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QuEChERS extraction coupled to GC-MS for a fast
determination of polychlorinated biphenyls in breast milk
from Polish women
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Abstract
Polychlorinated biphenyls (PCBs) in breast milk has been determined. Therefore, it was necessary to develop and adapt an
analytical method to analyze PCB compounds. The whole procedure was applied to 31 breast milk samples, which were collected
from Polish mothers. The QuEChERS method was optimized as a fast and cheap sample preparation method. The procedure
allowed us to obtain recovery values between 96.46% and 119.98% with acceptable relative standard deviations (3.36–12.71%).
Gas chromatography with mass spectrometry (GC-MS) was used for final determination. The method was validated using
parameters such as linearity, limit of detection and quantification, intra-day precision, and reproducibility. The mean concentra-
tion of ∑iPCBs in this study was 30.94 ng/g of lipid. Assigned daily intake of PCBs was lower than the tolerable daily intake,
which shows that the analyzed milk is safe to the infants. However, the monitoring of PCBs in milk is still important, and the
QuEChERS method with GC-MS can be an effective tool for tracking organic impurities in breast milk.
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Introduction

The presence of environmental pollutants is very dangerous
for living organisms as these impurities can cause significant
heal th problems. Organic contaminants such as

polychlorinated biphenyls (PCBs) belong to the group of ha-
logenated aromatic hydrocarbons. These compounds are
made up of two phenyl rings with attached chlorine atoms
(between 1 and 10) (Andersson et al. 1997). Polychlorinated
biphenyls are divided into three groups: poly-ortho, mono-
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ortho, and non-ortho substituted PCBs. The last two groups
can bind to the Ah receptor and their toxicity is similar to that
of dioxin (Ulaszewska et al. 2011).

PCBs were used in electrical insulation, hydraulic fluids,
plasticizers, and additives in glue and copy paper for over 50
years. Their commercial production was banned in the late
1970s (Erickson and Kaley II 2011). However, human expo-
sure continues as a consequence of the widespread past use of
these chemicals (Černá et a l . 2012) . Moreover,
polychlorinated biphenyls have lipophilic properties and are
resistant to degradation process (long half-lives). If these com-
pounds penetrate into a water body, they bioaccumulate in fish
(Bu et al. 2015; Marin et al. 2011). The solubility of PCBs in
water is low, but they are mostly suspended in organic matter,
which for aquatic organisms is the most common source of
sustenance. Thus, consumption of fish products is risky as
consumers may be exposed to organic compounds present in
such food.

People can be exposed to PCBs in many ways, such as
dietary intake, dermal contact, and inhalation. These toxicants
can influence various body organs as well as the reproductive,
nervous, and endocrine systems, for example, the production
of thyroid hormones (Soechitram et al. 2017). Unfortunately,
one of the ways of eliminating these compounds from the
body is lactation.

Human milk has high lipid content (3.5 to 4.5/100 g in
mature milk), and polychlorinated biphenyls are binding with
fats and are transferred to infants through breastfeeding
(Delplanque et al. 2015). WHO recommends human milk as
a non-invasive matrix to estimate the level of lipophilic
chemicals. Some countries systematically conduct pollution
monitoring, most notably the Czech Republic (Černá et al.
2010), Slovakia (Čechová et al. 2017), and China (Deng
et al. 2012; Zhang et al. 2017). The first research regarding
PCB in milk of Polish women was conducted by Czaja and
co-workers (Czaja et al. 1997); the majority of later publica-
tions present research on breast milk from Wielkopolska re-
gion (Jaraczewska et al. 2006; Škrbić et al. 2010; Szyrwińska
and Lulek 2007), and the last paper published in 2014 con-
cerned samples from central Poland (years 2008–2010)
(Kamińska et al. 2014).

Prenatal and postnatal exposure of infants to PCBs can be
associated with health problems. Vulnerable newborns are
particularly sensitive due to incomplete development of the
immune, respiratory, and nervous systems. These environ-
mental toxicants can be linked with such illnesses as asthma
or allergy (Gascon et al. 2013; Lignell et al. 2013). The ad-
verse effects of toxic compounds may also include the thyroid
system of infants (Maervoet et al. 2007). Epidemiological
studies performed by Verner and co-workers show correlation
between exposure to PCB 153 and children problem with
anxiety and attention deficits (Verner et al. 2015). There are
also reports on the possible relationship between persistent

organic pollutions and risk of attention-deficit hyperactivity
disorder (ADHD) (Caspersen et al. 2016; Lenters et al.
2019). The research carried out by Norwegian scientists
shows also the impact of environmental pollution on microbi-
al flora and functions of infant gut (Iszatt et al. 2019).
Therefore, monitoring of milk for the presence of these com-
pounds is essential for exposure assessment of both mothers
and infants.

The detectionmethod used for polychlorinated biphenyls is
gas chromatography, most often combined with electron cap-
ture detector or mass spectrometry (Deng et al. 2012; Hassine
et al. 2012). A major step in PCB determination is sample
preparation. Human milk is a very heterogeneous matrix,
which needs a specific method of sample cleanup. Classical
liquid-liquid extraction (LLE) (Bencko et al. 2004; Hassine
et al. 2012) and solid-phase extraction (SPE) (Lin et al. 2016)
are typical methods used for isolation of PCBs from samples.
To minimize use of hazardous solvents as well as the cost and
time of sample preparation, it is important to improve this
stage of analysis, also with a view to obtaining better results
for specific types of analytes and matrices.

In 2003, a method that was quick, easy, cheap, effective,
rugged, and safe (hence the acronym QuEChERS) was devel-
oped by Anastassiades and co-workers (Anastassiades et al.
2003) for pesticide residue in fruit and vegetables. This tech-
nique has been reported in an increasing number of various
applications. Generally, the QuEChERS approach can be di-
vided into two stages. The first is extraction using organic
solvents and inorganic salts (MgSO4, NaCl, or/and buffering
salts) to separate water-organic phase, followed by dispersive
solid-phase extraction (dSPE) step, which is used to remove
interferents such as pigments, sugars, and organic and fatty
acids from the extract (Morrison et al. 2016). This method can
be easily modified by using various combinations (amount,
type, ratio) of solvents, sorbents, or salts, and it is dependent
on the analyte and the matrix. The crucial issue is to efficiently
remove lipids because they reduce sensitivity and reproduc-
ibility of instrumental analysis (Baduel et al. 2015). The
QuEChERS method has also been applied to isolating PCBs
from fish tissue (Chamkasem et al. 2016; Han et al. 2016;
Morrison et al. 2016; Norli et al. 2011; Peng et al. 2015),
mussel (Madureira et al. 2014), meat (Kuzukiran and Filazi
2016), and honey (Al-Alam et al. 2017). As regards breast
milk investigations, three papers were found in literature
(Asamoah et al. 2018; Baduel et al. 2015; Luzardo et al.
2013). The list of examples of studies with the QuEChERS
approach for PCB is presented in Table S1.

The present study aimed to adapt the QuEChERS method
for breast milk samples in order to analyze PCB compounds.
A particular GC-MS method was developed to analyze seven
target PCBs (28, 52, 101, 118, 138, 153, 180) which were
selected because these non-dioxin-like PCBs are most fre-
quently found in the environment and thus are representative
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of the whole PCB group (Baars et al. 2004). Moreover, this
study had two objectives: the first was to propose a fast meth-
od which can be used for monitoring pollutants in human
samples, and the secondwas to apply the developed procedure
to analysis of PCB contents in breast milk from Polish
mothers. The second step was important considering lack of
monitoring in Poland, especially in Kuyavian-Pomeranian
region.

