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ARTICLE INFO ABSTRACT

Handling Editor: Dr. Martin Van den berg Allergic contact dermatitis (ACD) often associated with the topical use of perfumed products, remains one of the
most common chronic skin disorders in Western countries. Since labelling of scented menstrual hygiene products
(MHPs) is not mandatory, women might be unknowingly exposed to allergens. Given that vaginal mucosae lack
the vital barrier function of the skin, skin allergens can easily penetrate and become systemically available and
hence women may experience adverse effects in the anogenital region. The aim of this study was therefore to
investigate whether women using scented MHPs are at risk of sensitization and hence developing ACD. Hereto, a
Quantitative Risk Assessment (QRA) is performed on four well-known skin sensitizing chemicals (a-isomethyl
ionone, benzyl salicylate, hexyl cinnamaldehyde and heliotropine) that were previously found leaching from five
different scented MHPs including tampons and sanitary pads. The amounts of heliotropine, leached by one of the
investigated tampons, exceeded acceptable exposure levels determined with the QRA and could induce sensi-
tization. In addition, although no sensitization is expected for the other three compounds, an allergenic reaction
might be provoked in women who are already sensitized. Labelling of allergens on scented MHPs would therefore
help consumers to prevent adverse effects linked to ACD.
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1. Introduction

Allergic contact dermatitis (ACD) is one of the most recurrent
chronic skin diseases in Western countries, and is often linked to the
topical use of scented products (De Groot, 2020; Yale et al., 2018).
Although ACD of the ano-genital region is less common, it equally im-
pairs the quality of life (Huang S, 2012). Typical complaints range from
redness to itching and burning in the genital area (De Groot, 2020). At
present, the cornerstone in the management of ACD is allergen avoid-
ance since no cure is available (Yale et al., 2018). Therefore, patients are
advised to carefully consider the disclosed ingredient information on the
products they use. For cosmetics and topical medications, labelling is
mandatory and consumers can check this information. For menstrual
hygiene products (MHPs), however, providing this type of information is
not mandatory.

Undoubtedly, adequate product information is essential to improve
the quality of life of patients suffering from genital ACD. However, a
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regulatory initiative to harmonize ingredient labelling for consumer
products on the European market is lacking. Indeed, ingredient labelling
is currently only mandated in the EU by some product-specific regula-
tions such as the Cosmetics Regulation (EC) N° 1223/2009. In this
respect, the presence of 26 allergenic ingredients must be indicated on
the packaging when its concentration exceeds 0.01% in rinse-off prod-
ucts and is above 0.001% in leave-on products, as referred to Article 19
(1) (g) of the Cosmetics Regulation. This is in sharp contrast to other
consumer products such as MHPs that are governed by the ‘General
Product Safety Directive’ (GPSD) where ingredient disclosure is not
obligatory (Directive, 2001/95/EC). On the other hand, as stated by the
GPSD, safety is a prerequisite for consumer products to enter the EU
market. Thus, the question arises whether products that leach allergenic
fragrances can be considered safe, knowing that the naive consumer is
unaware of it and may become sensitized (Nicole, 2014). While tampons
and sanitary pads are regulated as consumer products in the EU, the
Food and Drug Administration (FDA) classifies these as Medical device
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category I or II respectively in the US. Their regulatory status, however,
does not differ significantly from the European counterpart i.e. ingre-
dient declaration is also not required in the US. Thus, allergen avoidance
remains hampered for already sensitized women. The FDA’s only
recommendation is that scented MHPs should display a warning state-
ment about allergic reactions and irritations (FDA, 2005).

