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a b s t r a c t

Menstrual hygiene products (MHPs) like tampons, sanitary towels and panty liners are widely used by
women and come in close contact with the intimate parts of the human body, which consist of mucosae
that lack the important barrier function of normal skin. Hence, substances leaching from MHP can easily
penetrate and become systemically available. This study aims to develop a new in chemico methodology
that allows to identify and measure realistic consumer exposure levels of several skin sensitizers and
irritants leaching from MHPs under simulated use conditions. To assess the leaching of chemicals from
MHPs, a menstrual fluid simulant (MFS) simulating pH, osmolarity and protein binding was first
established. Subsequently, an analytical methodology was developed for nine well-known skin sensi-
tizers and skin irritants. In short, the MFS samples underwent salting-out assisted liquid-liquid extrac-
tion before ultra-high performance liquid chromatography coupled with a triple-quadrupole mass
spectrometry analysis. Validation was performed according to the total error approach with acceptability
limits of ±15% regarding the total analytical error (including systematic and random bias). Fifteen
commercially available MHPs were assessed. Six products were found to leach at least one of the
following five sensitizing and irritating compounds: a-isomethyl ionone, benzyl salicylate, hexyl cin-
namaldehyde, linalool and piperonal. Piperonal was the most abundant compound leaching from the
MHPs, with leaching concentration levels measured to 28.22 mg/g. In addition, the leaching level of
benzyl salicylate was found to be 11.03 mg/g. The latter fragrance concentration is above 10 mg/g and
would trigger mandatory labelling if the Cosmetic Regulation would apply for MHPs. However, none of
the identified and quantified skin sensitizers were mentioned on the packaging. In conclusion, this novel
methodology makes it possible to estimate realistic human exposure levels to skin sensitizers and irri-
tants through the use of MHPs. Availability of these exposure estimates is vital to carry out a quantitative
health risk assessment of these substances.
© 2021 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

In the EU, menstrual hygiene products (MHPs) like tampons and
sanitary napkins are regulated as consumer products and therefore
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subject to the General Product Safety Directive (GPSD) [1], which
mandates that only safe consumer products are allowed onto the
market. However, applying to many different consumer product
types, there is no specific guideline on how to perform the risk
assessment of the different consumer product types falling under
the GPSD. Hence, also no limitations or restrictions for the presence
of hazardous substances are established. This is in sharp contrast to
other consumer products such as children’s toys and cosmetic
products regulated by a vertical, product-specific legislation for
which limitations and restrictions for certain hazardous chemicals
are in place [2,3]. This makes the safety assessment of these
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consumer products also more harmonized and easier to follow-up
by the industry and regulatory agencies. In 2018, an EU market
surveillance study, carried out by means of the rapid alert system
for dangerous non-food products (RAPEX), revealed that 38% of all
interventions made were linked to cosmetic products and chil-
dren’s toys. The vast majority of the interventions was due to a
chemical risk, determined by the limitations present in the specific
pieces of legislation, i.e. Regulation (EU) N�1223/2009 for cosmetic
products and Directive 2009/48/EC for toys, showing the need for
vigilance of the EU market for these consumer product types [4].
However, the question may be posed whether any intervention
would be done for products lacking such specific product legisla-
tion, in casu MHPs, which can contain similar chemicals. Taking
into account that (i) the aggravating circumstances inherent to the
intimate exposure of MHPs, (ii) the daily usage of multiple products
and (iii) the potential exposure over the entire female fertility
period, a product-specific regulation would indeed be advanta-
geous to protect consumers and provide clear rules to industry and
regulatory agencies. In contrast to the EU, the Food and Drug
Administration in the US governs MHPs as medical devices for
which recommendations on preclinical toxicology and clinical
toxicology testing are in place, as well as adequate ingredient
labelling guidelines. However, due to absence of such specific
guidance by regulatory bodies in the EU, the ‘Hygiene Absorbent
Producers Committee of the European Disposables and Nonwovens
Association’ (EDANA) presented a Code of Practice [5]. This Code
aims to ensure that consumers get relevant and accurate infor-
mation concerning safety, potential risks, and product usage.
Although this initiative is one step forward for both the consumer
and the industry, it is not mandatory to follow this Code.