Materials and method

Samples

Thirty-one breast milk samples were obtained from mothers
living mostly in Kuyavian-Pomeranian region. Sampling was
done between July and December 2017. The women donated
their breast milk between 1 week and 11 months after giving
birth. Breast milk was manually transferred into clean 100-mL
bottles. It is important to note that the samples donated to the
milk bank were in most cases the product of overabundant
milk supply in mothers, and the newborns were not at risk
of being underfed; also, the study used volunteer participants.
The following information was provided with each sample:
mother’s age, date of sampling, and number of pregnancies
and deliveries. Moreover, immediately after collection, each
breast milk sample was analyzed in the hospital laboratory for
the following parameters: lipid content, total protein, nutri-
tional protein, carbohydrates, dry weight, and energy value
(Table S2). The milk was stored at − 20 °C prior to analysis.

Reagents and solvents

The following reagents were used in the study: deionized wa-
ter (Milli-Q Reagent Water, < 10 MΩ cm−1 resistivity, Merck,
Millipore); acetonitrile for HPLC, n-hexane for GC (Sigma-
Aldrich, Poznan, Poland); sulfuric acid; salts – anhydrous
magnesium sulfate (99.5% purity), sodium chloride (99.9%
purity) (Avantor Performance Materials Poland S.A.,
Gliwice), sodium citrate monobasic (99.5% purity) (Sigma-
Aldrich, Poznan, Poland); sorbents – primary and secondary
amines – Bondesil PSA, 40 μm (Labstore, Warsaw, Poland),
Bakerbond octadecyl (C18, 40 μm, 60 Å), and silica gel (40
μm, 60 Å) (S. Witko, Lodz, Poland). Acetonitrile was saturat-
ed with n-hexane (acetonitrile:n-hexane 1:1 (v/v) added to a
separation funnel and shaken for 1 min); then, the solvents
were allowed to separate phases, and the lower layer was used
as extraction solvent. The concentration of the indicators of
polychlorined biphenyl standard solutions (Dr. Ehrenstorfer,
Germany) was 100 ng/mL. Solutions with lower concentra-
tion were produced by diluting the working solutions in n-
hexane solvent to obtain concentrations between 2 ng/mL
and 11 ng/mL.

Instrumentation

GC-MS analysis was performed using Agilent Technologies
6890N (for GC) and 5975 (for MS) in EI mode. The temper-
atures of the ion source and interface were 300 °C and 280 °C,
respectively. Chromatographic separation was conducted on a
Phenomenex capillary column ZB-5MS (30 m × 0.25 mm ×
0.25 μm). The carrier gas flow rate was 1.1 mL/min. The
injection temperature was 265 °C. The volume of injected
samples was 1 μL. The temperatures were programmed as
follows: the initial oven temperature of 60 °C was maintained
for 1 min, ramped at 20 °C/min to 170 °C, maintained for 0.30
min, and then raised by 10 °C/min to 310 °C with a 1.20-min
hold time. In every run, the selected ion monitoring (SIM)
mode was used (Table 1).

QuEChERS method

The proposed method is based on the procedure described by
Luzardo et al. (2013) in which we introduced minor modifi-
cations. Five milliliters of milk was transferred into a 50-mL
Falcon tube. Next, 5 mL of water was added and the Falcon
content was vortexed. During mixing, acetonitrile saturated in
n-hexane (10 mL) was added. The mixture was allowed to
stand for 30 min and every 10 min, it was vortexed. The salts
of anhydrous magnesium sulfate (4.0 g), sodium chlorine (1.0
g), sodium citrate monobasic (0.5 g), and disodium citrate (1.0
g) were added to the content of the tube. The mixture was
shaken for 1 min. After centrifugation (5000 rpm, 5 min),
the upper phase was transferred to a glass vial and the residue
in the Falcon tube was co-extracted with 5 mL of acetonitrile
saturated in n-hexane. After the Falcon tube was shaken for 1
min, centrifuging was performed and the upper phase was
transferred again to a glass vial. Two extracts were combined
and the whole content was transferred to another Falcon tube
which contained magnesium sulfate (0.9 g) and primary and
secondary amines (0.3 g). The mixture was shaken for 1 min
and centrifuged (5000 rpm, 5 min). The extract was evaporat-
ed in a water bath (40 °C) to dryness under gentle nitrogen
stream (low gas pressure 3–4 bar). The residue was then dis-
solved in 500 μL n-hexane, and 250 μL of concentrated sul-
furic acid was added. The sample was vortexed and centri-
fuged (3000 rpm, 10min). The hexane layer was transferred to
a vial, ready for GC-MS analysis.

Validation

Linearity, limit of detection, limit of quantification, and intra-
and inter-day precision

According to the International Conference on Harmonization
(ICH) guidelines on validation of analytical procedures (ICH
2005), selected validation parameters were determined, such
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as linearity, limit of detection, and limit of quantification as
well as intra-day and inter-day precision.

The calibration curves were determined by measuring sev-
en concentrations of the indicator polychlorinated biphenyls
in five replicates (2, 3, 4, 5, 7, 9, 11 ng/mL). The limit of
detection was determined as the area (S) of the analyte con-
centration of three times the background noise (N) (LOD =
3S/N), and the limit of quantification as a peak signal of ten
times the background noise from the chromatogram (LOQ =
10S/N). Intra-day and inter-day precision was determined
from analyses done on the same day (intra-day repeatability)
and from analyses done on different days (reproducibility);
they were shown as relative standard deviation.

To determine recovery, milk was spiked with three concen-
trations of PCB standard solution (2, 5, 10 ng/mL), and recov-
ery was calculated as the ratio of the area of the contaminated
sample to the area of the standard solution.

Matrix effect

To calculate the matrix effect of the proposed method, the
following formula was used:

ME% ¼ x2−x1
x1

� �
•100% ð1Þ

where x1 is the mean area of the standard solution and x2 is
the mean of the PCB standard solutions in blank extract.
Using this formula makes it possible to determine matrix ef-
fect, which can be the response of the detector signal (Pizzutti
et al. 2009).

Quality control of samples

Standard solutions of the investigated compounds
representing low, middle, and high concentrations from the
range of the calibration curve were included in each run.
Furthermore, in each batch of samples, a blank sample (milk
without PCBs) and contaminated milk (milk spiked with stan-
dard solutions of PCBs) were included. The peaks were iden-
tified as target compounds when the signal was higher than the

limit of quantification (LOQ), and the retention time in com-
parison to the standard did not exceed ± 0.05 min.

Daily intake

The average weight of an infant is 5 kg, and in a day, a child
consumes on average 700 g of milk. Daily intake (DI) of
indicator polychlorinated biphenyls was calculated according
to the following formula (Asamoah et al. 2018; Klinčić et al.
2016; Van Oostdam et al. 1999):

DI ¼
Cmilk•700g

milk

day
•Clipid=100

5 kg body weight
ð2Þ

where Cmilk is the concentration of ∑iPCB (μg/g lipid
weight), and Clipid is the lipid content in milk (%).

Data analysis

Multivariate statistical methods were applied to evaluate sim-
ilarities and differences between the collected milk samples.
The content of seven PCBs in samples was used as a dataset.
Cluster analysis (CA) and factor analysis were performed.
Euclidean distances were calculated to create distance matrix.
Both tree clustering method based on Ward’s agglomeration
rules and two-way clustering were applied. Factor analysis
was based on principal component with varimax rotation.
Three latent factor axes were derived, facilitating differentia-
tion of milk samples. Statistica DataMiner 7.0 (Statsoft,
Poland) was used to calculate the relevant information.

