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ABSTRACT: Phthalate esters are used in a wide variety of consumer products, and human exposure to this class of compounds
is widespread. Nevertheless, studies on dietary exposure of humans to phthalates are limited. In this study, nine phthalate esters
were analyzed in eight categories of foodstuffs (n = 78) collected from Harbin and Shanghai, China, in 2011. Dimethyl phthalate
(DMP), diethyl phthalate (DEP), dibutyl phthalate (DBP), diisobutyl phthalate (DIBP), benzyl butyl phthalate (BzBP), and
diethylhexyl phthalate (DEHP) were frequently detected in food samples. DEHP was the major compound found in most of the
food samples, with concentrations that ranged from below the limit of quantification (LOQ) to 762 ng/g wet weight (wt). The
concentrations of phthalates in food samples from China were comparable to concentrations reported for several other countries,
but the profiles were different; DMP was found more frequently in Chinese foods than in foods from other countries. The
estimated daily dietary intake of phthalates (EDIdiet) was calculated based on the concentrations measured and the daily ingestion
rates of food items. The EDIdiet values for DMP, DEP, DIBP, DBP, BzBP, and DEHP (based on mean concentrations) were
0.092, 0.051, 0.505, 0.703, 0.022, and 1.60 μg/kg-bw/d, respectively, for Chinese adults. The EDIdiet values calculated for
phthalates were below the reference doses suggested by the United States Environmental Protection Agency (EPA). Comparison
of total daily intakes, reported previously based on a biomonitoring study, with the current dietary intake estimates suggests that
diet is the main source of DEHP exposure in China. Nevertheless, diet accounted for only <10% of the total exposure to DMP,
DEP, DBP, and DIBP, which suggested the existence of other sources of exposure to these phthalates.
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■ INTRODUCTION
Phthalic acid esters or phthalates were introduced in the 1920s
as plasticizers to soften plastics. Because phthalates make
products flexible, durable, and long lasting, they are widely used
in commercial and personal care products, such as electronics,
building materials, medical devices, toys, detergents, and
perfumes.1 The global production of phthalates is estimated
to be ∼5 million tons in 2010. Phthalates have been categorized
as “chemicals of concern” by the United States Environmental
Protection Agency (EPA)2 due to their potential to elicit
reproductive toxicities in laboratory animal studies.3−6 Dieth-
ylhexyl phthalate (DEHP), dibutyl phthalate (DBP), and
benzyl butyl phthalate (BzBP) have been well studied for
their reproductive toxicities. Further, several human biomoni-
toring studies using urine specimens have reported widespread
exposure to phthalates.7−12

A major source of human exposure to phthalates is diet.13−15

Nevertheless, previous studies have suggested that, depending
on the physicochemical properties of phthalates, the routes of
human exposure to individual phthalates can vary. For example,
diet is thought to be the main source of human exposure to
DEHP,13,16−19 whereas inhalation is the predominant route of
exposure to dimethyl phthalate (DMP),13 and inhalation and
dermal absorption are important sources of exposure to DBP
and diethyl phthalate (DEP).13,16 A study from Korea showed
that, after the study participants followed a strict vegetarian

dietary regimen for five consecutive days, urinary levels of DEP,
DBP, and DEHP decreased significantly,20 which suggested that
dietary intervention can alleviate human exposure to certain
phthalates.
As plasticizers, phthalates are not chemically bound to

products and, therefore, can leach easily from the products into
the environment. Contamination of foodstuffs with phthalates
can occur through food-contact packaging materials and during
processing, storage, and transport.21 A recent study indicated
that DEHP exposures were substantially reduced when
individuals’ diets were restricted to those that have limited
contact with packaging materials.22 Further, foodstuffs can be
contaminated with phthalates during production or food chain
transfer of these compounds. Despite the significance of
foodstuffs as an important source of human exposure to
phthalates, very few earlier studies have determined phthalates
in foodstuffs, primarily due to the challenges associated with
high background levels of contamination encountered in
laboratory settings and from the analytical methods.21,23 A
recent report,21 based on a review of the limited publications
available on phthalates in various foodstuffs, indicated that the
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concentrations and profiles of phthalates in foodstuffs vary
considerably among different categories of food items and
among geographic locations.
In our earlier studies, we reported widespread occurrence of

phthalates in urine and house dust samples from China.9,16,24

The phthalate exposure profile reported for the Chinese
population was different from that reported for the population
in the United States.16 No previous studies have reported the
occurrence of phthalates in foodstuffs from China. In this study,
we analyzed 78 food samples collected from Harbin and
Shanghai, China, in 2011. To our knowledge, this is the first
study to report the occurrence and profile of phthalates in food
samples from China. We estimated the daily dietary intake of
phthalates based on the ingestion rate of foodstuffs by adults
and the measured concentration of phthalates in the
corresponding food item. Coupled with the data from a
previous urinary biomonitoring study on phthalates in China,24

in which we reported total exposure doses to phthalates by the
Chinese population, we examined sources and pathways of
phthalate exposure among the Chinese population.

