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Abstract

Phthalates are associated with a variety of health outcomes, but sources that may be targeted for exposure reduction
messaging remain elusive. Diet is considered a significant exposure pathway for these compounds. Therefore, we
sought to identify primary foods associated with increased exposure through a review of the food monitoring survey
and epidemiological data. A search in PubMed and Google Scholar for keywords “phthalates” and “diet” “food” “food
stuffs” “dietary intake” “food intake” and “food concentration” resulted in 17 studies measuring phthalate concentrations
in United States (US) and international foods, three epidemiological association studies, and three interventions. We
report on food groups with high (≥300 μg/kg) and low (<50 μg/kg) concentrations and compare these to foods
associated with phthalate body burden. Based on these data, we estimated daily intakes of di-2-ethylhexyl phthalate
(DEHP) of US women of reproductive age, adolescents and infants for typical consumption patterns as well as healthy
and poor diets. We consistently observed high DEHP concentrations in poultry, cooking oils and cream-based dairy
products (≥300 μg/kg) across food monitoring studies. Diethyl phthalate (DEP) levels were found at low concentrations
across all food groups. In line with these data, epidemiological studies showed positive associations between
consumption of meats, discretionary fat and dairy products and DEHP. In contrast to food monitoring data, DEP
was found to be associated with intake of vegetables in two studies. DEHP exposure estimates based on typical
diets were 5.7, 8.1, and 42.1 μg/kg-day for women of reproductive age, adolescents and infants, respectively, with
dairy as the largest contributor to exposure. Diets high in meat and dairy consumption resulted in two-fold increases in
exposure. Estimates for infants based on a typical diet exceeded the Environmental Protection Agency’s reference dose
of 20 μg/kg-day while diets high in dairy and meat consumed by adolescents also exceeded this threshold. The
review of the literature demonstrated that DEHP in some meats, fats and dairy products is consistently found in
high concentrations and can contribute to exposure. Guidance on future research in this area is provided that
may help to identify methods to reduce dietary phthalate exposures.
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Background
Phthalates are a family of man-made chemicals that have
applications in medical, automotive and consumer product
industries [1]. Phthalates that are high-molecular weight,
butylbenzyl phthalate (BBzP), di-2-ethylhexyl phthalate
(DEHP) and mixtures of di-n-octyl phthalates (DnOP), are
most well-known for their use as plasticizers in polyvinyl
chloride (PVC) materials such as food packaging, floor-
ing, and medical devices [2,3]. In recent years, di-nonyl
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phthalate (DiNP) and di-decyl phthalate (DiDP) have
increasingly replaced DEHP in these applications [3].
Alternatively, low-molecular weight phthalates, dimethyl
phthalate (DMP), diethyl phthalate (DEP) and dibutyl
phthalate (DBP), are primarily added to cosmetics and
personal care products as solvents, fixatives and adhesives
[4]. Due to non-covalent bonds between the phthalate
chemicals and their parent materials, there can be signifi-
cant leaching and volatilization leading to environmental
contamination and thus ubiquitous exposures in the
general population. In fact, a recent report showed that
metabolite biomarkers of eight major phthalates have
been detected in 89% to 98% of the United States (US)
population [3].
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Phthalates are classified as endocrine-disrupting che-
micals and have been linked to adverse health effects
particularly in relation to early life exposures. Recent
epidemiological studies have demonstrated significant
associations between increased maternal urinary con-
centrations of metabolites of DEP, diisobutyl phthalate
(DiBP), di-n-butyl phthalate (DnBP) and DEHP and
shorter anogenital distance (AGD) in male infants, a
marker of androgenization [5,6]. Prenatal exposures are
also related to changes in timing of labor, infant hormone
levels and infant and child neurobehavioral outcomes
[4,6-12]. In adult populations, various epidemiological
studies support an association between phthalate exposure
and markers of testicular function in men, particularly
decreased semen quality [13]. There is also evidence
linking endometriosis in women with high phthalate
metabolite levels [14]. Increases in waist circumference
and body mass index (BMI) have been linked to DEHP,
BzBP, DBP and DEP exposure in men and DEP exposure
in adolescent and adult females [15,16]. One of the
replacements for DEHP, DiNP, has recently been designated
as a carcinogen in the State of California [17].
Given the increasing scientific evidence base linking

phthalate exposure with harmful health outcomes, it is
important to understand major sources of exposure. A
recent and well-designed study by Koch et al. [18] that
monitored urinary phthalate excretion in individuals fast-
ing for 48 hours, found that diet was the most significant
pathway for exposures to DEHP, DiNP and DiDP while
DMP, DEP, DiBP, DnBP and BBzP were primarily linked to
non-food exposures [18]. According to a review by Cao,
phthalates can migrate into food from plasticized PVC
materials such as tubing typically used in the milking
process, lid gaskets, food-packaging films, gloves used in
the preparation of foods, and conveyor belts [19,20]. These
compounds are also found in printing inks and adhesives
on food wrappers as well as coatings on cookware that
have been contaminated by packaging [20-22]. Foods high
in fat are contaminated by higher weight phthalates that
are more lipophilic such as DEHP [19]. In the United
States, phthalates have been approved by the Food and
Drug Administration (FDA) as plasticizers in food pack-
aging materials and food contact substances used during
processing and storage while the European Commission
and Chinese authorities have limited phthalates in food
contact materials made of plastic since 2008–2009 [21-23].
Thus, there can be substantial variability in phthalate
concentrations within food groups based on the region
of food production, processing practices, presence and
type of packaging and lipid content [24,25]. With an
ever increasing global market, phthalate contamination
is a food safety issue that crosses international borders.
Dietary phthalate exposure assessment has become a
topic of great interest given the significance of the
dietary pathway and health impacts associated with the
specific phthalate species found in food. In recent years,
an increasing number of food monitoring surveys and
some epidemiology studies have addressed this issue;
however a summary and analysis of these data together
has not been conducted. Thus, we reviewed the food
monitoring survey and epidemiology data on dietary
phthalate exposure with the aim of identifying primary
foods/diets associated with phthalate biomarker levels.
We additionally calculated total daily intakes of dietary
DEHP in the US population based on all available data
from North America, Europe and Asia.

Methods
We reviewed food monitoring studies and epidemiological
papers on dietary phthalate exposure. In January of 2014,
we searched in PubMed and Google Scholar for keywords
“phthalates” and “diet” “food” “food stuffs” “dietary intake”
“food intake” and “food concentration.” The search resulted
in three epidemiological studies, three interventions and 35
studies reporting phthalate concentrations in foods typically
consumed by the general public. Papers in a language other
than English were not reviewed. Further, food monitoring
surveys were excluded if: 1) non-specific analytical tech-
niques were utilized (e.g. flame ion detector (FID)/photo
ion detector (PID) with packed columns) 2) if method
validation was not reported (e.g. spiked samples) and 3)
if no quality control measures were taken (e.g. process
blanks). One publication combined the food phthalate
concentrations of 14 studies [26]. The authors reported
that “the problem of sample contamination during analysis
generally [was] addressed” [26]. Therefore, studies that
were included in these summary measurements were
not individually reviewed. In total, 17 food monitoring
surveys were included in this review.
We investigated phthalate species related to exposures

through the diet as reported by Koch et al. 2013 (DEHP,
DiNP, DiDP) and/or shown to be significantly associated
with consumption of specific food groups in epidemiology
studies (DMP, DEP, DnBP, DiBP, DnOP) [27,28]. Parent
phthalate compounds and their primary metabolites are
listed in Table 1.
Within food monitoring studies, we first examined

frequencies of detection as a percentage of positive food
samples for each phthalate compound from total samples
analyzed. We then compared frequencies across studies to
indicate phthalate species with consistent high occurrence
in food (i.e. at least half of studies reporting >50% detec-
tion of particular phthalates in all food samples) vs. low
occurrence (<50% detection).
Most monitoring studies measured phthalate concen-

trations in similar foods which were then combined to
report one summary measurement per food group/
category (i.e. concentrations of white bread and wheat