Results and discussion

Optimization of extraction and cleanup stage

The first attempt—when Luzardo’s QuEChERS procedure
was applied (Luzardo et al. 2013) for sample extraction—
was unsuccessful because numerous interferences appeared
in the extraction solution, which significantly decreased the
limit of detection. Moreover, it was possible to identify only

Table 1 Retention time, SIM mode, and recovery calculated for three concentration levels and matrix effect for selected PCBs

PCB
congener

IUPAC name Retention time
(min)

SIM ions Recovery (%) (RSD) Matrix effect
(%) (RSD)

10 (ng/mL) 5 (ng/mL) 2 (ng/mL)

28 2,4,4′- Trichlorobiphenyl 12.118 150.05/186.00/255.90/257.90 96.46 (8.33) 110.61 (9.54) 110.73 (10.36) 3.50 (1.40)
52 2,2′,5,5′-Tetrachlorobiphenyl 12.728 150.05/220.00/254.85/291.90 102.51 (4.86) 116.09 (7.18) 104.44 (8.82) 7.53 (1.14)
101 2,2′,4,5,5′-Pentachlorobiphenyl 14.331 184.00/253.90/325.80 114.04 (8.66) 105.79 (12.71) 117.76 (3.69) 9.68 (0.73)
118 2,3′,4,4′,5′-Pentachlorobiphenyl 15.488 183.90/253.90/255.90/325.80 107.12 (8.76) 111.82 (8.96) 115.03 (8.11) 11.30 (0.31)
153 2,2′,3,4,4′,5′-Hexachlorobiphenyl 16.387 217.90/289.90/359.80 103.61 (7.19) 105.76 (8.70) 119.98 (3.45) 8.34 (1.24)
138 2,2′,4,4′,5,5′-Hexachlorobiphenyl 15.877 217.95/289.90/359.80 103.98 (7.13) 107.86 (8.62) 103.10 (8.45) 6.77 (0.45)
180 2,2′,3,4,4′,5,5′-Heptachlorobiphenyl 17.580 251.95/323.80/393.75 101.53 (4.46) 102.64 (6.11) 102.78 (7.91) 1.53 (2.45)

Environ Sci Pollut Res (2019) 26:30988 30999– 30991



three out of seven PCBs. Furthermore, unpurified extract of
milk with lipids could damage the chromatographic column. It
was necessary to check the extraction steps and make changes
in the procedure in order to obtain satisfactory results. The
following solvents used for extraction have been tested: ace-
tonitrile saturated with n-hexane, acetonitrile, and
hexane:acetone 1:1. In the last case, the extract contained a
large amount of co-extracted compounds. Conversely, by
using acetonitrile, co-extraction of interferents was mini-
mized. Moreover, extraction with acetonitrile followed by ad-
dition of salt improved separation of water-organic phase
(Morrison et al. 2016). The highest efficiency for PCB extrac-
tion was observed for acetonitrile saturated in n-hexane, so
this solvent was used in further studies.

The most important step was the cleanup procedure.
In the QuEChERS method, dispersive solid-phase ex-
traction is used to purify the extract. The purpose of
the used sorbent is to absorb interfering substances
and keep the PCBs in the extract. Luzardo et al.
(2013) proposed to use MgSO4 (0.9 g) and PSA sorbent
(0.5 g). We tested also silica gel and C18 sorbents
(using standard solutions) to check the retention of
PCBs on these sorbents. It was found that silica gel
stops the polychlorinated biphenyls with lower number
of attached chlorine atoms (content of PCBs in extract:
PCB28 1.88%; PCB52 14.47%; PCB101 38.12%;
PCB118 60.45%; PCB153 73.15%; PCB138 72.88%;
and PCB180 74.50%). In the case of C18, the results
show that this sorbent did not absorb PCB (in standard
solutions) and the recoveries ranged from 78 to 120%
for individual PCBs when only standard solutions (with-
out milk) were used. The 0.25 g of C18 sorbent was
included at the dSPE stage to modify the Luzardo et al.
(2013) procedure and to check whether this could im-
prove the recovery and cleanup of the sample.
Unfortunately, in matrices with standard solutions, the
recovery was high enough only for PCB101 (71.18%
on average). For the rest of the PCBs, the recovery
was below 50%. As a result of the presence of interfer-
ing substances (e.g., fats) in such a real sample as milk,
the PCB content in the extract was not high.
Additionally, purity of the sample remained unsatisfac-
tory. The reason for this is that C18 sorbent removes
non-polar substances such as lipids. Considering the fact
that PCBs have a tendency to bind with fat and C18
sorbent is able to retain lipophilic residues, the recovery
as a consequence is low (Chamkasem et al. 2016).
Moreover, if water is not completely removed, the ma-
jority of lipophilic compounds are lost instantly
(Berendsen et al. 2013; Molina-Ruiz et al. 2015).
Therefore, we decided not to utilize silica gel or
octadecyl sorbent at the cleanup stage. The PSA sorbent
used by Luzardo and co-workers (Luzardo et al. 2013)

was the best option. PSA, which has a primary and a
secondary amine, binds matrix co-extractives such as
sugars and fatty acids; however, PSA offers more effec-
tive isolation of investigated polychlorinated biphenyls
from lipids. Summarizing, PSA allows separation of
PCBs from fats; consequently, co-extracted interferents
are adsorbed by the sorbents while analytes remain in
the extract. In our procedure, the necessary amount of
PSA sorbent was reduced to 0.3 g. Furthermore, to
minimize the amount of co-extracted lipids, after the
residue had been dissolved in hexane, concentrated sul-
furic acid was added to the content of the sample; this
approach was used for example by Rojas-Squella et al.
(2013). Sulfuric acid causes destruction of lipids and
this way is an improvement over lipid removal by freez-
ing. The sample was vortexed and centrifuged; after
which, the extract was transferred to a vial for GC-MS
analysis. The influence of sulfuric acid addition is pre-
sented in Figure S1. Consequently, the whole procedure
allowed us to obtain high recovery values (96.46–
119.8%) with acceptable relative standard deviations
(3.69–12.71%) (Table 1).

Moreover, a review of the literature was conducted to com-
pare the proposed method with others. The most frequently
used methods are traditional techniques such as accelerate
solvent extraction (ASE) (Deng et al. 2012; Ottonello et al.
2014; Vigh et al. 2013), liquid-liquid extraction (LLE)
(Chovancová et al. 2011; Colles et al. 2008; Hassine et al.
2012), Soxhlet extraction (Zhao et al. 2008), or solid-phase
extraction (SPE) (Lin et al. 2013; Salihovic et al. 2012; Zhang
and Rhind 2011). Unfortunately, the problem with comparing
these studies is lack of information about such issues as limit
of detection/quantification, recovery, or precision. Most of the
research investigating human milk are cross-sectional studies,
where the selected method of sample preparation and detec-
tion is only a tool in the assessment of PCB content. The
procedures are based on standard methods or at least those
that have already been developed and validated. As such pub-
lications focus on longitudinal studies and correlations with
different life factors, presentation of validation parameters is
omitted. However, it can be concluded from the collected data
that the limit of detection of PCBs in milk with the
QuEChERS method (1.05–2.39 ng/g) was lower than with
LLE (5.0 ng/g or 20 ng/g) (Chovancová et al. 2011; Colles
et al. 2008). In a study conducted by Hassine and co-workers
(Hassine et al. 2012), the LODwas lower but the recoverywas
smaller than what we achieved in this study. Comparing this
method with other examples that used different matrices, it
can be noted that better reproducibility has been achieved
(RSD < 11%). Furthermore, the QuEChERS technique allows
shorter sample preparation time compared with traditional
methods. In addition, if traditional methods are used for such
a matrix, it is necessary to include a cleanup procedure with
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silica gel or aluminum oxide columns, which is time-
consuming and labor-intensive.

Method validation

The results of the GC-MS analyses were validated. Linearity
was satisfactory in all cases, as demonstrated by high correla-
tion coefficients (0.995–0.999). The limit of quantification for
all the analyzed polychlorinated was at the range of 0.74–1.65
ng/mL for particular PCBs (limit of detection, 0.22–0.58 ng/
mL). The method showed acceptable intra-day precision
(RSD 4.43–13.24%) and reproducibility (RSD 4.71–
10.45%). Furthermore, the matrix effect (determined based
on Eq. 1) was below 12%, which is satisfactory because the
matrix effect for PCBs is insignificant or irrelevant (Table 1).