■ MATERIALS AND METHODS
Standards and Solvents. Analytical standards of phthalate esters,

DMP, DEP, DBP, diisobutyl phthalate (DIBP), BzBP, DEHP, di-n-
hexyl phthalate (DNHP), dicyclohexyl phthalate (DCHP), and di-n-
octyl phthalate (DNOP), and their corresponding d4 (deuterated)
internal standards (except for BzBP), were purchased from
AccuStandard, Inc. (New Haven, CT), with a purity of >99%.
Analytical grade acetone and acetonitrile were purchased from Macron
Chemicals (Nashville, TN), and hexane and HPLC-grade water were
purchased from J. T. Baker (Phillipsburg, NJ).
Sample Collection and Preparation. A total of 78 food samples

were collected from local markets in Harbin (n = 64), northeastern
China, and Shanghai (n = 14), eastern China, from August to
November 2011. Samples were sorted into 8 categories, as cereals (n =
21), beverages (n = 17), condiments (n = 10), milk and milk products
(n = 11), cooking oil (n = 3), seafood (n = 3), meat and meat products
(n = 6), and others (n = 7). Further details of the samples are provided
in the Supporting Information (Table S1). The food samples collected
in this study were popular brands that were consumed widely by the
Chinese population.
All the food samples were homogenized and spiked with deuterated

phthalates as internal standards. For beverages and liquid samples
(except for milk), 10−20 g of samples were extracted with hexane (10
mL) by shaking in a mechanical shaker (Eberbach, Ann Arbor, MI) at
250 oscillations/min for 30 min. After centrifugation at 4500g for 10
min, the hexane layer was transferred into a clean glass flask. The
residue was extracted three times with hexane (10 mL each time), and
the hexane extract was combined, concentrated using a rotary
evaporator, and transferred into a gas chromatographic (GC) vial.
For solid food samples, as well as milk and milk products, 3−20 g of
samples were freeze-dried (Freezone6; Labconco, Kansas City, MO),
homogenized, and extracted three times with hexane:acetone (1:1 v/v,
25 mL) by shaking in an orbital shaker for 30 min each time, as noted
above. After centrifugation at 4500g for 10 min, the solvent layer was
combined and then concentrated using a rotary evaporator, to 3 mL.
The extract was then transferred into a separatory funnel containing 40
mL of hexane-saturated acetonitrile and shaken for 15 min; the hexane
layer containing lipids was then discarded. Three milliliters of hexane
was added to the separatory funnel, and the procedure was repeated
twice for the removal of lipids. The sample extract was then
concentrated to 5 mL and transferred into a glass tube containing
25 mL of high performance liquid chromatography (HPLC) grade
water. Phthalates were extracted three times from the solution with
hexane (7 mL) by shaking for 30 min, as noted above. After
centrifugation for 10 min, the hexane layer was combined,
concentrated using a rotary evaporator, and transferred into a GC

vial. For cooking oils, samples were transferred into a separatory funnel
containing hexane-saturated acetonitrile and extracted, as noted above.
All extracts were concentrated to 0.5 mL under a gentle stream of
nitrogen prior to analysis by gas chromatography−mass spectrometry
(GC−MS).