Table 1 Phthalate parent compounds and their metabolites

Phthalate name Abbreviation Urinary metabolite Abbreviation

Dimethyl phthalate DMP Mono-n-methyl phthalate MnMP

Diethyl phthalate DEP Mono-ethyl phthalate MEP

Di-isobutyl phthalate DiBP Mono-isobutyl phthalate MiBP

Di-n-butyl phthalate DnBP Mono-n-butyl phthalate MnBP

Di-n-octyl phthalate DnOP Mono-(3-carboxypropyl) phthalate MCPP

Di-isononyl phthalate DiNP Mono-carboxyoctyl phthalate MCOP

Di-isodecyl phthalate DiDP Mono-carboxynonyl phthalate MCNP

Benzylbutyl phthalate BzBP Mono-benzyl phthalate MBzP

Di-2-ethylhexyl phthalate DEHP Mono-2-ethylhexyl phthalate MEHP

Mono-(2-ethyl-5-hydroxyhexyl) phthalate MEHHP

Mono-(2-ethyl-5-oxohexyl) phthalate MEOHP

Mono-(2-ethyl-5-carboxypentyl) phthalate MECPP
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bread combined for one summary “bread” measurement).
When not already presented in the publication, we calcu-
lated mean phthalate concentrations for food categories
with non-detects equal to the limit of detection (LOD)
divided by the square root of 2 or if available, the limit of
quantification (LOQ) divided by the square root of 2. If
specific values were not reported, then non-detects were
set to zero. In our analysis of each food group, we only
included measurements that were based off of more than
one individual food sample (i.e. mean concentrations,
composite sample measurements). In order to compare
concentrations of food groups across studies, units were
converted to μg/kg. Given the recent regulation set forth
by the European Food Safety Authority (EFSA) to prevent
phthalate contamination in food, phthalate food concen-
trations greater or equal to the specific migration limit
(SML) for DBP of 300 μg/kg were considered high [23].
No such threshold exists under the FDA. Concentrations
between zero and 50 μg/kg food were considered low
since according to the EFSA, migration at this level
reflects a low potential for exposure [29]. Concentrations
greater than 50 and less than 300 μg/kg were designated
as medium levels. To avoid overestimating phthalate levels
in foods and potentially misclassifying foods as having
high concentrations, we applied these criteria to average
rather than maximum measurements of all phthalate
species. We examined the phthalate species detected in
particular food groups and classified foods as having
low, medium, or high levels based on whether at least
one of the toxicologically relevant phthalate species
for reproductive effects (DEHP, DBP, BBzP, DiNP) was
reported in greater than 50% of the summary measure-
ments at the defined concentrations [30]. Prepared
versus raw and canned versus fresh foods were reported
separately. We then compared these results to those in
epidemiologic investigations to see if similar findings
were observed.
Since DEHP is prevalent in food and is among the
most potent phthalate species for reproductive develop-
ment, we calculated total dietary DEHP intakes on a
daily basis (μg/kg-day) for US females of reproductive
age (13–49 years) as a proxy for potential exposures to
developing fetuses, adolescents (13–19 years) and infants
(1–2 years) [31]. These groups may have the greatest
susceptibility to the effects of DEHP given the sensitive
windows of development in each life stage [6,32]. We
examined dietary phthalate intake for each of these sus-
ceptible populations based on the consumption of eight
main food groups (dairy, grains, vegetables, fruits, fats,
meats, eggs, fish) each as a composition of total diet. We
chose to examine four distinct dietary patterns to under-
stand how increases and decreases in consumption of
certain food groups impact dietary exposure. The four
dietary patterns included 1) a diet reflecting average US
consumption of these food groups based on 2003–2007
data of the National Health and Nutrition Examination
Survey (NHANES) as reported in the US Environmental
Protection Agency’s (EPA) Exposure Factors Handbook 2)
a balanced diet based on recommendations by the USDA
and the US Department of Health and Human Services in
their document Dietary Guidelines for Americans 2010
(meats, eggs, fish combined to one protein category) 3) a
diet with high consumption of fresh fruits and vegetables
(excluding processed products) and 4) a diet with high
consumption of meat and dairy. The latter two dietary
patterns were based off of fruit/vegetable and meat/dairy
consumption by individuals above the 90th percentile
within the United States Department of Agriculture’s
(USDA) Continuing Survey of Food Intake by Individ-
uals (CFSII) 1994–1995, 1998 as reported in the US
EPA’s Exposure Factors Handbook [33,34]. Mean daily
consumption rates were expressed in g/kg body weight
per day. We calculated one weighted average DEHP
concentration for each food group using all reported
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mean values (Additional file 1: Table S1). We used the
following formula to perform exposure calculations.

DI μg=kg−day in foodð Þ ¼ C μg=kg in foodð Þ=1000 �
CR g of food=kg bw−dayð Þ

C is the phthalate concentration for each food group
(μg/kg) and CR is the daily consumption of that particu-
lar food group (g/kg-day). DI is the daily intake of DEHP
for each food group. Total intake was calculated as the
sum of phthalate intake (μg/kg-day) for the eight food
groups. An example is below for grain and fruit.

Total DI μg=kg−dayð Þ ¼
X

DI μg=kg−day in grainð Þ
þDI μg=kg−day in fruitð Þ:

Results
Food monitoring studies
Seventeen food monitoring surveys published in North
America, Asia and Europe between 1990 and 2013 were
identified and reviewed [25,26,35-49]. Food phthalate
concentrations by country are summarized in Additional
file 1: Table S1.
In general, DiBP, DnBP, BBzP and DEHP were fre-

quently detected in a variety of foods across food moni-
toring studies (>50% detection of food samples in at
least half of studies) while DEP, DMP, DnOP and DiNP
had low occurrence (0- 49% detection). In contrast to
other countries, DMP and DEP were detected at high
frequencies of 82% and 81%, respectively, in market food
samples in China while a US study detected DEP in 57%
of samples, second to DEHP (74%) [25,36]. Concentra-
tions for DMP and DEP in these studies, however, were
generally low in comparison to other phthalate species
(<LOD – 25.98 μg/kg). Of the limited studies that inves-
tigated DiDP, only one fish sample was found to contain
levels above detection limits in the United Kingdom
(UK). Due to analytical methods of this particular UK
study, high LOD and LOQ values ranging from 42.6 to
9489.5 μg/kg and 28.2 to 6243.9 μg/kg were reported for
DiNP and DiDP, respectively, which resulted in high
mean calculations of food concentrations [38].

Foods with consistent reports of high phthalate concentrations
Meats: poultry Investigators primarily analyzed beef,
poultry and pork, individually, as well as these and other
meats in combination. For poultry, all phthalate species
but DiDP were detected. More than half of mean DEHP
measurements were greater than 300 μg/kg while con-
centrations for other phthalates were generally low. In
comparison to other meats, DEHP content in beef was
variable, ranging from the limit of detection in United
States samples to 1100 μg/kg in Canada [25,35]. Pork
was found to have detectable levels of DEHP in all but
one of the reviewed studies and some measurements
approached the 300 μg/kg threshold. When meat
products were analyzed in combination (beef, poultry,
pork, other meats), most average DEHP concentra-
tions approached high levels (175.8-758.3 μg/kg). All
other phthalate species were reported at lower con-
centrations. Interestingly, a Canadian study reported
high DnBP and DEHP concentrations in non-frozen
packaged meat products while no phthalate species
were detected in the frozen foods [35].

Oils and fats All phthalates were detected in oils and
fats including butter, margarine, cooking oils and animal
fats such as lard. More than half of mean DEHP concen-
trations were high across surveys ranging from 404 to
5,591.7 μg/kg. Levels varied for DnBP and BBzP with the
greatest average concentrations at 3,287.5 and 11,083 μg/kg
in Canadian samples [45]. All other phthalate species were
found at lower levels for this food group.

