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Abstract Breast milk contributes towards optimal nutrition
for infants. However, studies showed that it can also contain
different toxins and heavy metals, which reduce its health
benefits. The aim of this study is to determine the level of
contaminants such as aflatoxin M1 (AFM1), Pb, Cd, As, and
Hg in breast milk samples from Famagusta, Cyprus.
Correlations between moldy food consumption, smoking
habits of the mothers, and contaminant levels in breast milk
were also investigated. Breast milk samples from 50 lactating
mothers in rural and urban areas of Famagusta District were
analyzed for AFM1 by ELISA. Eighty percent of them were
found to be contaminated with AFM1with the meanmeasure-
ment of 7.84±1.72 ng/l. Socio-demographic status, moldy
food consumption habits, and smoking status do not have
any effect on the AFM1 levels observed in breast milk.
Heavy metal levels in breast milk were examined by induc-
tively coupled plasma mass spectrometry, and the mean mea-
surements were1.19±1.53 ppm for Pb, 0.73±0.58 ppm for
As, 0±0.20 ppm for Hg, and 0.45±0.23 ppm for Cd. This
study indicates that the levels of these contaminants in breast

milk samples obtained in Famagusta District are well within
the acceptable levels. However, the presence of AFM1 and
heavy metals still may pose risks for infant health.
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Introduction

It has been very well documented in the literature that breast
milk for newborn’s nutrition is the best source, in terms of
nutritional characteristics and health beneficial properties
[1–4]. It has balanced nutrients such as fats, carbohydrates,
proteins, and other important dietary components and there-
fore it contributes to infant growth, immunity, and develop-
ment [5]. These properties make the breast milk a unique
nutrition source for infants and many authorities strongly en-
courage breastfeeding [6]. However, studies from different
countries show that breast milk can contain different types
and levels of environmental pollutants such as heavy metals,
pesticides, and fungal toxins such as mycotoxins due to ma-
ternal dietary exposures [7–18]. These contaminants may po-
tentially lead to negative effects on even infant health. The
maternal exposure to these pollutants may potentially reduce
the health benefits of breastfeeding and cause untoward ef-
fects on infant health.

Mycotoxins are naturally occurring, usually highly toxic
fungal metabolic products of secondary metabolism of molds
such as Aspergillus flavus and Aspergillus parasiticus.
Importantly, they are considered to be unavoidable food con-
taminants by the US Food and Drug Administration [19, 20].
This is a global problem that is very difficult to avoid.
Mycotoxins have been linked to birth defects, nervous system
problems (tremors, limb weakness, staggering, and seizures),
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and tumors of the liver, kidneys, urinary tract, digestive tract,
and lungs in many animals [21, 22]. Aflatoxins (AF) are one
of the main types of these hazardous mycotoxins [19, 20].
Human exposure to AFsmay result directly from the ingestion
of contaminated foods. Maternal consumption of contam-
inated foods containing the highly toxic and carcinogenic
AFs may result in the accumulation of these substances
and their metabolites in breast milk [23, 24]. AFs are also
associated with several other health problems such as re-
duced immune activities [25], malnutrition [26], and
growth impairment [27, 28].

Current studies identified four major types of naturally
occurring AFs, they are aflatoxin B1, B2, G1, and G2, and
two additional metabolic products, M1 and M2. Among
these major AFs, aflatoxin B1 (AFB1) is the most potent
toxic substances produced by especially A. flavus species
[20]. AFB1 was classified as group 1 carcinogen and the
major etiological factors in the development of hepatocel-
lular carcinoma by the International Agency for Research
on Cancer (IARC) in IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans in 2002
[29, 30].

Aflatoxin M1 (AFM1) is the hydroxylated metabolite
of AFB1 found in animal and human milk, and it is
considered as a biomarker to aflatoxin B1 exposure for
lactating mothers by contaminated foods [15, 16, 20,
24, 31].

Heavy metals are important environmental contami-
nants in breast milk. In addition to AFs, breast milk
can contain heavy metals such as lead (Pb), arsenic
(As), mercury (Hg), and cadmium (Cd). In breast milk,
these elements act as an indicator for the presence of
environmental and food contaminants and breast milk
can also be a pathway of maternal excretion of heavy
metals [32]. Besides, heavy metals in breast milk have
a wide range of toxicity effects on infants. The heavy
metals such as Cd, As, Hg, and Pb affect infants’ devel-
oping nervous system, bone formation processes, and
cause anemia, rickets, and autism. They are significant
carcinogens as well [10, 33–38]. Mothers who smoke
also take additional toxic trace elements in their breast
milk such as Cd and Pb [39, 40]. Breastfeeding is more
preferable and the best way for feeding the infants in the
developing countries. However, environmental pollution
and food contamination are higher in these countries [41,
42]. AFM1 and heavy metals in milk products are impor-
tant public health problems, especially for infants as the
milk and milk products are the main dietary intake for
them.

