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ARTICLE INFO ABSTRACT

According to the European Regulation (EC) No. 1223/2009, cosmetic products should be safe for human health
when used under normal or foreseeable conditions of use. To perform a safety evaluation, consumption data of
finished cosmetic product are necessary to assess the corresponding consumer's exposure.

The aim of this review was to highlight consumption (percentage of users, frequency of use, amount used,
number of products daily used, types of products co-used ...) and exposure data to cosmetic products available in
the literature. A systematic approach was used following the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-analyses) guidelines. Literature search was performed in February 2018 using Pubmed and
Scopus databases. The following information was collected for the 82 publications included in this review: type
of study, characteristics of the population (number, age, sex, region of origin), period of data collection, types of
products studied, method(s) of data collection, consumption and/or exposure parameters obtained. Because of
the high number of quantitative results obtained in the different studies, these data are not presented here.
Readers interested in one or more studies are invited to consult the results available in the original publication
(s). This work could be very useful for safety assessors or other persons working in the risk assessment field.
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1. Introduction

Cosmetic products are defined in the European Regulation (EC) No.
1223/2009 as “any substance or mixture intended to be placed in
contact with the external parts of the human body (epidermis, hair
system, nails, lips and external genital organs) or with the teeth and the
mucous membranes of the oral cavity with a view exclusively or mainly
to cleaning them, perfuming them, changing their appearance, pro-
tecting them, keeping them in good condition or correcting body
odours” (EU, 2009). Cosmetic products, also called personal care pro-
ducts, are part of everyday life of consumers of all ages in most regions
of the world. Their use is driven mainly by the interest in hygiene,
personal appearance, or feeling of well-being (Williams et al., 2016). An
online survey conducted by Cosmetics Europe in 2017 on 4116 con-
sumers across 10 European Union Member States has shown that cos-
metic products were “important or very important in daily lives” for
71% of interviewed people and that products used “improved their
quality of life” for 72% of them (Cosmetics Europe, 2017). A finished
cosmetic product can be considered as the result of a combination of
ingredients. The European regulation No. 1223/2009 specifies that a
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cosmetic product should be safe for human health when used under
normal or foreseeable conditions of use (EU, 2009). To perform a safety
evaluation, consumption data of finished cosmetic product (frequency
of use, amount per use, amount per day) are necessary to assess the
corresponding consumer's exposure (SCCS, 2015). The exposure (mg/
kg bw/day) can be determined by dividing the daily consumption of a
finished product by the body weight of the studied population. Ex-
posure data to the finished product are essential for determining the
systemic exposure dose (SED) for each ingredient found in the finished
product. This SED value is used for the calculation of the margin of
safety (MoS) which represents the ratio between a No Observable Ad-
verse Effect Level (NOAEL) and a SED value (SCCS, 2015).

Initially, two large consumption and exposure studies were carried
out in the 2000s. The first one, conducted in a European adult popu-
lation, aimed to provide consumption and exposure data for 12 types of
cosmetic products commonly applied by consumers (Hall et al., 2007,
2011; McNamara et al., 2007). These European data have been cur-
rently reported in the Scientific Committee on Consumer Safety (SCCS)
notes of guidance (SCCS, 2015). The second one provided consumption
data for 12 types of products largely used by US adult women (Loretz
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et al., 2006, 2005, 2008). These American and European data are
presented in the US Environmental Protection Agency (US EPA) ex-
posure factors handbooks (US EPA, 2011). However, there was a lack of
published consumption/exposure data i) for many types of products
available in the market and commonly used by the population such as
baby wipes, hair dye, sunscreen or depilatory products; ii) for many
subpopulations not taken into account in these two large studies, such
as babies under 3 years old, children, adolescents or pregnant women;
iii) for Asian, South American or African people who represent billions
of consumers whose consumption of cosmetics may be different from
Europeans or Americans.

Recent studies conducted in 2010s have investigated the con-
sumption and the exposure of various populations (in terms of country,
of origin, of age or sex) to many cosmetic product types for which there
was no data available in the literature. These recent consumption stu-
dies could be large in scale (i.e. important in term of number of parti-
cipants in the sample and/or in term of number of products in-
vestigated) or small in scale (i.e. focused on few product types and/or
focused on a specific subpopulation). Furthermore, many epidemiolo-
gical studies conducted in 2010s provided additional cosmetic con-
sumption data. In fact, these studies aimed to evaluate the association
between cosmetic products or cosmetic ingredients consumption and
adverse events observed in a population. Epidemiological studies were
generally conducted on hundreds or even thousands of people and
could be an interesting additional source of information on cosmetic's
usage patterns. All of these new data are valuable for safety assessors.

In Europe, a safety assessment is based on the safety of the in-
gredients found into each cosmetic product (EU, 2009). The daily co-
use of cosmetics and consequently the aggregate exposure to in-
gredients found in these different products is not taken into account in
the guidelines of the SCCS, except for preservatives for which an ag-
gregate daily consumption value was defined (SCCS, 2015). However,
most of cosmetic products, such as shower gel, deodorant, toothpaste,
hand soap, perfume, face cream, mascara, lipstick or wipes, are used on
a daily basis. A survey conducted among more than 2300 people in the
United States showed that, on average, adult women used 12 products
per day and on the other hand, adult men used 6 products daily (EWG,
2004). Another study recently conducted on 7131 French people
showed that, on average, adult women daily used 16 products, adult
men daily used 8 products and 6 products were daily used by parents
for their baby aged 0-3 (Ficheux et al., 2015). Therefore, aggregate
exposure models for ingredients found in cosmetic products were de-
veloped in the last few years, such as Probabilistic Aggregate Consumer
Exposure Model (PACEM) (Dudzina et al., 2015; Ezendam et al., 2018;
Nijkamp et al., 2015) or Creme RIFM models (Comiskey et al., 2015;
Safford et al., 2015). The co-use of cosmetic products and thus, the
aggregate exposure to their ingredients (contained in it) is a very im-
portant point for safety assessment, and generated consumption data
deserve to be mentioned.

The aim of this review was to highlight consumption (percentage of
users, frequency of use, amount used, number of products daily used,
types of products co-used ...) and exposure data to cosmetic products
available in the literature. This review was conducted using a sys-
tematic approach. The following information was collected for all
publications included in this review: type of study, characteristics of the
population (number, age, sex, region of origin), period of data collec-
tion, types of products studied, method(s) of data collection, con-
sumption and/or exposure parameters obtained. Because of the high
number of quantitative results obtained in the different studies, these
data are not presented here (thousands of data available). Readers in-
terested in one or more studies are invited to consult the results
available in the original publication(s). This work could be very useful
for safety assessors or other persons working in the risk assessment
field.
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2. Methods

This systematic review followed the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-analyses) guidelines for re-
porting systematic reviews (Liberati et al., 2009; Moher et al., 2009).

2.1. Databases and research equation

Studies containing human consumption and/or human exposure
data to one or several cosmetic products were identified via electronic
database. Literature search was performed in February 2018 using
Pubmed and Scopus databases. The PubMed Advanced Search Builder
was used to write the following equation: (((((((((“cosmetic product”)
OR ”cosmetic products”) OR cosmetic) OR cosmetics) OR ”“cosmetic
care product”) OR ”cosmetic care products”) OR “personal care pro-
duct”) OR ”personal care products")) AND (((((((((consumption) OR
“usage pattern”) OR ”usage patterns”) OR ”use pattern”) OR ”use pat-
terns”) OR “use-pattern”) OR “use-patterns")) OR ((((((exposure) OR
“aggregate exposure”) OR ”skin exposure”) OR “dermal exposure”) OR
“inhalation exposure”) OR ”“probabilistic exposure")). The research on
PubMed was done on title and on abstract. The query string was used in
Scopus to write the same equation. The research was performed on title,
abstract and keywords. As the consumption habits of cosmetic products
evolve over time, we chose not to take into account the few studies
published before 2000. The data generated could be very far from
current consumption habits. All articles published between January
2000 and February 2018 were taken into account.

2.2. Selection of studies for review(Fig. 1)

All summaries identified through database searching were read:
3479 references in PubMed and 7071 references in Scopus. Original
articles reporting data on human consumption (percentage of users,
frequency of use, amount of product used, number of products used
daily, number of products co-used etc ...) and/or on the human ex-
posure to cosmetic products were considered for the next step. No re-
striction was performed on the country of origin, on the population
studied or on the written language. All the publications which did not
generated human consumption data were excluded as well as publica-
tions that reported and/or used previously published consumption data.
Consumption data reported only on the last 24 or 48 h in some epide-
miological studies were excluded. At this stage, only studies that were
clearly not appropriate for inclusion were excluded. If certain criteria
for inclusion couldn't be ascertained from title or abstract, the study
was kept for full-text screening. Conference posters were considered
whenever available, but conference abstracts alone were excluded since
the information was not sufficient (quantitative data not fully presented
in poster abstracts). Conference posters related to published articles
were excluded to avoid overlap. Finally, the screening step was in-
dependently assessed for the two databases(Fig. 1).

107 publications in PubMed and 134 publications in Scopus were
selected on title and abstract in the screening step. After exclusion of
duplicates, 134 publications were retained for full-text reading (all
publications in PubMed database were found in Scopus database).
Inclusion and exclusion criteria were the same that in the screening
step: articles reporting data on human consumption (percentage of
users, frequency of use, amount of product used, number of products
used daily, number of products co-used ...) and/or on human exposure
to cosmetic products were considered. All the publications which did
not generated human consumption data were excluded as well as
publications that reported and/or used previously published con-
sumption data. Consumption data reported only on the last 24 or 48 h
in some epidemiological studies were excluded.

After full-text reading, 68 publications were selected. The reference
list of the 68 articles of interest was checked for finding other pertinent
publications that may not have been found based on the general
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|

‘ 82 publications included in the ’

qualitative systematic review

Fig. 1. Selection of studies for review.

research equation. All potentially interesting articles highlighted in the
reference lists were selected or not selected for review using the same
inclusion and exclusion criteria as previously described (a first selection
on title and abstract, and a second selection after full-text reading). 14
additional publications were added to the review. In total, 82 pub-
lications were included in this review.

2.3. Information needed for review

The following information was extracted from the 82 publications
included for review: the type of study (consumption, epidemiological,
modeling ...), the period of data collection, the characteristics of the
interest population (country, age, sex, number ...), the types of cos-
metic products studied, the method(s) of data collection, the con-
sumption and/or exposure parameters obtained.
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3. Results

Studies were presented depending on their geographical region:
Europe, America, Asia and Africa. When a study was conducted in
different geographical regions, the description of the study was made
for the region where the number of participants was the largest. In
addition, reference to the study was also made for the other regions
where the study was carried out. Generally, two categories of studies
permitted to obtain consumption/exposure data:

- Consumption studies whose purpose was to generate new data to
better assess the safety of consumers,

- Epidemiological studies whose aim was to evaluate the association
between cosmetic products consumption and adverse events ob-
served in a population,

A third category, called “aggregate exposure models”, was pre-
sented because these models can use consumption data previously
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obtained (already published or not), and generate new data appropriate
to their model.

In addition of the geographical origin, all studies were presented
depending on the category to which they belong. A focus was per-
formed when co-use data were generated.

