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Abstract

Objective: Breast milk is rich in fat. Toxins, pollutants, drugs, and allergens, especially lipophilic toxins may
accumulate in the breast milk; therefore, it can serve as potential source for transferring these toxins to the baby.
Dioxins, including polychlorinated biphenyl (PCBs) are among these pollutants. The aim of this study was to
determine the average daily intake of PCBs in breastfed babies.

Materials and methods: Fifty breast milk samples were collected from breastfeeding mothers whose babies
were born in Vali-Asr Hospital, Tehran, Iran in 2014. Each sample was 20 cc and collected within the first 7 days
after delivery. PCBs were measured using the GCMass method. We calculated the ADI based on ng/kg/day and
compared it with tolerable daily intake (TDI). TDI was considered 20 ng/kg/day according to WHO.

Results: The mean PCB concentration was 250.65 ng/gl.w in the collected samples. Among the 6 isomers
measured, the concentration of PCB180<PCB153<PCB101<PCB138<PCB52<PCB28. The average daily intake of
the babies was 0.498 µg/kg/day.

Conclusion: Studies in different countries have shown different PCB concentrations in the breast milk. What is
interesting is a decrease in the concentration of pollutants in recent years. A decrease has also been noted in Iran,
as well. Since breast milk is still the first and the best source of nutrition for new-born infants, more efforts are
needed to reduce the amount of pollutants in the breast milk. Since PCB enters the body via inhalation and dermal
contact and stores in the fat tissue, and foods like fish, eggs, dairy products, and meat of wild animals are more
likely to transfer this compound to the human body, it is important to control the quality of food products especially in
pregnant women.
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Introduction
Industrial lifestyle and increased use of chemicals in everyday living

has exposed humans to a variety of toxins and pollutants. The presence
of these compounds in the breast milk and their adverse effects are one
of the main concerns of perinatalogists [1]. In this regard, Laug et al.
reported the presence of DDT in the breast milk for the first time in
1951 and in 1966, Jensen reported the presence of PCB in the breast
milk [2,3]. Evaluation of pollutants in the breast milk is important
because it may serve as an index of pollution in the general population.
In 1999, Patandin found that toxins were traceable until 25 years of age
in 12% of the boys and 14% of the girls who were breastfed for 6
months [4]. In this study, breast milk pollution with chlorinated
hydrocarbons, especially PCB, was investigated. This compound has
209 isomers that are different in terms of total number of atoms and
their position on the benzene ring. Their stability and toxicity is also
different [5]. These pollutants are not entirely metabolized and can be
found in trace amounts everywhere. They also have a cumulative effect
and can accumulate in live tissues and human food chain even after
exposure cessation due their lipophilic nature and cumulative effect.

Via intake of some foods like the fish, meat, and cheese, these
compounds store in the human fat tissue and transfer to the foetus
during pregnancy or to the baby through lactation [6]. One study
followed up children up to the age of 7 years and found that maternal
exposure to PCB affected the growth and development of the babies.
These babies had a smaller head circumference and lower weight,
received lower scores on psychological and behavioural tests, and had
lower IQ scores [7,8]. Moreover, organochlorines affect endocrine
glands, e.g. the thyroid, and the immune system, and induce hormonal
changes [9-12]. Exposure to PCB increases the occurrence of some
diseases like Hodgkin’s lymphoma, diabetes, and liver diseases [13].
This study was conducted to determine the concentration of these
toxins in the breast milk and the mean dietary intake of babies through
breastfeeding.

Methods and Materials
This cross-sectional descriptive analytical study was conducted on

50 breast milk samples collected from mothers within one week of
delivery in Vali-Asr Hospital, Tehran, Iran. Mothers aged 25-45 years
(mean=29) who did not smoke or use illicit drugs and did not have
direct occupational exposure to pollutants (like working in fabric, pain,
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or wood factories) were included in the study. None of the mothers
suffered from chronic diseases, like diabetes and hypertension, or
systemic diseases. Demographic characteristics are listed in table 1. 20
ml of milk was collected by the mother or the nurse in 4 sterile bottles,
sent to the lab, and stored at -20°C. In the next step, all frozen samples
were sent to the laboratory of Research Center of Environment for
further analysis using the GCMass 19/20/21 method to measure the
concentration of PCB28, PCB52, PCB101, PCB138, PCB153 and
PCB180 isomers [8].