Final recovery (the ratio of the area of the spiked samples to
the area of the standard) was at a satisfactory level for all the
studied compounds (96.46–119.98%), with acceptable rela-
tive standard deviation (3.69–12.71%). The obtained data
are summarized in Table 1. The above results confirm that
the proposed method meets the validation criteria and can be
applied successfully in further research.

Analysis of breast milk samples

The mean concentration of ∑iPCBs in this study was 30.94
ng/g of lipid (range <LOQ–119.87 ng/g of lipid). In compar-
ison to previous research in Poland (done in most cases in
Wielkopolska) (Table 2), the obtained level is much lower
than that provided by the research conducted in Poznań vicin-
ity (Szyrwińska and Lulek 2007). Our samples were collected
in 2017, 10 years after the last study in Poznan was carried
out. Due to this gap, it is difficult to compare both studies.
Furthermore, higher population density favors higher PCB
content (Soechitram et al. 2017), and the Poznań region has
higher population density than Toruń (2067 people/km2 and
1750 people/km2

, respectively). Poznań is also one of the
largest economic centers in Poland. Similar reasons can also
influence the comparison of our results with those from
Warsaw (mean ∑PCBs = 151 ng/g). The mean content of
PCBs measured in milk samples from Toruń is lower than that
in other European countries including Slovakia, the
Netherlands, Norway, and Russia. However, compared with
other continents, the level of polychlorinated biphenyls in
breast milk is higher (Table 2).

Four PCBs were detected most frequently: PCB52,
PCB101, PCB138, and PCB180 (Figure S2) were found in
34%, 6%, 83%, and 45% of samples, respectively.

This result confirmed that PCBs with six and more chlorine
atoms are more resistant to metabolism, and that these conge-
ners have strong affinity to accumulating in milk. The mean
concentration of individual PCBs was the highest for
PCB153, and the latter was the most abundant congener in

the breast milk samples, followed by PCB180 > 52 > 138 >
101. Positive correlation was found between PCB153, 138,
180, ∑PCB, and the week of lactation (Fig. 1; Table 3).
Moreover, PCB153 was negatively correlated with dry weight
and lipid content and consequently with energy value, where-
as PCB180 was negatively correlated with protein content
(Table 3).

Heat plot (Fig. 2) shows that congeners 153 and 180 create
one cluster; both were identified in the largest number of sam-
ples tested, with average concentrations 13.08 and 11.52 ng/g,
respectively. The highest concentrations were determined in
sample no. 4 (38.82 ng/g and 33.16 ng/g). Their presence in
the tested milk samples confirms their high tendency to
bioaccumulate in tissues. Interestingly, as regards PCBs
substituted with 6 chlorine atoms, PCB138 with its average
concentration of 9.95 ng/g is significantly different from
PCB153; however, the half-life of PCB138 is about 12 years,
while that of PCB153 is 17 years.

Factor analysis (Table S3) revealed three latent variables
with an Eigenvalue greater than 1 that explain more than 80%
of cumulative variance. The first factor was positively loaded
with congeners 153 and 138, while the second one with
PCB52 and PCB101. Factor 3 was correlated with the last
PCB—PCB180.

Figure 3a, b show the classification of investigated
samples by factor analysis. In the case of the first two
factors (Fig. 3a), the majority of milk samples that ap-
peared outside the red zone were collected during early
lactation period (samples: no. 5, week 1; no. 10, week
8, no. 3, week 2; no. 9, week 3; and no. 12, week 10)
and the donors were under 30 years of age. It explains
the presence of PCB52, which is less lipophilic and in
consequence susceptible to faster elimination from the
human body. In the case of samples no. 8 and no. 4,
the lactation week was 36 and 44, respectively, and
those women were older than 30. In these samples,
the highest ∑PCB content was found. One should pay
attention to samples no. 4 and no. 30, which are found
at the opposite sides of F1 axis. In the first one, the
highest concentration of PCBs was measured while none
of the investigated compounds was found in the second
one. Sample no. 30 was collected in the 15th week of
lactation from a 28-year-old mother after her third de-
livery. Assuming that this was her third breastfeeding,
any contamination in the form of PCBs may have been
removed during the first two feeding periods.

Taking into consideration the third factor (Fig. 3b), sample
no. 4 contained the highest concentration of the sum of PCBs
as well as the highest concentration of PCB180. PCB180 is
composed of two phenyl rings with seven chlorine atoms.
Such an amount of substituted chlorine atoms makes it highly
resistant to degradation and elimination from the body. This
sample also comes from the latest lactation period (week 44),
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from a mother after the second childbirth. On the other hand,
in samples no. 3 and no. 9 (the 2nd and 3rd lactation periods,
respectively), PCB52 (with 4 chlorine atoms) was found while
PCB180 was absent; the women were first-time mothers. The
obtained data confirms that PCBs with fewer chlorine atoms
are removed from the body first.

To fully understand the obtained results, more data
are required, including BMI before pregnancy and
mother’s diet, as lack of such information can lead to

misinterpretations. Parallel studies investigating the bio-
logical characteristics of the samples are essential.
Investigating the correlation between the content of the
studied compounds and human parameters of a given
sample requires much more information about daily be-
havior as such data are very sensitive to even minor
changes in human behavior and diet (Fernández-Cruz
et al. 2017). The fact that PCB153 is the congener most
often detected in the samples is in agreement with the

Table 2 Examples of investigation studies on PCB in breast milk from different countries

Country Sampling
year

Number of
samples

∑iPCB mean (ng/g of lipid) ∑iPCB Range
(ng/g of lipid)

Reference

Poland (Toruń, Kujawsko-Pomorskie) 2017 30 30.94 <LOQ-119.87 This study

Poland (Poznań, Wielkopolskie) 2000–2001 27 114.8 29.9–485.9 Szyrwińska and Lulek (2007)
*Poland (Łódź/Łask, Łódzkie) 2008–2010 40 – dl-PCBs 0.0015–0.019 Kamińska et al. (2014)

Wielkopolska 2004 22 ∑PCB (15) 153 63–413 Jaraczewska et al. (2006)

Wielkopolska 2000–2001 12 77.6 – Lulek et al. (2002)

Warszawa 2002–2005 28 ∑PCB(8) 151 – Hernik et al. (2011)

Slovakia 2010–2012 37 165.57 – Čechová et al. (2017)
The Netherlands 2011–2014 120 42.68 –

Norway 2001–2006 388 74.00 –

Denmark 2011–2014 438 – 57.81–967.48 Antignac et al. (2016)
Finland 22 – 44.42–190.7

France 96 – 14.26–397.27

Russia 1997–2009 155 – 19–655 Mamontova et al. (2017)

Ghana 2014–2016 128 3.64 <LOQ-29.20 Asamoah et al. (2018)

China 2011 1760 6.6 2.3–19.0 Deng et al. (2012)

Northern Tanzania 2012 95 – <LOQ-157.0 Müller et al. (2017)

–No data

Fig. 1 Mean concentrations of PCBs detected in milk samples, divided according to the week of lactation
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results from other similar studies (Čechová et al. 2017;
Klinčić et al. 2016; Müller et al. 2017; Szyrwińska and
Lulek 2007). Consequently, PCB153 is considered as a
marker of the presence of these organic impurities. In
turn, Asamoah et al. (2018) showed that in Ghana,
where contact with electronic waste (e-waste) is a sig-
nificant exposure factor, the presence of PCB18 and
PCB28 wa s dom i n a n t c ompa r e d w i t h o t h e r
polychlorinated biphenyls. The reason is that old

electronic devices tend to contain PCBs with fewer
chlorine atoms attached to biphenyl rings. Another rea-
son would be that chemical degradation results in deg-
radation of higher chlorinated PCBs into less-toxic low-
chlorinated ones (Takasuga et al. 2006). Furthermore,
varying degree of milk contamination by PCBs may
be caused by differences in diet and environment
(Černá et al. 2010; Deng et al. 2012; Schuhmacher
et al. 2007).