Although limited, the presence of unwanted chemicals in MHPs
has been documented in scientific literature with respect to pes-
ticides, dioxins, phthalates and fragrances [6e8]. Unfortunately,
these studies evaluatedMHPs under extreme extraction conditions.
While in order to simulate real-life exposure, and to be able to
assess the consumer’s risk, the extraction should be performed
under physiological conditions. Therefore, the current study aims
to assess the actual concentration in the simulated vulvovaginal
environment of chemicals leaching out of MHPs. To do so, a
leachable assay mimicking the in vivo conditions was first estab-
lished based on relevant literature on the potential constituents in
the vulvovaginal environment and on ISO-standard 10993. The
latter provides a series of standards to assess the biocompatibility
of medical devices. It offers a basis for biocompatibility risk
assessment on skin irritation, skin sensitization and other toxico-
logical endpoints. Moreover, guidelines are present on the devel-
opment of extractable- and leachable experiments.

Next, an ultra-high performance liquid chromatography coupled
with a triple quadrupole mass spectrometry (UHPLC-TQMS)
methodwas developed to identify and quantify several well-known
sensitizers and irritants. Validation of the method was performed
according to ISO-standard 17025 using the total error approach. To
prove the newly developed in chemico methodology’s practical
applicability, a set of fifteen commercially available MHPs has been
assessed.

2. Materials & methods

2.1. Compound selection

All fragrance chemicals selected for the method development
are classified as skin sensitizers category 1B according to the
Globally Harmonized System of Classification and Labelling of
Chemicals (GHS). Hence, they exhibit a low to moderate frequency
of skin sensitization occurrence in humans and/or a low to
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moderate potency in animals and can be presumed to potentially
produce significant sensitization in humans [9]. Skin sensitization
is induced by allergens triggering the adaptive immune response.
An individual can become sensitized when introduced to an
allergen at sufficient high concentrations and consequently will
develop contact allergy. However, symptoms like redness and
itching only occur upon a second contact with the allergen, often at
lower concentrations. In addition, all chemicals used are also
classified as category 2 skin irritants meaning that they produce
reversible damage and inflammation to the skin following appli-
cation for up to 4 h [9]. In contrast to allergenic substances, this
inflammatory response, also called irritant contact dermatitis, re-
quires no prior contact with exogenous agents. Most of the selected
chemicals are regulated by the Cosmetic Regulation (EC) No 1223/
2009. When present in an amount higher than certain limits for
leave-on (>10 mg/g) and rinse-off products (>100 mg/g), these in-
gredients must be labelled, meaning that they have to be indicated
in the list of ingredients on the product [2]. Similarly, Directive
2009/48/EC on the safety of children’s’ toys also restricts the use of
several of the aforementioned fragrances i.e. the fragrance is
completely banned in toys or mandates the labelling of these when
they exceed a specific limit (Table 1).

2.2. Standards and reagents

2.2.1. Sensitizing and irritating compounds
The analytical standards a-isomethyl ionone (CAS n�:127-51-5),

benzyl salicylate (CAS n�: 118-58-1), hexyl cinnamaldehyde (CAS
n�: 101-86-0), hydroxycitronellal (CAS n�: 107-75-5), methyl cin-
namate (CAS n�: 103-26-4) (internal standard) and piperonal (CAS
n�: 120-57-0) were purchased from Sigma Aldrich (St. Louis, USA).
Geraniol (CAS n�: 106-24-1) and linalool (CAS n�: 78-70-6) were
obtained fromAlfa-Aesar (Massachusetts, USA) and citronellal (CAS
n�: 106-23-0) was obtained from Honeywell Fluka™ (North Car-
olina, USA).