3.1. Data obtained in Europe

3.1.1. Consumption studies
3.1.1.1. Presentation of the studies

3.1.1.1.1. Representative large scale studies (Table 1). A European
study was carried out between 2003 and 2005 by European cosmetic
manufacturers acting within the trade association The European
Cosmetic and Perfumery Association (Colipa) (Hall et al., 2007, 2011;
McNamara et al., 2007). The aim was to construct a European
population model of consumption and exposure to cosmetic products.
12 types of products were investigated: hair styling, hand cream, liquid
foundation, mouthwash, shower gel, body lotion, facial moisturizer,
toothpaste, shampoo, lipstick, deodorant spray, and deodorant non-
spray. Investigations were carried out in a representative panel of
European adult consumers. Three databases were used. The first
recorded the daily frequency of use through a postal survey
consisting of a self-completion paper diary and questionnaire. In
total, data from 17,561 volunteers living in Denmark, France,
Germany, Great Britain and Spain were obtained (European Toiletries
and Cosmetics Database, ETCD). The second database (ISC) was
commissioned by Colipa to gather data on the amount used per
event. The ISC study was performed in Edinburgh (Scotland) on 496
adults. Participants used their own products throughout a two-week
period. Amount data was collected by weighing the subject's products at
the beginning and at the end of the study. The third database,
Europanel by TNS, provided data on the total quantity of cosmetic
products sold in Denmark, France, Germany, Great Britain and Spain. In
total, 44,100 households provided purchasing information. The Monte
Carlo probabilistic method was used in calculations.

A study supported by the French National Agency of Medicine and
Health Products Safety was carried out between 2013 and 2015 to as-
sess the exposure to cosmetic products in French consumers (Bernard
et al., 2018; Ficheux et al., 2014, 2015; 2016a, 2016b; 2016c; Ficheux
and Roudot, 2017). Babies, children and adults were selected to form a
national representative sample of the population. Pregnant women
were also considered using a specific oversampling. About 150 types of
products were taken into account including general hygiene, care,
perfume, solar, shaving, depilatory or baby products (see Table 1 for a
full list). Four studies were performed in order to collect the con-
sumption data. The first one was a web survey on 7131 people. This
survey was designed to obtain the percentage of users and the fre-
quency of use data. The second study consisted in a 24 h-recall phone
survey performed on 11,269 people which aim was to validate or to
correct the frequency data previously obtained in the web survey. The
third one was a face to face survey among 1078 people carried out in a
laboratory in order to collect the amount per use data by weighing the
tested products after one single use. The last study was a web enquiry
performed on 1200 volunteers and aimed to generate missing data,
such as the number of wipes used per application. In total, more than
20,000 French people were included in this study. The exposure to
cosmetic products was assessed using the Monte Carlo probabilistic
method.

A national survey was conducted in 2011 among a sample of 397
Swiss children, adolescents and adults. Information on the percentage
of users, the frequency of use and the co-use was collected on 8 types of
products (Face cream, body lotion, aftershave lotion/balm, hand cream,
makeup foundation, lip care, lipstick and sunscreen) using mailed paper
questionnaire (Manova et al., 2013). More recently, (2015) the same
team conducted a new national survey among a larger sample of Swiss
children, adolescents and adults (N = 759). Information on the
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percentage of users, the frequency of use, the amount of product ap-
plied per use, the co-use and the site of application was collected on 22
types of products including general hygiene, care, makeup and baby
products (see Table 1 for a full list). Mailed questionnaire were used to
collect consumption data (Garcia-Hidalgo et al., 2017).

Cosmetic products use patterns were assessed in an adult
Netherlands population (n = 516) (Biesterbos et al., 2013). Consump-
tion data (percentage of users, frequency of use, amount per use,
amount per day, co-use and application area) were collected by digital
questionnaires, and 32 types of products were considered including
general hygiene, body care, hair care, shaving, sunscreen products (see
Table 1 for a full list). Additional data on the circumstances of use were
collected: the time of application, the location of use and the presence
of ventilation.

3.1.1.1.2. Other studies (Table 1)Specific to a type of subpopulation

Babies: The consumption and the exposure of 78 French babies aged
0-23 months old to7 baby products (shampoo, shower gel, cleansing
water, cleansing milk, moisturizing cream, bottom cream and wipes)
were assessed in 2010-2011. Products were used at home during a 3-
week period. The daily usage of each product was recorded in a diary,
and the amount used was collected by weighing each product at the
beginning and at the completion of the study in order to determine the
total amount of product used. Discriminant analysis was performed to
highlight any difference in consumption depending on age. The ex-
posure was assessed using the Monte Carlo probabilistic method
(Gomez-Berrada et al., 2017a).

Pregnant women: Consumption data were collected among 294
pregnant women living in Paris and its suburb (France). 12 cosmetic
products were taken into account, including oil massage, stretch marks
removal or bust care products (see Table 1 for a full list). Daily con-
sumption was calculated using a deterministic and a probabilistic
method (Bavoux et al., 2011).

A second French study was carried out in 128 French women to
assess the changes in cosmetic products habits during pregnancy and
risk perception. 28 common types of products were taken into account
including shower gel, intimate hygiene product, shampoo, scrub, body
lotion, deodorant, perfume, bronzer, face cream, and make-up products
(see Table 1 for a full list). The percentage of users was presented in the
publication (Marie et al., 2016).

Usage patterns (percentage of users and frequency of use) of 24
types of cosmetic products were assessed on 179 Turkish pregnant
women (general hygiene and care products, but also wipes or hair
bleach products). Frequency of use was assessed depending on educa-
tion level, professional activity, age and skin type (Aksu Arica et al.,
2017).

Adolescents and adults: The exposure to molecules widely found in
cosmetic products was assessed in a sample of 210 Flemish adolescents
and in 204 adults randomly selected from the general population (The
Flemish Environment and Health Study, FLEHS). Percentage of users
and frequency of use were obtained from 12 cosmetic types including
day or night cream, lip balm, body lotion, deodorant or perfume (see
Table 1 for a full list). However, results were not presented in the
publication (Den Hond et al., 2013).

Hairdressers: Hairdressers'usage patterns and exposure to hair dye,
highlighting mixtures and shampoo were assessed in 11 salons in Brest
city (France). 28 hairdressers participated in the study conducted in
2013. Information was collected by questionnaires, including the fre-
quency of use, the characteristics of hairdressing salons (size and type
of ventilation used), the occurrence of respiratory symptoms among
professionals, and the use of protective equipment. Amount of product
used was recorded by weighing after a single use; the duration of
contact with products was recorded by direct observations. Exposure
was assessed for dermal and inhalation routes by a deterministic
method (Ramirez-Martinez et al., 2016).Specific to a type of cosmetic
product

Sunscreen: General information on sunscreen usage patterns
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Table 1 (continued)

Product References

Period of
data

Method(s) of data
collection

Consumption data Additional data

Products studied

N

Age (years old)

Sex

Population

exposure

data (mg/
kg bw/day)

collection

Gomez-Berrada et al.

(2017d)

Amount used:
weighting

Amount per use, amount

per day

Family products: shampoo,
shower gel, solid soap,

Babies 0-3

French, Macedonian,

Children 4-12

Spanish, Dutch,

cleansing lotion, emollient

Adults = 18

Polish Portuguese,
Mauritian, South

foam, emollient bath, cream,

milk, balm, lip balm

African, Brazilian

M: males, F: females, N: Number of participants, NM: Not mentioned.

@ Hair cleanser (liquid shampoo, solid shampoo, dry shampoo, baby shampoo), styling (lacquer (aerosol), gel, foam, wax, spray (pump), care (conditioner, lotion, serum, oil, mask, dye, henna dye, hair bleach,
highlights, permanent straightening, permanent wave) products. Face cleanser (solid soap, liquid soap, soap-free gel cleanser, milk, lotion/micellar water, wipes, exfoliating scrub), care (moisturizer cream, night cream,

anti-aging cream, eye contour, serum, lip balm, talc, skin lightening product, hair bleach, mask, clay mask, neck cream, strip), makeup (eye shadow, eye liner, eye pencil, mascara, concealer, prime face, foam foundation,
compact powder foundation, loose powder foundation, cream foundation, imperfection corrector, blush, lipstick, lip pen), makeup remover (lotion, milk, oil, foam, wipes, remover pads), oral care (toothpaste, whitening

toothpaste, gum protection toothpaste, fluoride toothpaste, child toothpaste, multi-care toothpaste, mouthwash) products. Body cleanser (solid soap, shower gel, baby shower gel, 2 in 1 hair and body, milk, foam bath,

wipes, intimate hygiene liquid cleanser, intimate hygiene wipes, exfoliating scrub), care (moisturizing milk, moisturizing cream, moisturizing oil, bust cream, heavy legs cream/gel, slimming cream/gel, anti-stretch mark

cream, nipple cream/oil, skin. lightening product, hair bleach, deodorant (aerosol, roll-on, stick, cream, Alun stone), fragrance (perfume, Eau de toilette, Eau de toilette for baby, Eau de Cologne), massage (balm, oil,
cream), hands (moisturizer cream, anti-spot cream, anti-perspirant cream, wipes, talc), feet (moisturizer cream, anti-perspirant, exfoliating scrub, talc), bottom (lotion, milk, wipes, cream/balm, liniment), sunscreen
(cream, aerosol, spray (pump), milk, oil, foam), after sun (cream, milk, oil), tanning (spray (pump), milk, oil), shaving (gel, foam, cream, soap, shower gel), after shaving (lotion, cream, oil, talc), depilatory (depilatory

cream, wax, strips), after depilatory (cream, gel, lotion), nail polish (base coat, polish, top coat) and remover products.

Food and Chemical Toxicology 124 (2019) 280-299

(percentage of users, Sun Protection Factor, galenic form and applica-
tion area) was collected via a web-based questionnaire on 567 French
families. The consumption (period of use, number of use, frequency of
use, amount per use and amount per day) and the exposure of 95
French families (337 adults and children) to a SPF 50 sunscreen spray
product during the 2014 summer holidays were studied. The daily
usage of sunscreen spray was recorded in a diary and the amount used
was collected by weighing at the beginning and at the completion of the
study in order to determine the total amount of product used. The ex-
posure was assessed using the Monte Carlo probabilistic method
(Gomez-Berrada et al., 2018a).

Hair dye: Hair dye products'usage patterns and exposure were as-
sessed on 4237 French adult women using three national web surveys
(2013-2015). Information about the place of use (at the hairdressers, at
home), the type of products (professional or supermarket products) or
the line of products (hair bleach, lightener, permanent dye, semi-per-
manent dye, temporary dye, or vegetal dye) was collected. Percentage
of users and frequency of use were calculated. The exposure was as-
sessed using the Monte Carlo probabilistic method (Bernard et al.,
2016).

Baby wipes on diaper area: A probabilistic exposure model to assess
the transfer of a lotion from wipes to babies'diaper skin was developed.
A diary study was conducted in 2013 to determine the number of wipes
used per day, on 531 children up to 48 months of age, from United
Kington, Germany and United States. The lotion transfer was measured
(Dey et al., 2016).

Toothpaste: Consumption (frequency of use, amount per use and
amount per day) and exposure to toothpaste were assessed in 2015 in
104 French families over a 3-week period. In total, data were collected
on 206 adults and 195 children aged 2-17. The daily usage of tooth-
paste was recorded in a diary and the amount used was collected by
weighing at the beginning and at the completion of the study in order to
determine the total amount of product used. The exposure was assessed
using the Monte Carlo probabilistic method. The influence of tooth-
brush kind (manual or electric) on consumption was evaluated (Gomez-
Berrada et al., 2018b).