Fig. 2 Cluster analysis heat map
of investigated samples

Table 3 Correlations between PCBs and other measured variables

Correlation matrix

Marked correlations are significant at p < 0.05000, n = 28

PCB 52 PCB101 PCB153 PCB138 PCB180 Sum of PCB

Lipids (g/100 mL) − 0.124 0.132 − 0.560 − 0.201 − 0.353 − 0.351

Lactation period 0.317 0.182 0.633 0.525 0.796 0.662

Total protein (g/100 mL) − 0.215 − 0.049 − 0.310 − 0.073 − 0.415 − 0.303

Nutritional value (g/100 mL) − 0.182 − 0.059 − 0.294 − 0.053 − 0.409 − 0.282

Carbohydrates (g/100 mL) 0.014 0.017 0.070 0.097 0.341 0.154

Dry weight (g/100 mL) − 0.166 0.087 − 0.512 − 0.133 − 0.287 − 0.315

Energy value (kcal/100 mL) − 0.169 0.089 − 0.554 − 0.166 − 0.332 − 0.350
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Infant risk assessment

The exposure of breast-fed babies to toxic substances in milk is
usually calculated from residue levels detected in human milk
(Asamoah et al. 2018; Klinčić et al. 2016; Van Oostdam et al.
1999) (Eq. 2). Estimated daily intake of PCBswas lower than the
tolerable daily intake. It confirmed that the analyzed human milk
is safe for the infants. The results are presented in Table 4. The

maximum value (∑PCBs = 0.47 μg/kg bw/day) of estimated
daily intake for detected PCBs is less than 1.00 (reference
value, VanOostdam et al. 1999); this confirmed that feedingwith
this milk poses low risk to infants. However, taking into account
the resistance of these compounds to degradation and the possi-
bility of children being exposed to them, biomonitoring is rec-
ommended, so such tests should be systematically carried out.
These investigations can minimize the risk of immune system
problems, asthma, allergy, or neurological disorders. An example
of a monitoring program involving a long-term cross-sectional
research is Czech human biomonitoring project, started in1996
(Komprda et al. 2019).

Conclusions

Thirty-one breast milk samples were collected from Polish
mothers living in Kuyavian-Pomeranian region. We found
significant positive correlation between the concentrations of
three congeners detected in abundance (nos. 153, 138, and
180) as well as the sum of detected indicators (∑PCB). The
conducted research confirmed that lack of such information
about donors as, e.g., BMI, before pregnancy or diet style
limits the interpretation of the obtained data. However, the
collected information confirms that environmental pollutants
such as polychlorinated biphenyls are still present in the world
around us and consequently in humanmilk. It is important that
the current concentration is much lower than in previous years
and that infants’ actual daily intake does not exceed the toler-
able daily intake. However, it is recommended to repeat such
tests regularly; a modified QuEChERS method with GC-MS
can be a fast tool for tracking impurities in breast milk. Due to
many possibilities of changing the individual steps of the
QuEChERSmethod, researchers can still improve this method
by using different sorbents and reagents to eliminate co-
extractive compounds.

Funding information The work was financially supported by the
National Science Centre in the frame of the project OPUS No. 2018/29/
B/ST4/01681.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

References

Al-Alam J, Fajloun Z, Chbani A, Millet M (2017) Amultiresidue method
for the analysis of 90 pesticides, 16 PAHs, and 22 PCBs in honey
using QuEChERS-SPME. Anal Bioanal Chem 409:5157–5169.
https://doi.org/10.1007/s00216-017-0463-y

Fig. 3 Classification of samples in the space of three latent factors: the
first two factors (a) and third factor (b)

Table 4 Mean and range of estimated daily intake of PCBs for the
analyzed milk (μg/kg body weight/day)

PCBs Mean Median Minimum Maximum Referencea

52 0.05 0.06 0.02 0.09 1.00
101 0.04 0.04 0.03 0.04

153 0.06 0.05 0.03 0.15

138 0.04 0.04 0.03 0.10

180 0.05 0.04 0.02 0.13

∑PCBs 0.14 0.12 0.04 0.47

a Van Oostdam et al. (1999)

Environ Sci Pollut Res (2019) 26:30988 30999–30996

https://doi.org/10.1007/s00216-017-0463-y


Anastassiades M, Lehotay SJ, Schenck FJ (2003) Fast and easy
multiresidue method employing acetonitrile extraction/partitioning
and “dispersive solid-phase extraction” for the determination of pes-
ticide residues in produce. J AOAC Int 86:412–431. https://doi.org/
10.2478/s11687-011-0011-9

Andersson PL, Haglund P, Tysklind M (1997) The internal barriers of
rotation for the 209 polychlorinated biphenyls. Environ Sci Pollut
Res 4:75–81. https://doi.org/10.1007/BF02986283

Antignac JP, Main KM, Virtanen HE, Boquien CY, Marchand P,
Venisseau A, Guiffard I, Bichon E, Wohlfahrt-Veje C, Legrand A,
Boscher C, Skakkebæk NE, Toppari J, Le Bizec B (2016) Country-
specific chemical signatures of persistent organic pollutants (POPs)
in breast milk of French, Danish and Finnish women. Environ Pollut
218:728–738. https://doi.org/10.1016/j.envpol.2016.07.069

Asamoah A, Essumang DK, Muff J, Kucheryavskiy SV, Søgaard EG
(2018) Assessment of PCBs and exposure risk to infants in breast
milk of primiparae andmultiparaemothers in an electronic waste hot
spot and non-hot spot areas in Ghana. Sci Total Environ 612:1473–
1479. https://doi.org/10.1016/j.scitotenv.2017.08.177

Baars AJ, Bakker MI, Baumann RA, Boon PE, Freijer JI, Hoogenboom
LAP, Hoogerbrugge R, Van Klaveren JD, Liem AKD, Traag WA,
De Vries J (2004) Dioxins, dioxin-like PCBs and non-dioxin-like
PCBs in foodstuffs: occurrence and dietary intake in the
Netherlands. Toxicol Lett 151:51–61. https://doi.org/10.1016/j.
toxlet.2004.01.028

Baduel C, Mueller JF, Tsai H, Gomez RamosMJ (2015) Development of
sample extraction and clean-up strategies for target and non-target
analysis of environmental contaminants in biological matrices. J
Chromatogr A 1426:33–47. https://doi.org/10.1016/j.chroma.2015.
11.040

Bencko V, Černá M, Jech L, Šmíd J (2004) Exposure of breast-fed chil-
dren in the Czech Republic to PCDDs, PCDFs, and dioxin-like
PCBs. Environ Toxicol Pharmacol 18:83–90. https://doi.org/10.
1016/j.etap.2004.01.009

Berendsen BJA, Stolker L(A)AM, Nielen MWF, Nielen MWF (2013)
Selectivity in the sample preparation for the analysis of drug residues
in products of animal origin using LC-MS. TrAC, Trends Anal
Chem 43:229-239. https://doi.org/10.1016/j.trac.2012.09.019

Bu Q, MacLeod M, Wong F, Toms LML, Mueller JF, Yu G (2015)
Historical intake and elimination of polychlorinated biphenyls and
organochlorine pesticides by the Australian population reconstruct-
ed from biomonitoring data. Environ Int 74:82–88. https://doi.org/
10.1016/j.envint.2014.09.014

Caspersen IH, Aase H, Biele G, Bransaeter AL, Haugen M, Kvalem HE,
Skogan AH, Zeiner P, Alexander J, Meltzer HM, Knutsen HK
(2016) The influence of maternal dietary exposure to dioxins and
PCBs during pregnancy on ADHD symptoms and cognitive func-
tions in Norwegian preschool children. Environ Int 94:649–660.
https://doi.org/10.1016/j.envint.2016.06.033

Čechová E, Scheringer M, Seifertová M, Mikeš O, Kroupová K, Kuta J,
Forns J, Eggesbø M, Quaak I, de Cock M, van de Bor M, Patayová
H, Palkovičová Murínová Ľ, Kočan A (2017) Developmental
neurotoxicants in human milk: comparison of levels and intakes in
three European countries. Sci Total Environ 579:637–645. https://
doi.org/10.1016/j.scitotenv.2016.11.046