Dairy: cream Although DEP, DMP, DnOP, DiNP and
DiDP were not detected in any cream samples, high
DEHP concentrations were observed from 413.1 to
1300 μg/kg. All other phthalates were reported at lower
levels. In comparison to other dairy products, ice cream
and cheese measurements approached (and sometimes
exceeded) the threshold of 300 μg/kg. In cheese, all
phthalates except for DnOP and DiDP were detected
with DEHP levels ranging from 139.2 to 2270.6 μg/kg.

Foods with consistent reports of low phthalate concentrations
Dairy products: yogurt, milk, eggs Dairy products with
low concentrations included yogurt, milk, and eggs. All
phthalates except for DnOP, DiNP and DiDP were
detected in eggs with low concentrations across studies.
In yogurt products, only DEHP, BBzP and DMP were
detected. Most BBzP and DMP measurements were
reported at low mean concentrations from the limit of
detection to 8.4 μg/kg and the limit of detection to
11.7 μg/kg, respectively. All phthalate species but DiNP
and DiDP were detected in milk at low mean concentra-
tions (<50 μg/kg).

Grain: pasta, noodles and rice Among grain products,
pasta, noodles and rice were consistently contaminated
with low levels of all phthalates that were detected in-
cluding DiBP, DnBP, DEHP, DEP, BBzP, DMP and DnOP.

Fruits and vegetables Although all phthalate species
except for DiNP and DiDP were detected in fruits and
vegetables, concentrations across studies were generally
low. In fresh vegetables, DEP concentrations ranged
between the limit of detection and 9 μg/kg and between
the limit of detection and 48.1 μg/kg in fruits. For DMP,
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two studies reported average levels of 10.3 and 13.5 μg/kg
in fruits of China and France, respectively [36,40]. As a
whole phthalate content was reported at minimal values
for these food groups. Concentrations of all phthalate
species in the few canned fruit and vegetable samples
measured were comparable to fresh produce. However,
vegetables and fruits found in jars were significantly
higher than fresh produce with concentrations of 490.6
in pickles and 181.7 for jams and jellies [35].

Beverages and water As a whole, beverages and water
had low phthalate levels. Highest average concentrations
were observed for DnBP in Chinese beer (155.8 μg/kg)
and for DEHP in Canadian juice (183 μg/kg) [35,36].
One study reported on both tap and bottled water and
showed comparable phthalate levels with the highest for
DEHP (12 μg/kg) [26].

Foods with reports of varied (Low, Medium, High) phthalate
concentrations
Seafood All phthalate species were detected in seafood
generally in low concentrations though DEHP was found
at variable levels. Concentrations were detected from a
minimum of 13 μg/kg in summary fish and seafood
samples from Europe, North American and Asia up to
levels as high as 928.6 μg/kg in frozen fish samples
from Canada.

Grain: bread and cereal products All phthalates but
DiNP and DiDP were found in grain products. Although
concentrations varied within the cereal/cereal products
subcategory, average values for DiBP, DnBP and DEHP
were on the higher end while all other phthalate species
were low. Many measurements of DEHP in bread prod-
ucts also approached and some exceeded the 300 μg/kg
threshold.

Spices DEHP levels in spices varied among three studies
with the highest concentration reported at 2,598 μg/kg.
In this same study, DiBP, DnBP and BBzP concentrations
also exceeded the 300 μg/kg migration limit, however,
levels in the two other studies were low for these
particular phthalate species [26,36,44].

Epidemiological studies on dietary phthalate exposure
Three cross-sectional epidemiology studies were reviewed
and summarized in Table 2 [27,28,50]. Two studies
assessed exposure through urinary phthalate metabol-
ite measurements while one study calculated internal
exposures by combining data on concentrations in various
types of foods with exposure scenario assumptions. A
cross-sectional study of 1,183 Swiss-German adults in
Switzerland (mean age = 52.8 years) found that partici-
pants in the pre-defined “Fatty, Sweet and Ready Meal”
cluster had higher exposures to DEHP and DBP than the
other three clusters (“Healthy and Natural”, “Health and
Supplements”, “Health Passive”) (p < 0.01). The “Healthy
and Natural” cluster was associated with higher BBzP
exposures in comparison to other diets which the authors
attributed to the consumption of bread. Finally, all clusters
showed low exposure to DEP with participants in the
“Health Passive” category having the lowest exposure in
comparison to others (p < 0.01) [50].
Colacino and colleagues examined the contribution of

different food types to phthalate exposure in 2,384 indi-
viduals (ages 6–85) within 2003–2004 NHANES [27].
The strongest associations between metabolite concen-
trations were observed with the intake of eggs and one
DEHP metabolite (MEHP) (β: 0.145; 95% Confidence
Interval (CI): 0.057, 0.232) and vegetables and MEP (β:
0.142; 95% CI: 0.072, 0.213). Assuming that the authors
utilized a natural log transformation, this translates into
a 15.6% increase in MEHP (95% CI: 5.87%, 26.11%) per
unit consumption of eggs and 15.26% increase in MEP
(95% CI: 7.47%, 23.74%) per unit consumption of vegeta-
bles. Increases of between 2.53% and 5.97% in metabol-
ite concentrations were found per one additional ounce/
cup of food for the following: poultry and the sum of
DEHP metabolites and high-molecular weight phtha-
lates; meat and MEP; fish and MiBP, dairy and MCPP;
and fruit and MnMP. Inverse associations were found
between sum DEHP and high-molecular weight metabo-
lites and fruit.
A similar cross-sectional study conducted by Trasande

and others assessed the relationship between food and
caloric intake (assessed by 24-hour dietary recalls) and
log-transformed urinary phthalate metabolites in 2,743
children and adolescents (ages 6–19) from NHANES
2003–2008 [28]. As a whole, analyses revealed that higher
consumption of discretionary solid fat, meats and caloric
intake was associated with increased high-molecular
weight metabolite and sum DEHP metabolite levels; while
increases in low-molecular weight metabolite levels were
related to consumption of vegetables. We observed a
0.09% increase of high molecular weight phthalates, a
0.02% increase in DEHP metabolites, a 0.11% increase in
MEHP, a 0.10% increase in MEHHP and a 0.10% increase
in MEOHP per unit consumption of meat, poultry, and
fish intake. In alternative models, each additional gram
of poultry intake was associated with 0.19% increment
in high molecular weight phthalates and 0.23% increase
in DEHP metabolites. A non-significant increase of 0.37%
in high molecular weight phthalates with each additional
gram of organ meat intake was also reported. High and
low molecular weight metabolite levels were negatively
associated with fruit consumption.
Taken together, results from the three epidemiology stud-

ies provide evidence for associations between consumption



Table 2 Epidemiological studies on dietary phthalate exposure

Author/year
(location)

Study design Population/
sample size

Outcome Significant results

Positive associations/ elations Negative associations/
correlations

Dickson-Spillman
et al. [50] (Switzerland)

Cross-sectional German-Swiss general
population (n = 1183)

Relationship between diet clusters and
calculated internal phthalate exposure

DEHP - “fatty, sweet, ready
meal” cluster > all ers

DEP – “health
passive” < all others

DBP - “fatty, sweet, and dy meal”
cluster > all others; “h hy and
supplements”>”healt assive”

BzBP - 'healthy and ural"
cluster > all oth

Ji et al. [51] (Korea) Intervention – Quasi
experimental

Participants in Temple
Stay program (n = 25)

Influence of strict vegetarian
diet on urinary phthalate
metabolite concentrations

5-oxo-MEHP - d 5-oxo-MEHP (females
only) - vegetarian diet

5-OH-MEHP - d 5-OH-MEHP - vegetarian
diet

MEP - vegetarian diet

MnBP - vegetarian diet

MiBP - vegetarian diet

Colacino et al.
[27] (USA)