Nail polish: The consumption of nail polishes (base coat, polish, top
coat) and nail polish remover was assessed in French adult and children
in 2013 (n = 1813). Percentage of users, frequency of use, wearing
time, number of coats applied and place of manicures were obtained by
a national web questionnaire survey. Real applications were carried out
with 110 volunteers to collect data on the amount of product used per
application by weighing, setting and drying time. Exposure was as-
sessed for cutaneous, inhalation and oral routes (Ficheux et al.,
2014).Specific to a type of ingredient

Products containing tea tree oil: Consumption data were collected
on online-panels of users of products containing tea tree oil. 2535 users
from France, Germany, Great Britain, Italy and Spain were included in
the study. Consumption and exposure data were obtained on 11 product
types such as face cleansing, foot deodorant spray or hand wash soap.
Daily frequency of use, amount per use (estimated using photographs)
and exposure were available for all the products and for the tea tree oil
ingredient (Rieder, 2017).Specific to a location

Beauty salon: Consumption and exposure to French consumers to
cosmetic products in beauty salons was assessed. The study was carried
out among 117 women in 3 beauty salons (2 in Brest and 1 in Laval
cities) in 2015. Frequencies of use data were obtained by ques-
tionnaires, amount per use data were collected by weighing the pro-
ducts and exposure was assessed by a Monte Carlo probabilistic
method. Facial care products (scrub and mask) and hair removal wax
were studied. Additional consumption and exposure data were obtained
for beauty professionals (not presented in the poster) (Coinet et al.,
2015).Specific to a container

The consumption of shampoo, shower gel and emollient cream
contained in a tube with a flip top cap and in a bottle with a pump was
assessed on a panel of 221 French adults over a 3-week period.
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= . Participants were asked to record in a diary the daily usage of each
2 B ® IRCH product and the corresponding amount used was collected by weighing
£ 2 o ; % 888 at the beginning and at the completion of the study in order to de-
[ . O h
% &3 g g 2EER termine the total amount of product used (Gomez-Berrada et al.,
~ 3¢ I8 <8238 Py
2017b).Specific to a protocol type
‘é Some consumption and probabilistic exposure data were obtained
588 S from clinical safety studies aimed to assess the cutaneous tolerance and
g E: ] E § efficacy of cosmetic products over a 7-28-day period. The frequencies
§ § 5 § = ° of use, close to real life conditions of use, were defined by the protocol
@ £ 55 ?0 g of the study. The amount of product used per application depended on
Z - o o - .
5 C :, E - % = the usage patterns specific to each participant. Products were weighed
< 5] 2 P . .
. g5 § 2 z 52 at the beginning and at the completion of the study in order to de-
§ FE g 5 &3 E termine the total amount of product used.
Data on cosmetic products dedicated to babies and children were
g @ obtained from 48 clinical studies (2001-2011) mostly conducted in
(=]
g g % % g % Europe (Spain, France, Italy, Germany and Macedonia). 4 studies were
gl d ! Ly E conducted in Mauritius. Usage patterns and exposure were studied on
29| 9 — o =
%18 g s 8 1481 babies and children aged 0-10 years for 6 categories of products:
- rinse-off products for hair and body, rinse-off products for the whole
5 body, leave-on products for face and body, cleansers, diaper dermatitis
ks % % % % treatment products and shampoos (Gomez-Berrada, 2013).
Z8 E g g g Data on sun care products were obtained from 75 clinical safety
£8|% 2 g B studies conducted on 3001 children (3-14 years old) and adults be-
D =
=% |8 & & & tween 2006 and 2016 in Mauritius, Spain, France and Italy. 6 types of
o %o products were studied: sunscreen cream, sunscreen milk, sunscreen
- = § spray, sunscreen stick, moisturizing cream with SPF and after-sun milk
1
s —§ ﬁ; & (Gomez-Berrada et al., 2017c).
S g g “? Consumption and exposure to family products were obtained from
g f It 8 87 clinical studies conducted in Europe (France, Macedonia, Spain,
Z 27 g Germany, Poland and Portugal). 2994 babies (0-3 years old), children
S 9 B .
Z ~ SEEBE L~ (4-12 years old) and adults were involved between 2002 and 2016.10
o types of products were assessed, such as shampoo, shower gel, solid
o £ £ § 3 soap or cleansing lotion (see Table 1 for a full list) (Gomez-Berrada
5 g g 2832 1., 2017d)
S 3 ] 3285 et al., .
5 :°: E E 5% 8 < 3.1.1.1.3. Additional consumption data. The RIVM Cosmetic Fact
= > . .
& s s £E 2 g 2 Sheet document provided consumption default values for 35
=] =] =] . . . . .
g g g g % %'E % categories of cosmetic products, including general hygiene, care,
Q o 5} o L 5o 3
&} a a AaEE e A makeup, sun care or baby care products (Bremmer et al., 2006).
TEg The Danish EPA provided data on liquid hand soap amount per use
o —g % '§ on adults in the workplace (Larsen and Andersen, 2006).
E Eg 3 Another study performed in 30 households in Delf, (Netherlands)
- - O
E &8 'g ol assessed hairsprays frequency of use and amount per use (Weegels and
E 4B %
5 SEg X van Veen, 2001).
U o g = .
§_ E ’:é & g £ 3.1.1.1.4. Focus on co-use data. Co-use patterns of cosmetic
ol -
E g 2 '*é g g 5 products were assessed on a Swiss children, adolescents and adults
Zl [ . . . 2
& g é = § ? 5 population (Garcia-Hidalgo et al., 2017; Manova et al., 2013).
= Q =1 = = .
- E, TETS ; = ‘g The number of products and the number of products daily used per
(7] — & 9 O 3 . . . .
5 S < g8, 88 g subject were assessed on a French population (babies, children, adults
=3 CAE = VIRPN o =
2 . 2 § g E & g E g 2 and pregnant women) (Ficheux et al., 2015) (See section 3.1.1.1.1 for
8 £ g 7 2 . .
S < & i g5 ges &g the description of the studies).
o = - @ O = . . .
2 g g E ER 28 § s | & The Kantar Worldpanel Usage Toiletries and Cosmetics Database
172 0 VU »n S o
. o £ contains habits and practices data for subjects from the United States
2 . . .
§~ - o 2 S 3 g and Europe. This database was used to highlight the top 20 co-use
e ) N — Q . . . .
=] b= combinations of product types in adult for the US and EU regions
A b
g = © 5 & combined (Comiskey et al., 2015, 2017).
-; 2 ~ E © n kS
=}
| » = 2~ o 0 =
+ = =]
_é g g g g i E —alé 3.1.2. Epidemiological studies (Table 2)
g ngo j; go g :; g 2 The associations between skin exposures and skin symptoms in re-
=
; < < AN << = lation to contact allergy were assessed in a longitudinal cohort of
;§ = = g Swedish adolescents (BAMSE cohort). Among information contained in
@l | g E the publication, the percentage of hair dye users collected by a ques-
= )
8| = R & tionnaire on 3115 adolescents girls and boys aged 16 is available
%0 5 g o] (Lagrelius et al., 2017).
k=] e %) . .
NE|E g 5 %" = K A case-control study was conducted in 16 French maternity between
o
=3 § E g ‘26 3 E 2011 and 2014. Cases were defined as male newborns with hypospadias
& = and controls were male newborns without hypospadias. Mother's
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lifestyle (household, environmental and occupational exposure) over
the first trimester of pregnancy was assessed by questionnaires
(n = 219). The percentage of mothers who used hair cosmetic products
(hairspray and colouring shampoo) during pregnancy was collected
(Haraux et al., 2017).

The Norwegian Women and Cancer study (NOWAC), a cross-sec-
tional study conducted on 114,202 Norwegian adult women, aimed to
assess the application of skin care products (body lotion, hand cream
and face cream) between heavy-users and non-users and to compare life
style characteristics (smoking history, drinking alcohol ...). The per-
centage of users and the frequency of use parameters were presented in
the publication. Additional data on sunscreen and perfume uses were
also described (Aniansson et al., 2016).

A large epidemiological study focused on the potential link between
obesity, its metabolic co-morbidities and the exposure to endocrine
disrupting chemicals. In this context, the use of cosmetic products was
assessed in a cohort of 201 Czech non-obese healthy adults (men and
women). Use frequency was collected for many cosmetic product types,
including face cream, makeup, perfume, deodorants or hair spray (see
Table 2 for a full list). However, results were not presented in the
publication (Miillerova et al., 2016).

3.2. Data obtained in America

3.2.1. Consumption studies
3.2.1.1. Presentation of studies

3.2.1.1.1. Representative large scale study (Table 3). Usage patterns
and consumption of cosmetic products was studied on US adult women
between 2000 and 2005.360 consumers aged 19-65 who regularly used
the products of interest were recruited at ten different geographical
locations within the US. Adult women were provided with test products
and recorded detailed daily usage information in a diary over a 2-week-
period. Products were weighed at the beginning and at the completion
of the study in order to determine the total amount of product used.
Products were lipstick, body lotion, face cream, hairspray, spray
perfume, liquid foundation, shampoo, body wash, solid
antiperspirant, facial cleanser, hair conditioner and eye shadow.
Consumption parameters were obtained using probabilistic methods.
Distributions of use patterns, including percentage of users, frequency
of use and amount used (per use and per day) were derived. These
studies were conducted by cosmetic companies and their associations
(Loretz et al., 2006, 2005, 2008).

Both publications mentioned below are part of the SUPERB project
(Study of Use of Products and Exposure-Related Behaviors) that focused
on behaviors influencing exposure to environmental chemicals in the
home environment (Hertz-Picciotto et al., 2010). Information on cos-
metic usage patterns were collected by phone interviews between 2006
and 2009 in 604 California households (453 households with children
and 151 households with an older adult) randomly sampled. 30 types of
cosmetic products were studied, such as general hygiene, skincare,
makeup or hair products (see Table 3 for a full list). Percentage of users
and frequency of use were collected in children and in adults. Only
results collected over the first year were presented in the publication
(Wu et al., 2010). Passive sampling methods were used to assess the
consumption of cosmetic products in 47 Californian households: 30
household consisted of families with young children and 17 households
consisted of families with elderly people. The types of products found in
households and the amount used over a 1-week period, obtained by
weighing, were reported. 17 categories of products were taken into
account including shampoo, facial moisturizer, hair styling products,
fragrance or sun block (see Table 3 for a full list). Results were pre-
sented for the whole household (Bennett et al., 2012; Hertz-Picciotto
et al., 2010).

3.2.1.1.2. Other studies (Table 3)Specific to a type of subpopulation

Pregnant women: The use of cosmetic products was assessed in a
cohort of 80 pregnant women in Ottawa (2009-2011). Information was
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collected six times during pregnancy and the post-partum period. 16
categories of cosmetic products were taken into account including
general hygiene, baby, hair styling and makeup products (See Table 3
for a full list). General consumption parameters were obtained within a
24 h or a 48 h period. However, scarce data such as the total number of
cosmetic product applications per day, the number of products daily
used, or the co-use combinations of products were generated (Lang
et al., 2016).

Adolescents: Usage patterns (percentage of users and frequency of
use) were assessed among 357 US adolescents aged 11-18 in middle-
and high school. 10 categories of products were studied including hy-
giene, body and facial products (See Table 3 for the list of product
types). Furthermore, the relation between the use of cosmetic products
and the degree of media influence was evaluated (Yoo and Kim, 2010).

Cosmetologists: An online survey was performed to gather in-
formation on respiratory issues related to work in cosmetologists, es-
thetician and manicurists in Minnesota. 2058 people participated in this
survey conducted in 2011. Data about work history, respiratory
symptoms, health and safety training and product usage were collected.
Percentage of users data were generated for curling/wave, straightener,
colouring and bleach hair products (Norlien et al., 2017).Specific to a
type of product

Baby wipes: The baby wipes lotion transfer to premature and term
neonatal babies'skin was studied in 121 hospitalized infants aged 24-42
weeks (Newborn Intensive Care Unit of Cincinnati Children's Hospital
Medical center, USA). The number of wipes used per day in diaper area
data was also described, and exposure was assessed (Hossain et al.,
2015).