2.2.2. Constituents of the menstrual fluid simulant
The constituents of the menstrual fluid simulant (MFS) i.e. so-

dium chloride, disodium hydrogen phosphate dodecahydrate, po-
tassium dihydrogen phosphate and acetic acid (glacial) were
obtained from Merck (Darmstadt, Germany), while potassium
chloride and glucose monohydrate were obtained from VWR
(Pennsylvania, USA).

Bovine serum albumin and lactic acid were purchased from
Sigma Aldrich (St. Louis, USA).

2.2.3. Other reagents
The mass separating agents ammonium acetate andmagnesium

chloride hexahydrate were purchased from Merck (Darmstadt,
Germany) and magnesium sulphate (anhydrous) was obtained
from Fagron (Rotterdam, The Netherlands). The solvents acetoni-
trile and methanol (both HPLC-grade) and formic acid were pur-
chased from Biosolve (Valkenswaard, The Netherlands). Ultrapure
water was obtained using a milliQ-Gradient IQ 7000 system (Mil-
lipore, Billerica, USA).

2.3. Simulation OF IN-USE conditions for menstrual hygiene
products

2.3.1. Menstrual fluid simulant preparation
In analogy with the in vivo situation, the MFS was composed out

of a blood and vaginal fluid component. In line with the literature,
the blood component was simulated using phosphate buffered
saline (pH 7.4) containing 40 g/l albumin [10,11]. To simulate the
vaginal fluid component, a solution containing 45 g/l of NaCl, 5 g/l



Table 1
Overview of sensitizing and irritating compounds used for method development. Restricted use: forbidden to be present in these products.

Compound name CAS Number Limitations by Regulation (EC) No 1223/2009 on Cosmetic Products [2] Limitations by Directive (EC) No
48/2009 on Children’s’ Toy products [3].

Linalool 78-70-6 Mandatory labelling above 10 mg/g for leave-on products Mandatory labelling above 100 mg/g
Citronellol 7540-51-4 Mandatory labelling above 10 mg/g for leave-on products Mandatory labelling above 100 mg/g
Geraniol 106-24-1 Mandatory labelling above 10 mg/g for leave-on products Restricted use
Hydroxycitronellal 107-75-5 Mandatory labelling above 10 mg/g for leave-on products Restricted use
a-isomethyl ionone 127-51-5 Mandatory labelling above 10 mg/g for leave-on products Mandatory labelling above 100 mg/g
Hexyl cinnamaldehyde 101-86-0 Mandatory labelling above 10 mg/g for leave-on products Mandatory labelling above 100 mg/g
Benzyl salicylate 118-58-1 Mandatory labelling above 10 mg/g for leave-on products Restricted use
Piperonal 120-57-0 No No
Citronellal 106-23-0 No No
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glucose monohydrate, 6.1 g/l lactic acid and 8.3 g/l acetic acid was
prepared in ultrapure water [12]. The pH of the vaginal fluid
component was adjusted to 4.2 with acetic acid. The blood- and
vaginal fluid simulant solutions can be stored in a refrigerator at
4 �C for one month [13]. Both simulants weremixed in a 1:1 ratio to
obtain the MFS, which was freshly prepared daily.