Cross-sectional 2003-2004 NHANES Association between consumption
of various types of foods and urinary
phthalate metabolite concentrations

MEHP - eggs, po y MEHHP - fruit

(n = 2374) MEOHP - fruit

MEHHP - pou MECPP - fruit

Sum DEHP metabolites - fruit

MEOHP - pou MBzP - fruit, tomatoes

Sum of high molecular weight
phthalates - fruit

MECPP - pou

Sum DEHP metabolit poultry

MCPP - dair

Sum of high molecu eight
phthalates - po

MEP - potatoes, toma s, total
vegetables, m

MiBP - fish

MnMP - fru

Sum of low molecul eight
phthlates - tomatoes, to egetables

Total phthalates - tota etables
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Table 2 Epidemiological studies on dietary phthalate exposure (Continued)

Rudel et al. [52] (San
Francisco Bay Area,

CA, USA)

Intervention – Quasi
experimental

Families w/two adults and
two children

Contribution of food packaging to
DEHP and BPA exposure through
fresh, organic, and plastic-free

dietary intervention

MEHP - intervention

MEHHP - intervention
(n = 20)

MEOHP – intervention

(no changes in MEP,
MBP, MBzP)

Sathyanarayana et al.
[53] (Seattle, WA, USA)

Intervention –Two-
arm, randomized

study

Families w/two adults
and two children

Efficacy of fresh, organic and
plastic-free dietary intervention to

reduce phthalate and BPA exposures

MEHP - intervention; dairy, spices

MEHHP - intervention; dairy, spices

MEOHP - intervention; dairy, spicesArm 1 – Intervention
(n = 21)

MECPP - intervention; dairy, spices
Arm 2 - Control (n = 19)

Sum DEHP metabolites – intervention;
dairy, spices

MEP - intervention

MBP - intervention

Trasande et al.
[28] (USA)

Cross-sectional 2003-2008 NHANES children
and adolescents (n = 2743)

Association between consumption
of various types of foods and urinary
phthalate metabolites in children

and adolescents

MEHP - meat/poultry/fish, caloric intake;
poultry

MEHP - fruit

MEHHP - fruit, soy; soy

MEOHP - fruit, soy; soy

MECPP - soy

Sum DEHP metabolites - fruit; soy

MBzP - fruit

MCPP - soy

Sum of high molecular weight
phthalates - fruit; non-citrus fruit,

soy

MEP - fruit, grain; fruit

MiBP - caloric intake

MBP - caloric intake

Sum of low molecular weight
phthalates - fruit, grain; citrus fruit

MEHHP - meat/poultry/fish, caloric
intake; poultry, discretionary fat

MEOHP - meat/poultry/fish, caloric
intake; poultry, discretionary fat

MECPP - meat/poultry/fish,
caloric intake; discretionary fat

Sum DEHP metabolite concentrations -
meat/poultry/fish, caloric intake; caloric
intake, poultry, discretionary solid fat

MCPP - meat/poultry/fish; discretionary fat
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Table 2 Epidemiological studies on dietary phthalate exposure (Continued)

Sum of high molecular weight phthalates -
meat/poultry/fish, caloric intake; caloric
intake, poultry, discretionary solid fat

MEP - vegetables

MiBP - meat/poultry/fish

Sum of low molecular weight
phthalates - vegetables
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Table 3 Per capita total DEHP dietary intake for eight major food groups in average diets of US infants, adolescents
and females of reproductive agea

Food group Conc.b (μg/kg) Young infants (1–2 years) Adolescents (13–19 years) Females of reproductive age (13–49)

Food consumptionc

(g/kg-day)
Daily intake (%)
(μg/kg-day)

Food consumptionc

(g/kg-day)
Daily intake

(%) (μg/kg-day)
Food consumptionc

(g/kg-day)
Daily intake

(%) (μg/kg-day)

Total dairy 712.4 43.2 30.8 (73.1) 5.5 3.9 (47.9) 3.8 2.7 (47.2)

Total meat 209.6 4 0.8 (2.0) 2 0.4 (5.1) 1.6 0.3 (5.8)

Total egg 21.1 1.40d, e 0.03 (0.1) 0.25d, f 0.01 (0.1) 0.23d, g 0.01 (0.1)

Total fish 180.4 0.26 0.05 (0.1) 0.13h 0.02 (0.3) 0.19 0.03 (0.6)

Total grain 187.4 6.4 1.2 (2.8) 2.4 0.5 (5.5) 1.9 0.04 (6.2)

Total
vegetable

131.9 6.7 0.9 (2.1) 2.3 0.3 (3.7) 2.5 0.3 (5.8)

Total fruit 115.6 7.8 0.9 (2.1) 0.9 0.1 (1.3) 1 0.1 (2.0)

Total fat 1851.7 4 7.4 (17.6) 1.6h, i 3.0 (36.2) 1i, j 1.9 (32.3)

Total dietary
intake

3409.7 73.76 42.1 (100) 15.08 8.2 (100) 12.22 5.7 (100)

a(Concentration in Food/1000) *Daily Food Consumption = Daily Intake.
bWeighted average of all available mean concentrations in foods corresponding to one of the eight food categories. Calculated by taking the sum of each average
concentration multiplied by individual number of samples and diving by total number of samples: avg:conc:dairy1 � nð Þ þ avg:conc:dairy2 � nð Þ…ð Þ=Pn.
cSource NHANES 2003–2006.
dSource USDA CSFII 1994–1996, 1998.
eCalculated for a 11.4 kg infant.
fCalculated for adolescent under 19 years old and 56.8 kg.
gCalculated for female 20 and over and 70 kg.
h11 to <21 years.
iSource NHANES 2007.
jFemales 21 to <41 years.
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of meats and fatty foods including dairy with DEHP metab-
olites and other high molecular weight metabolites like
MCPP. Dickson-Spillman and others (2009) also reported
similar associations with DnBP while two studies consist-
ently showed a relationship between dietary intake of fish
and increased concentrations of MiBP [50]. Consumption
of vegetables was associated with increased DEP exposure
in two studies by Colacino et al. and Trasande et al. while
Dickson-Spillman et al. showed levels to be low across all
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Figure 1 Per capita total DEHP intake (μg/kg-day) for four dietary pat
diet clusters, including those with high consumption of
fruits and vegetables [27,28,50]. Consumption of fruits ap-
peared to be related to decreased DEHP metabolite levels.

Intervention studies to reduce dietary phthalate exposure
Three interventions aimed to reduce dietary phthalate
exposure were reviewed and summarized in Table 2. Ji
and colleagues carried out a quasi experimental pilot
intervention of a strict vegetarian diet on urinary phthalate
Female of Reproduc�ve 
Age

Typical

USDA

High Vegetable/Fruit

High Meat/Dairy

terns.
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metabolite concentrations in 25 participants in a five-day
Buddhist Temple Stay program in Korea [51]. A 48-hr diet
recall survey on participants’ dietary patterns prior to the
temple stay was administered to understand routine intake
of beef, pork, chicken, dairy, sheep, goat, duck, turkey and
seafood (measured in servings/day). Dairy consumption
was significantly and positively correlated with two sec-
ondary metabolites of DEHP, 5-oxo-MEHP (r = 0.33; p <
0.05) and 5-OH-MEHP (r = 0.31; p < 0.05). Further, levels
of MEP, MnBP, MiBP, and 5-OH-MEHP were significantly
decreased during the Temple Stay program in both men
and women while a significant decrease in 5-oxo-MEHP
was observed in females only. The authors concluded that
dietary change, even in the short term could significantly
reduce dietary exposure to phthalates [51].
An intervention study that aimed to evaluate the contri-

bution of food packaging to phthalate exposure through a
catered diet of fresh and mostly organic foods prepared
without plastics was conducted in twenty people from the
San Francisco Bay area [52]. Meals were prepared without
any plastics in procurement, cooking, and serving.
The intervention was found to reduce geometric mean

concentrations of MEHP by 53%, MEOHP by 55%, and
MEHHP by 56% but no significant changes were observed
in MEP, MBP or MBzP metabolites. At follow-up time
points after the intervention, geometric mean concen-
trations of DEHP metabolites increased in participants,
however the results were not statistically significant.
The authors indicated that based on participant diaries
of foods consumed before and after the intervention,
potential exposure sources included meals prepared
outside the home, canned foods, canned soda, frozen
dinners, drinking from polycarbonate water bottles and
microwaving in plastic. However, given that diaries
were not comprehensive, other important sources may
have been omitted [52].
In a similar intervention study, conducted by