A probabilistic exposure model for lotion transfer to diapered skin of
babies was developed. European and American consumption data were
taken into account (see section 3.1.1.1.2 for more details) (Dey et al.,
2016).

Sunscreen and mouthwash: Data from the National Health and
Nutrition Examination Survey (NHANES) questionnaire was used to
examine associations between the use of sunscreen and mouthwash,
and urinary concentrations of phthalate metabolites and phenols in a
nationally representative cohort of 3529 American adults from the US
(2009-2012). The percentage of users is mentioned in the publication
(Ferguson et al., 2017).

Tanning products: The use of artificial tanning products was as-
sessed in 448 adults aged 18-30 in Boston (USA) during summer 2004.
Percentage of users was presented for sunless tanning lotions and spray
tans (Brooks et al., 2006).

The percentage of sunless tanning product types (lotion, cream and
spray) was studied in 2007 on 181 adult women users of tanning pro-
ducts in Boston (Mahoney, 2012).

The percentage of sunless tanning product was also assessed in a
cohort of 415 adult women in Atlanta (Sahn, 2012) and in a cohort of
1600 adolescents (M and F) (Cokkinides et al., 2010).

Toothpaste: A clinical study assessed the consumption of toothpaste
in 90 children aged 2-12 (Miamiville, USA). Toothpaste ingestion and
amount used per application were calculated (Strittholt et al., 2016).
The duration of consumption of toothpaste in the household and the
number of brushing per day was measured in 688 Brazilian households
in 2009. Mothers answered the questionnaire for the whole family
(Colussi et al., 2011).Specific to a protocol type

Clinical safety studies aimed to assess the cutaneous tolerance and
efficacy of cosmetic products were used to obtain consumption and
exposure data on sun care products and babies/children products.
Brazilian participants were included in studied populations (see section
3.1.1.1.2 for the description of study) (Gomez-Berrada et al.,
2017d).Behavior in a Brazilian population

The consumption behavior among 101 Brazilian adults was studied
in 2015. The publication focused on the buying motivations, but some
consumption data such as the type of products used was collected
(Infante, 2016).
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3.2.1.1.3. Focus on co-use data. The Kantar Worldpanel Usage
Toiletries and Cosmetics Database was used to highlight the top 20
co-use combinations of cosmetic product types in adult for the US and
EU regions combined (Comiskey et al., 2015, 2017).

Co-use and non-use data were generated on 3297 adult women for 9
cosmetic products to refine an aggregate exposure model (internal P&G
consumer study) (Cowan-Ellsberry and Robison, 2009).

The number of cosmetic products used in the last 24 h was evaluated
in a cohort of 337 adult women with a young child. Results showed that
25% of women reported using 9 or more product types (Parlett et al.,
2013).

The use of cosmetic products was assessed in a cohort of 80 preg-
nant women in Ottawa (2009-2011). General consumption parameters
were obtained within a 24h or a 48 h-period and information on the
number of products daily used or the co-use combinations of products
were generated (see section 3.2.1.1.2 for more details) (Lang et al.,
2016).

3.2.2. Epidemiological studies (Table 4)

3.2.2.1. Studies conducted in the US. The link between cosmetic
products use during pregnancy and the risk of testicular germ cell
tumors (TGCT) in sons was assessed in 1089 American women between
2002 and 2005. Mothers of both cases (sons with TGCT) and controls
(sons without TGCT) were asked to report on the use and on the
frequency of use during their pregnancy and breastfeeding for 9
product types including hair dye, hair perm/relaxer, sunscreen and
nail polish (see Table 4 for a full list). Consumption data were also
available depending on women skin color. However, authors mentioned
that women were asked to remember events from 1960 to 1980, so their
answers could be very approximate (Ghazarian et al., 2018).

The association between childhood hair product use and early age at
menarche and the association between childhood and adult hair pro-
duct use and adult mammographic breast density were assessed in two
urban women cohorts (n = 248) between 2001 and 2008.6 types of hair
products were taken into account: oil, lotion, leave-in conditioner, root
stimulator, perm/relaxer and dye. Percentages of users are presented in
the publication (James-Todd et al., 2011; McDonald et al., 2018).

The association between cosmetic products use and exogenous
hormone use (oral contraceptive and hormone therapy use) was studied
in 47,019 adult women from the NIEHS Sister Study (2003-2009).
Consumption data (percentage of users and frequency of use) were
obtained for 48 types of cosmetic products. Morover, the association
between cosmetic product use and two common estrogenic medications
was examined. However, consumption results were not presented in the
publication (Taylor et al., 2017).

The association between the use of hair product (dye, relaxer/
straightener) and breast cancer was studied in a case-control study
conducted among 4285 adult women between 2002 and 2008. The
percentage of users, the frequency of use, the usual shade and appli-
cation used (home-kit or salon) and the total duration of use were
collected and results were presented depending on origin (African or
white American women) (Llanos et al., 2017).

3.2.2.2. Study conducted in Brazil. The link between maternal use of
hair dye and hair straightening products during pregnancy and
leukemia in children was assessed in a multicenter case-control study
carried out in 13 Brazilian states between 1999 and 2007.650 adult
women were included in this study. Percentage of use parameter was
asked over all trimesters of pregnancy as well as breastfeeding period
(Couto et al., 2013).

3.3. Data obtained in Asia
3.3.1. Consumption studies

3.3.1.1. Presentation of studies (Table 5)
3.3.1.1.1. Representative large scale study. A study was conducted
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during summer 2012 on a sample of 3333 Korean women and men aged
15 and older. Participants were randomly selected from 15
metropolitan areas and provinces. Face-to-face interviews using a
questionnaire about percentage of users, frequency of use, amount
per use and time spent using each product were performed. 5 cosmetic
products, face cleanser, toothpaste, shampoo, hair conditioner and
body wash were taken into account. Consumption data were generated
using a deterministic method. Circumstances of use (place of use,
volume of place and ventilation) and reliability of questionnaire data
were also investigated. This study was supported by Korea Ministry of
Environment (Park et al., 2015).

3.3.1.1.2. Other studiesSpecific to a type of subpopulation

Babies: The consumption and the exposure to baby products were
assessed among 336 babies under the age of 36 months living in Seoul
and Pusan (Korea). 7 product types were taken into account: leave-on
face cream, leave-on body cream, oil-type leave-on lotions, sunscreen,
liquid type cleanser, shampoo and wet wipes. Parents used their own
products at home for a 14-day period. Frequency of use was daily re-
corded in a diary; amount of product was obtained by weighing.
Enquiries were performed in summer and in winter; and a comparison
of consumption and exposure values between seasons was assessed (Lee
et al., 2017).

Adult women: The consumption of cosmetic products was assessed
in a population of Japanese adult women living in Tokyo (n = 600).
Volunteers were asked to use their own products as usual for at least a
2-week period and to report each use in a diary. Amount data were
collected by weighing each product at the beginning and at the end of
the study. 17 types of cosmetics were studied such as lotion, emulsion,
facial mask pack, sunscreen or makeup (see Table 5 for a full list).
Surveys were carried out during summer and winter for skincare pro-
ducts, and a comparison of consumption values obtained for each
season was performed. Data for the other product types were collected
only during summer. Comparisons of hand use and cotton use for lotion
and emulsion products were also presented (Yamaguchi et al., 2017).

Aggregate risk assessment to 11 phthalate esters was assessed in
Chinese adult women. A questionnaire survey conducted in 2013 in
Shanghai on 103 adult women (20-55 years old) allowed to collect
frequency of use data. About 20 types of products were studied, in-
cluding shampoo, perfume, skin toner or makeup (see Table 5 for a full
list). Amount data were obtained from literature (Bao et al., 2015).

Risk assessments to four phthalates (DEHP, DEP, DBP and BBP)
found in perfume, deodorant, nail polish and hair product were per-
formed. In this case, a questionnaire was designed to obtain frequency
and volume of products used by 150 adult women (20-73 years old)
living in Suwon (Korea) (Koo and Lee, 2004).

The prevalence of cosmetic product-related contact dermatitis was
studied among 360 adult women from two geographical areas of Israel
(coastal and mountain). Face-to-face interviews were carried out at
pharmacies and beauty salons. Cosmetic products consumption habits
were collected (data not shown in the publication) (Trattner et al.,
2009).

Elementary school students: Cosmetic products of interest and ma-
keup behaviors were assessed in 300 elementary school students from a
private school in Seoul (Korea). Data were collected by questionnaire in
2012. Measured variables were beauty involvement, interest in beauty
product, beauty behavior and cosmetic consumers behavior. However,
no consumption results are presented in the publication (Barng, 2017).

3.3.2. Epidemiological studies
No epidemiological study performed in Asia was found.

3.4. Data obtained in Africa
3.4.1. Consumption studies

Clinical safety studies aimed to assess the cutaneous tolerance and
efficacy of cosmetic products allowed to obtain consumption and
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exposure data on sun care, family and babies/children products.
Mauritian and South African participants were included in the studied
populations (see section 3.1.1.1.2 for the description of studies)
(Gomez-Berrada, 2013; Gomez-Berrada et al., 2017d, 2017c¢).

3.4.2. Epidemiological study (Table 6)

A cross-sectional study conducted in Jigjiga (Ethiopia) on 600 adults
of both sexes assessed the use of cosmetic products and the occurrence
of adverse events related to their use (allergic reactions, acne ...). 9
types of products were taken into account: deodorant, face powder,
lipstick, hair cosmetics, toothpaste, eye makeup, skin colorant, nail
polish and soap. Information on the percentage of users, the frequency
of use and the number of products daily used were available (Bilal et al.,
2017).

3.5. Consumption data used in aggregate exposure models

RIVM and Dutch consumption databases: The aggregate exposure to
methyl-, ethyl-, propyl- and butyl-paraben was assessed in children
aged 0-3 years. 17 types of products were studied: baby oil, baby
powder, massage oil, ear cleaner, anti-cradle cap product, sunscreen,
after sun, hair lotion, 2 in 1 shampoo, body lotion, shower bath/soap,
bath oil, liquid soap, toothpaste, baby wipes and babysalve. Authors
applied a deterministic (tier 1) and a person-oriented probabilistic ap-
proach (tier 2) for exposure calculations. In tier 1 step, ConsExpo
consumption default values were used (Bremmer et al., 2006). In tier 2
step, consumption data (frequency of use and amount per use) were
generated from a small pilot study performed with an online ques-
tionnaire on Dutch parents of 28 children aged 0-3 (Gosens et al.,
2014).

Swiss and Dutch consumption database: Manova et al. (2015) as-
sessed the aggregate exposure to ethylhexyl methoxycinnamate. 9 types
of products were included in the model: face cream, body lotion,
aftershave lotion/balm, hand cream, makeup foundation, lip care, lip-
stick, and sunscreen. Consumption data were previously obtained by
the authors: frequency of use data were derived from a Swiss adult and
child population (Manova et al., 2013) and amount per use data were
obtained from an adult Dutch population (Biesterbos et al., 2015).

Dutch consumption database: The aggregate exposure to diethyl
phthalate, decamethyl-cyclopentasiloxane, geraniol or methylisothia-
zolinone in cosmetic products were assessed using a Dutch adults
consumption database previously described in section 3.1.1.1.1
(Biesterbos et al., 2013). The data were used to develop and to validate
a person-oriented exposure model: the Probabilistic Aggregate Con-
sumer Exposure Model (PACEM) (Delmaar et al., 2015; Dudzina et al.,
2015; Ezendam et al., 2018; Nijkamp et al., 2015).