Instrumental Analysis. Nine phthalates were analyzed using GC
(Agilent Technologies 6890) coupled with MS (Agilent Technologies
5973) in the selected ion monitoring (SIM) mode. A fused-silica
capillary column (DB-5; 30 m × 0.25 mm i.d.; 0.25 μm film thickness)
was used for separation. Ions m/z 163, 279, and 149 were monitored
for the identification and quantification of DMP, DNOP, and seven
other phthalates, respectively. The fragment ion m/z 177 was
monitored for the confirmation of DEP, m/z 223 for DIBP and
DBP, m/z 223 and 206 for BzBP, 167 for DCHP, m/z 167 and 279 for
DEHP, and m/z 279 for DNHP. The responses of individual d4-
labeled internal standards of the corresponding phthalate esters were
used for the quantification, and the response of d4-DNHP was used for
quantification of BzBP. The GC−MS conditions and column oven-
temperature program were similar to those described earlier.16 The
limits of quantification (LOQ) were calculated from the lowest
concentration of the calibration curve and a nominal sample weight of
1.0 g. The LOQ of DNOP was 10 ng/g wet wt, and, for eight other
phthalate esters, it was 2 ng/g wet wt.

Quality Assurance and Quality Control. One of the major
challenges associated with the low level analysis of phthalates in foods
is the high background levels of contamination, especially for DBP and
DEHP, often encountered in the analytical procedures. Prior to the
analysis of samples, considerable effort was made to reduce the
background levels of contamination in the analytical procedure. We
found that many solvents, chemicals (including sorbents such as silica
gel), glassware, and reagents contain phthalates, especially DBP and
DEHP (the contamination of the solvents and chemicals with
phthalates is expected to arise mainly during production, when they
are stored in PVC storage tanks or containers). It was found that
minimizing the use of glassware and other items that come in contact
with samples during pretreatment, reducing sample preparation time,
and minimizing the solvent volume enabled reduction in the
background levels significantly. In other words, the analytical
procedure was kept simple. All samples were processed using glass
separatory funnels, flasks, or tubes. All glassware was washed with soap
and Milli-Q water and baked at 450 °C overnight. The baked glassware
was covered in clean aluminum foil and kept in a furnace until use.
Sodium sulfate was baked at 450 °C overnight. HPLC-grade water
(used in cleaning the sample extracts) was extracted with hexane
before its use. All solvents were tested for background levels of
phthalates after concentration and GC−MS analysis. The batches of
solvents that contained the lowest levels of phthalates were used
throughout the analysis.

For every batch of eight samples analyzed, three procedural blanks
and a pair of matrix-spike samples (3.0 g mixture of 5 kinds of cooking
oils) were processed. Procedural blanks were processed exactly
similarly to samples, except that they did not contain the sample
matrix (but contained equal amount/volume of all solvents, reagents,
chemicals, glassware that come in contact with the samples). Trace
levels of DMP, DEP, DIBP, and BzBP (1−5 ng) were found in
procedural blanks, whereas the levels of DBP (2−20 ng) and DEHP
(3−500 ng) were high (Table S2 and Table S3 in the Supporting
Information). If the concentration of DEHP in three procedural blanks
varied widely, and if the difference in concentrations between the
blanks exceeded 50 ng, then all the samples analyzed in that batch
were discarded, and a new set of samples was analyzed. The reported
concentrations in food samples were subtracted by the average of the
three blanks from each batch. Quantification was based on the isotopic
dilution method. The average recoveries of 9 target compounds spiked
into sample matrixes were between 56 ± 25% and 101 ± 3% (mean ±
standard deviation). The average recovery ranges of 8 internal
standards spiked into blanks and samples were 66 ± 24% to 83 ± 17%,
and 59 ± 26% to 94 ± 20%, respectively. Concentrations below the
LOQ were assigned a value of zero for statistical analysis. All data are
reported as nanogram per gram, on a wet weight basis. Liquid samples
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were weighed prior to extraction, and moisture contents of solid food
samples were calculated for conversion of data to wet weight basis.

■ RESULTS AND DISCUSSION
Occurrence of Phthalates. DMP, DEP, DBP, DIBP,

BzBP, and DEHP were frequently detected (>60%) in food
samples from China, whereas DNHP, DCHP, and DNOP were
found in fewer than 16% of the samples analyzed. This pattern
is similar to what was reported for indoor dust16 and human
urine from China.24 DMP was found in 82% of the food
samples analyzed, at a frequency similar to its metabolite,
monomethyl phthalate, found in urine from China (88%). High
frequency of detection of DMP in Chinese foodstuffs is
remarkably different from what was reported for other
countries, where DMP was seldom found.13,18,21 Concen-
trations of DMP ranged from below the LOQ (i.e., <0.04 ng/g
in bottled water and sausage) to 97.0 ng/g (in wine) in our
study (Table 1). In food samples from Europe, Asia, and North
America,13 DMP was detected only in yogurt, fish, and
condiments.
DEP was found in 81% of the food samples analyzed, at

