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Abstract

Introduction: Newborn and infants are among the most susceptible age groups to endocrine disruption due to
potential environmental toxins like phthalates. Differing results have been found on phthalate exposure through
human milk from different geographic parts of the world. In this study, we aim to evaluate six different phthalate
diesters in human milk samples.

Methods: In this part of the Human Milk Artificial Pollutants (HUMAP) study, human milk samples were analyzed
using GC-MS to indicate the presence of bis (2-ethylhexyl) phthalate (DEHP), benzyl butyl phthalate (BBP), dibutyl
phthalate (DBP), di-“isononyl” phthalate (DINP), di-“isodecyl” phthalate (DIDP), and di-n-octyl phthalate (DNOP).

Results: This study included 72 mothers aged 18 to 41 years; human milk samples were taken from the mothers
who gave their consent to participate within 7 to 79 days after birth (mean 34 ± 20 days). We did not detected
phthalate esters as DEHP, BBP, DBP, DINP, DIDP, and DNOP in 72 human milk samples.

Discussion: In this study, we did not find phthalate diesters in human milk samples in Turkey. Different results of
previous studies about human milk phthalate levels might be related to geography, maternal factors, or analytical
methods. In conclusion, potential further studies should continue for potential chemical contamination of human milk.
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Introduction
Phthalates have been widely used in various fields, including food,

cosmetics, and pharmaceuticals. Phthalates are found ubiquitously in
the environment. They migrate easily and penetrate various every day
products and reach organisms via skin contact, food or air [1,2].
Phthalates and their metabolites are widely detected in urine, serum,
human milk, amniotic fluid, umbilical cord blood, semen, and saliva
[1-3]. There is widespread risk of exposure to phthalates during
pregnancy because of their ability to cross the placenta, which may
adversely affect fetal outcomes following in-utero exposure [3,4].
Exposures of phthalates during prenatal and postnatal development
possibly resulting in reproductive disorders as antiandrogenic and/or
proestrogenic effects in humans [2,5-7]. Phthalates may also play a role
in obesity [2].

Human milk phthalate levels vary by geographical region and
maternal factors including cosmetics and food preferences [8]. Infants
are at increased risk, as they are exposed early in life to several
different sources of phthalates due to a higher prevalence of exposure
among women during pregnancy and lactation [9]. To the best of our
knowledge, there are no studies on human milk phthalate levels in
Turkey. In this study, we will evaluate six different phthalate
monoesters and phthalate diesters in human milk samples.

Materials and Methods
The Human Milk Artificial Pollutants (HUMAP) study is a cross-

sectional study designed to evaluate the presence of mycotoxins,

bisphenol A, phthalates, and antibiotic residues in human milk
samples in Turkey. In this part of the HUMAP study, we evaluated the
presence of phthalate levels in human milk samples. The project was
approved by the Eskisehir Osmangazi University Local Ethics
Committee, and all participants gave written informed consent. The
study was supported by the Eskisehir Osmangazi University Scientific
Research Grant.

We evaluated all lactating mothers with 7- to 90-day-old babies at
the Eskisehir Osmangazi University and Eskisehir Maternity and
Children Hospital, Eskisehir, Turkey. Maternal age, number of
pregnancies, gestational age, and number of breastfeeding days were
noted for each study participant. Within the scope of the study and
after receiving informed consent, 3–5 cc of human milk was obtained
from each participant under sterilized conditions and stored at -20°C
until the end of the study period. Phthalate levels were evaluated with
the in-house gas chromatography/mass spectroscopy (GC/MS)
technique. We evaluated six different phthalate monoesters and
phthalate diesters: Bis (2-ethylhexyl) phthalate (DEHP), benzyl butyl
phthalate (BBP), dibutyl phthalate (DBP), di-“isononyl” phthalate
(DINP), di-“isodecyl” phthalate (DIDP), and di-n-octyl phthalate
(DNOP). All analyses were performed in the same reference
laboratories. The results are shown in parts per million (ppm), and the
detection limit is less than 20 ppm.