European and North American consumption databases: A model was
developed to estimate the aggregate exposure to fragrance ingredients
in cosmetic products: the Creme RIFM aggregate exposure model.
Consumption data were obtained from the Kantar Worldpanel Usage
Toiletries and Cosmetics Database which is usually used for marketing
research purposes. This database contains habits and practices data on
subjects from The United States and Europe. Data from 36,446 subjects
aged at least 18 were taken into account, including frequency of use or
application sites. Amount per use data were previously collected by
Colipa (now Cosmetics Europe) for European adult consumers (Hall
et al.,, 2007, 2011) and by CTFA (now the Personal Care Products
Council) for US American adult consumers (Loretz et al., 2006, 2005,
2008) (see section 3.1.1.1.1 and 3.2.1.1.1 for the description of Eur-
opean and American studies, respectively). 19 types of products re-
presenting seven product categories (body lotion, deodorant, oral care,
styling, hydro-alcoholics, shower and moisturizers) were used in the
model (Comiskey et al., 2015; Safford et al., 2015). This model was
recently expanded to 8 new fragrance ingredients (Safford et al., 2017).

A probabilistic aggregate exposure model was developed to estimate
consumer exposure from 5 rinse-off cosmetic products containing zinc
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pyrithione: shampoo, shower gel, bar soap, liquid hand soap and
cleanser (Tozer et al., 2015). Frequency of use and co-use data were
obtained from two web surveys conducted by Procter and Gamble on an
sample of 4262 US American adult representative of the US population
using the National health and nutrition examination survey (NHANES)
demographic information. Amount per use data were previously ob-
tained by Colipa (now Cosmetics Europe) in a European adult sample
(Hall et al., 2007, 2011) (see section 3.1.1.1.1 for more details).
French consumption database: The aggregate exposure to phenox-
yethanol and parabens were assessed using a French consumption da-
tabase (Ficheux et al., 2015, 2016a). Consumption data were obtained
from 2838 adult women and 9 types of products were included in the
model: day cream, night cream, cleansing milk, eye contour gel,
toothpaste, body milk, slimming gel, body oil and intimate hygiene
product. A probabilistic approach was used (Morsch et al., 2015).

4. Discussion
4.1. General point on data available in literature

82 references were included in this review, and most of them were
published in 2010s. Most of the studies, called in this review “con-
sumption studies”, were conducted to assess the cosmetic products
usage patterns in a population and, in half of the cases, to assess the
corresponding exposure. Studies classified as epidemiological studies
were conducted to evaluate the association between cosmetic products
or cosmetic ingredients consumption and adverse events. They provide
additional information on cosmetic product's consumption. Most of the
data available were recently generated, on different subpopulations, in
different countries, on many types of products, and co-use data were
obtained.

4.1.1. Data obtained in different subpopulations

In 2000s, consumption data were available only on European adults
(Hall et al., 2007, 2011) and on American women (Loretz et al., 2006,
2005, 2008); consumer exposure was assessed only in the European
studies. No data specific to population at risk such as babies, children,
adolescents or pregnant women were available. A study conducted at
the beginning of 2010 on French pregnant women showed that ex-
posure values obtained in pregnant women were higher than exposure
values obtained in the general European adult population for many
types of products. The authors emphasized that differences may exist
between some particular subpopulations (Bavoux et al., 2011). Studies
conducted in different subpopulations then multiplied, and large dif-
ferences in consumption and/or exposure were highlighted depending
on age or sex. Consumption/exposure data were provided on products
used for babies/children, such as cleansing products, moisturizing
products, Eau de toilette, wipes, but also products for the nappy area or
sunscreen products (Dey et al., 2016; Ficheux et al., 2015, 2016a;
2016b; Garcia-Hidalgo et al., 2017; Gomez-Berrada, 2013; Gomez-
Berrada et al., 2017a, 2017d; 2017c, 2018a; Hossain et al., 2015; Lee
etal., 2017; Manova et al., 2013). Consumption and exposure data were
also generated on adolescents (Bernard et al., 2018; Cokkinides et al.,
2010; Den Hond et al., 2013; Ficheux et al., 2015, 2016a; 2016c;
Garcia-Hidalgo et al., 2017; Gomez-Berrada et al., 2017c; Lagrelius
et al., 2017; Manova et al., 2013) and on pregnant women (Couto et al.,
2013; Ficheux et al., 2015; Ghazarian et al., 2018; Haraux et al., 2017;
Lang et al., 2016; Marie et al., 2016). These data are very important for
safety assessment. In fact, young people could be more susceptible to
the effects of chemical exposure than adults because of a greater surface
area to weight ratio, a higher metabolic rate and immature organ sys-
tems (Becker et al., 2010). Adolescents are of particular concern be-
cause they are in a period of accelerated development such as the
maturation of the reproductive systems or a rapid bone growth (EWG,
2008). Pregnant women are an important subpopulation because of the
potential health impact of their exposure on the fetus, for which
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exposure may inflict life-long adverse health effects (Tefre de Renzy-
Martin et al., 2014). Data specific to a professional use were also gen-

© =
é ; IS erated, such as hairdressers (Ramirez-Martinez et al., 2016). All data
& = g obtained for various subpopulations are essential to protect all con-
= = sumer profiles.
N
° § 4.1.2. Data obtained in different countries
§ 2| o As previously mentioned, two large databases on European and
American populations were initially available in the literature. Many
5 consumption but also epidemiological studies have been recently con-
§ ducted in various European countries such as France, Switzerland,
§ 2| < Netherland, Belgium, Sweden, Norway and Czech Republic (Tables 1
E 'é § and 2). In America, other consumption and epidemiological studies
were conducted in several cities in the US, but also in Canada and Brazil
o (Tables 3 and 4). Consumption studies have been recently conducted on
& o Asian, Korean, Japanese and Chinese populations (Table 5). One epi-
2 ; E demiological study reported usage patterns of cosmetic products in an
R 5 Ethiopian population (Table 6). All these studies carried out in various
g % ;; regions of the world are important because differences in usage patterns
o

of cosmetic products can be observed. For example, there are many
differences between European, American and Japanese data. The
amount of skin care products used per application by adult women was
lower in the Japanese sample and the types of products used were
different. Authors concluded that these differences could be explained
by disparities in cosmetic customs as well as regional and climatic
differences (Yamaguchi et al.,, 2017). In an epidemiological study
conducted in African adults living in Ethiopia (Bilal et al., 2017), the
percentage of cosmetic products users was much lower than those re-
ported from Netherland, Swiss or French national studies (Biesterbos
et al., 2013; Ficheux et al., 2015; Manova et al., 2013); and the number
of products daily used was lower than values reported in a French
population (Ficheux et al., 2015). All these data obtained are likely to
be of great benefit for a safety assessor wanting to put a cosmetic
product on the market in a particular region of the world.

traditional herbal cosmetics

Information about
are available

4.1.3. Data obtained for many types of products

The two large European and American databases available in the
2000s covered about ten product types commonly applied by con-
sumers. Recent studies were performed on a large number of product
types. About 150 types of products were investigated in a national
French study (Ficheux and Roudot, 2017). The usage patterns of cos-
metic products was assessed in a Netherlands population for 32 types of
products (Biesterbos et al., 2013), and in a Swiss population for 22
types of products (Garcia-Hidalgo et al., 2017). The changes in cosmetic
products habits during pregnancy and risk perception were assessed in
French women, for which 28 common types of products were in-
vestigated (Marie et al., 2016). Frequency of use data were collected in
a Chinese population, with 22 types of products taken into account (Bao
et al., 2015). These studies have shown differences in consumption/
exposure values obtained for cosmetic products in a same line such as
hair styling products (lacquer, gel, foam, wax or spray) (Ficheux et al.,
2016c¢) or makeup remover products (milk, lotion or wipes) (Bernard
et al., 2018). Other studies focused on one type of product, and pro-
vided many consumption information, such as studies focused on baby
wipes (Dey et al., 2016), hair dye (Bernard et al., 2016), toothpaste
(Colussi et al., 2011; Strittholt et al., 2016), nail polish (Ficheux et al.,
2014) or sunscreen products (Gomez-Berrada et al., 2018a). For ex-
ample, usage patterns of sunscreen products during summer holidays
such as usual sun protection factor, usual galenic form or usual appli-
cation area were collected, (Gomez-Berrada et al., 2018a). All these
refined data are an important point for safety assessment.

Consumption parameters studied Additional data
Percentage of users, frequency of

use, number of products used per

day

deodorant, face powder, lipstick, hair
cosmetics, toothpaste, eye makeup,
skin colorant, nail polish, soap

Products studied

Number of
people
600

Age (years
old)
=18

M and F

4.1.4. Co-use data

Co-use patterns were assessed on Swiss (Garcia-Hidalgo et al., 2017;
Manové et al., 2013), French (Ficheux et al., 2015), American people
from the US and European people (Comiskey et al., 2015, 2017),

Population
Ethiopian
(Jigjiga)

M: males, F: females, N: Number of participants.

Epidemiological study conducted in Africa.
Se

Table 6
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American people from the US (Cowan-Ellsberry and Robison, 2009;
Parlett et al., 2013) and Canadian (Lang et al., 2016). As an example, on
the 22 types of products investigated, Swiss adult women regularly used
on average 13 cosmetic products versus 9 for adult men. Children (0-17
years old) used on average 11 products for girls and 7 for boys (Garcia-
Hidalgo et al., 2017). The number of cosmetic products daily used was
evaluated in a cohort of adult women with a young child. Among the 13
types of products studied, 25% of women reported using nine or more
product types in the last 24 h (Parlett et al., 2013). A study carried out
on French people showed that, among 141 types of products studied, 18
cosmetics were used daily by adult pregnant women, 16 by adult non-
pregnant women, 8 by adult men, 7 for girls, 5 for boys and 6 for babies
under 3 years old (mean values) (Ficheux et al., 2015). Co-use in-
formation is important for public health reasons because consumers use
several cosmetic products a day, and consequently are potentially ex-
posed many times a day to the same ingredient such as preservatives or
perfume. Aggregate exposure models for ingredients found in cosmetic
products, such as Probabilistic Aggregate Consumer Exposure Model
(PACEM) (Dudzina et al., 2015; Manova et al., 2015; Nijkamp et al.,
2015) or Creme RIFM models (Comiskey et al., 2015; Safford et al.,
2015), are of great interest, and are part of the future of cosmetic safety
assessment.

4.2. Point on methods in data collection

As it was described above, differences in age, sex or geographical
region induce differences in term of consumption and exposure values
for the same type of cosmetic product. Important methodological points
could also explain the differences of values observed between studies,
such as the representativeness of the sampling to a population or the
methodology of data collection. These important points deserved to be
developed.

4.2.1. Representativeness of the sampling

Most of consumption and epidemiological studies have been con-
ducted with a representative sampling approach, such as randomed
sampling, stratified sampling, systematic sampling, quota sampling or
convenience sampling (Tyrer and Heyman, 2016). For example in
consumption studies, population could be randomly selected
(Biesterbos et al., 2013; Garcia-Hidalgo et al., 2017; Park et al., 2015),
sampled according to quota method (Ficheux and Roudot, 2017; Lee
et al., 2017; Rieder et al., 2017) or sampled by convenience (Bao et al.,
2015). In epidemiological studies, systematic sampling (Taylor et al.,
2017) or randomly sampling were used (Aniansson et al., 2016).
Sampling plans are of great importance, because qualitative and
quantitative data obtained can be extrapolated to an entire population
(Levy and Lemeshow, 2013). Some consumption studies were also
conducted without sampling plan, for example on a panel of consumers
(Cowan-Ellsberry and Robison, 2009; Gomez-Berrada, 2013; Gomez-
Berrada et al., 2017a, 2018a; Strittholt et al., 2016) or on subjects re-
cruited on demographics or on consumption parameters (Yamaguchi
et al., 2017). These subjects could have a different consumption beha-
vior from the general population's one. In this case, the data obtained
could be extrapolated to a specific population, but not always to the
whole population.