Despite extensive research carried out on the identification of skin
sensitizers in consumer products, studies covering the induction of ACD
through the use of MHPs are scarce. In general, if clinical evidence
demonstrates that a skin sensitizer is the culprit of increasing ACD cases,
regulatory actions are taken e.g. restricting use or limiting the concen-
tration in certain products. Here, the novel Quantitative Risk Assessment
(QRA) can play a proactive role in preventing ACD induction (primary
prevention). In order to accomplish so, consumer exposure is compared
to the dose required to induce ACD, together with the introduction of
some uncertainty factors (Api et al., 2008). Knowing that consumers use
a variety of products on a daily basis, it is critical to consider aggregate
exposure when assessing the risk of skin sensitization. The recently
amended QRA 2 takes such exposure from multiple cosmetics into ac-
count (Api et al., 2020). Endorsed by the fragrance industry, such QRA is
deemed suitable for evaluating ACD induction. Unfortunately, MHPs are
currently not included in the QRA 2, therefore aggregate exposure is not
taken into account when estimating acceptable exposure limits for
fragrance components in these consumer products. Therefore, in our
study, a QRA 1 is performed on four well-known allergens, a-isomethyl
ionone, benzyl salicylate, hexyl cinnamaldehyde and heliotropine,
leaching from different scented MHPs under in-use conditions (Marcelis
et al., 2021).

2. Materials & methods
2.1. Studied menstrual hygiene products and allergens

This study is focused on four known skin sensitizers classified as
category 1B of the Globally Harmonised System of Classification and
Labelling of Chemicals (UN, 2019): a-isomethyl ionone, benzyl salicy-
late, hexyl cinnamaldehyde and heliotropine. All these compounds were
previously found to be leaching under physiological conditions from
scented tampons (T) and/or sanitary pads (SP) from different manu-
factures, purchased in retail- or online-stores on the Belgium market
(Table 1) (Marcelis et al., 2021). None of these allergic components were
communicated to the consumer via the label. Presence of perfume could
only be suspected by the smell or vague claims on the packaging of the
MHPs such as ‘fresh’.

2.2. Quantitative risk assessment

The methodological approach to assess ACD induction from scented
MHP use, is based on the QRA methodology (Fig. 1) (Api et al., 2008).
Originally, the QRA has been developed for fragrance substances and its
basic principles and methodology are presented by the Scientific Com-
mittee for Consumer Products and the Scientific Committee on

Table 1
Overview of studied menstrual hygiene products and their respective leaching
skin sensitizers as established in Marcelis et al. (2021).

MHP type MHP Brand Leaching skin sensitizer
Tampon T1 A Heliotropine (CAS 120-57-0)
T2 A Heliotropine (CAS 120-57-0)
T3 A Heliotropine (CAS 120-57-0)
T4 B a-isomethyl ionone (CAS 127-51-5)
Heliotropine (CAS 120-57-0)
Sanitary Pad SP1 C Benzyl salicylate (CAS 118-58-1)

Hexyl cinnamaldehyde (CAS 101-86-0)

Abbreviations: CAS, Chemical Abstracts Service; MHP, menstrual hygiene product; T,
tampon; SP, sanitary pad.
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Consumer Safety in reports SCCP/1153/08 and SCCS/1628/21,
respectively (SCCP, 2008; SCCS, 2021). The key steps in the QRA process
are hazard assessment (I + II + III), exposure assessment (IV) and the
risk characterization (V):

I. Determination of the benchmark level for ACD induction.

II. Determination of sensitization assessment factors (SAFs) ac-
counting for inter-individual variation, vehicle matrix effects,
exposure parameters.

III. Calculation of the maximal acceptable exposure level (AEL).

IV. Calculation of the daily consumer exposure level (CEL)
comprising compound concentration and frequency of use.

V. Comparison of AEL and CEL.

2.2.1. Exposure assessment

2.2.1.1. Exposure scenarios. Frequency and duration of the use of MHPs
are intermittent i.e. during one week of every month on average six
tampons or sanitary pads are daily used (Billon et al., 2020; DeVito and
Schecter, 2002). This corresponds to a renewal rate of one MHP every 4
h, as also advised by different MHP manufacturers. However, it is well
known that some women use MHP overnight, resulting in a prolonged
exposure duration of eight to 10 h. For this reason, two exposure sce-
narios were evaluated in the exposure assessment: Scenario A encom-
passing women who use on average six MHPs per day with an exposure
duration of 4 h per product, and Scenario B encompassing women using
MHP for the maximal allowed period, i.e. 8 h according to the FDA,
resulting in daily use of only three MHPs used per day (FDA, 2005).