Variable Frequency Frequency %

Employed Yes 4 84.3

No 43 7.8

Educational level Under Diploma 15 33.3

More than Diploma 30 67.7

Parity 1 18 35.3

>1 33 65.7

Table 1: Demographic criteria

We used the Solid Phase Micro Extraction (SPME) method to
evaluate the concentration of pollutants. In this method, very tiny
fibres is used, the surface of which is coated with polymers made of
dimethyl siloxane. It is used to extract analysis from different kinds of
matrices. In the present study, we applied the head space SPME (HS-
SPME) technique using the GC-MS/MS device.

We calculated the ADI using the following formula: ADI (ng/
kg)=Average daily intake (PCB*BW*breast milk (L)/BW [14].

In our study, the mean daily intake of breast milk was considered as
much as 150 cc in first week of life [15]. Then, ADI and tolerable daily
intake (TDI) were compared. TDI was considered 20 ng/kg/day
according to the WHO [16]. Moreover, the concentration of this
pollutant was compared between primiparous and nulliparous women
and the age distribution of mothers were also evaluated. The protocol
and objective of the study was explained to mothers and informed
consent was taken from all of them before joining the study. The
collected information was confidential and only the results were
published. This study was done under ethical permission from Tehran
University of Medical Science number 27084.

Results
The concentration of PCB28, PCB52, PCB101, PCB138, PCB153,

and PCB180 was measured in the breast milk one week after delivery
(Table 1). The mean PCB concentration was 250.65 ng/gl.w in the
collected samples. The highest concentration of isomers to the lowest
were PCB28>PCB52>PCB138>PCB101>PCB153>PCB180
respectively. The mean fat concentration in the breast milk was 13.2679
± 7.97 g/l. The average daily intake (ADI) of the neonates was 498
ng/kg/day, which was higher than the TDI suggested by the WHO.
There was no significant difference in the PCB concentration between
primiparous and nulliparous women. PCB concentration had no
correlation with maternal age.

Discussions and Conclusion
Numerous studies have shown that PCBs have many toxic effects on

different body organs. Environmental accumulation of organochlorins
has effect on endocrine, immune system and increases the risk of
prostate cancer, Breast cancer, endometriosis cryptorchidism and
hypospadiasis as well as long term its impact on evolution of the
intelligence and neurobehavioral system and may cause delayed CNC
growth.

Many pollutants enter the body via food substances. In one study
investigating the concentration of PCB in the butter in Iran, the
highest concentration was found in Mazandaran Province, north of
Iran, and in large cities like Tehran, Isfahan, and Arak. These cities are
among the most industrialized and polluted cities of Iran. The lowest
concentration was seen in West Azerbaijan and Qazvin, which are both
dairy products constitute a major of everyday diet [17]. In this study,
the mean PCB was 250.65 ± 280.3 ng/glw and the highest
concentration of isomers to the lowest were
PCB28>PCB52>PCB138>PCB101>PCB153>PCB180 respectively. The
ADI of the neonates was 498.79 ng/kg/day, which was higher than the
WHO tolerated daily intake (TDI). Table 2 shows ADI in the number
of countries.

Variable Mean ± SD (ng/glw)

PCB28 446.1 ± 181.64

PCB52 370 ± 206.5

PCB138 308.9 ± 1111.7

PCB101 149.9 ± 78.08

PCB153 145.4 ± 78.2

PCB180 83.6 ± 28.6

ΣPCB 250.65 ± 280.3

Table 2: The mean score of PCBs level in human milk samples

In a study in Italy, in 2011, 50 number of the breast milk of the
mothers who ate a lot of fish was a good source of PCBs, the mean PCB
concentration was 532.87 ng/glw in the breast milk and had no
correlation with maternal age, primiparity, and multiparity [18].

A study was conducted on 22 milk samples in India in 2004-2005.
Fish consumption in different parts of the country led to an increase in
the concentration of PCB in the breast milk. The PCB concentration
was 330 ± 220 and 220 ± 140 ng/glw in the breast milk of primiparous
and multiparous women respectively with no significant difference
[19].

A study in India in 2009 showed a significant decrease in the breast
milk PCB concentration [20].