4.2.2. Methods in data collection

Epidemiological studies permitted to obtain consumption data,
especially percentage of users and frequency data (Tables 2 and 4).
These data were obtained by questionnaires (self-administered, face to
face or phone questionnaires). In consumption studies, frequency data
were obtained by questionnaires or by diaries. In questionnaires, fre-
quency scales were proposed depending on the type of products studied
(Garcia-Hidalgo et al., 2017; Infante, 2016; Manova et al., 2015; Park
et al., 2015). In diaries, each usage of cosmetic product was noted for a
given period of use (2 or 3 weeks in general) (Gomez-Berrada et al.,
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2017a, 2018a; Hall et al., 2007, 2011; Loretz et al., 2006, 2005, 2008).
The use of a diary could refine frequency data obtained in frequency
scales if diaries are diligently completed during the required period. In
a national French consumption study, frequency of use data obtained by
questionnaire was refined using a 24-h recall by phone (Ficheux and
Roudot, 2017). In consumption studies, amount data could be obtained
by weigting or by estimation. In some studies, amount consumed could
be obtained by weighing the product before and after a given period of
use at home (Gomez-Berrada et al., 2017a, 2017b; 2018a; Hall et al.,
2007, 2011; Loretz et al., 2006, 2005; 2008; Strittholt et al., 2016;
Yamaguchi et al., 2017) or after a single use of the product at the la-
boratory (Ficheux et al., 2016a) or at the workplace (Coinet et al.,
2015; Ramirez-Martinez et al., 2016). Amount per use data could also
be estimated by photographs (Biesterbos et al., 2015; Garcia-Hidalgo
et al., 2017) or by circle pads (Park et al., 2015). These methodologic
choices could result in systematic bias of extreme values which could be
for example conditioned by the minimum and the maximum amount of
product presented by the photographs/circle cards. Moreover, the inter-
individual variability would not be taken into account at its fair value.
In Park et al. (2015) study, a comparison between the amount of
toothpaste estimated by circle cards and the measured amount of this
product consumed at home showed that the amount of toothpaste es-
timated by circle pads was lower than the measured amount. As it was
demonstrated in Park et al. (2015) study), it would be preferable to
focus on the amount data obtained by weighing in order to evaluate
more precisely the consumption of cosmetic products.

5. Conclusion

This systematic review provides, for the first time, a state of art on
consumption and exposure data of finished cosmetic product available
in literature. Before the year 2000, very few studies were devoted to the
consumption of cosmetics. In 2000s, only two large consumption da-
tabases on adult consumers were available. From a decade, consump-
tion studies are increasingly numerous, and data were generated on
various subpopulations (babies, children, adolescents, adults, pregnant
women), on various geographical regions (Europe, North America but
also Asia or South America) and on various types of products.
Epidemiological studies bring additional consumption data obtained on
large cohorts. Co-use data were generated, and aggregate exposure
models were developed. All these data show the willingness of scientists
to improve the safety assessment of cosmetic products. The challenge is
now probably rather to begin sorting these data in order to choose the
most appropriate data for safety assessment. A particular attention
should be given to aggregate exposure models which are the future of
cosmetic safety assessment.

Transparency document

Transparency document related to this article can be found online at
doi:10.1016/j.fct.2018.11.060.

References

Aksu Arica, D., Baykal Selcuk, L., Aran, T., Ates, E., Yayli, S., Bahadir, S., 2017. The use of
cosmetics and personal care products during pregnancy. Turk. J. Dermatol. Tiirk
Dermatoloji Derg. 11, 22-27.

Aniansson, B., Veiergd, M.B., Rylander, C., Lund, E., Sandanger, T.M., 2016.
Characterization of heavy users of skin care products among Norwegian women from
2003 to 2011. Arch. Public Health 74.

Bao, J., Wang, M., Ning, X., Zhou, Y., He, Y., Yang, J., Gao, X., Li, S., Ding, Z., Chen, B.,
2015. Phthalate concentrations in personal care products and the cumulative ex-
posure to female adults and infants in Shanghai. J. Toxicol. Environ. Health 78,
325-341.

Barng, K., 2017. Elementary schools students' use of beauty products and makeup be-
havior. Information 20, 2861-2868.

Bavoux, C., Picot, V., Roudot, A.C., Verdier, C., Sater, N., Ould Elhkim, M., et al., 2011.
Pregnant women exposure assessment to cosmetic products. Toxicol. Lett. 205 (S28),
$255-5256.


https://doi.org/10.1016/j.fct.2018.11.060
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref1
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref1
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref1
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref2
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref2
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref2
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref3
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref3
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref3
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref3
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref4
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref4
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref5
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref5
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref5

A.-S. Ficheux et al.

Becker, M., Edwards, S., Massey, R.I., 2010. Toxic chemicals in toys and Children's pro-
ducts: limitations of current responses and recommendations for government and
industry. Environ. Sci. Technol. 44, 7986-7991.

Bennett, D.H., Wu, X., Teague, C.H., Lee, K., Cassady, D.L., Ritz, B., Hertz-Picciotto, I.,
2012. Passive sampling methods to determine household and personal care product
use. J. Expo. Sci. Environ. Epidemiol. 22, 148-160.

Bernard, A., Houssin, A., Ficheux, A.S., Wesolek, N., Nedelec, A.S., Bourgeois, P., Hornez,
N., Batardiére, A., Misery, L., Roudot, A.C., 2016. Consumption of hair dye products
by the French women population: usage pattern and exposure assessment. Food
Chem. Toxicol. 88, 123-132.

Bernard, A., Dornic, N., Roudot, A., Ficheux, A., 2018. Probabilistic exposure assessment
to face and oral care cosmetic products by the French population. Food Chem.
Toxicol. 111, 511-524.

Biesterbos, J.W.H., Dudzina, T., Delmaar, C.J.E., Bakker, M.I., Russel, F.G.M., von Goetz,
N., Scheepers, P.T.J., Roeleveld, N., 2013. Usage patterns of personal care products:
important factors for exposure assessment. Food Chem. Toxicol. 55, 8-17.

Biesterbos, J.W.H., Beckmann, G., van Wel, L., Anzion, R.B.M., von Goetz, N., Dudzina,
T., Roeleveld, N., Ragas, A.M.J., Russel, F.G.M., Scheepers, P.T.J., 2015. Aggregate
dermal exposure to cyclic siloxanes in personal care products: implications for risk
assessment. Environ. Int. 74, 231-239.

Bilal, A.IL,, Tilahun, Z., Osman, E.D., Mulugeta, A., Shekabdulahi, M., Berhe, D.F., 2017.
Cosmetics use-related adverse events and determinants among Jigjiga town residents,
eastern Ethiopia. Dermatol. Ther. 7, 143-153.

Bremmer, H.J., Prud’homme de Lodder, L.C.H., van Engelen, J.G.M., 2006. Cosmetics
Fact Sheet to Assess the Risks for the Consumer Updated Version for ConsExpo 4.
RIVM Report 320104001/2006. National Institute for Public Health and the
Environment, Bilthoven, Netherlands.

Brooks, K., Brooks, D., Dajani, Z., Swetter, S.M., Powers, E., Pagoto, S., Geller, A.C., 2006.
Use of artificial tanning products among young adults. J. Am. Acad. Dermatol. 54,
1060-1066.

Coinet, A., Ledoux, C., Ficheux, A.S., Wesolek, N., Bernard, A., Roudot, A.C., 2015.
Assessment of French Consumers Exposure to Cosmetic Products through Beauty
Salons, vol. 2.

Cokkinides, V.E., Bandi, P., Weinstock, M.A., Ward, E., 2010. Use of sunless tanning
products among US adolescents aged 11 to 18 years. Arch. Dermatol. 146.

Colussi, P.R.G., Haas, A.N., Oppermann, R.V., Rosing, C.K., 2011. Consumo de dentifricio
e fatores associados em um grupo populacional brasileiro. Cad. Satide Ptblica 27,
546-554.

Comiskey, D., Api, A.M., Barratt, C., Daly, E.J., Ellis, G., McNamara, C., O'Mahony, C.,
Robison, S.H., Safford, B., Smith, B., et al., 2015. Novel database for exposure to
fragrance ingredients in cosmetics and personal care products. Regul. Toxicol.
Pharmacol. 72, 660-672.

Comiskey, D., Api, A.M., Barrett, C., Ellis, G., McNamara, C., 0'Mahony, C., Robison, S.H.,
Rose, J., Safford, B., Smith, B., et al., 2017. Integrating habits and practices data for
soaps, cosmetics and air care products into an existing aggregate exposure model.
Regul. Toxicol. Pharmacol. 88, 144-156.

Cosmetics Europe, 2017. Do cosmetics matter? — ‘Yes, they do!' say the overwhelming
majority of European consumers. Press release. June 14, 2017. https://www.
cosmeticseurope.eu/news-events/do-cosmetics-matter-yes-they-do-say-
overwhelming-majority-european-consumers.

Couto, A.C., Ferreira, J.D., Rosa, A.C.S., Pombo-de-Oliveira, M.S., Koifman, S., 2013.
Pregnancy, maternal exposure to hair dyes and hair straightening cosmetics, and
early age leukemia. Chem. Biol. Interact. 205, 46-52.

Cowan-Ellsberry, C.E., Robison, S.H., 2009. Refining aggregate exposure: example using
parabens. Regul. Toxicol. Pharmacol. 55, 321-329.

Delmaar, C., Bokkers, B., ter Burg, W., Schuur, G., 2015. Validation of an aggregate ex-
posure model for substances in consumer products: a case study of diethyl phthalate
in personal care products. J. Expo. Sci. Environ. Epidemiol. 25, 317-323.

Den Hond, E., Paulussen, M., Geens, T., Bruckers, L., Baeyens, W., David, F., Dumont, E.,
Loots, 1., Morrens, B., de Bellevaux, B.N., et al., 2013. Biomarkers of human exposure
to personal care products: results from the flemish environment and health study
(FLEHS 2007-2011). Sci. Total Environ. 463-464, 102-110.

Dey, S., Carr, G.J., Li, L., Brink, S., Zhou, S., 2016. Probabilistic Monte Carlo estimation
for quantitative exposure assessment of lotion transfer via baby wipes usage. Regul.
Toxicol. Pharmacol. 79, 54-63.

Dudzina, T., Delmaar, C.J.E., Biesterbos, J.W.H., Bakker, M.I., Bokkers, B.G.H., Scheepers,
P.T.J., van Engelen, J.G.M., Hungerbuehler, K., von Goetz, N., 2015. The probabil-
istic aggregate consumer exposure model (PACEM): validation and comparison to a
lower-tier assessment for the cyclic siloxane D5. Environ. Int. 79, 8-16.

EU, 2009. Regulation (EC) No 1223/2009 of the european parliament and of the Council
of 30 November 2009 on cosmetic products. Official Journal of the European Union
151.

EWG, 2004. Exposures Add up — Survey Results. Exposures Add up — Survey Results.
http://www.ewg.org/skindeep/2004/06,/15/exposures-add-up-surveyresults/.