2.2.1.2. Leaching concentrations of studied allergens from MHPs. In a
previous study from our research group, the leaching concentrations of
the skin sensitizers from the MHPs under simulated use conditions have
been determined using an in-house validated in chemico method (Mar-
celis et al., 2021). In short, a MHP was brought into contact with men-
strual fluid simulant during four (scenario A) and 8 h (scenario B) at
37 °C. The menstrual fluid simulant mimicked the osmolarity, pH and
protein content of human menstrual fluid, but did not contain bacteria,
fungi and cellular matter to ensure compatibility with analytical appli-
cations. After leaching, the resulting simulant was analyzed by
ultra-high performance chromatography using mass spectrometry
detection. By using matrix-matched calibration curves and validation
according to accuracy profiles, in-use concentrations of a-isomethyl
ionone, benzyl salicylate, hexyl cinnamaldehyde and heliotropine,
expressed in pg/g per MHP, were estimated with an accuracy of 95%.
Subsequently, the mass of the corresponding MHP was considered to
calculate the total amount of allergen leaching per product use and was
expressed in pg per MHP.
2.2.1.2.1. Amount of substance per cm’ exposed surface area.

Regarding the exposed surface area, a distinction was made between
tampons and sanitary pads, with direct mucosal contact or external skin
contact, respectively. Hence, an average adult vaginal surface area of
87.5 cm? was used for tampons, whereas a vulvar surface area of 100
cm? was applied for sanitary pads (Pendergrass et al., 2003).

2.2.1.3. Dermal absorption. From a conservative point of view, a com-
plete transfer of all allergens from the MHP to the skin/mucosae was
assumed where they were fully absorbed in the case of tampons (A =
100%) and only half in case of sanitary pads (A = 50%).

Collectively, the consumer exposure level (CEL) was calculated as
follows:

A
CEL (g / em? / day) :%

With:
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Exposure assessment

Leaching study (Table 1)

DATA OBTAINED FROM MARCELIS ET AL., 2021

MHP use characteristics
DATA OBTAINED FROM BILLON ET AL., 2020

Risk characterization
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Hazard assessment

Dermal sensitization reference values
DATA OBTAINED FROM IFRA

Safety Assessment Factors
DATA OBTAINED FROM API ET AL., 2020

Comparison

AEL < CEL

RISK

AEL > CEL

SAFE

Fig. 1. Quantitative risk assessment methodology for skin sensitization. Exposure assessment (left) based on results from previous experiments, is combined with a
hazard assessment (right) into a risk characterization step (bottom) (Figure adapted from (Api et al., 2008). Abbreviations: AEL, Acceptable exposure level; CEL,

Consumer exposure level; IFRA, International Fragrance Association.

C: experimentally determined leaching concentration of the chemi-
cal (pg/g MHP) (Marcelis et al., 2021)

m: MHP mass (g)

f: frequency of use (number of MHPs/day)

A: the dermal/mucosal absorption rate (%)

S: exposed surface area (cm?)

2.2.2. Hazard assessment

The aim of the hazard assessment is to determine the acceptable
exposure level (AEL) where induction of skin sensitization is not ex-
pected. The point of departure in the hazard assessment is the skin
sensitization reference which represents the quantitative threshold
where no induction of ACD occurs. Most often, the no expected sensi-
tization induction level (NESIL) is selected (Wijnhoven et al., 2008). The
NESIL is determined using a weight of evidence (WoE) approach by
combining information from multiple independent sources so that suf-
ficient evidence on allergenicity is taken into consideration (Api et al.,
2008). The WoE NESIL values for a-isomethyl ionone, benzyl salicylate
and hexyl cinnamaldehyde are 71000, 17700 and 23600 pg/cm?,
respectively (IFRA, 2015, 2013, 2009). Since the WoE NESIL for helio-
tropine is still to be derived by expert judgement (Api et al., 2017), the
no observable effect level (NOEL) derived from the human repeated
insult patch test, i.e. 2952 pg/cm?, was selected as the skin sensitization
reference value in this study.