Sathyanarayana and others, 5 families (N = 20) from the
Seattle area were randomized to receive fresh, organic
foods prepared without plastics for five days (Arm 1) or
educational hand-outs (Arm 2) instructing on how to
reduce phthalate exposures [53]. An unexpected increase
of median sum DEHP metabolite levels of 283.7 nmol/g at
baseline to 7027.5 nmol/g was observed in the prepared
foods group while no change was observed in educational
handout group. Statistically significant increases were also
observed for MEP, MBP and individual DEHP metabolites
of MEHP, MEHHP, MEOHP and MECPP. DEHP metab-
olite concentrations decreased to baseline levels after
the dietary intervention ended. Analysis of the catered
foods used in the intervention showed very high levels
of DEHP in dairy products as well as ground coriander
that were suspected of contributing to the increase in
metabolite levels.
Estimation of dietary intake
Among the eight food groups in actual dietary patterns,
dairy intake was reported at the highest rate for all
groups while fish and egg consumption was minimal
(Table 3). Similarly, dairy is consumed at the greatest
rate in USDA diets while oil and solid fat intake is mini-
mized. Total dietary intake for DEHP based on actual
dietary patterns was calculated at 5.7 μg/kg-day for
women of reproductive age with the greatest contribu-
tion to exposure from dairy products (47.2%). For a
70 kg woman, this translates to a total exposure of
399 μg/day. The estimate for the daily intake of DEHP
based on the recommended USDA diet was 9.8 μg/kg-day
with dairy also contributing to the greatest exposure
(68%). A diet high in meat and dairy resulted in the great-
est DEHP exposure estimate, 11.2 μg/kg-day (Figure 1).
Intakes for a young infant and adolescent based on a
typical diet were significantly higher at 42.1 and 8.2 μg/
kg-day, respectively. USDA estimates were lower for
infants at 37.4 μg/kg-day but higher for adolescent
girls, 10.8 μg/kg-day, and boys, 11.7 μg/kg-day. High
consumption of meat and dairy also resulted in the
highest DEHP exposures in adolescents (21.6 μg/kg-day)
and infants (90.6 μg/kg-day) in comparison to the other
dietary patterns. A diet high in fresh vegetable and fruit
intake resulted in slightly lower exposures than actual
diets for infants but higher exposures for adolescents and
females of reproductive age (infants: 40.1; adolescents:
12.1; females of reproductive age: 6.0 μg/kg-day) (Figure 1).

Discussion
The review of the literature revealed that poultry, some
dairy products (cream) and fats are routinely contami-
nated with high concentrations of DEHP than other foods.
Milk, yogurt, eggs, fruits, vegetables, pasta, noodles, rice,
beverages and water were found to contain low concentra-
tions of phthalates as a whole.
Given the chemistry of high molecular weight phtha-

lates like DEHP, higher concentrations in lipid rich foods
were expected. There was significant variability in con-
centration observed between dairy products based on
typical fat content. Among the dairy products tested,
cream and cheese were more heavily contaminated
across studies in comparison to yogurt. Poultry consist-
ently had higher phthalate content than other meats,
however it is unclear what factors impacted these results
since details as to the fat content of products was not
always reported. Noteworthy, phthalates in non-fatty
foods including bread and cereal products were observed
in variable concentrations. This is of importance since
two recent studies conducted in Belgium and Germany
reported bread as a significant source of DEHP and
highest contributor to total exposures in the general
adolescent and adult population at 31.4% and 14.06%,
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respectively [54,55]. Sources of contamination may be
present in the processing of grains, though this is unclear.
As a whole, food monitoring data also suggests that the
consumption of fruit and vegetables is associated with
limited phthalate exposures. However, processed fruit and
vegetable products found in jars appear to contribute to
greater exposures given the high concentrations reported.
As expected, the epidemiology literature reported that

dairy products, meats and discretionary fat intake, in
fact, were associated with increases in DEHP urinary
metabolite levels in adolescent and adult populations.
Further, consumption of these products were found to
be associated with MnBP levels in one epidemiology
study and elimination of some of these products from
the diet (dairy and meat) led to a decrease in MnBP and
DEHP metabolites in the Temple Stay intervention
[50,51]. It is also possible that the consumption of dairy
products in Sathyanarayana’s intervention study may
have contributed to increased MnBP levels; however, this
is not entirely clear since foods were not analyzed for
this particular parent compound. It is important to note
that although results from Ji and others suggest that
discontinuing meat and dairy from the diet may be
largely responsible for decreases in metabolite levels,
there may have been other factors in the environment
that impacted results since details of the diet as well as
daily practices in the Temple Stay program were not
available [51]. It is possible that decreases in low mo-
lecular weight phthalates, given their primary source,
could be attributed to reduced use of personal care
products rather than changes in the diet [51,56].
Results between food monitoring and epidemiological

data were not completely consistent. Two epidemiology
studies reported an association between fish consump-
tion and MiBP; however the food monitoring data did
not support this result as all DiBP levels in seafood were
found to be low across studies. Additionally, increased
levels of MMP (a metabolite of DMP) were associated
with consumption of fruit while the food monitoring
data did not show DMP at significant levels for this food
group [26]. Finally, Colacino et al. as well as Trasande
et al. reported positive associations between vegetables
and MEP. However, the food monitoring data does not
support this finding and two other epidemiology studies
(Dickson-Spillman et al. and Ji et al.) suggest that diets
with high consumption of fruits and vegetables may be
associated with decreases in DEP exposure. It is import-
ant to note, that DEP (as well as DiBP and DMP) have
other non-dietary sources which were not accounted for
in the epidemiology studies reviewed. Identifying the
relative contribution of different phthalate sources is a
gap in the current literature and will require more com-
prehensive assessment of individual behaviors related to
diet, personal care product use, and occupation.
Given the paucity in US data and an increasing global
food market, we included European and Asian studies in
our average calculation of phthalate concentrations in
food. In comparison to current guidelines, dietary DEHP
intake estimates based on typical diets for women of
reproductive age and adolescents were below the EPA’s
reference dose of 20 μg/kg-day for risk of increased liver
weight and the EFSA’s total daily intake of 50 μg/kg-day
for developmental risk of testicular toxicity [57,58].
However, the exposure estimate for a typical diet in in-
fants exceeded the EPA’s reference dose (42.1 μg/kg-day)
while a diet high in meat and dairy was over this thresh-
old by approximately four times. For adolescents, a diet
high in meat and dairy also exceeded the EPA’s reference
dose. All diets for all groups exceeded the allowable daily
intakes (ADI) derived by the US Consumer Product
Safety Commission (CPSC) for the risk of aspermatogen-
esis (5.8 μg/kg-day) while diets high in meat and dairy
consumption exceeded the ADI for reproductive malfor-
mations in females (11.5 μg/kg-day) [59]. Surprisingly,
diets high in fresh fruits and vegetables resulted in greater
DEHP exposure than actual consumption patterns for
adolescents and women of reproductive age. This higher
exposure is most likely due to increased dairy consump-
tion within this dietary pattern from 5.5 to 9 g/kg-day in
adolescents and 1.6 to 2 g/kg-day in females of reproduct-
ive age. Given that these estimates are solely based on
dietary intake, we expect total exposure to be greater due
to other sources of DEHP in the environment that were
not accounted for in this calculation.