2.3.2. Leaching conditions and sample preparation
The tampons, sanitary towels and panty liners (see section 3.7)

were placed in a glass recipient. Depending on their shape this was
either a volumetric cylinder or a thin layer chromatography
development tank. Since outside the EU, tampons are often
considered a medical device [14], the experimental setup simu-
lating the in-use conditions was mainly based upon ISO-standard
10993 concerning the biocompatibility of medical devices. The
amount of MFS used was in accordance with the ISO-standard,
being 0.1 g/ml beyond the absorption capacity of the investigated
product. The sanitary napkins were placed so that only the side
intended for skin contact was submerged into the MFS. In accor-
dance with the intravaginal temperature, the recipients were
placed at 37 �C (NuAire™ AutoFlow NU-4750 Water Jacket CO2
Incubator, USA) and aliquotswere taken after 4 and 8 h of simulated
exposure. Care was taken that no external force or pressure was
exerted on the MHPs to release additional MFS. The optimized
procedure is as follows: to 200 mL of the sampled MFS, 800 ml ACN
was added and the obtained mixture was vortexed for 20 s. After
10 min, a MgCl2 solutionwas added in a ratio of 1:2 (salt:sample) to
reach a MgCl2 concentration of 1 M in the formed aqueous solution.
The mixture was then centrifuged for 2 min at 14 000 g. The upper
layer was transferred into a vial for UHPLC-TQMS analysis.

2.4. Analytical procedure

2.4.1. UHPLC-TQMS conditions
Chromatographic separations were performed on a Waters

Acquity Ultra Performance LC® system (Waters Corp., Milford, USA)
with a Waters Acquity UPLC® Ethylene Bridged Hybrid C18 column
(1,7 mme2,1 mm � 100 mm) (Waters Corp., Milford, USA) at 40 �C.
Ultrapure water with 0.1% (v/v) formic acid (mobile phase A) and
methanol with 0.1% (v/v) formic acid (mobile phase B) were used as
the mobile phase. An isocratic flow of 90%mobile phase A is
maintained during the first 2 min of the run. After these 2 min a
linear gradient to 10% A over 6 min is initiated, followed by a 2 min
linear gradient to return to 90% A. This was maintained for 2 min to
re-equilibrate the column. The flow rate was set to 0.4 mL/min and
the injection volume was 5.0 ml. The detection was done by a Wa-
ters Xevo tandem quadrupole mass spectrometer (Waters Corp.,
Milford, USA) equipped with a Zspray electrospray ion source (ESI)
in positive mode. The capillary was set at a voltage of 4 kV. Des-
olvation and cone gas flow (N2) were set to 800 and 150 L/H,
respectively. Desolvation temperature was maintained at 450 �C.
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Collision induced dissociation was performed using argon gas at a
flow of 0.15 ml/min. Parent- and daughter ions, as well as cone
voltage and collision energy, were determined by infusing 10 mg/ml
standards in acetonitrile. Retention times were determined under
the aforementioned chromatographic conditions (Table 2).

2.4.2. Preparation of the matrix-matched calibration and validation
standards

For each concentration tested (range from 5 to 60 mg/ml), a stock
solution containing all selected standards was prepared in ACN. The
concentration of the internal standard methyl cinnamate was held
constant at 30 mg/ml. Next, 50 ml of each stock solution was added
to 950 ml MFS and used to construct the calibration curve. A pro-
cedural blank solution is prepared in a similar way bymixing 950 ml
MFS with 50 ml 30 mg/ml internal standard solution. This resulted in
a 7-point matrix-matched calibration curve, composed out of
following concentrations: 0.25, 0.5, 1, 1.5, 2, 2.5, 3 mg/ml. All solu-
tions mentioned above were prepared in amber borosilicate volu-
metric flasks and kept at 4 �C. To validate the procedure, MFS was
spiked daily during three consecutive days at three concentrations
with three replicates (Appendix 1). The preparation of the valida-
tion samples was done in analogy with the preparation of the
calibration standards at concentration levels of 0.30, 1.30 and
2.80 mg/ml in MFS.

2.5. Data analysis

Data acquisition and processing was performed using Masslynx
software V4.1 (Waters Corp., Milford, USA). The statistical analysis
was performed using Microsoft Excel 2003 and IBM SPSS Statistics
(v. 26).

