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Synopsis

A rapid and sensitive reverse-phase HPLC method with UV detection was developed for the quantitation
of dimethyl phthalate (DMP), diethyl phthalate (DEP), butyl benzyl phthalate (BBP), dibutyl phthalate
(DBP), and di(2-ethylhexyl) phthalate (DEHP) in cosmetic preparations. Average recoveries of the phthalate
esters were better than 90%. In a survey of 48 consumer cosmetic products, including hair care products,
deodorants, lotions and creams, nail products, fragrances, and body washes, most products were found to
contain at least one phthalate ester. DEP was detected most frequently at concentrations up to 38,663 ppm.
DBP was found in fewer products, but at levels up to 59,815 ppm. Based on the available exposure and
toxicity data, the FDA has concluded that there is insufficient data to conclude that a human health hazard
exists from exposure to phthalate esters from cosmetic products.

INTRODUCTION

Phthalate esters are present in many consumer products, primarily to impart flexibility
to rigid polymers such as polyvinyl chloride. They are used in the production of products
such as food wrappings, medical devices (e.g., blood bags), children’s toys, wood finishes,
paints, upholstery, and plastic products, and are subject to a variety of regulatory
requirements. As a result of their extensive use, phthalate esters have been found in
the environment (1-6), foods (7-9), food supplements (10), medical products (11,12),
medical devices (13), plastic materials (14), and cosmetics (15). In cosmetic products,
phthalate esters are used as solvents for fragrances, as suspension agents for solids in
aerosols, as lubricants for aerosol valves, and as antifoaming agents, skin emollients, and
plasticizers in nail polishes and fingernail elongators.

Investigations into the levels of phthalate ester metabolites in human urine have shown
that exposure to DEP, BBP, DBP, and DEHP from all sources is highly variable from
person to person and between different demographic groups (16-19). In one study,
women of child-bearing age (20—40 years) were found to have significantly higher levels
of monobutyl phthalate, the metabolite of DBP, in their urine than other age/gender
groups (16). Several phthalate metabolites have also been found in human breast milk
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(20). Estimates of daily human exposure to DEP, based on ester metabolite concentra-
tions in urine, range from undetectable to 320 mg/kg/day (21).

Phthalate esters, are of potential concern because of reproductive and other toxic effects
reported for phthalate esters in animal models. Tests with rats have shown that some
phthalate esters can damage the male reproductive system of offspring and cause other
developmental abnormalities (22-30).

The relevance of human exposure to phthalate esters is difficult to assess because the
effects observed in animals resulted from exposure to relatively high doses (on the order
of 100 to 1000 mg/kg/day), and more importantly, rats may metabolize phthalate esters
differently than humans (37,38). While one study using a comet assay suggested that the
urinary metabolite of DEP at levels currently found in the environment might cause
human sperm DNA damage (39), another study showed primates were less sensitive to
phthalate exposure than rodents (40). Further, because of their ubiquitous use, it is
difficult to pinpoint any specific source of phthalate ester uses as being potentially
responsible for any observed effects.

In July 2002, the Environmental Working Group (EWG), a coalition of environmental
and public health organizations, reported on the analysis of 72 cosmetic products for the
phthalate esters DMP, DEP, BBP, DBP, and DEHP (15). According to the report,
phthalate esters were found in 52 of the 72 products tested, at levels ranging from less
than 50 parts per million to nearly three percent. Also, according to the report, none of
the 52 products listed the phthalate esters as ingredients on the product labels. Based on
the safety concerns raised by the EWG and other published data, the FDA initiated a
project to determine consumer exposure to phthalate esters from cosmetic products (41).
The present study was undertaken to develop and validate an analytical method for
phthalate esters in cosmetic products, to verify the levels reported in cosmetics by the
EWG, and to collect additional data on phthalate ester levels in other types of cosmetic
products.