EWG, 2008. Teen Girls' Body Burden of Hormone-altering Cosmetics Chemicals. http://
www.ewg.org/research/teen-girls-body-burden-hormone-alteringcosmetics-
chemicals.

Ezendam, J., Bokkers, B.G.H., Bil, W., Delmaar, J.E., 2018. Skin sensitisation quantitative
risk assessment (QRA) based on aggregate dermal exposure to methylisothiazolinone
in personal care and household cleaning products. Food Chem. Toxicol. 112,
242-250.

Ferguson, K.K., Colacino, J.A., Lewis, R.C., Meeker, J.D., 2017. Personal care product use
among adults in NHANES: associations between urinary phthalate metabolites and
phenols and use of mouthwash and sunscreen. J. Expo. Sci. Environ. Epidemiol. 27,
326-332.

Ficheux, A.S., Morisset, T., Chevillotte, G., Postic, C., Roudot, A.C., 2014. Probabilistic

298

Food and Chemical Toxicology 124 (2019) 280-299

assessment of exposure to nail cosmetics in French consumers. Food Chem. Toxicol.
66, 36-43.

Ficheux, A.S., Wesolek, N., Chevillotte, G., Roudot, A.C., 2015. Consumption of cosmetic
products by the French population. First part: frequency data. Food Chem. Toxicol.
78, 159-169.

Ficheux, A.S., Chevillotte, G., Wesolek, N., Morisset, T., Dornic, N., Bernard, A., Bertho,
A., Romanet, A,, Leroy, L., Mercat, A.C., et al., 2016a. Consumption of cosmetic
products by the French population second part: amount data. Food Chem. Toxicol.
90, 130-141.

Ficheux, A.S., Dornic, N., Bernard, A., Chevillotte, G., Roudot, A.C., 2016b. Probabilistic
assessment of exposure to cosmetic products by French children aged 0-3 years. Food
Chem. Toxicol. 94, 85-92.

Ficheux, A.S., Bernard, A., Chevillotte, G., Dornic, N., Roudot, A.C., 2016c. Probabilistic
assessment of exposure to hair cosmetic products by the French population. Food
Chem. Toxicol. 92, 205-216.

Ficheux, A.S., Roudot, A.C., 2017. Evaluation probabiliste de l'exposition de la population
francaise aux produits cosmétiques. (Book edited by Cosmed).

Garcia-Hidalgo, E., von Goetz, N., Siegrist, M., Hungerbiihler, K., 2017. Use-patterns of
personal care and household cleaning products in Switzerland. Food Chem. Toxicol.
99, 24-39.

Ghazarian, A.A., Trabert, B., Robien, K., Graubard, B.I., McGlynn, K.A., 2018. Maternal
use of personal care products during pregnancy and risk of testicular germ cell tumors
in sons. Environ. Res. 164, 109-113.

Gomez-Berrada, M.-P., 2013. Retrospective exposure data for baby and children care
products: an analysis of 48 clinical studies. Food Chem. Toxicol. 10.

Gomez-Berrada, M.-P., Ficheux, A.-S., Guillou, S., Berge, C., de Javel, D., Roudot, A.-C.,
Ferret, P.-J., 2017a. Consumption and exposure assessment to cosmetic products for
children under 2 years old. Food Chem. Toxicol. 105, 151-160.

Gomez-Berrada, M.P., Ficheux, A.S., Galonnier, M., Rolfo, J.E., Rielland, A., Guillou, S.,
De Javel, D., Roudot, A.C., Ferret, P.J., 2017b. Influence of the container on the
consumption of cosmetic products. Food Chem. Toxicol. 109, 230-236.

Gomez-Berrada, M.P., Ficheux, A.S., Rakotomalala, S., Roudot, A.C., Ferret, P.J., 2017c.
Probabilistic exposure assessment of sun care products. Food Chem. Toxicol. 108,
314-325.

Gomez-Berrada, M.P., Ficheux, A.S., Dahmoul, Z., Roudot, A.C., Ferret, P.J., 2017d.
Exposure assessment of family cosmetic products dedicated to babies, children and
adults. Food Chem. Toxicol. 103, 56-65.

Gomez-Berrada, M.-P., Ficheux, A.-S., Rakotomalala, S., Guillou, S., Bellec, M., De Javel,
D., Roudot, A.-C., Ferret, P.-J., 2018a. Consumption and exposure assessment to
sunscreen products: a key point for safety assessment. Food Chem. Toxicol. 114,
170-179.

Gomez-Berrada, M.-P., Ficheux, A.-S., Boudiéres, 1., Chiter, M., Rielland, A., De Javel, D.,
Roudot, A.-C., Ferret, P.-J., 2018b. Consumption and exposure assessment to tooth-
paste in French families. Food Chem. Toxicol. 118, 24-31.

Gosens, 1., Delmaar, C.J.E., ter Burg, W., de Heer, C., Schuur, A.G., 2014. Aggregate
exposure approaches for parabens in personal care products: a case assessment for
children between 0 and 3 years old. J. Expo. Sci. Environ. Epidemiol. 24, 208-214.

Hall, B., Tozer, S., Safford, B., Coroama, M., Steiling, W., Leneveu-Duchemin, M.C.,
McNamara, C., Gibney, M., 2007. European consumer exposure to cosmetic products,
a framework for conducting population exposure assessments. Food Chem. Toxicol.
45, 2097-2108.

Hall, B., Steiling, W., Safford, B., Coroama, M., Tozer, S., Firmani, C., McNamara, C.,
Gibney, M., 2011. European consumer exposure to cosmetic products, a framework
for conducting population exposure assessments Part 2. Food Chem. Toxicol. 49,
408-422.

Haraux, E., Braun, K., Buisson, P., Stéphan-Blanchard, E., Devauchelle, C., Ricard, J.,
Boudailliez, B., Tourneux, P., Gouron, R., Chardon, K., 2017. Maternal exposure to
domestic hair cosmetics and occupational endocrine disruptors is associated with a
higher risk of hypospadias in the offspring. Int. J. Environ. Res. Publ. Health 14, 27.

Hertz-Picciotto, 1., Cassady, D., Lee, K., Bennett, D.H., Ritz, B., Vogt, R., 2010. Study of
Use of Products and Exposure-Related Behaviors (SUPERB): study design, methods,
and demographic characteristics of cohorts. Environ. Health 9.

Hossain, M.M., Jones, J.M., Dey, S., Carr, G.J., Visscher, M.O., 2015. Quantitation of baby
wipes lotion transfer to premature and neonatal skin. Food Chem. Toxicol. 84,
106-114.

Infante, A.T., 2016. Cosmetics consumption behaviour among men and women and the
importance in products indication and treatment adherence. Surg Cosmet Dermatol
8, 134-141.

James-Todd, T., Terry, M.B., Rich-Edwards, J., Deierlein, A., Senie, R., 2011. Childhood
hair product use and earlier age at menarche in a racially diverse study population: a
pilot study. Ann. Epidemiol. 21, 461-465.

Koo, H.J., Lee, B.M., 2004. ESTIMATED EXPOSURE TO PHTHALATES IN COSMETICS
AND RISK ASSESSMENT. J. Toxicol. Environ. Health 67, 1901-1914.

Lagrelius, M., Wahlgren, C.-F., Matura, M., Bergstrom, A., Kull, L., Lidén, C., 2017. A
population-based study of self-reported skin exposures and symptoms in relation to
contact allergy in adolescents: EXPOSURES, SYMPTOMS AND CONTACT ALLERGY.
Contact Dermatitis 77, 242-249.

Lang, C., Fisher, M., Neisa, A., MacKinnon, L., Kuchta, S., MacPherson, S., Probert, A.,
Arbuckle, T., 2016. Personal care product use in pregnancy and the postpartum
period: implications for exposure assessment. Int. J. Environ. Res. Publ. Health 13,
105.

Larsen, J.R., Andersen, T.T., 2006. Survey of Liquid Hand Soaps, Including Health and
Environmental Assessments, vol. 76.

Lee, E., Yun, J., Ha, J., Park, B.C., Park, G.H., Kim, H.R., Hong, S.P., Kim, K.B., Kim, M.H.,
2017. Assessment of exposure for baby cosmetic care products in a Korean popula-
tion. Food Chem. Toxicol. 106, 107-113.


http://refhub.elsevier.com/S0278-6915(18)30862-7/sref6
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref6
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref6
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref7
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref7
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref7
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref8
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref8
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref8
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref8
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref9
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref9
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref9
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref10
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref10
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref10
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref11
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref11
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref11
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref11
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref12
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref12
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref12
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref13
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref13
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref13
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref13
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref14
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref14
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref14
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref15
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref15
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref15
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref16
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref16
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref17
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref17
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref17
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref18
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref18
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref18
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref18
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref19
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref19
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref19
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref19
https://www.cosmeticseurope.eu/news-events/do-cosmetics-matter-yes-they-do-say-overwhelming-majority-european-consumers
https://www.cosmeticseurope.eu/news-events/do-cosmetics-matter-yes-they-do-say-overwhelming-majority-european-consumers
https://www.cosmeticseurope.eu/news-events/do-cosmetics-matter-yes-they-do-say-overwhelming-majority-european-consumers
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref21
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref21
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref21
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref22
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref22
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref23
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref23
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref23
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref24
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref24
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref24
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref24
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref25
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref25
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref25
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref26
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref26
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref26
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref26
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref27
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref27
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref27
http://www.ewg.org/skindeep/2004/06/15/exposures-add-up-surveyresults/
http://www.ewg.org/research/teen-girls-body-burden-hormone-alteringcosmetics-chemicals
http://www.ewg.org/research/teen-girls-body-burden-hormone-alteringcosmetics-chemicals
http://www.ewg.org/research/teen-girls-body-burden-hormone-alteringcosmetics-chemicals
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref30
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref30
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref30
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref30
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref31
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref31
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref31
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref31
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref32
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref32
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref32
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref33
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref33
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref33
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref34
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref34
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref34
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref34
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref35
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref35
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref35
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref36
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref36
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref36
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref37
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref37
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref38
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref38
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref38
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref39
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref39
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref39
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref40
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref40
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref41
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref41
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref41
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref42
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref42
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref42
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref43
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref43
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref43
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref44
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref44
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref44
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref45
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref45
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref45
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref45
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref46
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref46
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref46
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref47
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref47
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref47
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref48
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref48
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref48
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref48
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref49
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref49
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref49
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref49
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref50
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref50
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref50
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref50
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref51
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref51
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref51
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref52
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref52
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref52
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref53
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref53
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref53
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref54
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref54
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref54
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref55
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref55
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref56
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref56
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref56
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref56
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref57
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref57
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref57
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref57
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref58
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref58
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref59
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref59
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref59

A.-S. Ficheux et al.

Levy, P.S., Lemeshow, S., 2013. Sampling of Populations: Methods and Applications. John
Wiley & Sons.

Liberati, A., Altman, D.G., Tetzlaff, J., Mulrow, C., Gotzsche, P.C., Ioannidis, J.P.A.,
Clarke, M., Devereaux, P.J., Kleijnen, J., Moher, D., 2009. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that evaluate health care
interventions: explanation and elaboration. PLoS Med. 6 €1000100.

