-1) 0

෨𝑉1
∗ (cm3·g-1) 84.48
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←glassy rubber→

𝐾𝛼 ≈ 150 𝐾
𝐾𝛽 ≈ 40 𝐾

𝐾𝛼 ≈ 252 ± 22 K
𝐾𝛽 ≈ 65 ± 11 K

𝐷𝑙𝑖𝑛(𝑀,𝑇)

𝐷𝑙𝑖𝑛(𝑀𝑏𝑙𝑜𝑏,𝑇)
∝

𝑀

𝑀𝑏𝑙𝑜𝑏

−𝛼𝑙𝑖𝑛 𝑇,𝑇𝑔

𝛼𝑙𝑖𝑛 𝑇, 𝑇𝑔 = 1 +
𝐾𝛼

𝑟 𝑇 − 𝑇𝑔 + 𝐾𝛽

with 𝑟 = ቐ

1 when 𝑇 ≥ 𝑇𝑔
𝛼𝔤
𝛼c

𝑇 < 𝑇𝑔

𝑇 → 𝑇𝑔

𝛼=6

𝛼=2

1 2 n 𝑀 = 𝑛 ⋅ 𝑀𝑏𝑙𝑜𝑏

𝛼 = 1
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𝐾
𝑖,

𝑃
𝐸

𝑤
𝑎
𝑡𝑒
𝑟

PE: polyethylene

PVAc: polyvinyl acetate

ethylene-vinyl
acetate

𝑎𝑐𝑒𝑡ℎ𝑦𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒:𝜔𝑎

𝜔𝑎 = 0.3

𝜔𝑎 = 0.6
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>> FMECAKairP acetophenone
LOAD_CHEMSPIDER extraction of ChemSpiderID=7132 ('acetophenone') completed in 10.26 s
LOAD_CHEMISPIDER: updated cache

7132.mat 21-sept.-2015 21:37:19 77.6 kBytes C:\Data\Olivier\INRA\Codes\MS\cache.ChemSpider
CHEMSPIDER reuses cached data for 'acetophenone' (date=21-sept.-2015 21:37:19)

ans =
9.1995e-06

>> FMECAKairP ethylbenzene
LOAD_CHEMSPIDER extraction of ChemSpiderID=7219 ('ethylbenzene') completed in 11.9 s
LOAD_CHEMISPIDER: updated cache

7219.mat 21-sept.-2015 21:42:34 107.1 kBytes C:\Data\Olivier\INRA\Codes\MS\cache.ChemSpider
CHEMSPIDER reuses cached data for 'ethylbenzene' (date=21-sept.-2015 21:42:34)

ans =
2.2485e-04

>> FMECAKairP 'benzoic acid'
LOAD_CHEMSPIDER extraction of ChemSpiderID=238 ('benzoic acid') completed in 5.746 s
LOAD_CHEMISPIDER: updated cache

238.mat21-sept.-2015 21:45:01 41.2 kBytes C:\Data\Olivier\INRA\Codes\MS\cache.ChemSpider
CHEMSPIDER reuses cached data for 'benzoic acid' (date=21-sept.-2015 21:45:01)

ans =
1.3674e-08
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NEW 
CONTAMINATION 
ROUTES

with more than two phases

without contact
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source functional
barrier

suspension

𝐾𝑖,𝐹/𝑃 = 10−4 10−5 10−6

110−110−210−3

chemical affinity for the continuous phase
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Experimental 
results 

at 60°C, i=1…15

Detailed 
modeling

with FMECAengine

Simplified 
modeling

Solute independent

𝑪𝑭 𝑻, 𝒕, 𝒊
i = 1..15 solutes

at any 

temperature

෪𝑪𝑭 𝑻, 𝒕,𝑴
simplified

at any 

temperature

SURROGATES (I)

Decane (C10)

Tetradecane (C14)

Hexadecane (C16)

Octadecane (C18)

Eicosane (C20)

Tetracosane (C24)

Octacosane (C28)

Dibutyl phthalate (DBP)

Bis(2-ethylhexyl) phthalate (DEHP)