To bridge the gap between the reference values obtained from
experimental studies and normal-use conditions, sensitization assess-
ment factors (SAFs) are taken into consideration that are equivalent to
the uncertainty factors as used in general toxicological risk assessments
(SCCS, 2018). To account for this extrapolation, four key uncertainties
are included (Basketter and Safford, 2016):

(i) Inter-individual variability (e.g. age, ethnicity, inherent dermal
barrier and genetic effects).
(ii) Vehicle/product matrix effects (e.g. presence of irritants, pene-
tration enhancers).
(iii) Site of application (barrier function, occlusion).
(iv) Frequency of use (chemical or biological accumulation).

Recently, the SAFs accounting for the specific use of product coming
into contact with the ano-genital region, have been updated. Former
SAFs were established at 200 and 100 for tampons and sanitary pads,
respectively (Api et al, 2008). When, however, contact with the
non-keratinized mucous membrane, the occlusion and the frequency of
use are taken into account, the QRA 2 SAFs for tampons and sanitary
pads were adapted to 600 and 300 (Api et al., 2020). For each sensitizer,

the AEL was calculated by dividing the NESIL by the SAF of the
respective product type (Api et al., 2008).

2.2.3. Risk characterization

In the risk characterization, the ratio between the AEL and CEL is
determined. To support safe use of the sensitizer, the AEL should be
greater than the CEL or the ratio of AEL to CEL must be greater than one.

3. Results and discussion
3.1. Exposure estimates of investigated allergens leaching from MHPs

As explained in section 3.2.1.1, two different exposure scenarios
were considered i.e. scenario A and scenario B encompassing the use of
six or three MHPs per day, respectively. The estimated exposure levels
for both scenarios are shown in Table 2. The consumer exposure varied
from 0.3 pg/cm?/day for a sanitary pad leaching hexyl cinnamaldehyde
(Scenario B) to a 5.3 pg/cm?/day for a tampon leaching heliotropine
(Scenario A). For scenario A, benzyl salicylate and hexyl cinnamalde-
hyde leached below concentrations of the lower limit of quantification
and therefore CELs could not be calculated for these skin sensitizers. For
a-isomethyl ionone and heliotropine, scenario A resulted in a higher
consumer exposure level in comparison to scenario B. This is not un-
expected as the frequency of MHP changes in scenario A is the double of
that in scenario B.

3.2. Hazard assessment

The results of the hazard assessment are shown in Table 3. The
calculated AELs for heliotropine, benzyl salicylate, hexyl cinnamalde-
hyde and a-isomethyl ionone leaching from tampons are 4.9, 29.5, 39.3
and 118.3 pg/cm?/day, respectively. Given that the SAF value for san-
itary pads is half of the value in comparison to the SAF for tampons, the
respective AELs of the allergens for sanitary pads are 9.8, 59.0, 78.7 and
236.7 pg/cm?/day. Not surprisingly, the lowest observed skin sensiti-
zation reference value, here 2952 pg/cm?/day for heliotropine, resulted
in the lowest AEL when leaching from a tampon (4.9 pg/cm?/day).
However, caution should be taken when interpreting this result since the
WoE NESIL has yet to be derived. Following the guidelines of the QRA
for absent WoE NESIL information, the no observed effect level was
selected (IDEA, 2016).

3.3. QRA

In Table 4, the risk evaluation is shown. When considering exposure
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Table 2
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Consumer exposure levels of fragrance allergens leaching from various menstrual hygiene products taking into account two exposure scenarios (Scenario A: 4 h
exposure, 6 products used per day; Scenario B: 8 h exposure, 3 products used per day).