Future research
The review of the available literature on dietary phthal-
ate exposure allowed us to identify gaps in the research
that may be addressed in future studies. Most surveys
reported on raw foods taken directly out of packaging
without preparation but this does not reflect typical diets
that normally have an abundance of cooked/prepared
foods. Fierens and colleagues investigated the effect of
cooking (boiling, steaming, frying or grilling) at home on
the levels of phthalates in various food types (starchy
products, vegetables, meat and fish [44]. In general,
phthalate concentrations in foods declined after cooking,
except in vegetables, where almost no effect was seen.
DEHP was present in all raw foodstuffs, although the
percentage decreased to 65.4% after cooking [44]. Another
study in Italy showed that cooked nursery and primary
school lunches had higher DEHP and DBP concentrations
after being packaged in polyethylene-coated aluminum
dishes and kept warm on electrically powered isotherm
serving carts in comparison to before, suggesting migra-
tion from packaging [60]. Therefore, the impact of cook-
ing as well as heating in phthalate-containing containers
needs to be considered in future calculated exposure
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assessments in order to capture true phthalate content in
food that is directly consumed. One study was identified
that measured daily intake in a Belgian population taking
food preparation into account; investigators showed
declines in DiBP and DEHP exposure due to cooking [54].
It is also necessary to differentiate between products

within some food categories when calculating daily intakes
(i.e. dairy, meats, grains) in order to understand what
product has the highest contribution of phthalate to over-
all exposure. This is especially important when providing
recommendations for the types of high phthalate exposure
foods to avoid. Two intervention studies that focused on
the elimination of packaging as a method to reduce dietary
phthalate exposure had varying results. Products that were
suspected of being responsible for the increases in metab-
olite levels in the Sathyanarayana study were dairy (butter,
heavy cream, cheese, and milk) and spices (coriander,
cayenne and cinnamon). Butter and heavy cream were
reported to be used in some of the largest quantities in
foods prepared by the caterer. In comparison, the Rudel
study provided dairy products that included Swiss
cheese, milk and yogurt while there were no reports of
the use of specific spices. It is therefore possible that
the type of food rather than the packaging may have
impacted exposures in these studies. It would be of
benefit to compare phthalate concentrations of specific
foods that are found both fresh and as packaged/processed
products in order to understand the extent at which
packaging impacts phthalate content versus pre-market
processes. Of the limited information available in this
review, we found higher concentrations in frozen fish
but lower concentrations in frozen beef in comparison
to their fresh or non-frozen counterparts. The limited
epidemiology studies and some of the food monitoring
surveys did not include DiNP or its metabolite, MCOP
nor DiDP or its metabolite, MCNP. Of the food moni-
toring data that was available, DiNP was found in high
individual concentrations in some foods including chicken
thighs (1819.6 μg/kg), craster kipper fillets (11,576 μg/kg)
and dairy butter (1499.6 μg/kg) within a UK study [38].
However, within this same study, limits of detection or
quantification were extremely high which the authors
attributed to the use of liquid chromatography-mass
spectrometry (LC-MS) methods rather than gas chro-
matography–mass spectrometry (GC-MS). This may lead
to misleading results. Further, there is concern over DiNP
since as of December 20, 2013 the Office of Environmen-
tal Health Hazard Assessment (OEHHA) of California
added the phthalate species to the list of chemicals known
to the state to cause cancer. Given the toxicity and signifi-
cant increase in use as replacements for DEHP within
the past decade as well as the lack of reliable data,
future research should assess DiNP as well as DiDP
dietary exposure utilizing appropriate analytical techniques.
We observed significant differences in calculated daily
DEHP exposures based on varying consumption of foods.
Therefore, epidemiology studies that investigate the asso-
ciation between particular types of dietary patterns and
phthalate metabolite urinary biomarkers are needed to
corroborate results. Finally, given multiple sources of
exposure, a comprehensive assessment taking all routes
into account is needed for an American population.

Conclusion
DEHP in some meats, fats and dairy products were found
at high concentrations (≥300 μg/kg) in food monitoring
surveys and significantly contributed to exposure in epi-
demiological studies. Similarly, assessment of daily dietary
DEHP intake resulted in dairy as the highest contributor
to exposure. Exposure estimates based on actual diets for
infants exceeded the Environmental Protection Agency’s
reference level while estimates based on high meat and
dairy consumption resulted in exposure above this limit
for adolescents. Some of the ADI’s developed by the CPSC
for reproductive outcomes were also exceeded. We provide
guidance on future research in this area to further under-
stand food as an important phthalate source and to help
identify methods to reduce dietary phthalate exposures.

Additional file

Additional files 1: Table S1. Average concentrations of phthalates
(μg/kg) in various foods and beverages.

Abbreviations
ADI: Allowable daily intake; AGD: Anogenital distance; BBzP: Benzylbutyl
phthalate; BMI: Body mass index; CFSII: Continuing survey of food intake by
individuals; CI: Confidence interval; CPSC: Consumer product safety commission;
DEP: Diethyl phthalate; DEHP: Di-2-ethylhexyl phthalate; DiBP: Di-isobutyl
phthalate; DiDP: Di-isodecyl phthalate; di-isononyl phthalate; DnBP: Di-n-butyl
phthalate; DnOP: Di-n-octyl phthalate; DMP: Dimethyl phthalate; EFSA: European
food safety authority; EPA: Environmental protection agency; FDA: Food and
drug administration; FID: Flame ion detector; GC-MS: Gas chromatography–
mass spectrometry; LC-MS: Liquid-chromatography-mass spectrometry;
LOD: Limit of detection; LOQ: Limit of quantification; MBzP: Mono-benzyl
phthalate; MCNP: Mono-carboxynonyl phthalate; MCOP: Mono-carboxyoctyl
phthalate; MCPP: Mono-(3-carboxypropyl) phthalate; MEP: Mono-ethyl
phthalate; MEHP: Mono-2-ethylhexyl phthalate; MEHHP: Mono-(2-ethyl-5-
hydroxyhexyl) phthalate; MECPP: Mono-(2-ethyl-5-carboxypentyl) phthalate;
MEOHP: Mono-(2-ethyl-5-oxohexyl) phthalate; MiBP: Mono-isobutyl phthalate;
MnBP: Mono-n-butyl phthalate; MnMP: Mono-n-methyl phthalate;
NHANES: National health and nutrition examination survey; PID: Photo ion
detector; PVC: Polyvinyl chloride; OEHHA: Office of environmental health hazard
assessment; SML: Specific migration limit; UK: United Kingdom; US: United
States; USDA: United States department of agriculture.

Competing interests
The authors declare that they have no competing interests.

Author’s contributions
SES and SS reviewed and summarized the literature. RD consulted on
appropriate analytical methods of reviewed studies. SES and SS calculated daily
DEHP intakes. SES drafted the manuscript and SS, JB, and LT contributed to its
content. All authors read and approved the final manuscript.

http://www.biomedcentral.com/content/supplementary/1476-069X-13-43-S1.xlsx


Serrano et al. Environmental Health 2014, 13:43 Page 13 of 14
http://www.ehjournal.net/content/13/1/43
Acknowledgements
This study was funded by the National Institute for Environmental Health
Sciences (NIEHS). Support for Samantha Serrano was provided by a training
grant from the National Institute of Environmental Health Sciences (NIEHS)
(Research Supplement to Promote Diversity in Health-Related Research
3R01ES016863-04S1) and the University of Washington Department of
Environmental and Occupational Health Sciences (DEOHS) (Departmental
“Initiative” Project Proposals fund).