A study was conducted in Iran to measure the PCB concentration in
50 breast milk samples and to evaluate its association with maternal
diet. The concentration of PCB 28 and 180 was significantly higher in
mothers with higher poultry consumption, while the concentration of
PCB 153 was significantly lower in mothers with higher fish
consumption [21].

According to a research on human breast milk samples in Tabriz,
Iran in 2007, the concentration of PCBs in the breast milk was 690 ng/
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gl.w, while we detected a much lower concentration (250.65 ± 290.3
ng/gl.w). In the study conducted in Tabriz, the PCB concentration was
significantly higher in primiparous women and ADI was 1.4 µg/kg/day
but we detected no such difference [22] and ADI was 498 ng/kg/day in
our study, which shows a 7-fold decrease (Figure 1).

Figure 1: ADI (available daily intake) and ∑PCB in Iran.

In Tabriz study, PCB 180 had the highest concentration among
isomers while it had the lowest and PCB 28 had the highest
concentration in our study.

In another study conducted in the southern coasts of the Caspian
Sea, the average concentration of PCB was 1560 ng/gl.w in human
breast milk samples, which was markedly higher than our finding [23].
Similar to our results, PCB 28 had the highest concentration in this
study and PCB concentration had no correlation with maternal age
and number of children. The ADI was 2.8 µg/kg/day in this study,
which was markedly higher than the ADI in our study [23].

According to a study in southern parts of India between 2000 and
2003, the PBC concentration was 30-34 ng/gl.w with no significant
different between primiparous and multiparous women [24].

During 2004-2006, 64 breast milk samples were evaluated in 3
industrialized cities of India. The results showed that the PCB
concentration ranged between 0.063 and 170 ng/gl.w and the ADI was
less than standard (Table 3) [25].

Country ADI (µg/kg/day) ∑PCB (ng/gl.w)

India (2000-2003) Unknown 30-34

India (2004-2006) Unknown 0.063-170

Turkey (2012) 0.052 8.073

Tunisia (2008) 0.83 196

Russia (2007) 0.77 69-680

Korea (2013) Unknown 38.08

Canada (2014) Unknown 9.8-510

Iran (2006) 2.8 1560

Iran (2007) 1.4 690

Iran (2014) 0.498 250.65

Table 3: Breast milk ∑PCB in some country.

The breast milk PCB concentration ranged from 69 to 680 ng/gl.w
in a study in Russia in 2003-2004. The concentration of PCB was
higher in older and primiparous mothers although the difference was
not statistically significant. The ADI was 0.77 µg/kg/day, which was
higher than the standard [26].

The results of a study in Iran showed maternal age had no
significant correlation with PCB concentration while a significant
positive relationship was observed between PCB 101 and 28
concentration and BMI [27].

In a study conducted in Mersin, Turkey in 2009, the mean PCB
concentration in 47 breast milk samples was 8.073 ng/gl.w and the ADI
of the neonates was 0.052 µg/kg/day. The TDI was considered 1 µg/kg
in this study. PCB 153 and PCB 52 had the highest and lowest
concentration, respectively [14].

A total of 237 breast milk samples were evaluated in Tunisia in
2002-2005. The mean PCB concentration was 196 ng/gl.w. PCB 153
and PCB 28 had the highest and lowest concentration, and ADI and
TDI was 0.83 and 1 µg/kg/day, respectively [28].

The mean PCB concentration was 38.3 ng/gl.w in 50 breast milk
samples in a study in Korea in 2013, indicating a decrease in
comparison with previous years. PCB concentration was correlated
with the duration of living in the region but had no relationship with
maternal diet. In this study, ADI was higher than standard in 18% of
the babies [29].

In 298 samples collected between 2008 and 2010 in Canada, the
mean PCB concentration was 9.8-510 ng/gl.w. The toxic dose was
considered 2.7-27 ng/gl.w in this study. PCB 153 and PCB 118 had the
highest and lowest concentration, respectively [30].

Although the concentration of PCB was high in breast milk samples
in our study and ADI was higher standard, breast milk is still the main
source of nutrition in babies considering the decrease in this
compound in the breast milk. Since PCB enters the body via inhalation
and dermal contact and stores in the fat tissue, and foods like fish,
eggs, dairy products, and meat of wild animals are more likely to
transfer this compound to the human body, it is important to control
the quality of food products and pregnant women’s diet to promote
neonatal health.
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