Černá M, Bencko V, Brabec M, Šmíd J, Krsková A, Jech L (2010)
Exposure assessment of breast-fed infants in the Czech Republic
to indicator PCBs and selected chlorinated pesticides: area-related
differences. Chemosphere 78:160–168. https://doi.org/10.1016/j.
chemosphere.2009.09.062

Černá M, Krsková A, Čejchanová M, Spěváčková V (2012) Human
biomonitoring in the Czech Republic: an overview. Int J Hyg
Environ Health 215:109–119. https://doi.org/10.1016/j.ijheh.2011.
09.007

Chamkasem N, Lee S, Harmon T (2016) Analysis of 19 PCB congeners
in catfish tissue using a modified QuEChERS method with GC-MS/

MS. Food Chem 192:900–906. https://doi.org/10.1016/j.foodchem.
2015.07.088

Chovancová J, Čonka K, Kočan A, Sejáková ZS (2011) PCDD, PCDF,
PCB and PBDE concentrations in breast milk of mothers residing in
selected areas of Slovakia. Chemosphere 83(10):1383–1390. https://
doi.org/10.1016/j.chemosphere.2011.02.070

Colles A, Koppen G, Hanot V, Nelen V, Dewolf MC, Noël E, Malisch R,
Kotz A, Kypke K, Biot P, Vinkx C, Schoeters G (2008) Fourth
WHO-coordinated survey of human milk for persistent organic pol-
lutants (POPs): Belgian results. Chemosphere 20:907–914. https://
doi.org/10.1016/j.chemosphere.2008.07.002

Czaja K, Ludwicki JK, Góralczyk K, Strucinski P (1997) Organochlorine
pesticides, HCB, and PCBs in human milk in Poland. Bull Environ
Contam Toxicol 58:769–775. https:/ /doi.org/10.1007/
s001289900400

Delplanque B, Gibson R, Koletzko B, Lapillonne A, Birgitta S (2015)
Lipid quality in infant nutrition: current knowledge and future op-
portunities. J Pediatr Gastroenterol Nutr 61:8–17. https://doi.org/10.
1097/MPG.0000000000000818

Deng B, Zhang JQ, Zhang L, Jiang YS, Zhou J, Fang D, ZhangH, Huang
HY (2012) Levels and profiles of PCDD/Fs, PCBs in mothers’milk
in Shenzhen of China: estimation of breast-fed infants’ intakes.
Environ Int 42:47–52. https://doi.org/10.1016/j.envint.2011.03.022

Erickson MD, Kaley RG II (2011) Applications of polychlorinated bi-
phenyls. Environ Sci Pollut Res 18:135–151. https://doi.org/10.
1007/s11356-010-0392-1

Fernández-Cruz T, Martínez-Carballo E, Simal-Gándara J (2017)
Perspective on pre- and post-natal agro-food exposure to persistent
organic pollutants and their effects on quality of life. Environ Int
100:79–101. https://doi.org/10.1016/j.envint.2017.01.001

Gascon M, Morales E, Sunyer J, Vrijheid M (2013) Effects of persistent
organic pollutants on the developing respiratory and immune sys-
tems: a systematic review. Environ Int 52:51–65. https://doi.org/10.
1016/j.envint.2012.11.005

Han L, Matarrita J, Sapozhnikova Y, Lehotay SJ (2016) Evaluation of a
recent product to remove lipids and other matrix co-extractives in
the analysis of pesticide residues and environmental contaminants in
foods. J Chromatogr A 1449:17–29. https://doi.org/10.1016/j.
chroma.2016.04.052

Hassine SB, Ameur WB, Gandoura N, Driss MR (2012) Determination
of chlorinated pesticides, polychlorinated biphenyls, and
polybrominated diphenyl ethers in human milk from Bizerte
(Tunisia) in 2010. Chemosphere 89:369–377. https://doi.org/10.
1016/j.chemosphere.2012.05.035

Hernik A, Góralczyk K, Struciński P, Czaja K, Kucharska A, Korcz W,
Snopczyński T, Ludwicki JK (2011) Polybrominated diphenyl
ethers, polychlorinated biphenyls and organochlorine pesticides in
human milk as makers of environmental exposure to these com-
pounds. Ann Agric Environ Med 18(1):113–118

International Conference on Harmonisation (2005) Validation of analyt-
ical procedures: text and methodology. International Conference on
Harmonization (ICH), Q2(R1), Geneva

Iszatt N, Janssen S, Lenters V, Dahl C, Stigum H, Knight R, Mandal S,
Peddada S, González A, Midtvedt T, Eggesbø M (2019)
Environmental toxicants in breast milk of Norwegian mothers and
gut bacteria composition and metabolites in their infants at 1 month.
Microbiome 7:34. https://doi.org/10.1186/s40168-019-0645-2

Jaraczewska K, Lulek J, Covaci A, Voorspoels S, Kaluba-Skotarczak A,
Drews K, Schepens P (2006) Distribution of polychlorinated biphe-
nyls, organochlorine pesticides and polybrominated diphenyl ethers
in human umbilical cord serum, maternal serum and milk from
Wielkopolska region, Poland. Sci Total Environ 372:20–31.
https://doi.org/10.1016/j.scitotenv.2006.03.030

Kamińska J, Ligocka D, Zieliński M, Czerska M, Jakubowski M
(2014) The use of PowerPrep and HRGC/HRMS for biological
monitoring of exposure to PCDD, PCDF and dl-PCB in

Environ Sci Pollut Res (2019) 26:30988 30999– 30997

https://doi.org/10.2478/s11687-011-0011-9
https://doi.org/10.2478/s11687-011-0011-9
https://doi.org/10.1007/BF02986283
https://doi.org/10.1016/j.envpol.2016.07.069
https://doi.org/10.1016/j.scitotenv.2017.08.177
https://doi.org/10.1016/j.toxlet.2004.01.028
https://doi.org/10.1016/j.toxlet.2004.01.028
https://doi.org/10.1016/j.chroma.2015.11.040
https://doi.org/10.1016/j.chroma.2015.11.040
https://doi.org/10.1016/j.etap.2004.01.009
https://doi.org/10.1016/j.etap.2004.01.009
https://doi.org/10.1016/j.trac.2012.09.019
https://doi.org/10.1016/j.envint.2014.09.014
https://doi.org/10.1016/j.envint.2014.09.014
https://doi.org/10.1016/j.envint.2016.06.033
https://doi.org/10.1016/j.scitotenv.2016.11.046
https://doi.org/10.1016/j.scitotenv.2016.11.046
https://doi.org/10.1016/j.chemosphere.2009.09.062
https://doi.org/10.1016/j.chemosphere.2009.09.062
https://doi.org/10.1016/j.ijheh.2011.09.007
https://doi.org/10.1016/j.ijheh.2011.09.007
https://doi.org/10.1016/j.foodchem.2015.07.088
https://doi.org/10.1016/j.foodchem.2015.07.088
https://doi.org/10.1016/j.chemosphere.2011.02.070
https://doi.org/10.1016/j.chemosphere.2011.02.070
https://doi.org/10.1016/j.chemosphere.2008.07.002
https://doi.org/10.1016/j.chemosphere.2008.07.002
https://doi.org/10.1007/s001289900400
https://doi.org/10.1007/s001289900400
https://doi.org/10.1097/MPG.0000000000000818
https://doi.org/10.1097/MPG.0000000000000818
https://doi.org/10.1016/j.envint.2011.03.022
https://doi.org/10.1007/s11356-010-0392-1
https://doi.org/10.1007/s11356-010-0392-1
https://doi.org/10.1016/j.envint.2017.01.001
https://doi.org/10.1016/j.envint.2012.11.005
https://doi.org/10.1016/j.envint.2012.11.005
https://doi.org/10.1016/j.chroma.2016.04.052
https://doi.org/10.1016/j.chroma.2016.04.052
https://doi.org/10.1016/j.chemosphere.2012.05.035
https://doi.org/10.1016/j.chemosphere.2012.05.035
https://doi.org/10.1186/s40168-019-0645-2
https://doi.org/10.1016/j.scitotenv.2006.03.030