Author details
1Center for Child Health, Behavior and Development, Seattle Children's
Research Institute, 2001 8th Avenue, 98121 Seattle, WA, USA. 2Department of
Epidemiology, Brown University School of Public Health, Providence, RI, USA.
3Department of Pediatrics, New York University Langone Medical Center,
New York City, NY, USA. 4Department of Environmental Medicine, New York
University Langone Medical Center, New York City, NY, USA. 5Department of
Population Health, New York University Langone Medical Center, New York
City, NY, USA. 6Department of Pediatrics, University of Washington School of
Medicine, Seattle, WA, USA. 7Department of Environmental and Occupational
Health Sciences, University of Washington, Seattle, WA, USA.

Received: 22 March 2014 Accepted: 22 May 2014
Published: 2 June 2014
References
1. US Department of Health and Human Services Centers for Disease Control

and Prevention: Fourth national report on human exposure to environmental
chemicals. Atlanta, Georgia: 2013.

2. United States Environmental Protection Agency (USEPA): Phthalates action
plan summary. http://www.epa.gov/oppt/existingchemicals/pubs/
actionplans/phthalates.html.

3. Zota AR, Calafat AM, Woodruff TJ: Temporal trends in phthalate
exposures: findings from the national health and nutrition examination
survey, 2001–2010. Environ Health Perspect 2014, 122:235–241.

4. Sathyanarayana S: Phthalates and children’s health. Curr Probl Pediatr
Adolesc Health Care 2008, 38:34–49.

5. Swan SH, Main KM, Liu F, Stewart SL, Kruse RL, Calafat AM, Mao CS, Redmon
JB, Ternand CL, Sullivan S, Teague JL: Decrease in anogenital distance
among male infants with prenatal phthalate exposure. Environ Health
Perspect 2005, 113:1056–1061.

6. Swan SH: Environmental phthalate exposure in relation to reproductive
outcomes and other health endpoints in humans. Environ Res 2008,
108:177–184.

7. Adibi JJ, Hauser R, Williams PL, Whyatt RM, Calafat AM, Nelson H, Herrick R,
Swan SH: Maternal urinary metabolites of di-(2-ethylhexyl) phthalate in
relation to the timing of labor in a US multicenter pregnancy cohort
study. Am J Epidemiol 2009, 169:1015–1024.

8. Engel SM, Zhu C, Berkowitz GS, Calafat AM, Silva MJ, Miodovnik A, Wolff MS:
Prenatal phthalate exposure and performance on the Neonatal
Behavioral Assessment Scale in a multiethnic birth cohort.
Neurotoxicology 2009, 30:522–528.

9. Engel SM, Miodovnik A, Canfield RL, Zhu C, Silva MJ, Calafat AM, Wolff MS:
Prenatal phthalate exposure is associated with childhood behavior and
executive functioning. Environ Health Perspect 2010, 118:565–571.

10. Wolff MS, Engel SM, Berkowitz GS, Ye X, Silva MJ, Zhu C, Wetmur J, Calafat AM:
Prenatal phenol and phthalate exposures and birth outcomes. Environ
Health Perspect 2008, 116:1092–1097.

11. Swan SH, Liu F, Hines M, Kruse RL, Wang C, Redmon JB, Sparks A, Weiss B:
Prenatal phthalate exposure and reduced masculine play in boys.
Int J Androl 2010, 33:259–269.

12. Ferguson KK, McElrath TF, Meeker JD: Environmental phthalate exposure
and preterm birth. JAMA Pediatr 2014, 168:61–67.

13. Joensen UN, Fredericksen H, Jensen MB, Lauritsen MP, Olesen IA, Lassen TH,
Andersson AM, Jorgensen N: Phthalate excretion pattern and testicular
function: a study of 881 healthy Danish men. Environ Health Perspect
2012, 120:1397–1403.

14. Upson K, Sathyanarayana S, De Roos AJ, Thompson ML, Scholes D, Dills R,
Holt VL: Phthalates and risk of endometriosis. Environ Res 2013, 126:91–97.

15. Stahlhut RW, van Wijngaarden E, Dye TD, Cook S, Swan SH: Concentrations
of urinary phthalate metabolites are associated with increased waist
circumference and insulin resistance in adult US males. Environ Health
Perspect 2007, 115:876–882.

16. Hatch EE, Nelson JW, Qureshi MM, Weinberg J, Moore LL, Singer M, Webster
TF: Association of urinary phthalate metabolite concentrations with body
mass index and waist circumference: a cross-sectional study of NHANES
data, 1999–2002. Environ Health 2008, 7:27.

17. Office of Environmental Health Hazard Assessment (OEHHA): Chemical
listed effective December 20, 2013 as known to the state of California to
cause cancer: diisononyl phthalate (DiNP). Proposition 65 List 2013, http://
www.oehha.ca.gov/prop65/CRNR_notices/list_changes/122013P65list.html.

18. Koch HM, Lorber M, Christensen KLY, Palmke C, Koslitz S, Bruning T:
Identifying sources of phthalate exposure with human biomonitoring:
Results of a 48 h fasting study with urine collection and personal activity
patterns. Int J Hyg Environ Health 2013, 216(6):672–681.

19. Cao X: Phthalate esters in foods: sources, occurrence, and analytical
methods. Compr Rev Food Sci Food Saf 2010, 9:21–43.

20. National Toxicology Program Center for the Evaluation of Risks to Human
Reproduction (NTP-CERHR): Monograph on the Potential Human Reproductive
and Developmental Effects of Butyl Benzyl Phthalate (BBP); 2003. NIH
Publication No. 03–4487.

21. Indirect food additives: adhesives and components of coatings”. Title 21 Code
of Federal Regulations; 2014:175.

22. Indirect food additives: polymers: Indirect food additives: polymers”. Title 21
Code of Federal Regulations; 2014. Part 177.

23. Petersen JH, Jensen LK: Phthalates and food-contact materials: enforcing
the 2008 European Union plastics legislation. Food Addit ContamPart A
Chem Anal Control Expo Risk Assess 2010, 27:1608–1616.

24. Wittassek M, Koch HM, Angerer J, Bruning T: Assessing exposure to
phthalates – the human biomonitoring approach. Mol Nutr Food Res
2011, 55:7–31.

25. Schecter A, Lorber M, Guo Y, Wu Q, Yun SH, Kannan K, Hommel M, Imran N,
Hynan LS, Cheng D, Colacino JA, Birnbaum LS: Phthalate concentrations
and dietary exposure from food purchased in New York state. Environ
Health Perspect 2013, 121:473–494.

26. Wormuth M, Scheringer M, Vollenweider M, Hungerbuhler K: What are the
sources of exposure to eight frequently used phthalic acid esters in
Europeans? Risk Anal 2006, 26:803–82.

27. Colacino JA, Harris TR, Schecter A: Dietary intake is associated with
phthalate body burden in a nationally representative sample. Environ
Health Perspect 2010, 118:998–1003.

28. Trasande L, Sathyanarayana S, Messito MJ, Gross RS, Attina TM, Mendelsohln AL:
Phthalates and the diets of US children and adolescents. Environ Res 2013,
126:84–90.

29. Engel KH, Feigenbaum A, Lhuguenot JC, Mennes W, Nielson KR, Pratt I,
Jany KD, Spyropoulos D, Theobald A: Food contact materials, flavouring
substances and smoke flavourings. Eur Food Safety Authority J 2012,
10:s1007.

30. Howdeshell KL, Rider CV, Wilson VS, Gray LE: Mechanisms of Action of
Phthalate Esters, Individually and in Combination, to Induce Abnormal
Reproductive Development in Male Laboratory Rats. Environ Res 2008,
108:168–176.

31. Hannas BR, Lambright CS, Furr J, Howdeshell KL, Wilson VS, Gray LE Jr:
Dose–response assessment of fetal testosterone production and gene
expression levels in rat testes following in utero exposure to
diethylhexyl phthalate, diisobutyl phthalate, diisoheptyl phthalate, and
diisononyl phthalate. Toxicol Sci 2011, 123:206–216.