2.6. Method valvalidation

The validation of the newly developed extraction and analytical
method was performed following the requirements of the ISO-
17025 guideline using the total error approach [15,16]. Method-
performance was assessed for: selectivity, linearity, trueness, pre-
cision and accuracy. For the method validation, the expectation
tolerance intervals were calculated at 95% and an acceptance limit
of ±15% was regarded as acceptable and is common practice for
bioanalytical method validation.

2.7. MHP sample set

To show the applicability of the developed methodology, fifteen
MHPs available on the Belgian market in retail- or online-stores
were purchased. For MHPs selection, both scented and un-
scented products from common MHP brands were chosen taking
into account the different absorbent capacities and materials
(viscose, cellulose, cotton) available on the market. The MHP



Table 2
Mass spectrometric properties for each compound determined by infusing 10 mg/ml standards in acetonitrile.

Compound name Monoisotopic mass (g/mol) Parent ion (m/z) Daughter
ions (m/z)

Cone (V) Collision energy (eV) Retention time (min)

a-isomethyl ionone 206.17 207 69 111 30 15 7.81
Benzyl salicylate 228.08 229 151 211 15 15 7.40
Citronellal 154.14 155 81 137 20 8 6.79
Citronellol 156.15 157 83 69 15 10 6.85
Geraniol 154.14 137 81 95 20 10 6.42
Hexyl cinnamaldehyde 216.15 217 129 147 18 10 8.17
Hydroxylcitronellal 172.15 195 81 137 30 5 4.57
Linalool 154.14 137 81 95 20 10 6.42
Methyl cinnamate 162.07 163 103 131 20 12 5.54
Piperonal 150.03 151 93 123 20 10 3.43
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sample set included nine tampons, three sanitary towels and three
panty liners, all of different manufacturers, as well as a menstrual
sponge and a wet tampon (Table 3). Of the fifteen MHPs, nine were
scented. Yet, only vague claims such as ‘fresh’ were found on the
packaging. For all tested MHPS, there was no mentioning of the
specific fragrance used in the ingredients list.

3. Results and discussion

3.1. Simulation of in-use conditions for menstrual hygiene products

3.1.1. Menstrual fluid simulant
The most important contributors to menstrual fluid are blood

and vaginal fluid. The blood component makes up close to 50% of
menstrual fluid, whereas the other half consists of vaginal fluid,
endometrial tissue and cervical mucus. Because the production of
the latter is at its lowest during menstruation, i.e. less than 10%,
endometrial tissue and cervical mucus are not included in the
proposed simulant [13,17]. Vaginal fluid, with a daily production of
6 g every 24 h, is the second-largest contributor to menstrual fluid
and is thus included in the simulant [18]. Both components are
represented in the proposedmenstrual fluid simulant (MFS) by two
separate fractions, allowing them to be used individually for
simulating other exposures thanmenstruation. At a production rate
of 6 g/24 h, the vaginal fluid contribution during 5 days of
menstruation is estimated to be 30 g, or approximately 50% of the
total menstrual fluid (±50 ml/5 days) [10,18]. For this reason, the
proposed MFS consists of a blood simulant and a vaginal fluid
simulant, mixed in equal portions (1:1). To simulate the blood
component, PBS (pH 7.4) containing 40 g/l albumin is used. The
vaginal fluid simulant composition is based upon a simulant
Table 3
Overview of selected MHPs.

MHP type Sample code Brand Scented
Tampon T1 A Yes

T2 B No
T3 A Yes
T4 A Yes
T5 C Yes
T6a D No
T7b E No
T8 F No
T9 G No

Sanitary towel TS1 H Yes
TS2 H Yes
TS3 G Yes

Panty liner SP1 H Yes
SP2 H No
SP3 I Yes

a Sample T6 is a menstrual sea sponge.
b Sample T7 is a wet tampon.
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already described in the literature [19]. The resulting pH obained by
mixing the blood simulant (pH 7.4) and the vaginal simulant (pH
4.2), is 6.7, which corresponds well with the pH of 6.6 ± 0.3 of
human menses [20]. The final MFS properties correspond well to
the in vivo situation regarding the pH, osmolarity and protein
content (Table 4). These properties are expected to have the highest
influence on the transfer of hazardous chemicals. They are
emulated through the inclusion of lactic and acetic acid, electro-
lytes, glucose and albumin in realistic concentrations [21]. How-
ever, bacteria and fungi present in the vaginal flora are not included
in this simulant, neither are red blood cells and mucins. This new
MFS was subsequently used as a medium to evaluate the leaching
of sensitizing and irritating chemicals out of MHPs.