Due to some key physiological differences between
infants and adults, infants are far more vulnerable to
the environmental contaminants, thus to the increased
doses of exposure. In infants , some protect ion

mechanisms such as blood–brain barrier, plasma protein
binding capacity, enzymatic elimination mechanisms in
the liver and kidneys, and immune system are underde-
veloped [32, 43, 44]. Therefore, the determination of
AFM1 and heavy metal levels in breast milk, which
may constitute a risk factor for the nutrition of the
mothers and indirectly for the babies, is highly signifi-
cant. For all of these reasons, it is important to determine
the amount of AFs and heavy metals in breast milk in
developing countries, regularly.

In this study, we aimed to determine the levels of food
mycotoxins like AFM1 and environmental pollutant
heavy metals such as Pb, Cd, As, and Hg and also some
nutritional values such as total protein values, Ca+2, and
Mg+2 in breast milk from urban and rural areas of
Famagusta District. We also aimed to evaluate any pos-
sible correlation between moldy food consumption,
smoking status of the mothers, and AFM1 levels in
breast milk.

Materials and Methods

Study Population

Breast milk samples were randomly collected from lactating
mothers, who voluntarily participated in the study between
March 2015 and May 2015. In total, 50 human breast milk
samples were obtained from mothers in rural and urban areas
of the Famagusta District. The age of mothers ranged from 19
to 42 years.

Questionnaire and Data Collection

In order to collect data on the socioeconomic status of
the lactating mothers, a questionnaire form was used.
Questions included the employment status, educational
level, demographic status (age, place of residence), clin-
ical status (mother’s health, current medications, stage,
and details of lactation), and smoking habits were record-
ed. Mothers without diagnosed chronic or acute disease
who were not on any medication were considered as
healthy individuals. Structured food-frequency question-
naire was used to obtain information on the food con-
sumption patterns of the lactating mothers for one month
before taking the milk samples.

For evaluation of the moldy food consumption patterns
of the lactating mothers, we questioned only the main
categories of most frequently consumed foods (milk and
milk products, tomato paste, jam, fresh fruits and vegeta-
bles, dried fruits and vegetables, pickles, bread, nuts). Our
main aim was to explain the attitudes of individuals when
encountering moldy food. The data from the questionnaire
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were used to identify the relationship between moldy food
and AFM1 levels in breast milk. In the questionnaire,
mothers were asked whether they continued to consume
the food product when they noticed mold on/in it.
Mothers who continued to consume the remaining prod-
ucts of the moldy food after they discarded the moldy
parts were evaluated as individuals consuming moldy
food.

Sampling

Fifteen milliliters of breast milk samples were collected
from lactating mothers using sterile breast pumps, in ster-
ile plastic collection containers. The collected breast milk
samples were kept at +4 °C while transferring them to the
laboratory. Samples were frozen within one day and kept
at −20 °C until aflatoxin and heavy metal analyses were
carried out.

Quantitative Analysis of AFM1 Concentration

A competitive enzyme immunoassay kit (Ridascreen,
Riedel-de Haen cat no:R1121 R-Biopharm GmbH,
Darmstadt, Germany) was used for quantitative analysis
of AFM1. Samples were thawed and mixed gently and then
centrifuged at 3500 g for 10 min. The upper cream fat layer
was discarded and the fat-free lower phase was used for the
tests. One hundred microliters of milk sample was used in
tests according to manufacturer instructions. Briefly,
100 μl of standard solution and the samples were added
in micro-wells and incubated for 30 min at room tempera-
ture (RT), in the dark. At the end of the incubation, the
liquid was discarded and the micro-well holder was tapped
upside down on an absorbent paper to remove the remain-
der of the liquid. The wells were washed twice with 250 μl
of washing buffer. One hundred microliters of enzyme con-
jugate (peroxidase-conjugated AFM1) was then added into
each well and was incubated for 15 min at RT, in the dark.
The wells were washed three times with wash buffer.
Following these steps, 100 μl of substrate/chromogen
was added into the wells and was incubated for 15 min at
RT, in dark. In the final step, 100 μl of the stop reagent was
added into each well and the wells were gently shaken. The
absorbance was measured at 450 nm in an ELISA plate
reader (Thermo Scientific, VarioSkan Flash Multimode
Reader, USA) after 15 min.