A statistical analysis was performed using the SPSS package
program, version 11.5 (Chicago, Illinois, United States). Values that are
normally distributed are expressed as mean and standard deviation.
The Mann-Whitney U test was used to compare unpaired data among
the groups. A p-value of less than 0.05 was considered statistically
significant.
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Results
This study included 72 mothers aged 18 to 41 years (29.9 ± 5.97

years). Human milk samples were taken from mothers who gave
consent to participate within 7 to 79 days after birth (mean 34 ± 20
days). 38 mothers had cesarean deliveries (52.8%) and 34 had
spontaneous vaginal deliveries (47.2%). None of the mothers took
antibiotics during pregnancy. 25 mothers (34.7%) were on antibiotics
during delivery and 41 mothers were on antibiotics postpartum
(56.9%). The average gestational period was 38.6 ± 1.23 weeks (37-42
weeks) and the average birth weight was 3470 ± 551 g (2065–5270 g).

We did not detected phthalate esters as DEHP, BBP, DBP, DINP,
DIDP, and DNOP in 72 human milk samples with GC/MS technique,
all samples were below the detection limit.

Discussion
In this study, we did not find six different phthalate diesters in 72

human milk samples in Turkey. Previous studies from other
geographical locations showed different results [8,10-13]. The
differences between the studies might be related to geography,
maternal factors, or analysis methods. Hagberg, et al. [9] evaluated
human milk phthalate levels with GC-MS in 42 mothers in Sweden in
2001 14–20 days after birth. The concentration of phthalates and
phthalate metabolites in the milk was close to or below the limit of
detection, except for one sample with a high DEHP concentration. In
2004, Calafat, et al. [13] showed several phthalate metabolites in
human milk samples, suggesting that phthalates transferred to the
infants via breastfeeding. Kim, et al. [14] evaluated six phthalate
metabolites concentrations in 62 human milk samples received one
month postpartum in Korea; monoethyl phthalate (MEP) was detected
in 100% the samples, and other phthalate monoesters were detected in
79%–89% of the samples. They found that up to 8% of infants exceeded
the reference dose of anti-androgenicity for DEHP and 6% of infants
exceeded the tolerable daily intake for DnBP. These phthalate
monoesters in human milk showed significantly associated with
maternal consumption of whipped cream or purified water. Latini et al.
[8] evaluated the human milk phthalate metabolites from 62 healthy
mothers living in Italy with a LC/LC-MS/MS method. They found that
mono-isobutyl phthalate and mono(2-ethylhexyl) phthalate were
present in all milk samples, mono-n-butyl phthalate was present in
64.5%, and mono-benzyl phthalate was found in 43.5% of samples.
Fromme, et al. [15] evaluated 15 phthalates and their metabolites in 78
human milk samples in Germany; the aforementioned average/high
intake values corresponded to only about 2% and 7%, respectively, and
they concluded that exposure to phthalates from human milk poses
any significant health risk for infants. Hines, et al. [16] detected
oxidative monoester phthalate metabolites in 10% of the human milk
samples of 33 lactating women in the United States. Lin, et al. [17]
studied phthalate metabolites in pregnant women and their newborns
in Taiwan and showed that phthalate metabolite levels were low in
human milk and cord blood samples comparing to urinary levels.
According to their study, among breast-fed infants, the mean daily
intake during the first six months was estimated at 167 microg/dl for
DEHP and <1 microg/dl for DBP and DEP. Polinski, et al. [4] evaluated
15 phthalate metabolites in the urine of 446 pregnant women; the
phthalate metabolites with the highest concentrations were monoethyl
phthalate and monocarboxyisooctyl phthalate and showed correlations
between human milk phthalate levels and the mother’s age, obesity. A
study in Denmark and Finland, reported higher concentrations of
some phthalate metabolites in human milk, while low levels have been

reported in Sweden despite similarities in lifestyle and demographics
in Sweden, Denmark, and Finland [11,12,18].