3.2. Analytical procedure

3.2.1. Sample clean-up
The biological composition of the MFS was a serious challenge

for the analytical instrumentation. The vast amounts of albumin
present in the MFS are not compatible with TQMS. To remove the
excess of albumin from the sample, a well-known, simple and
generic sample clean-up procedure has been optimized, namely
the salting-out assisted liquid-liquid extraction method (SALLE). To
optimize the SALLE, three factors were evaluated: (i) the fraction
organic solvent to precipitate proteins, (ii) the selection of the mass
separating agent (MSA) and (iii) the concentration of the MSA. Four
different solvent fractions of ACN have been tested in triplicate for
their protein precipitation efficiency: 1:1e2.5:1e4:1e8:1 (ACN:-
sample). Five systems using different salts (NaCl,NH4Ac, MgSO4 and
MgCl2) or glucose, based on optimal concentrations and ratios
found in the literature, have been tested for their salting/sugaring-
out efficiency. The selected salt or sugar concentration has been
evaluated at three concentration levels: 0.35mol/l, 1 mol/l and near
saturation of the aqueous solution. The optimal fraction organic
solvent was selected by evaluating the obtained albumin pellet
mass. It could be concluded that a ratio of 1:1 was not sufficient to
precipitate the albumin present in the MFS and that the precipi-
tation efficiency improvedwith increasing ACN fraction, which is in
line with literature [26]. The MSA selection was based upon visual
inspection of the obtained phase separation and the recovery per-
centages for every compound. As such, incomplete phase separa-
tion was observed for NaCl and NH4Ac. Furthermore, for both salts,
all recovery percentages were far below the acceptable value of
80%. Also for MgSO4 an incomplete phase separation was observed,
while MgCl2 and glucose appeared to give rise to good phase sep-
aration. However, using identification techniques [27], residual
sugars were determined in the remaining organic layer when
glucose was used as MSA. Residual sugar can build up around the
cone and cause a significant loss in sensitivity and was therefore
not further tested. As shown in Appendix 1, the SALLE-system using



Table 4
Composition of menstrual fluid simulant and human menses.

Component MFS concentration (g/L) Reported concentration in human menses (g/L)
Albumin 20.0 43.6 ± 11.8 (in the blood component) [22]
Chloride 3.8 3.5 [23]
Sodium 2.7 2.6 [23]
Potassium 0.09 0.547; 0.9 (in vaginal fluid) [24,25]
Glucose 2.50 0.5 [23]
Phosphate 0.57 0.36 [23]
Lactic acid 0.35 0.3 [23]
Acetic acid 0.15 0.15 [23]
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MgCl2 displayed the highest recoveries. Out of the three concen-
trations tested, an aqueous MgCL2 concentration of 1.04 mol/l was
selected as the most optimal (Appendix 2). The recovery for each of
the selected compounds was lower after SALLE using a MgCl2
concentration of 1.73 mol/l or using a saturated solution of MgCl2.
These results are in line with the literature, showing that usage of
high salt concentrations may have a negative impact on subsequent
LC-MS analysis [28]. It is also reported that a final salt concentration
of 1 mol/l in the aqueous phase is optimal for SALLE [28], a result
that is confirmed in our study. The final sample clean-up procedure
is described in paragraph 3.3.2.
3.3. Method validation