Poland. Int J Hyg Environ Health 217:11–16. https://doi.org/
10.1016/j.ijheh.2013.02.009

Klinčić D, Herceg Romanić S, Brčić Karačonji I, Matek Sarić M,
Grzunov Letinić J, Brajenović N (2016) Organochlorine pesticides
and PCBs (including dl-PCBs) in human milk samples collected
from multiparae from Croatia and comparison with primiparae.
Environ Toxicol Pharmacol 45:74–79. https://doi.org/10.1016/j.
etap.2016.05.002

Komprda J, Komprdová K, Domínguez-Romero E, Mikeš O, Řiháčková
K, Čupr P, Černa M, Scheringer M (2019) Dynamics of PCB expo-
sure in the past 50 years and recent high concentrations in human
breast milk: analysis of influencing factors using a physiologically
based pharmacokinetic model. Sci Total Environ 690(10):388–399.
https://doi.org/10.1016/j.scitotenv.2019.06.504

Kuzukiran O, Filazi A (2016) Determination of selected polychlorinated
biphenyl residues in meat products by QuEChERS method coupled
with gas chromatography-mass spectrometry. Food Anal Methods
9(7):1867–1875. https://doi.org/10.1007/s12161-015-0367-4

Lenters V, Iszatt N, Forns J, Čechová E, Kočan A, Leger J, Leonards P,
Stigum H, Eggesbø M (2019) Early-life exposure to persistent or-
ganic pollutants (OCPs, PBDEs, PCBs, PFASs) and attention-defi-
cit/hyperactivity disorder: a multi-pollutants analysis of a
Norwegian birth cohort. Environ Int 125:32–42. https://doi.org/10.
1016/j.envint.2019.01.020

Lignell S, Aune M, Darnerud PO, Hanberg A, Larsson SC, Glynn A
(2013) Prenatal exposure to polychlorinated biphenyls (PCBs) and
polybrominated diphenyl ethers (PBDEs) may influence birth
weight among infants in a Swedish cohort with background expo-
sure: a cross-sectional study. Environ Health 12:44. https://doi.org/
10.1186/1476-069X-12-44

Lin YP, Pessah IN, Puschner B (2013) Simultaneous determination of
polybrominated diphenyl ethers and polychlorinated biphenyls by
gas chromatography-tandem mass spectrometry in human serum
and plasma. Talanta 113:41–48. https://doi.org/10.1016/j.talanta.
2013.04.001

Lin Y, Feng C, Xu Q, Lu D, Qiu X, Jin Y, Wang G, Wang D, She J, Zhou
Z (2016) A validated method for rapid determination of dibenzo-p-
dioxins/furans (PCDD/Fs), polybrominated diphenyl ethers
(PBDEs) and polychlorinated biphenyls (PCBs) in human milk:
focus on utility of tandem solid phase extraction (SPE) cleanup.
Anal Bioanal Chem 408:4897–4906. https://doi.org/10.1007/
s00216-016-9576-y

Lulek J, Połańska A, Szyrwińska K, Szafran B (2002) Levels of selected
polychlorinated biphenyls in humanmilk fromWielkopolska region
in Poland. Fresenius Environ Bull 11:102–107

Luzardo OP, Ruiz-Suárez N, Almeida-González M, Henríquez-
Hernández LA, ZumbadoM, Boada LD (2013) Multi-residue meth-
od for the determination of 57 persistent organic pollutants in human
milk and colostrum using a QuEChERS-based extraction procedure.
Anal Bioanal Chem 405:9523–9536. https://doi.org/10.1007/
s00216-013-7377-0

Madureira TV, Santos C, Velhote S, Cruzeiro C, Rocha E, Rocha MJ
(2014) Contamination levels of polychlorinated biphenyls in wild
versus cultivated samples of female and male mussels (Mytilus sp.)
from the Northwest Coast of Iberian Peninsula - new application for
QuEChERS (quick, easy, cheap, effective, rugged, and safe) meth-
odology. Environ Sci Pollut Res Int 21(2):1528–1540. https://doi.
org/10.1007/s11356-013-2017-y

Maervoet J, Vermeir G, Covaci A, Van Larebeke N, Koppen G, Schoeters
G, Nelen V, Bayens W, Schepens P, Viaene MK (2007) Association
of thyroid hormone concentrations with levels of organochlorine
compounds in cord blood of neonates. Environ Health Perspect
115(12):1780–1786. https://doi.org/10.1289/ehp.10486

Mamontova EA, Tarasova EN,Mamontov AA (2017) PCBs andOCPs in
human milk in Eastern Siberia, Russia: levels, temporal trends and

infant exposure assessment. Chemosphere 178:239–248. https://doi.
org/10.1016/j.chemosphere.2017.03.058

Marin S, Villalba P, Diaz-Ferrero J, Font G, Yusà V (2011) Congener
profile, occurrence and estimated dietary intake of dioxins and
dioxin-like PCBs in foods marketed in the Region of Valencia
(Spain). Chemosphere 82:1253–1261. https://doi.org/10.1016/j.
chemosphere.2010.12.033

Molina-Ruiz JM, Cieslik E, Cieslik I, Walkowska I (2015) Determination
of pesticide residues in fish tissues by modified QuEChERS method
and dual-d-SPE clean-up coupled to gas chromatography-mass
spectrometry. Environ Sci Pollut Res 22:369–378. https://doi.org/
10.1007/s11356-014-3361-2

Morrison SA, Sieve KK, Ratajczak RE, Bringolf RB, Belden JB
(2016) Simultaneous extraction and cleanup of high-lipid organs
from white sturgeon (Acipenser transmontanus) for multiple
legacy and emerging organic contaminants using QuEChERS
sample preparation. Talanta 146:16–22. https://doi.org/10.
1016/j.talanta.2015.08.021

Müller MHB, Polder A, Brynildsrud OB, Karimi M, Lie E, Manyilizu
WB, Mdegela RH, Mokiti F, Murtadha M, Nonga HE, Skaare JU,
Lyche JL (2017) Organochlorine pesticides (OCPs) and
polychlorinated biphenyls (PCBs) in human breast milk and associ-
ated health risks to nursing infants in Northern Tanzania. Environ
Res 154:425–434. https://doi.org/10.1016/j.envres.2017.01.031

Norli HR, Christiansen A, Deribe E (2011) Application of QuEChERS
method for extraction of selected persistent organic pollutants in fish
tissue and analysis by gas chromatography mass spectrometry. J
Chromatogr A 1218(41):7234–7241. https://doi.org/10.1016/j.
chroma.2011.08.050

Ottonello G, Ferrari A, Magi E (2014) Determination of polychlorinated
biphenyls in fish: optimisation and validation of a method based on
accelerated solvent extraction and gas chromatography-mass spec-
trometry. Food Chem 7(142):327–333. https://doi.org/10.1016/j.
foodchem.2013.07.048

PengXT, Jiang L, Gong Y, Hu XZ, Peng LJ, Feng YQ (2015) Preparation
of mesoporous ZrO2-coated magnetic microsphere and its applica-
tion in the multiresidue analysis of pesticides and PCB in fish by
GC-MS/MS. Talanta 132:118–125. https://doi.org/10.1016/j.talanta.
2014.08.069

Pizzutti IR, de Kok A, Hiemstra M, Wickert C, Prestes OD (2009)
Method validation and comparison of acetonitrile and acetone ex-
traction for the analysis of 169 pesticides in soya grain by liquid
chromatography-tandem mass spectrometry. J Chromatogr A 1216:
4539–4552. https://doi.org/10.1016/j.chroma.2009.03.064