32. Braun JM, Sathyanarayana S, Hauser R: Phthalate exposure and children’s
health. Curr Opin Pediatr 2013, 25:247–254.

33. Exposure Factors Handbook: 2011 Edition. http://www.epa.gov/ncea/efh.
34. United States Department of Agriculture and United States Department of

Health and Human Services: Dietary Guidelines for Americans 2010. 7th
edition. Washington DC: 2010.

35. Page BD, Lacroix GM: The occurrence of phthalate ester and di-2-ethylhexyl
adipate plasticizers in Canadian packaging and food sampled in
1985–1989: a survey. Food Addit Contam 1995, 12:129–151.

36. Guo Y, Zhang Z, Liu L, Li Y, Ren N, Kannan K: Occurrence and profiles of
phthalates in foodstuffs from China and their implications for human
exposure. J Agric Food Chem 2012, 60:6913–6919.

37. Sorensen LK: Determination of phthalates in milk and milk products by
liquid chromatography/tandem mass spectrometry. Rapid Commun Mass
Spectrom 2006, 20:1135–1143.

http://www.epa.gov/oppt/existingchemicals/pubs/actionplans/phthalates.html
http://www.epa.gov/oppt/existingchemicals/pubs/actionplans/phthalates.html
http://www.oehha.ca.gov/prop65/CRNR_notices/list_changes/122013P65list.html
http://www.oehha.ca.gov/prop65/CRNR_notices/list_changes/122013P65list.html
http://www.epa.gov/ncea/efh


Serrano et al. Environmental Health 2014, 13:43 Page 14 of 14
http://www.ehjournal.net/content/13/1/43
38. Bradley EL: Determination of phthalates in foods and establishing methodology
to distinguish their source. London: Foods Standards Agency Report Number:
FD 10/05; 2012.

39. Poças MF, Oliveira JC, Pereira JR, Hogg T: Consumer exposure to
phthalates from paper packaging: an integrated approach. Food Addit
Contam 2010, 27:1451–1459.

40. Martine B, Marie-Jeanne T, Cendrine D, Fabrice A, Marc C: Assessment of
adult human exposure to phthalate esters in the urban centre of Paris
(France). Bull Environ Contam Toxicol 2013, 90:91–96.

41. Petersen JH: Survey of di-(2-ethylhexyl) phthalate plasticizer contamination
of retail Danish milks. Food Addit Contam 1991, 8:701–705.

42. Castle L, Gilbert J, Eklund T: Migration of plasticizer from poly(vinyl
chloride) milk tubing. Food Addit Contam 1990, 7:591–596.

43. Fierens T, Servaes K, Van Holderbeke M, Geerts L, Hanauw SD, Sioen I:
Analysis of phthalates in food products and packaging materials sold on
the Belgian market. Food Chem Toxicol 2012, 50:2575–2583.

44. Fierens T, Vanermen G, Van Holderbeke MV, Henauw SD, Sioen I: Effect of
cooking at home on the levels of eight phthalates in foods. Food Chem
Toxicol 2012, 50:4428–4435.

45. Page BD, Lacroix GM: Studies into the transfer and migration of phthalate
esters from aluminum esters from aluminum foil-paper laminates to but-
ter and margarine. Food Addit Contam 1992, 9:197–212.

46. Bi X, Pan X, Yuan S, Wang Q: Plasticizer contamination in edible vegetable
oil in a US retail market. J Agric Food Chem 2013, 61:9502–9509.

47. Kato K, Yoshimura Y, Nakazawa H, Ito Y, Oka H: Preparation of samples for
gas chromatography/mass spectrometry analysis of phthalate and
adipate esters in plasma and beverages by steam distillation and
extraction. J AOAC Int 2002, 85:719–723.

48. Cao XL: Determination of phthalates and adipate in bottled water by
headspace solid-phase microextraction and gas chromatography/mass
spectrometry. J Chromatogr A 2008, 1178:231–238.

49. Montouri P, Jover E, Morgantini M, Bayona JM, Triassi M: Assessing human
exposure to phthalic acid and phthalate esters from mineral water
stored in polyethylene terephthalate and glass bottles. Food Addit
Contam Part A Chem Anal Control Expo Risk Assess 2008, 25:511–518.

50. Dickson-Spillmann M, Siegrist M, Keller C, Wormuth M: Phthalate exposure
through food and consumers’ risk perception of chemicals in food.
Risk Anal 2009, 29(8):1170–1181.

51. Ji K, Kho YL, Park Y, Choi K: Influence of a five-day vegetarian diet on
urinary levels of antibiotics and phthalate metabolites: A pilot study with
“Temple Stay” participants. Environ Res 2010, 110:375–382.

52. Rudel RA, Gray JM, Engel CL, Rawsthorne TW, Dodson RE, Ackerman JM,
Rizzo J, Nudelman JL, Brody JG: Food packaging and bisphenol A and bis
(2-ethyhexyl) phthalate exposure: findings from a dietary intervention.
Environ Health Perspect 2011, 119:914–920.

53. Sathyanarayana S, Alcedo G, Saelens BE, Zhou C, Dills RL, Yu J, Lamphear B:
Unexpected results in a randomized dietary trial to reduce phthalate and
bisphenol A exposures. J Expo Sci Environ Epidemiol 2013, 23(4):378–384.

54. Sioen I, Fierens T, Van Holderbeke M, Geerts L, Bellemans M, De Maeyer M,
Servaes K, Vanermen G, Boon PE, De Henauw S: Phthalates dietary
exposure and food sources for Belgian preschool children and adults.
Environ Int 2012, 48:102–108.

55. Heinemeyer G, Sommerfeld C, Springer A, Heiland A, Lindtner O, Greiner M,
Heuer T, Krems C, Conrad A: Estimation of dietary intake of bis(2-ethylhexyl)
phthalate (DEHP) by consumption of food in the German population.
Int J Hyg Environ Health 2013, 216:472–480.

56. Parlett LE, Calafat AM, Swan SH: Women's exposure to phthalates in
relation to use of personal care products. J Expo Sci Environ Epidemiol
2013, 23:197–206.

57. United States Environmental Protection Agency Integrated Risk
Information System: Di(2-ethylhexyl) phthalate (DEHP) (CASRN 117-81-7).
http://www.epa.gov/IRIS/subst/0014.htm.

58. European Food Safety Authority: Opinion of the scientific panel on food
additives, flavourings, processing aids and materials in contact with food
(AFC) on a request from the commission related to bis(2-ethylhexyl)
phthalate (DEHP) for use in food contact materials. EFSA J 2005, 243:1–20.
59. Consumer Product Safety Commission: Overview of Phthalates Toxicity.
http://www.cpsc.gov//PageFiles/126533/toxicityDEHP.pdf.

60. Cirillo T, Fasano E, Castaldi E, Montouri P, Amodio Cocchieri R: Children’s
exposure to di(2-ethylhexyl) phthalate and dibutylphthalate plasticizers
from school meals. J Agric Food Chem 2011, 59:10532–10538.

doi:10.1186/1476-069X-13-43
Cite this article as: Serrano et al.: Phthalates and diet: a review of the
food monitoring and epidemiology data. Environmental Health
2014 13:43.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.epa.gov/IRIS/subst/0014.htm
http://www.cpsc.gov//PageFiles/126533/toxicityDEHP.pdf

	Abstract
	Background
	Methods
	Results
	Food monitoring studies
	Foods with consistent reports of high phthalate concentrations
	Foods with consistent reports of low phthalate concentrations
	Foods with reports of varied (Low, Medium, High) phthalate concentrations

	Epidemiological studies on dietary phthalate exposure
	Intervention studies to reduce dietary phthalate exposure
	Estimation of dietary intake

	Discussion
	Future research

	Conclusion
	Additional file
	Abbreviations
	Competing interests
	Author’s contributions
	Acknowledgements
	Author details
	References