The validation of the overall procedure was performed in
accordancewith the requirements of the ISO-17025 guideline using
the total error approach [15,16]. Validation parameters were
selectivity, linearity, trueness, precision and accuracy.

a) Selectivity

The method’s selectivity was evaluated by determining the
retention time and the mass spectrometric profile of each tested
compound. Most peaks are baseline separated, however, geraniol
and linalool displayed the same retention times and are detected
using identical MRM settings. Therefore, they could not be distin-
guished from each other by the proposed UHPLC-TQMSmethod. To
successfully separate both components, an alternative identifica-
tion method was introduced inwhich the column temperature was
lowered to 20 �C and by using isocratic conditions (50% mobile
phase Ae 50%mobile phase B) and a flow of 0.3 ml/min. Employing
the latter method, it was found that linalool is the first component
Fig. 1. Chromatograms for linalool and geraniol. Chromatograms for linalool and geraniol afte
20 �C. Area under the curve Y-axis, X-axis the retention time. The first eluting compound i
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eluting after 15.56 min, with the geraniol peak following approxi-
mately 1 min later, at 16.81 min (Fig. 1). Showing that discrimina-
tion between linalool and geraniol and thus correct identification is
possible with this alternative method.

b) Linearity of the calibration curves

For every calibration curve, the R2-value is calculated in Excel (v.
2016). The R2-values were greater than 0.992 for all compounds.
Furthermore, three independent calibration curves, analyzed on
three consecutive days, were evaluated by ANOVA lack-of-fit. The
ANOVA lack-of-fit test was performed using IBM SPSS Statistics (v.
26) at p ¼ 0.05. In all cases, the F-value of the test was smaller than
the critical value, indicating that there is no significant lack-of-fit. It
can be concluded that a linear model is suitable for every com-
pound using the proposed UHPLC-TQMS method and the calibra-
tion lines are linear.

c) Trueness and precision

Measurement trueness describes the closeness of agreement
between the average of a number of repeatedly measured quantity
values and a reference value. While trueness relates to a systematic
error, precision relates to a random error and characterizes the
closeness of agreement between the repeatedly measured quantity
values. For the assessment of repeatability, validation solutions on
three levels were analyzed for each chemical (Appendix 3). The
repeatability and the intermediate precision of the method were
evaluated on three consecutive days by triplicate analysis of spiked
MFS at three concentration levels for each chemical. From
Appendix 3 it can be concluded that the repeatability and the in-
termediate precision did not exceed 3.7%, which is considered
r injection of 10 mg/ml standard solutions in acetonitrile using a column temperature of
s linalool.



Fig. 2. Obtained accuracy profiles for A) a-isomethyl ionone, B) benzyl salicylate, C) citronellal, D) citronellol, E) hexyl cinnamaldehyde, F) hydroxycitronellal and G) piperonal. The
upper and lower acceptance limits are set at 15% (black lines), the upper and lower b-expectation tolerance limits are represented by purple lines; the blue line shows the relative
error.
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Table 5
Concentration of detected leachables (mg/g) in the sample set after 8 h leaching.

MHP type Sample code Scented Total amount of leached chemical in mg/g
a-isomethyl ionone Benzyl salicylate Linalool Hexyl cinnamaldehyde Piperonal

Tampon T1 Yes < LLOQ / / < LLOQ 9.7
T2 No / / / / /
T3 Yes / / / < LLOQ 5.2
T4 Yes / / / < LLOQ 4.7
T5 Yes 6.5 / Present / 28.2
T6 No / / / / /
T7 No / / / / /
T8 No / / / / /
T9 No / / / / /

Sanitary towel TS1 Yes / / / / /
TS2 Yes / / / / /
TS3 Yes / / / / /

Panty liner SP1 Yes / / / / < LLOQ
SP2 No / / / / /
SP3 Yes / 11.0 / 8.7 /

The presence of linalool was confirmed by utilizing the alternative analytical method with a lower column temperature (section 4.3.a). LLOQ: Lower limit of Quantification.
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acceptable for this method and is confirmed by the accuracy
profiles.