A large variety of analytical methods have been published for the analysis of consumer
products, biological materials, and environmental samples for phthalate esters. Methods
based on gas chromatography with either flame ionization or electron capture detection
have been described for food simulants (42), water (43), plasma (44) and edible oils (45).
High-performance liquid chromatography (HPLC) with UV detection has been applied
to water (46), IV drug solutions (47), blood plasma (48), and water (49). More recently
reported methods have utilized mass spectrometry for the detection of phthalate esters.
Methods applying gas chromatography coupled to a mass spectrometer have been de-
scribed for the analysis of water (50-53), saliva (54), and plastic and PVC materials
(55,56). HPLC and mass spectrometry have been used for the analysis of urine (57-59),
human milk (20), and IV drug solutions (60). Very little has been published on ana-
lytical methods for the determination of phthalate esters in cosmetic products. Two older
methods, based on simple gas chromatography, have been described for cosmetic prod-
ucts (61,62), but little data has been provided. The present study describes a method for
the determination of phthalate esters in a variety of different cosmetic products. The
method utilized a Celite column extraction method originally developed in our labora-
tory for the analysis of phenol, resorcinol, salicylic acid, and a-hydroxy acids in cosmetic
products and salon preparations (63). The method was validated for the determination
of phthalate esters in several different types of cosmetic products.
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EXPERIMENTAL
REAGENTS AND MATERIALS

The following reagents and materials were used: Hexane was purchased from Burdick &
Jackson (Muskegon, Michigan). Acetonitrile and methanol were purchased from T. J.
Baker (Phillipsburg, New Jersey). 2-Propanol was purchased from Fisher Scientific
(Fairlawn, New Jersey). All solvents were HPLC grade. Phthalate esters DMP (99%),
DEP (99.5%), and BBP (98%) were purchased from Sigma Aldrich Milwaukee, Wis-
consin). DBP (=98%) and DEHP (99.5%) were purchased from Sigma Aldrich (St.
Louis, Missouri). De-ionized water was prepared with a Milli-Q purification system from
Millipore (Billerica, Massachusetts). Celite 545 was purchased from Fisher Scientific
(Fairlawn, New Jersey). The extraction tubes and filter disks were obtained from Supelco
(Bellefonte, Pennsylvania).

PHTHALATE ESTER CALIBRATI@N STANDARDS

A primary standard solution of a mixture of the five phthalate esters (~ mg/ml each) was
prepared by adding approximately 100 mg of each to a 100-ml amber volumetric flask
and diluting to the mark with hexane. Because of the wide range of possible concen-
trations in cosmetic products, three sets of working standards were prepared. One set was
prepared at approximately 0.001, 0.003, 0.006, and 0.01 mg/ml by appropriate serial
dilution of the stock solution. Similarly, a second set was prepared at approximately
0.01, 0.03, 0.06, and 0.1 mg/ml, and a third set for BBP, DBP, and DEHP only was
prepared at 0.10, 0.30, 0.60, and 1.00 mg/ml. HPLC peak areas were determined based
on duplicate injections of 20 pl, and a calibration curve was obtained by plotting peak
area versus standard concentration.

SAMPLE EXTRACTI®N

To avoid contamination by environmental sources of phthalate esters, all glassware was
thoroughly cleaned and rinsed with water and ethanol before use, and phthalate-
containing plastics were avoided. Approximately 1 g of each cosmetic sample was
weighed into a 40-ml beaker, mixed thoroughly with about 3 g of Celite, and then
transferred to a 15-ml extraction tube containing a filter disk. The sample/Celite mix-
ture was covered with a second filter disk and compacted firmly with a stirring rod. The
prepared column was eluted with sufficient hexane to obtain 10 ml of extract in a
volumetric flask. The extraction flask was mixed well prior to HPLC analysis.

HPLC ANALYSES

HPLC analyses were carried out on an Agilent 1100 series HPLC, equipped with a
quaternary pumping system, an in-line vacuum degasser, a variable wavelength diode
array UV-visible absorbance detector, a 20-pl injection loop, and a personal computer
with HP Chemstation software.

Chromatographic separation was achieved using a Whatman Partisil ODS-3 5-pm guard
column (7.5 mm by 4.6 mm ID) and a Whatman Partisil ODS-3 5-pm analytical
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column (250 mm by 4.6 mm ID), both obtained from Altech Chromatography (Deer-
field, Illinois). The analytical column was housed in a thermostatted column compart-
ment at room temperature. Chromatographic separation was achieved using a solvent
program starting initially at 509 water, 34% acetonitrile, 13% 2-propanol, and 3%
methanol that was changed linearly over 35 minutes to 15% water, 55% acetonitrile,
25% 2-propanol, and 5% methanol, and held at the final composition for an additional
ten minutes. The mobile phase flow rate was 1.0 ml/min. The mobile phase was
gradually returned to the initial mobile phase composition over a period of ten minutes.
Phthalate esters were detected at 230 nm.