concentrations ranging from <LOQ (i.e., <0.04 ng/g in bottled
water and coffee powder) to 22.4 ng/g (in instant noodles)
(Table 1). These concentrations were lower than those
reported in Canada,25 where DEP concentrations ranged
from 40 to 5300 ng/g in cereals, fruits, and miscellaneous
foods. The measured concentrations of DEP in foodstuffs in
our study were similar to those reported in Japan (0.7−1.0 ng/
g).26 Concentrations of DEP in our milk or milk products were
0.066 to 1.92 ng/g, which were 1 to 2 orders of magnitude

lower than the concentrations reported for infant formula and
milk from certain European countries (36.5−85.3 ng/g).27

DBP and DIBP were found in >94% of the food samples
analyzed (Table 1), and the concentrations ranged from 0.011
ng/g (in bottled water) to 572 ng/g (in cookies). The
concentrations of DBP and DIBP were similar across several
food groups. For example, the concentration ratios of median
values of DBP to DIBP in all foodstuffs were 1.1 ± 0.5, except
for bean powder, which contained 7.8-fold higher concen-
trations of DBP than DIBP. The ratio of 1.1 found in most
foodstuffs was close to the ratio of their corresponding
metabolites determined in human urine from China (1.6).9

The concentrations of DBP (median: 31.8 ng/g) and DIBP (26
ng/g) in wine and beer were significantly higher than those
found in other beverages. Studies from Japan also reported high
concentrations of DBP in wine.28,29 The concentrations of DBP
(2.38−226 ng/g) and DIBP (1.18−59.1 ng/g) in milk and milk
products, in our study, were similar to the concentrations
reported elsewhere (3−50.3 ng/g).21

DEHP, the most widely used phthalate, was found in 82% of
the food samples analyzed. Although 100% of the urine samples
from China contained the metabolites of DEHP,9,24 relatively
lower frequency of detection of this compound in foodstuffs
than in urine could be due to the low recovery of this
compound from foodstuffs (63%, on average) and subtraction
of concentrations of this compound from procedural blank
values (which resulted in concentrations below the LOQ for
several foods that contained concentrations at or near the LOQ
value). The concentrations of DEHP varied from <LOQ (i.e.,
<0.2 ng/g in bean and coffee powder) to 762 ng/g (in instant

Table 2. Estimated Daily Intake (EDIdiet) of Phthalates from Foodstuffs in China (ng/kg-bw/day)

beveragesa cereals soy meat seafood milk cooking oil eggs condiments total

Estimated from Median Concentrations in Food
DMP 4.15 3.21 0.15 0.91 0.36 3.76 1.14 2.78 0.01 16.5
DEP 0.89 5.52 0.12 3.86 2.42 0.45 −b 0.26 0.04 13.6
DIBP 14.8 188 0.35 17.8 7.20 12.4 3.06 0.91 0.75 245
DBP 13.3 189 2.72 11.9 3.31 17.2 4.03 0.71 1.40 243
BzBP − − 1.66 − − − 8.13 0.19 0.02 10.0
DEHP 24.5 304 − 155 72.0 21.2 41.7 0.75 0.02 620

Estimated from Mean Concentrations in Food
DMP 13.2 65.6 0.15 1.39 0.53 6.86 1.12 2.78 0.48 92.1
DEP 35.4 8.17 0.12 3.10 2.42 0.69 − 0.26 0.28 50.5
DIBP 28.2 408 0.35 23.2 18.6 17.8 4.68 0.91 3.34 505
DBP 63.5 561 2.72 13.6 4.47 45.1 6.11 0.71 5.65 703
BzBP 2.12 10.5 1.67 0.65 − 0.19 6.96 0.19 0.06 22.4
DEHP 245 1047 − 160 58.5 41.9 39.1 0.75 2.20 1595

Estimated from the Highest Concentrations in Food
DMP 117 605 0.15 1.39 1.07 27.5 2.12 4.52 2.16 761
DEP 443 150 0.12 4.31 3.90 2.11 0.01 0.53 1.57 606
DIBP 127 2170 0.35 73.1 48.7 65.1 8.65 1.49 16.5 2510
DBP 617 3810 2.72 25.0 8.93 249 11.6 1.22 35.0 4760
BzBP 14.4 113 1.66 3.89 − 1.63 11.7 0.38 0.18 147
DEHP 2430 5080 − 316 83.4 148 46.1 1.49 2.13 8108