d) Accuracy profiles

Accuracy embraces both the systematic and random error,
describing the closeness of agreement between the measured
result and its true value. The accuracy takes into account the total
error of the method and is represented by the b-expectation
tolerance limits. In the absence of an official reference value, the
tolerance limits were set at ± 15% [15,16]. The accuracy was eval-
uated in triplicate by means of accuracy profiles and b-expectation
tolerance limits for every compound at three validation levels
(Fig. 2)(Appendix 4). All relative b-expectation tolerance limits
were within the acceptable range of ±15%. Therefore, it could be
concluded that at least 95% of future results obtained using the
validated method would be within the ±15% acceptance limits over
the whole defined concentration range of 0.30e2.80 mg/ml.
3.4. Application of the newly developed methodology to measure
in-use exposure levels of leachables from menstrual hygiene
products

The developed method was applied to identify and quantify the
selected sensitizing and irritating chemicals in fifteen different
MHPs (nine tampons, three sanitary towels and three sanitary
pads) after 4- and 8 h leaching. For 4 h of leaching, fewer amounts
of leached chemicals and more results below the lower limit of
quantification (LLOQ) compared to the 8 h of leaching experiments
are observed (Appendix 5). As shown in Table 5, a-isomethyl ion-
one (1/15), benzyl salicylate (1/15), hexyl cinnamaldehyde (1/15),
piperonal (4/15) and linalool (1/15) were identified to leach out of
the MHPs after 8 h, with piperonal being most frequently detected,
in particular in tampons. All of them are frequently used fragrances
in cosmetic products and presumably function similarly in MHPs.
Quantification (except for linalool, see section 4.3.a) revealed con-
centrations ranging from 4.7 to 28.2 mg/g per MHP, with the latter
being the highest concentration measured for piperonal in a
tampon. Of interest, benzyl salicylate was also found to leach at
11.0 mg/g from a panty liner.

Furthermore, if the Cosmetic Regulation would apply for MHPs,
the 10 mg/g mandatory labelling limit for leave-on products would
be exceeded for benzyl salicylate. Yet, this skin sensitizer is not
declared on the respective MHP packaging and one could thus state
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that adequate hazard information is not provided to the consumer.
It must be emphasized though that with our method the amount of
compound leaching from the MHPs has been determined. In
contrast, for cosmetic products the nominal content of ingredients
in the finished product and not the leaching of components triggers
the mandatory labelling limits. However, since MHPs are designed
to absorb compounds, the question arises if these fragrances would
become physiologically available when used. This has been evalu-
ated with our proposed method and the concentrations observed
are considered relevant, especially when compared to the risk
measurements imposed by the cosmetic regulation. Remarkably,
no leachables were detected in the three sanitary towels tested,
despite the organoleptic observation that they might be scented.
Yet, other fragrances than the nine evaluated in our study could
have been used tomanufacture of these products. Nevertheless, our
study demonstrates that the usage of MHPs can result in actual
exposure to sensitizing (and irritating) chemicals. However, none of
the investigated products disclosed on their packaging the pres-
ence of a fragrance ingredient. In case of sensitizing substances,
ingredient disclosure on the packaging is vital as secondary pre-
vention for the many individuals already suffering from allergic
contact dermatitis [29]. The potential impact of the measured in-
use exposure levels of the respective leachables by MHP use on
the consumer’s health should be further evaluated based on a well-
established quantitative health risk assessment.
4. Conclusion

In order to be able to estimate realistic in-use exposure levels of
fragrance chemicals via MHPs use, we have developed and vali-
dated a novel in chemico methodology making use of a biologically
relevant menstrual fluid simulant and UHPLC-TQMS. Application of
our method on fifteen MHPs indicated leaching of fragrances for six
samples whereby the highest concentration was found for piper-
onal leaching from a tampon.
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