QUANTITATION

Four-point calibration curves were prepared for each phthalate ester. Phthalates were
identified in sample extracts by comparing HPLC retention times with standards, and
quantitated using the standard calibration curve for each phthalate ester. Sample extracts
were diluted as necessary to confirm that the concentrations were in the linear range of
the calibration curve. Calculated phthalate ester concentrations of 10 ppm or less were
recorded as not detected.

RECOVERY

The recovery of phthalate esters from cosmetic products was determined by fortifying
products with 100 and 1,000 ppm of each ester followed by extraction and HPLC
analysis as described above.

RESULTS AND DISCUSSION

In this study, a rapid method for the determination of five phthalate esters was developed
and validated. For most cosmetic sample extracts, each phthalate ester was completely
separated from other components by HPLC and could be quantitated unambiguously.
To further confirm that observed peaks were due to phthalate esters and not impurities,
UV spectra of chromatographic peaks were evaluated to determine peak purity. For
DMP it was generally necessary to use peak UV spectra to distinguish DMP from other
compounds eluting near the retention time of DMP.

HPLC calibration curves obtained for BBP, DBP, and DEHP were found to be linear
over the concentration range of 0.001 mg/ml to 1 mg/ml. The calibration curve for DMP
was linear from 0.001 mg/ml to 0.3 mg/ml, while DEP was linear from 0.001 mg/ml
to 0.6 mg/ml. All regression correlation coefficients were better than 0.995. The limit
of quantitation (LOQ) ranged from 1 to 10 ppm at ten times baseline noise. Figure 1
shows the chromatographic separation of the five phthalate esters and typical chromato-
grams of cosmetic extracts.

The presence of phthalate esters in solvents, laboratory equipment, and plastic materials
has been reported by other investigators. To assure accurate quantitation of phthalate
esters in the cosmetic products examined, laboratory equipment and glassware were
carefully washed and thoroughly rinsed with water and ethanol before use. The HPLC
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Figure 1. HPLC chromatograms of (a) phthalate ester standards, (b) nail enamel, (c) fragrance product, and

(d) nail enamel.
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system was flushed with mobile phase at the beginning of each day, and after each
injection the syringe was thoroughly washed with ethanol. Since DEHP is particularly
persistent in the environment, and is widely used as a plasticizer, plastic materials were
not used to process samples. Solvent blanks were run to confirm the absence of phthal-
ates. No chromatographic responses were observed at the retention times of any of the
phthalate esters.

Since a wide range of phthalate ester levels are present in cosmetic products, the quantity
of sample extracted was occasionally varied, depending on the expected level of phthalate
ester in the product. For cosmetic products having an unknown concentration of phthal-
ate ester, a preliminary analysis was made to determine the approximate level and to
confirm the absence of significant chromatographic interference. Then an appropriate
sample size was selected for analysis. For most products 1 g of sample was analyzed.

Method accuracy was evaluated by performing recovery experiments from two hairspray
products, a hand lotion, and an antiperspirant. Each product was fortified with the five
phthalate esters at levels of 100 and 1000 ppm. The results are shown in Table I.
Recoveries of the five phthalate esters ranged from 73% to 112%. Average recoveries for
DMP, DEP, BBP, DBP, and DEHP in the four products were 91%, 95%, 101%, 101%,
and 92%, respectively.

A survey of a variety of consumer cosmetic products for phthalate esters was conducted.
Products were purchased from local stores in the Washington, DC, area, including hair
care products, deodorants, lotions and creams, nail products, fragrances, and body
washes. An attempt was made to purchase many of the same products analyzed by the
EWG (15) to confirm the reported phthalate ester levels. The results of the analysis of
48 cosmetic products is shown in Table II. Levels less than 10 ppm are reported as not
detected. Sixty-seven percent of the products analyzed contained at least one phthalate
ester, while hair sprays, deodorants, nail products, and hair mousse contained two or
more phthalates. The highest phthalate ester concentrations were found in nail products,
with levels observed up to 59,815 ppm. DEP was the most common phthalate ester
found; it was present in twenty-seven products. DBP was found in ten products, while
DEHP was not found in any product tested. With few exceptions, there was very good
agreement between the phthalate ester levels found and those reported by the EWG.
Differences observed may be due to lot variations.