Samples were used in duplicates. The standard curve was
prepared by using 0, 5, 10, 20, 40, and 80 ng/l (ppt) of AFM1,
which was provided by the kit. According to the test protocol,
the lowest detection limit was 5 ng/l for breast milk. The
AFM1 concentrations of samples were evaluated by using
RIDASOFTVIN program, provided by R-Biopharm.

Quantitative Analysis of Heavy Metals

Half a gram of breast milk sample was added to 8 ml of nitric
acid (HNO3) and 2 ml of hydrogen peroxide (H2O2). It was
digested in a microwave acid digestion unit (Berghof
Speedwave 4) and incubated for 10 min at 155 °C and for
further 7 min at 200 °C in a microwave. The digested sample
was quantitatively transferred and diluted in 25 ml ultra dis-
tilled water.

Pb, Cd, As, Hg, Ca, and Mg determination in digested
samples was carried out by inductively coupled plasma mass
spectrometry (ICP-MS). The calibration curve was plotted
using standard solutions of Pb (0.08–5 μg/l), Cd (0.8–5 μg/
l), As (0.2–5 μg/l), Hg (0.1–2 μg/l) Ca (0.2–15 mg/l) and Mg
(0.1–1.5 mg/l). Suitable dilutions were prepared using
digested samples with ultra distilled water.

Statistical Analysis for Evaluation

All statistical procedures were performed using SPSS soft-
ware Program. P values below 0.05 were considered as statis-
tically significant.

Determination of the Total Protein Concentration

Protein concentrations of breast milk samples were determined
by bicinchoninic acid assay (BCA) with standard curve in ac-
cordance with themanufacturer’s instructions (Pierce, IL, USA).

Results

Characteristics of the Lactating Mothers

The average age of the mothers was 30.4±6.6 years (range 19–
42 years). All mothers were literate and many of them (74 %)
were at least secondary school graduates. The highest academic
qualification obtained by the lactating mothers was a bachelor’s
degree (34 %). Fifty-four percent of the participants lived in the
rural areas, whereas those who lived in urban areas were 46 %.
All mothers interviewed were considered as healthy. For 20
mothers (40%), this was their first child, while the rest had elder
children. Majority of the mothers were unemployed (62 %).

Contamination Status of Breast Milk

Among the investigated breast milk from volunteers, 40 out of
50 samples (80%)were found to be contaminated with AFM1
with the range of 5.36 and 28.44 ng/l while the mean of AFM1
concentration of samples were 7.84±1.72. The contamination
ranges and the frequency distributions are shown in the table
(Table 1). The values below 5 ng/l considered as negative and
were not used in calculations.
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Correlation Between Socio-Demographic Variables,
Moldy Food Consumption, Smoking, and AFM1
Contamination

No statistically significant difference was observed for AFM1
contents of lactating mother depending on the area (P=0.60),
age (P=0.11), education (P=0.60), and employment status
(P=0.98). AFM1 was detected in 13 milk samples of 16 lac-
tatingmothers with moldy food consumption habit (81%) and
milk samples of mothers without such habit (79 %) (Table 2).
According to moldy food consumption, no significant differ-
ence was observed among the groups for their AFM1 contents
(P>0.05) (Table 2). With regard to the smoking status of the
mothers, no significant difference for AFM1 levels was ob-
served either (P>0.05) (Table 2). Besides, no statistical sig-
nificant relationship was found between lactation period and
AFM1 levels in breast milk (data not shown).

HeavyMetal Levels and Nutritional Values in Breast Milk

Table 3 presents the levels of investigated heavy metals (Pb,
As, Hg, Cd) as toxic contaminants and Table 4 shows the
levels of minerals (Mg+2 and Ca+2) and total protein as nutri-
ents in the breast milk samples. The mean values of heavy
metals were 1.19±1.53 ppm for Pb; 0.73±0.58 ppm for As;
0±0.20 ppm for Hg; and 0.45±0.23 ppm for Cd as shown in
Table 3.

There was no significant correlation between the residential
area, moldy food consumption, and heavy metal content (data

not shown). The mean of total protein levels was in the range
of 7.3 and 35.3 g/l, while the mean of the samples was 17.8
±5.9 g/l (Table 4). Similarly, in terms of AFM1 levels, there
was no significant correlation between heavy metal levels and
lactating periods (data not shown).

Discussion

The entire population of a region, including the lactating
mothers there, are in general risk of being exposed to different
natural and synthetic contaminants. In the case of lactating
mothers, the contaminants could potentially affect the breast
milk and therefore the infants. It is therefore important that
governments or local health authorities determine the toxic
contamination levels in foods which pose a risk to the wider
population. Furthermore, introduction of regulations to pre-
vent potential contaminations is essential. Due to the increased
vulnerability of infants, the determination of toxic contami-
nant levels in breast milk is important [61–63].