Phthalate Concentrations in Samples

data source sample code data source sample code

beverages bottle water and 12 soft drinks beverages: 1−13 milk 11 milk or milk products milk or milk products: 1−11
cereals all 21 cereals except for soy cereals or soy: 1−15, 17−21 cooking oil 3 cooking oil cooking oil: 1−3
soy bean powder cereals or soy: 16 eggs 2 egg samples others: 3−4
meat 6 meat and meat product meat and meat products: 1−6 condiments 10 condiments condiments: 1−10
seafood 3 seafood seafood: 1−3

aPhthalate concentrations in samples were from the bottom section of this table. bEDI was estimated as zero.
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noodles). DEHP was the most abundant phthalate in all food
categories, except for wine, beer, and condiments, in which
DBP and DIBP were the predominant compounds. Generally,
the concentrations of DEHP in Chinese food samples were
within the ranges of values reported for several other countries
(∼10 to 100 ng/g).21

Dietary Exposure to Phthalates in China. The daily
dietary intake of phthalates by the Chinese population was
estimated by the following equation:

=
∑ = C Q

rEDI
bw

i
n

i i
diet

1
uptake

where EDIdiet (μg/kg-bw/d) is the estimated daily intake from
diet, Ci (ng/g) is phthalate concentration in food i, Qi (g/day)
is average amount of daily ingestion of the food i, r is
gastrointestinal uptake factor, and bw (kg) is body weight. For
bw, 60 kg was used as an average value for the Chinese adults;
for r, a value of 100% was assumed, and for Qi, the average
intake values reported for adults from nine provinces in China
(both rural and urban), including Harbin and Shanghai in
2006,30 were used. The Qi values for beverages, cereals,
soybean, meat, eggs, cooking oil, and salt (condiments) were
2000, 400, 7.7, 103, 20, 39, and 8.9 g/day, respectively.30 The
average intakes of milk, seafood, vegetables, and fruits in China
were 66, 45, 252, and 69 g/day, respectively.31 Phthalate
concentrations were not measured in fruits and vegetables in
this study. Because of the lack of data on vegetables and fruits,
we did not include these categories of foods in the calculation
of dietary intakes. Therefore, the EDIdiet values may be an
underestimate of actual exposures. However, based on some
published data, we also calculated EDIdiet by inclusion of
vegetables and fruits from China32 and European countries,13

and the results are shown in the Supporting Information (Table
S4).
The EDIdiet values for DMP, DEP, DIBP, DBP, BzBP, and

DEHP from different food categories are shown in Table 2.
The EDIdiet values, calculated based on mean concentrations in
foods, for DMP, DEP, DIBP, DBP, BzBP, and DEHP, were
0.092, 0.051, 0.505, 0.703, 0.022, and 1.60 μg/kg-bw/d,
respectively. The corresponding EDIdiet values, estimated
based on median concentrations in foods, were 0.016, 0.014,
0.245, 0.243, 0.010, and 0.620 μg/kg-bw/d, respectively. It can
be generalized that the EDIdiet values were on the order of
0.010 μg/kg-bw/d for DEP, DMP, and BzBP, 0.10 μg/kg-bw/d
for DIBP and DBP, and 1.0 μg/kg-bw/day for DEHP. In
comparison with the reference doses suggested by the US
EPA,33 which were 20, 100, 200, and 800 μg/kg-bw/d for
DEHP, DBP, BzBP, and DEP, respectively, the daily dietary
exposures to phthalates by the adult Chinese population were
low, even when the highest phthalate concentrations in foods
were used in the estimation of EDIdiet; for DEHP, DBP (sum of
DIBP and DBP), BzBP, and DEP the highest dietary intake
values were 8.1, 7.3, 0.15, and 0.61 μg/kg-bw/d, respectively.
It should be noted that this is a pilot study, as the sample size

is small (n = 78) and only two locations in China were
surveyed. Phthalate concentrations varied widely in some
categories of foodstuffs. Furthermore, due to the lack of data on
daily food consumption by different age groups in China, we
did not calculate the EDIdiet for age groups other than adults.
The EDIdiet values for BzBP (approximately 0.01 μg/kg-bw/d)
estimated in the present study were 10 times lower than those
reported in Europe (approximately 0.16 μg/kg-bw/d, estimated

from 50th percentile values),13 whereas the values for DEHP
and DBP (sum of DBP and DIBP) in our study (∼1 μg/kg-bw/
d) were comparable to those reported for Europe (∼3.10 and
2.50 μg/kg-bw/d for DBP and DEHP). A recent study from
Italy reported that the intakes of DBP and DEHP by children
were in the ranges of 1.7 to 16.9 and 2.8 to 17.7 μg/kg-bw/d,
respectively,34 which were higher than the values calculated for
Chinese adults.