Table I

Recovery of Phchalate Esters from Cosmetic Products*

Percent recovery

Product Fortification level (ppm) DMP DEP BBP DBP DEHP
Hairspray A 100 90 99 99 95 84
1000 99 103 109 112 108
Hand lotion 100 89 88 97 102 73
1000 92 94 95 95 102
Antiperspirant 100 83 94 100 103 81
1000 88 95 100 99 101
Hairspray B 100 89 90 105 105 84
1000 94 98 103 100 103

* Single determination at each level.
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Table 11
Phthalate Esters in Thirteen Commercial Cosmetic Products (PPM)
No. of
Product products DMP' DEP? BBP? DBP* DEHP’
Body lotion 1 ND¢ 142 ND ND ND
Hairspray 8 ND 81, 118, 178, 204 43 16, 38, 54 ND
Deodorant 9 ND 38, 56, 57, 111, ND 104 ND
681, 805, 2933
Fragrance S ND 5486, 8851, 9081, ND ND ND
11124, 38663
Skin lotion 3 ND 84 ND ND ND
Hair gel 5 ND 53, 67 ND ND ND
Hair mousse S ND 31, 56, 75, 128 ND 31, 43 ND
Body wash 3 ND 200, 325 ND ND ND
Shampoo 1 ND ND ND ND ND
Hand cream 2 ND 27 ND ND ND
Nail enamel 6 58, 143, 15395 1136 107 25, 742, ND

46463, 59815

! Dimethyl phchalate.

? Diethyl phthalate.

? Benzylbutyl phthalate.

* Dibutyl phthalate.

> Diethylhexyl phthalate.

¢ None detected (<10 ppm).

7 Number of products containing the phehalate.

The source of phthalate esters in most cosmetic products is most likely the fragrance
ingredient. Phthalate esters were only included on the ingredient statements of some of
the nail products included in this survey. Individual fragrance ingredients are not
required to be included in cosmetic product labeling (64).

The Cosmetic Ingredient Review (CIR) Expert Panel, an independent panel of scientists
that has been reviewing the safety of cosmetic raw materials since 1976, has reviewed the
safety of several phthalate esters used in cosmetic products. In the first review, conducted
in 1985, the CIR concluded that DMP, DBP, and DEP were safe in cosmetic products
at levels up to 5%, 25%, and 50%, respectively (65). In a separate review of the safety
of BBP, the CIR concluded that BBP is safe at concentrations less than 1% (66). In
2003, the CIR rereviewed the safety of phthalate esters in cosmetic products in light of
reports of phthalate metabolites in human urine, and affirmed their original conclusions
that the levels used in cosmetic products were safe. From 1998 to 2000, an expert panel
convened by the NTP concluded that reproductive risks from exposure to phthalate
esters were minimal to negligible in most cases (67). The NTP has concluded that food
is the primary source of human exposure to DBP (33). In the European Union, the
Scientific Committee on Cosmetics and Non-Food Products reviewed the safety of DEP
and concluded it was safe in cosmetic products (68); however, the committee concluded
that DBP should not be intentionally added to cosmetics (69).

The significance of phthalate ester exposure from cosmetics compared to exposure from
food, water, air, and plastic materials is difficult to assess. Exposure from pharmaceu-
ticals must also be factored in, since high urinary levels of the metabolite of DBP have
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been traced to the use of drugs (70). Our survey of cosmetic products found that the
highest levels of phthalate esters were present in nail and fragrance products. Products
such as nail polish harden rapidly after application, and so phthalate ester absorption
through the nail is likely to be significantly inhibited. Exposure to phthalate esters from
products such as soaps, shampoos, and conditioners that are washed off the skin soon
after application will also be very low, due to limited contact time with the skin. For
cosmetic products that are left on the skin, exposure is a function of the area of skin
exposed to the product and the absorption rate, and it has been shown that phthalate
ester absorption rates through human skin are slow compared to those of rodents (71).

Since our 2002 survey was conducted, the FDA has observed that some cosmetic prod-
ucts are being reformulated to remove phthalate esters. The FDA will continue to
monitor and evaluate all available data to assure that phthalate ester levels in cosmetic
products are not a health concern. The Federal Food, Drug and Cosmetic Act does not
provide for premarket approval of cosmetic products, and the standard for regulatory
action requires that the agency prove a product is adulterated or harmful under condi-
tions of use. Based on the safety and toxicity data currently available, the agency has
concluded that there is no basis upon which to take regulatory action at this time. If the
FDA determines that a health hazard exists, the agency will advise the public and will
consider its regulatory options.
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