In literature, Pb, As, Hg, and Cd were widely studied as
important toxic heavy metal contaminants found in breast
milk [51], and AFM1 was among mycotoxins as natural
toxins [9, 64, 65] In our study, we investigated the levels of
these contaminants. This is the first pilot study from Cyprus,
where AFM1 and heavy metal levels were measured in breast
milk.

In this study, 80% of the breast milk samples from a total of
50 samples were positive for AFM1 at different levels. The
mean of AFM1 concentration of our samples was 7.84
± 1.72 ng/l. Since there are no previous studies measuring
the AFM1 levels in Cyprus, it is not possible to make local
comparisons. Contrary to several other studies [15, 17] in this
study, no correlation was found between moldy food con-
sumption habits of mothers and AFM1 levels in breast milk.
Besides, we did not find any significant difference between
AFM1 levels and socio-demographic variables.

The legislation about the acceptable levels of AFM1 in
milk and baby food varies among countries. According to
the Turkish Food Codex Regulations and European

Table 1 Frequency distribution according to the levels of aflatoxin M1
in breast milk samples

Contamination range
(ng/l)a

Frequency distribution
n (%)

0–5 ng/l 10 (20 %)

5.1–7 ng/l 14 (28 %)

7.1–9 ng/l 15 (30 %)

9.1 ng/l–28.44 11 (22 %)

aMin-max

Table 2 Aflatoxin M1 content in breast milk, smoking status, and moldy food consumption of lactating mother

Sample Tested (n) Positive
samples n (%)

Mean AFM1
(ng/l−1)

Median
AFM1
(ng/l−1)

Min
Max

P

Moldy food
consumption

Mothers with no habit of moldy
food consumption

34 27 (79 %) 8.36 ± 4.39 7.43 5.36–28.44 0.30

Mothers with habits of moldy
food consumption

16 13 (81 %) 8.34 ± 1.49 8.67 6.01–10.55

Smoking No 44 35 (88 %) 8.42 ± 3.89 7.47 5.37–28.44 0.43
Yes 5 4 (10 %) 8.49 ± 1.08 8.56 7.11–9.73

n number of samples analyzed, positive n number of positive samples (mean and median values were calculated for the positive samples only)
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Communities and Codex Alimentarius, acceptable maximum
limit is 20 ppt in baby food and 50 ppt in milk or other prod-
ucts for adults [46, 66].

The mean of AFM1 levels found in this study was 7.84 ng/l
and was compatible with some studies. Mean levels of AFM1
found in breast milk samples were 6.96, 9.45, 5.2, and
3.01 ng/l in studies from Iran, Colombia, and Turkey, respec-
tively [9, 17, 21, 64]. But the amount of AFM1 levels in breast
milk samples in our study was lower than some of previously
reports in the literature, may be due to a variety of factors.
Researchers found AFM1 levels in breast milk between
60.90 and 299.99 ng/l in Turkey [16]. Besides, some other
studies reported that the mean of AFM1 levels was found to
be 71 ng/l in Australia, 664 ng/l in Thailand [67], and 401 ng/l
in Sudan [65]. Also, in Nigeria, it was shown that 16 % of
breast milk was contaminated with AFM1 over 25 ng/l [12].

It is important to note that the climate in Cyprus is appro-
priate for the growth of fungus species which can produce
aflatoxins. However, low AFM1 content found in breast milk
in this study may originate as a result of several different
factors. Cultural storage habits and preference of frozen foods
instead of dried ones may also explain the low levels of AFM1
detected. It was earlier shown that seasonal changes affect
AFM1 contamination levels in milk [64, 68, 69]. At the same
time, appropriate harvesting of crops and storage conditions
prior to marketing, may be an effective factor.

Because of the levels of different AF contamination in
many consumed food are not defined in our country, determi-
nation of different AF and their metabolite levels in foods and
biological samples is crucial in Cyprus. Prevention of

aflatoxin contamination might be achieved by stringent
control about agricultural, manufacturing, and storage
conditions.

Heavy metals in breast milk indicate maternal exposure of
these toxic contaminants. As discussed before, heavy metals
such as Pb, As, Hg, and Cd also affect baby’s health negative-
ly. Heavy metals are defined as important toxic contaminants
in breast milk because breast milk can also be a pathway of
maternal excretion of heavy metals. Excretion into mother’s
milk can be important since toxicants can be passed with the
milk to the nursing offspring. Toxic heavy metals can be ac-
cumulated in the maternal body before pregnancy and may be
transferred to infants via breast milk. Maternal exposure of
heavy metals before or after pregnancy creates a risk during
postnatal period in breastfed infants [70].