Menstrual hygiene product Intimate Exposure scenario A Exposure scenario B
environment
Sample Skin sensitizer mass S A f (use/ C(pg/g CEL (pg/cm?/ f (use/ C (png/g CEL (ug/cm?/
(®) (ecm?) (%) day) MHP) day) day) MHP) day)
Tampon T1 Heliotropine 2.8 87.5 100 6 6.7 1.3 3 9.7 0.9
T2 Heliotropine 2.1 < LLOQ n.c. 5.2 0.4
T3 Heliotropine 2.9 < LLOQ n.c. 4.7 0.5
T4 a-isomethyl ionone 3.4 6.3 1.5 6.5 0.8
Heliotropine 22.6 5.3 28.2 2.9
Sanitary SP1  Benzyl salicylate 2.1 100 50 < LLOQ n.c. 11.0 0.4
Pad Hexyl < LLOQ n.c. 8.7 0.3
cinnamaldehyde

Abbreviations: A, dermal absorption rate; C, experimentally determined leaching concentration from Marcelis et al. (2021); CEL, consumer exposure level; f, frequency
of use; LLOQ, lower limit of quantification; M, mass of MHP; n.c., not calculated; S, surface area of intimate region; SP, sanitary pad; T, tampon.

Table 3

Acceptable exposure levels of allergens leaching from menstrual hygiene products.

Allergen Skin sensitization reference value (ug/cm?/day) SAF tampon  SAF sanitary pad  AEL tampon (pg/cm?/day)  AEL sanitary pad (ug/cm?/day)
a-isomethyl ionone 71000 600 300 118.3 236.7

Heliotropine 2952 4.9 9.8

Benzyl salicylate 17700 29.5 59.0

Hexyl cinnamaldehyde 23600 39.3 78.7

Abbreviations: AEL, acceptable exposure level; SAF, safety assessment factors.

Table 4

Risk characterization for fragrance allergens leaching from various menstrual hygiene products taking into account two exposure scenarios (Scenario A: 4 h exposure, 6

products used per day; Scenario B: 8 h exposure, 3 products used per day).

Allergen AEL (pg/cm?/day) Exposure scenario A Exposure scenario B
Menstrual hygiene product CEL (pg/cm?/day) AEL/CEL CEL (pg/cm?/day) AEL/CEL
Tampon T1 Heliotropine 4.9 1.3 3.8 0.9 5.3
T2 Heliotropine 4.9 n.c. n.c. 0.4 13.1
T3 Heliotropine 4.9 n.c. n.c. 0.5 10.6
T4 a-isomethyl ionone 118.3 1.5 80.8 0.8 157.1
Heliotropine 4.9 5.3 0.9 29 1.7
Sanitary Pad SP1 Benzyl salicylate 59.0 n.c. n.c. 0.4 167.4
Hexyl cinnamaldehyde 78.7 n.c. n.c. 0.3 284.0

Abbreviations: AEL, acceptable exposure level; CEL, consumer exposure level; MHP, menstrual hygiene product; n.c., not calculated; SP, sanitary pad; T, tampon.

scenario A, we found that the AEL/CEL ratio for heliotropine leaching
from a tampon (T4) was less than 1, namely 0.9. This means that women
who use six of these tampons for a duration of 4 h, could be at risk to
develop ACD according to the QRA. Of course, this finding should be
interpreted with caution until a WoE NESIL for heliotropine is deter-
mined. Because the WoE NESIL presents a scientifically more valid
method for evaluating a substance’s allergenic potency in comparison to
the NOEL, it is plausible that a more nuanced AEL would be obtained
and that the AEL/CEL ratio becomes greater than 1. Considering expo-
sure scenario B, all AEL/CEL ratios were greater than 1, suggesting
absence of skin sensitization induction for the investigated allergens. A

a-isomethyl ionone

[

Safety Assessment Factors (SAF)

graphical visualization of how the CEL (blue line) relates to the skin
sensitization reference value (red bar), its SAF (orange bar) and the AEL
(green bar), is given in Fig. 2.