Llanos, A.A., Rabkin, A., Bandera, E.V., Zirpoli, G., Gonzalez, B.D., Xing, C.Y., Qin, B., Lin,
Y., Hong, C.-C., Demissie, K., et al., 2017. Hair product use and breast cancer risk
among African American and White women. Carcinogenesis 38, 883-892.

Loretz, L., Api, A.M., Barraj, L., Burdick, J., Davis, D.A., Dressler, W., Gilberti, E., Jarrett,
G., Mann, S., Laurie Pan, Y.H., et al., 2006. Exposure data for personal care products:
hairspray, spray perfume, liquid foundation, shampoo, body wash, and solid anti-
perspirant. Food Chem. Toxicol. 44, 2008-2018.

Loretz, L.J., Api, A.M., Barraj, L.M., Burdick, J., Dressler, W.E., Gettings, S.D., Han Hsu,
H., Pan, Y.H.L., Re, T.A., Renskers, K.J., et al., 2005. Exposure data for cosmetic
products: lipstick, body lotion, and face cream. Food Chem. Toxicol. 43, 279-291.

Loretz, L.J., Api, A.M., Babcock, L., Barraj, L.M., Burdick, J., Cater, K.C., Jarrett, G.,
Mann, S., Pan, Y.H.L., Re, T.A,, et al., 2008. Exposure data for cosmetic products:
facial cleanser, hair conditioner, and eye shadow. Food Chem. Toxicol. 46,
1516-1524.

Mahoney, A., 2012. Attitudes toward indoor tanning among users of sunless tanning
products. Arch. Dermatol. 148, 124.

Manova, E., von Goetz, N., Keller, C., Siegrist, M., Hungerbiihler, K., 2013. Use patterns of
leave-on personal care products among Swiss-German children, adolescents, and
adults. Int. J. Environ. Res. Publ. Health 10, 2778-2798.

Manovd, E., von Goetz, N., Hungerbuehler, K., 2015. Aggregate consumer exposure to UV
filter ethylhexyl methoxycinnamate via personal care products. Environ. Int. 74,
249-257.

Marie, C., Cabut, S., Vendittelli, F., Sauvant-Rochat, M.-P., 2016. Changes in cosmetics
use during pregnancy and risk perception by women. Int. J. Environ. Res. Publ.
Health 13, 383.

McDonald, J.A., Tehranifar, P., Flom, J.D., Terry, M.B., James-Todd, T., 2018. Hair
product use, age at menarche and mammographic breast density in multiethnic urban
women. Environ. Health 17.

McNamara, C., Rohan, D., Golden, D., Gibney, M., Hall, B., Tozer, S., Safford, B.,
Coroama, M., Leneveu-Duchemin, M.C., Steiling, W., 2007. Probabilistic modelling of
European consumer exposure to cosmetic products. Food Chem. Toxicol. 45,
2086-2096.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G., 2009. Preferred reporting Items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 6.

Morsch, J., Chevillotte, G., Wesolek, N., Ficheux, A.-S., Bernard, A., Roudot, A.-C., 2015.
Aggregate exposure to cosmetic ingredients. Refinement of a method using individual
cosmetics consumption habits of the French population: example with phenox-
yethanol and parabens. Toxicol. Lett. 238, S114.

Miillerova, D., Bouchalova, V., Mat&jkova, D., Kovéafova, K., Svadina, S., Vrbik, K.,
Pavlouskova, J., Dvordkovd, J., Miiller, L., 2016. Phthalates exposure indicators de-
termined by urinary phthalate metabolites in healthy non-obese Czech adults:
FANTOM study. Food Addit. Contam. 33, 1817-1825.

Nijkamp, M.M., Bokkers, B.G.H., Bakker, M.I., Ezendam, J., Delmaar, J.E., 2015.
Quantitative risk assessment of the aggregate dermal exposure to the sensitizing
fragrance geraniol in personal care products and household cleaning agents. Regul.
Toxicol. Pharmacol. 73, 9-18.

Norlien, K., Landsteiner, A., Carlson, A., 2017. Occupational health survey of cosmetol-
ogists in Minnesota. Adv. Sci. 79.

Park, J.Y., Lee, K., Hwang, Y., Kim, J.H., 2015. Determining the exposure factors of
personal and home care products for exposure assessment. Food Chem. Toxicol. 77,

299

Food and Chemical Toxicology 124 (2019) 280-299

105-110.

Parlett, L.E., Calafat, A.M., Swan, S.H., 2013. Women's exposure to phthalates in relation
to use of personal care products. J. Expo. Sci. Environ. Epidemiol. 23, 197-206.
Ramirez-Martinez, A., Granda-Torres, P., Wesolek, N., Ficheux, A.S., Roudot, A.C., 2016.
Exposure of hairdressers to the main cosmetics used in hairdressing salons in France:

a preliminary study. Arch. Environ. Occup. Health 71, 247-258.

Rieder, B.O., 2017. Consumer exposure to certain ingredients of cosmetic products: the
case for tea tree oil. Food Chem. Toxicol. 108, 326-338.

Safford, B., Api, A.M., Barratt, C., Comiskey, D., Daly, E.J., Ellis, G., McNamara, C.,
O'Mahony, C., Robison, S., Smith, B., et al., 2015. Use of an aggregate exposure model
to estimate consumer exposure to fragrance ingredients in personal care and cosmetic
products. Regul. Toxicol. Pharmacol. 72, 673-682.

Safford, B., Api, A.M., Barratt, C., Comiskey, D., Ellis, G., McNamara, C., O'Mahony, C.,
Robison, S., Rose, J., Smith, B., et al., 2017. Application of the expanded Creme RIFM
consumer exposure model to fragrance ingredients in cosmetic, personal care and air
care products. Regul. Toxicol. Pharmacol. 86, 148-156.

SCCS, 2015. The SCCS's Notes of Guidance for the Testing of Cosmetic Substances and
Their Safety Evaluation — 9th Revision.

Sahn, M.J., 2012. A cross-sectional study examining the correlation between sunless
tanning product use and tanning beliefs and behaviors. Arch. Dermatol. 148, 448.

Strittholt, C.A., McMillan, D.A., He, T., Baker, R.A., Barker, M.L., 2016. A randomized
clinical study to assess ingestion of dentifrice by children. Regul. Toxicol. Pharmacol.
75, 66-71.

Taylor, K.W., Baird, D.D., Herring, A.H., Engel, L.S., Nichols, H.B., Sandler, D.P., Troester,
M.A., 2017. Associations among personal care product use patterns and exogenous
hormone use in the NIEHS Sister Study. J. Expo. Sci. Environ. Epidemiol. 27,
458-464.

Tefre de Renzy-Martin, K., Frederiksen, H., Christensen, J.S., Boye Kyhl, H., Andersson,
A.-M., Husby, S., Barington, T., Main, K.M., Jensen, T.K., 2014. Current exposure of
200 pregnant Danish women to phthalates, parabens and phenols. Reproduction 147,
443-453.

Tozer, S., Kelly, S., O'Mahony, C., Daly, E.J., Nash, J.F., 2015. Aggregate exposure
modelling of zinc pyrithione in rinse-off personal cleansing products using a person-
orientated approach with market share refinement. Food Chem. Toxicol. 83,
103-110.

Trattner, A., Slodownik, D., Jbarah, A., Ingber, A., 2009. Questionnaire study of the
prevalence of allergic contact dermatitis from cosmetics in Israel. Dermatitis 20,
284-286.

Tyrer, S., Heyman, B., 2016. Sampling in epidemiological research: issues, hazards and
pitfalls. BJPsych Bull. 40, 57-60.

US EPA, 2011. Exposure Factors Handbooks: 2011 Edition. EPA/600/R-090/052F.

Weegels, M.F., van Veen, M.P., 2001. Variation of consumer contact with household
products: a preliminary investigation. Risk Anal. 21, 499-512.

Williams, F.M., Rothe, H., Barrett, G., Chiodini, A., Whyte, J., Cronin, M.T.D., Monteiro-
Riviere, N.A., Plautz, J., Roper, C., Westerhout, J., et al., 2016. Assessing the safety of
cosmetic chemicals: consideration of a flux decision tree to predict dermally deliv-
ered systemic dose for comparison with oral TTC (Threshold of Toxicological
Concern). Regul. Toxicol. Pharmacol. 76, 174-186.

Wu, X. (May), Bennett, D.H., Ritz, B., Cassady, D.L., Lee, K., Hertz-Picciotto, I., 2010.
Usage pattern of personal care products in California households. Food Chem.
Toxicol. 48, 3109-3119.

Yamaguchi, M., Araki, D., Kanamori, T., Okiyama, Y., Seto, H., Uda, M., Usami, M.,
Yamamoto, Y., Masunaga, T., Sasa, H., 2017. Actual consumption amount of personal
care products reflecting Japanese cosmetic habits. J. Toxicol. Sci. 42, 797-814.

Yoo, J.J., Kim, H.Y., 2010. Use of beauty products among U.S. Adolescents: an exploration
of media influence. Journal of Global Fashion Marketing 1-3, 172-181.


http://refhub.elsevier.com/S0278-6915(18)30862-7/sref60
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref60
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref61
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref61
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref61
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref61
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref62
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref62
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref62
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref63
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref63
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref63
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref63
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref64
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref64
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref64
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref65
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref65
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref65
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref65
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref66
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref66
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref67
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref67
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref67
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref68
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref68
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref68
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref69
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref69
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref69
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref70
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref70
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref70
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref71
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref71
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref71
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref71
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref72
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref72
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref73
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref73
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref73
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref73
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref74
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref74
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref74
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref74
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref75
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref75
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref75
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref75
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref76
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref76
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref77
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref77
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref77
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref78
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref78
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref79
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref79
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref79
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref80
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref80
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref81
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref81
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref81
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref81
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref82
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref82
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref82
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref82
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref83
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref83
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref84
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref84
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref85
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref85
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref85
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref86
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref86
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref86
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref86
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref87
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref87
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref87
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref87
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref88
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref88
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref88
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref88
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref89
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref89
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref89
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref90
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref90
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref91
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref92
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref92
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref93
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref93
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref93
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref93
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref93
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref94
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref94
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref94
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref95
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref95
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref95
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref96
http://refhub.elsevier.com/S0278-6915(18)30862-7/sref96

	Consumption and exposure to finished cosmetic products: A systematic review
	Introduction
	Methods
	Databases and research equation
	Selection of studies for review(Fig. 1)
	Information needed for review

	Results
	Data obtained in Europe
	Consumption studies
	Presentation of the studies
	Representative large scale studies (Table 1)
	Other studies (Table 1)
	Additional consumption data
	Focus on co-use data
	Epidemiological studies (Table 2)

	Data obtained in America
	Consumption studies
	Presentation of studies
	Representative large scale study (Table 3)
	Other studies (Table 3)
	Focus on co-use data
	Epidemiological studies (Table 4)
	Studies conducted in the US
	Study conducted in Brazil

	Data obtained in Asia
	Consumption studies
	Presentation of studies (Table 5)
	Representative large scale study
	Other studies
	Epidemiological studies

	Data obtained in Africa
	Consumption studies
	Epidemiological study (Table 6)

	Consumption data used in aggregate exposure models

	Discussion
	General point on data available in literature
	Data obtained in different subpopulations
	Data obtained in different countries
	Data obtained for many types of products
	Co-use data

	Point on methods in data collection
	Representativeness of the sampling
	Methods in data collection


	Conclusion
	Transparency document
	References