Furthermore, in terms of quality, mother’s milk is expected
to carry a certain amount of metals such as Ca and Mg as
nutrients. Therefore, in our study, while Cd, As, Hg, and Pb
were investigated as toxic metals, calcium (Ca) and magne-
sium (Mg) were investigated as essential metals. Similar to
AFM1 contamination, there is no other local study investigat-
ing heavy metals in mother’s breast milk and therefore it is not
possible to make a local comparison.

In this study, the highest levels of heavy metals, Cd, As,
Hg, and Pb in breast milk were below the maximum limits set
up byWHO [71, 72]. It has been reported that heavy metals in
breast milk can be found at different levels according to coun-
tries. Our study shows that breast milk samples from
Famagusta District do not contain heavy metals above the
acceptable levels.

Mean Pb level found in our study was 1.19±1.53 ppb (μg/
l). We found compatible results with the previous studies in
the literature and generally our results were lower than Pb
levels found in previous studies. Mean levels of lead were
found in breast milk samples were 14.6 μg/l [45],
391.45 μg/l [46], 2.34 μg/l [47], and 20.59 μg/l [48] in studies
from neighboring Turkey.

Studies from Mexico [49], Egypt [50], Poland [10], Iran
[51], Brazil [52], Sweden [53], Greece [54], and Nigeria [55]

Table 3 Heavy metals in breast
milk of lactating mothers Heavy metals Mean

(ppb)

Min-Max

(ppb)

Mean levels

from other studies (ppb)

Pb 1.19± 1.53 0–4.91 14.6 [45], 391.45 [46],, 2.341 [47],

20.59 l [48], 460 [49], 101 [50],

6.3 [10], 14.7 [51], 0.260 [52],

1.5 [53], 0.48 [54], 8.7 [55],

As 0.73± 0.58 0.03–1.97 0.99 [37]

Hg 0 ± 0.20 0–0.01 0.92 [56], 3.53 [57], 0.53 [58], 5.7 [59]

Cd 0.45± 0.23 0.12–0.80 >5 [48], 1.73 [56], 1.92 [60],

12.1 [51], 2.11 [10], 0.77 [52]

Table 4 Minerals and protein levels in breast milk of lactating mothers

Mean Min-max

Minerals

Ca2+ (ppm) 230.47 ± 33.26 174.42–281.46

Mg2+(ppm) 30.44 ± 5.51 22.42–39.04

Protein (g/l) 17.8 ± 5.9 7.3–35.3
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reported Pb levels in breast milk levels as 460, 101, 6.3, 14.7,
0.260, 1.5, 0.48, and 8.7 μg/l, respectively.

Mean level of Cd found in our study was 0.45±0.23 ppb
(μg/l). The concentration of the Cd was lower than acceptable
limits set by the WHO and than some other reported results in
the literature [10, 48, 51, 52, 56, 60].

Along with these data, levels of As and Hg were measured
as 0.73±0.58 and 0±0.20, respectively. Compared to other
studies, As and Hg levels measured in this study were consid-
erably lower [37, 56–59, 73].

Low heavy metal contamination levels found in our sam-
ples are an indicator of low environmental pollution in
Cyprus. Potentially, one of the reasons for the low heavymetal
contamination levels in our samples could be the absence of
heavy traffic and industry in Cyprus.

Although the heavy metal and AFM1 contamination levels
found in breast milk were low, the levels of nutrients such as
protein, calcium, and magnesium were consistent with what
was reported in the literature [4, 74–76]. Themean of calcium,
magnesium and protein were 230.47 ± 33.26, 30.44± 5.51,
and 17.8±5.9 g/l, respectively.

Although a small number of samples was used in this study,
it is the first study in Cyprus and there is no doubt that it will
guide further studies using the mother’s milk and other baby
foods from Cyprus.

In the future, detailed studies will be needed from different
regions of the country, where the seasonal changes will be
taken into consideration as well. This will allow us to better
understand a wider profile of contaminants in Cyprus over a
period of time. Such studies will also be important to develop
health and agriculture policies in prevention of import and
export losses.

Compliance with ethical standards All procedures performed in our
study were in accordance with the ethical standards of the EMU
Institutional Research Committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.
All volunteers were informed about the study protocol and written
informed-consent forms were obtained from those who agreed to partic-
ipate in the study. This study was approved by the Human Research
Ethics Committee of the Eastern Mediterranean University, Cyprus
(2015/13-05).
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