It is undeniable that anogenital ACD significantly lowers women’s
quality of life. According to a recent review covering over 20 years’
worth of research on this condition, the primary cause of anogenital
complaints is linked to fragrance exposure (Corazza et al., 2021). In 15
of the 17 mentioned studies, the causal relation among fragrance
exposure and anogenital ACD has been highlighted. Collectively, these
studies outline a critical role for the management of fragrance exposure
in the vulvar region. Therefore, as a proof-of-concept, we have

_ Safety AssessmentFactors (SAF) > NESIL
Safety Assessment Factors (SAF) > NESIL
Safety Assessment Factors (SAF) > NESIL

> NOEL

Benzyl salicylate <AEL
Hexyl cinnamaldehyde < AEL
Heliotropine <AEL
] ‘ | | [ TTTI
ug/cm? 0.1 1 10

AL UL |

10* 104 10°

10°

Fig. 2. Graphical representation of the consumer exposure (blue line) for the four determined skin sensitizers (Adapted from (Basketter et al., 2003). For heliotropine, the
consumer exposure exceeds the AEL and falls within the margin of the SAFs (orange). Abbreviations: SAF, safety assessment factors; NESIL, No expected sensitization
induction level; NOEL, No observable effect level. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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performed the QRA on fragrance allergens leaching from menstrual
hygiene products.

As stated in the preliminary opinion by the Scientific Committee on
Consumer Safety (SCCS, 2018), the novel QRA 2 technique might be
useful for the risk assessment of fragrance allergens and other cosmetic
ingredients. However, prior to regulatory and industrial acceptance,
several issues must be clarified. For example, the vast array of SAFs and
their application is to some extent not clear. Another potential limitation
of the current QRA 2 is that it does not account for aggregate exposure to
a variety of consumer items utilized in the genital area. In addition to
using scented MHPs, intimate wipes and vaginal douche products can be
an additional source of fragrance allergens and have been linked to
irritating and allergic contact dermatitis (Yale et al., 2018). At last, the
inherent design of the QRA 2 is to determine the risk of ACD induction.
However, the QRA 2 does not take the elicitation of ACD into account
and thus neglects a significant proportion of the population who already
suffers from ACD. The process of ACD elicitation is complex and depends
not only on the intrinsic potency of a sensitizer, but also the suscepti-
bility of the exposed individual and the severity of the induction process
(Hostynek and Maibach, 2004). Therefore, the inclusion of this impor-
tant subpopulation, already sensitized people, in the QRA is a rigorous
task and has not yet been undertaken. One potential option could be to
establish substance-specific elicitation thresholds derived from clinical
studies (Fischer et al., 2009). However, this falls outside the scope of the
current QRA 2 approach, as the main goal is primary prevention of ACD.
This is justified on the grounds that if induction can be prevented now,
elicitation will not occur in the future (Api et al., 2020).

In any case, this study emphasizes the need for ingredient disclosure
on the packaging of MHPs. This need for greater transparency on
ingredient disclosure is no isolated case. Other scented consumer
products like household products, detergents, and cleaning agents do
not always disclose fragrance allergens on the packaging either (Lee
et al., 2020). However, ingredient labelling of sensitizing substances is
of vital importance in terms of secondary prevention for many in-
dividuals already suffering from ACD (Bennike, 2018). If a legislation
comparable to the Cosmetic Regulation would apply for MHPs, the
presence of fragrances should be indicated on the label using the correct
nomenclature e.g. ‘parfum’ or ‘aroma’. Furthermore, 26 fragrance al-
lergens (including a-isomethyl ionone, benzyl salicylate and hexyl cin-
namaldehyde) would also be subject to individual labelling according to
Annex III of the Cosmetics Regulation. However, none of the investi-
gated sensitizers were disclosed on the packaging, potentially putting
already sensitized consumers unknowingly at risk.

4. Conclusion

In this study, four skin sensitizers leaching from scented MHPs were
subjected to a quantitative health risk assessment. Although consumers
are exposed to benzyl salicylate, hexyl cinnamaldehyde and a-isomethyl
ionone via MHPs use, no risk of ACD induction is expected from these
sensitizers. However, when considering a reasonable use scenario of six
tampons during one day, the AEL was exceeded in case of heliotropine
for one tampon brand. Hence, women who use these tampons could be
at risk of ACD induction. Nevertheless, for already sensitized women, it
is vital that all these allergens are mentioned on the packaging, so that
these allergens could be avoided.
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