Benzylbutyl phthalate (BBP)

Benzophenone

4-methyl benzophenone (MBP4)

Isopropyl-9H-thioxanthen-9-one

Anthracene

Naphthalene

Car
d-

boar
d

Air PP Air
Ten
ax

𝑚𝑖,𝐹
𝑡

𝑚𝑖,𝑃
0 =

𝑉𝐹

𝑚𝑖,𝑃
0

න

0

𝑡

𝐶𝑖,𝐹
𝑡
𝑑𝜏

60°𝐶
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Migration rate
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Storage before use of over-
packaging A (0 – 1 year)

Storage of over-packaging A and 
bag B (t1: 0 – 3 years)

Use of bag B with a liquid F 

(t2: 0 – 1 year)

t1 + t2

C
o

n
c.

Redistribution of contaminant 
within the over-packaging

Cross-transfer between over-
packaging and bag

Cross-transfer between bag and 
liquid in use

OUR SCOPE
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Preventive
Approaches
(Failure Mode Effects and Critical 
Analysis, Safe-by-design, Integrated 
engineering)
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STORAGE "BEFORE USE" HOT FILLING FATTY CONTACT

MICROWAVE OVEN HEATINGLONG-TERM STORAGE
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CF

HotFilling
(max. 10 
mi@80°C)

Long-term 
storage (max. 
200 
days@25°C)

Microwave 
oven heating 
(max. 5 
min@100°C)

CF

Setoff (max. 100 
days@25°C)

HotFilling (max. 
10 mi@80°C)

Long-term 
storage (max. 
200 
days@25°C)

Microwave 
oven heating 
(max. 5 
min@100°C)

Severity መ𝐶𝐹 step 𝑖 = 𝑓 max 𝐶𝐹𝑀|1→2→⋯→𝑀 − 𝐶𝐹𝑀| Τ1→2→⋯→𝑀 𝑖 , 𝐶𝐹𝑖|𝑖
𝑖

𝑖
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tie layer = EVA

=292=186 (better)

=115
(almost acceptable)

=124

𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦 =

100 ×
𝐶𝐹
𝑆𝑀𝐿

Concurrent design (criticality scale)

𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦 > 100

Critical step (severity scale)

Critical substance

𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙𝑖𝑡𝑦 =
σ𝑎𝑙𝑙 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝑠σ𝑎𝑙𝑙 𝑠𝑢𝑏𝑠𝑡𝑎𝑛𝑐𝑒𝑠σ𝑎𝑙𝑙 𝑚𝑜𝑑𝑎𝑙𝑖𝑡𝑖𝑒𝑠 𝑝𝑟 𝑚𝑜𝑑𝑎𝑙𝑖𝑡𝑦 × 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦
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shelf-life=1 
year with 
minimal
weight, higher 
safety
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https://fitness.agroparistech.fr/
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Conclusions  & 
Perspectives
Is it so simple to shift from 
food contact applications to 
cosmetic ones. 
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Think
BIG

with engineering
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REAL
CASE

SUBSTANCE

THERMOPLASTIC

POLYMER
COSMETIC

PRODUCT

migration
(desorption)

sorption
(plasticize)

Diffusion
activation

temperature

SIMULATED
CASE

SUBSTANCE

THERMOPLASTIC

POLYMER
SIMULANT

Maximize migration
in all conditions
• whatever the substance
• whatever the polymer
• whatever the storage 

temperature

a) Real case

b) Considered case for evaluation (test, calculation)

Migration is affected by:

t Amounts in the material(s)
t Rates of diffusion of the substance (migration) and cosmetic 

product’s constituents (sorption) in the polymer
t Chemical affinity of the substance for the cosmetic product 

(migration) and affinities of cosmetic product’s constituents for 
the polymer (sorption)

t Diffusion activation by 𝑇and plasticizing (i.e., lowering of 𝑇𝑔)
t polymer relaxation(swelling)

Migration is overestimated by:

t Maximizing 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 × 𝑡𝑖𝑚𝑒
t New simulants maximizing interactions
t Maximizing chemical affinities

EN1186-6:2002
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