Contribution of Foodstuffs to Total Phthalate Ex-
posure. Human exposure to phthalates can be estimated by
two approaches. First, phthalate concentrations are measured in
each medium of human exposure (air, water, foodstuffs, and
dust), and the rate of intake/ingestion of that medium is
multiplied by the measured concentrations, which are then
summed to obtain total daily intake. The second method is
based on the data from biomonitoring studies (e.g., urine
analysis) and employ a simple pharmacokinetic model to
estimate daily exposure doses, and this method is expected to
yield an integrated measure of “total” exposure dose from
various sources.18

In an earlier study, we estimated the “total” daily exposure to
phthalates by the Chinese population based on a biomonitoring
study of urinary concentrations of phthalate metabolites.16,24

The daily exposure dose, estimated based on urinary
concentrations for DMP, DEP, DBP (sum of DIBP and
DBP), and DEHP, were 0.6/1.2 (median/mean), 1.1/3.8, 8.5/
12.2, and ∼2/∼5 μg/kg-bw/d, respectively.24 Comparison of
dietary intakes of phthalates estimated in the present study with
the mean value reported based on biomonitoring24 indicated
that dietary exposures represent a small fraction of the total
exposure doses (Figure 1), and contributed ∼10% for DBP,

∼10% for DMP, and ∼2% for DEP to the total exposures.
However, daily exposure doses to DEHP calculated by the two
methods (biomonitoring versus food monitoring) were similar,
and dietary intakes accounted for 30% (based on mean value of
food) to 100% (based on maximum value of food) of the total
exposures. These results confirm that diet is the major source of
exposure to DEHP. In contrast, diet, particularly the food
samples analyzed in this study, is not a major source of
exposure to DMP, DEP, and DBP; these results were similar to
those reported from Japan.35

Figure 1. Comparison of estimated daily intakes (EDIs) of phthalates
calculated from dietary sources and biomonitoring approach (μg/kg-
bw/day). “Total” estimated daily intake (EDI) from urinary
metabolites (mean) was from ref 24, and EDI from food consumption
was based on the mean values calculated in the present study.
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We also reported daily exposure doses to phthalates from the
ingestion of indoor dust by the Chinese population.16 The daily
intake values for DMP, DEP, DIBP, DBP, BzBP, and DEHP
from dust ingestion were 0.0001, 0.0003, 0.012, 0.0141, 0.002,
and 0.160 μg/kg-bw/d, respectively. These values are much
lower than the dietary intake values calculated in the present
study, indicating that indoor dust is not a major source of
phthalate exposures in China.
The discrepancies in the magnitude of contribution of diet to

DMP, DEP, and DBP exposures, estimated based on the two
methods (foodstuffs versus biomonitoring study), offer some
insight into the sources of human exposure to phthalates in
China. A comparable contribution of DEHP exposures
estimated in the current study (30−100%) with that estimated
based on the previous biomonitoring study (>85%) confirms
that the major source of DEHP exposure is diet. However, a
much lower contribution of diet to DMP, DEP, and DBP
exposures, as determined in this study, than those estimated
through the biomonitoring study, suggests that several other
sources contribute to exposures of these low molecular weight
phthalates. DMP, DEP, and DBP are used in a variety of
cosmetics and personal care products,36 and it is probable that
dermal exposure through the use of cosmetics and personal
care products is significant for these phthalates. No earlier
studies have measured the occurrence of phthalates in personal
care products, including cosmetics, to assess dermal exposures.
A recent review compared phthalate exposures calculated

based on food and environmental analysis with the
biomonitoring approach,18 and showed the existence of
discrepancies in the estimates calculated by the two methods.
Whereas these results indicate the existence of other sources of
exposure, which were not accounted for, such discrepancies
could also arise from the study design, particularly the lack of
analysis of all types of food products, including processed, take-
out (ready-to-eat), and fast food, as well as not taking into
account the small sample size and locations of sampling.
Further studies should assess dermal exposure pathways of
phthalates from the use of personal care products in China.
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