Absence of phthalates in our study samples might be related to
maternal food preferences and study location. We did not perform a
phthalate analysis on maternal urine samples, and it is difficult to
properly address the low exposure to phthalates without this data.
Hines, et al. [16] and Hogberg, et al. [9] suggested
that phthalate metabolites are most frequently detected in the urine of
lactating women and are less often detected in human milk, as
urinary phthalate concentrations reflect maternal exposure and do not
represent the concentrations of oxidative metabolites in other body
fluids, especially human milk. Zhu, et al. [19] demonstrated fluctuated
human milk phthalate esters during their follow period over a six-
month postpartum period. They concluded that multiple sample
collections would provide a better estimate of the exposure to
phthalates in human milk than a single sample among breast-fed
infants.

Food constitutes the most prevalent source of human exposure to
phthalates, and human milk phthalate levels might be related to
maternal food preferences [20]. Beltifa, et al. [21] evaluated phthalate
monoesters and diesters in packaged foods (grain and grain products,
milk and dairy products, fats and oils, beverages, fish, and sweets) in
Tunisia with GC/MS and found that benzyl butyl phthalate (BBP) was
highly concentrated in puff pastry, milk, butter, yogurt, oil, water,
candy, fruit juices, and chocolate. Sidlowska et al. [20] evaluated eight
phthalate metabolites in 107 children 10–12 years of age in Slovakia
and found a statistically significant association between some phthalate
metabolites and the consumption of milk, dairy products, margarine,
hot beverages, and baguettes as well as the use of cosmetic products,
nail polish, and body lotion. Various phthalates (most commonly
DEHP, DnBP, and DiBP) have been detected in food products such as
milk, fat-enriched foods, meat, fish, seafood, beverages, grains, and
vegetables [10]. Ji, et al. [22] evaluated 448 samples including
foodstuffs, ambient PM10, drinking water, soil, and indoor dust
samples in China to determine the distribution of six priority
phthalates. They highlighted that environmental factors might be
related to exposure to phthalates as well as food preference. Pregnancy
creates a critical risk of phthalate exposure for mothers due to their
nutritional preferences, cosmetics, and environmental factors.

Phthalate exposure has been found to be associated with endocrine
disruption, respiratory effects, and reproductive and developmental
toxicity [17]. De Cock, et al. [23] found that exposure to phthalates was
associated with body mass index as well as with head circumferences
during the first year after birth. Main, et al. [11] investigated
whether phthalate monoester contamination of human breast milk had
any influence on the postnatal surge of reproductive hormones in
newborn boys as a sign of testicular dysgenesis, and they found that
phthalate exposure in newborn boys affected leydig cell development
and function.

Conclusion
We have some limitations for this study. We evaluated only human

milk samples for phthalate levels, and we did not perform analysis in
other maternal and/or infant body fluids, especially in maternal urine.
We also collected human milk samples from mothers living in same
city, this would be advantage for eliminating potential different results
in same country, however further multicenter studies would help to
evaluate the differences at country-based level.
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Biomonitoring is a very useful tool for assessing human exposure to
environmental pollutants. In this study, we did not detect phthalate
diesters in human milk samples. Considering our previous studies on
environmental pollutants and drugs in human milk samples, these
results are different than we expected. We previously found antibiotic
residues in human milk from mothers who had not received antibiotics
during pregnancy [24]. We detected significantly higher levels of
ochratoxin A, deoxynivalenol, and zearalenone levels in human milk,
but we did not detect aflatoxin M1 levels above the threshold levels
[25,26]. These results and others from different geographical areas
showed the need for analyses of complex mixtures to obtain more
information on inter-individual and temporal variability
of human exposure to different types of chemicals [27].

Breastfeeding is considered a gold-standard for nutrition and its
recommend for all infants [28]. Instead, comprehensive programs
should be developed to regularly investigate and control toxins in both
human and animal food chains so that the amount of toxins can be
reduced and their side effects can be prevented. In conclusion, further
studies should continue to evaluate human milk for potential
environmental pollutants.
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