Rojas-Squella X, Santos L, Baumann W, Landaeta D, Jaimes A, Correa
JC, Sarmiento OL, Ramos-Bonilla JP (2013) Presence of organo-
chlorine pesticides in breast milk samples from Colombian women.
Chemosphere 91:733–739. https://doi.org/10.1016/j.chemosphere.
2013.02.026

Salihovic S, Mattioli L, Lindström G, Lind L, Lind PM, van Bavel B
(2012) A rapid method for screening of the Stockholm Convention
POPs in small amounts of human plasma using SPE and
HRGC/HRMS. Chemosphere 86:747–753. https://doi.org/10.
1016/j.chemosphere.2011.11.006

Schuhmacher M, Kiviranta H, Vartiainen T, Domingo JL (2007)
Concentrations of polychlorinated biphenyls (PCBs) and
polybrominated diphenyl ethers (PBDEs) in milk of women from
Catalonia, Spain. Chemosphere 67:S295–S300. https://doi.org/10.
1016/j.chemosphere.2006.05.110

Škrbić B, Szyrwińska K, Durišić-Mladenović N, Nowicki P, Lulek J
(2010) Principal component analysis of indicator PCB profiles in
breast milk from Poland. Environ Int 36:862–872. https://doi.org/
10.1016/j.envint.2009.04.008

Soechitram SD, Berghuis SA, Visser TJ, Sauer PJJ (2017)
Polychlorinated biphenyl exposure and deiodinase activity in young

Environ Sci Pollut Res (2019) 26:30988 30999–30998

https://doi.org/10.1016/j.ijheh.2013.02.009
https://doi.org/10.1016/j.ijheh.2013.02.009
https://doi.org/10.1016/j.etap.2016.05.002
https://doi.org/10.1016/j.etap.2016.05.002
https://doi.org/10.1016/j.scitotenv.2019.06.504
https://doi.org/10.1007/s12161-015-0367-4
https://doi.org/10.1016/j.envint.2019.01.020
https://doi.org/10.1016/j.envint.2019.01.020
https://doi.org/10.1186/1476-069X-12-44
https://doi.org/10.1186/1476-069X-12-44
https://doi.org/10.1016/j.talanta.2013.04.001
https://doi.org/10.1016/j.talanta.2013.04.001
https://doi.org/10.1007/s00216-016-9576-y
https://doi.org/10.1007/s00216-016-9576-y
https://doi.org/10.1007/s00216-013-7377-0
https://doi.org/10.1007/s00216-013-7377-0
https://doi.org/10.1007/s11356-013-2017-y
https://doi.org/10.1007/s11356-013-2017-y
https://doi.org/10.1289/ehp.10486
https://doi.org/10.1016/j.chemosphere.2017.03.058
https://doi.org/10.1016/j.chemosphere.2017.03.058
https://doi.org/10.1016/j.chemosphere.2010.12.033
https://doi.org/10.1016/j.chemosphere.2010.12.033
https://doi.org/10.1007/s11356-014-3361-2
https://doi.org/10.1007/s11356-014-3361-2
https://doi.org/10.1016/j.talanta.2015.08.021
https://doi.org/10.1016/j.talanta.2015.08.021
https://doi.org/10.1016/j.envres.2017.01.031
https://doi.org/10.1016/j.chroma.2011.08.050
https://doi.org/10.1016/j.chroma.2011.08.050
https://doi.org/10.1016/j.foodchem.2013.07.048
https://doi.org/10.1016/j.foodchem.2013.07.048
https://doi.org/10.1016/j.talanta.2014.08.069
https://doi.org/10.1016/j.talanta.2014.08.069
https://doi.org/10.1016/j.chroma.2009.03.064
https://doi.org/10.1016/j.chemosphere.2013.02.026
https://doi.org/10.1016/j.chemosphere.2013.02.026
https://doi.org/10.1016/j.chemosphere.2011.11.006
https://doi.org/10.1016/j.chemosphere.2011.11.006
https://doi.org/10.1016/j.chemosphere.2006.05.110
https://doi.org/10.1016/j.chemosphere.2006.05.110
https://doi.org/10.1016/j.envint.2009.04.008
https://doi.org/10.1016/j.envint.2009.04.008


infants. Sci Total Environ 574:1117–1124. https://doi.org/10.1016/j.
scitotenv.2016.09.098

Szyrwińska K, Lulek J (2007) Exposure to specific polychlorinated bi-
phenyls and some chlorinated pesticides via breast milk in Poland.
Chemosphere 66:1895–1903. https://doi.org/10.1016/j.
chemosphere.2006.08.010

Takasuga T, Senthilkumar K, Matsumura T, Shiozaki K, Sakai SI (2006)
Isotope dilution analysis of polychlorinated biphenyls (PCBs) in
transformer oil and global commercial PCB formulations by high
resolution gas chromatography-high resolution mass spectrometry.
Chemosphere 62:469–484. https://doi.org/10.1016/j.chemosphere.
2005.04.034

Ulaszewska MM, Zuccato E, Davoli E (2011) PCDD/Fs and dioxin-like
PCBs in human milk and estimation of infants’ daily intake: a re-
view. Chemosphere 83:774–782. https://doi.org/10.1016/j.
chemosphere.2011.02.066

Van Oostdam J, Gilman A, Dewailly E, Usher P, Wheatley B, Kuhnlein
H, Neve S, Walker J, Tracy B, Feeley M, Jerome V, Kwavnick B
(1999) Human health implications of environmental contaminants
in Arctic Canada: a review. Sci Total Environ 230:1–82. https://doi.
org/10.1016/S0048-9697(99)00036-4

Verner M-A, Plusquellec P, Desjardins IL, Cartier C, Haddad S, Ayotte P,
Dewaily E, Muckle G (2015) Prenatal and early-life polychlorinated

biphenyl (PCB) levels and behavior in Inuit preschoolers. Environ
Int 78:90–94. https://doi.org/10.1016/j.envint.2015.02.004

Vigh É, Colombo A, Benfenati E, Håkansson H, Berglund M, Bódis J,
Garai J (2013) Individual breast milk consumption and exposure to
PCBs and PCDD/Fs in Hungarian infants: a time-course analysis of
the first three months of lactation. Sci Total Environ 449:336–344.
https://doi.org/10.1016/j.scitotenv.2013.01.024

Zhang Z, Rhind SM (2011) Optimized determination of polybrominated
diphenyl ethers and polychlorinated biphenyls in sheep serum by
solid-phase extraction-gas chromatography-mass spectrometry.
Talanta 84:487–493. https://doi.org/10.1016/j.talanta.2011.01.042

Zhang L, Yin S, Zhao Y, Shi Z, Li J, Wu Y (2017) Polybrominated
diphenyl ethers and indicator polychlorinated biphenyls in human
milk from China under the Stockholm Convention. Chemosphere
189:32–38. https://doi.org/10.1016/j.chemosphere.2017.09.014

Zhao G, Wang Z, Dong MH, Rao K, Luo J, Wang D, Zha J, Huang S, Xu
Y, MaM (2008) PBBs, PBDEs, and PCBs levels in hair of residents
around e-waste disassembly sites in Zhejiang Province, China, and
their potential sources. Sci Total Environ 397:46–57. https://doi.org/
10.1016/j.scitotenv.2008.03.010

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Environ Sci Pollut Res (2019) 26:30988 30999– 30999

https://doi.org/10.1016/j.scitotenv.2016.09.098
https://doi.org/10.1016/j.scitotenv.2016.09.098
https://doi.org/10.1016/j.chemosphere.2006.08.010
https://doi.org/10.1016/j.chemosphere.2006.08.010
https://doi.org/10.1016/j.chemosphere.2005.04.034
https://doi.org/10.1016/j.chemosphere.2005.04.034
https://doi.org/10.1016/j.chemosphere.2011.02.066
https://doi.org/10.1016/j.chemosphere.2011.02.066
https://doi.org/10.1016/S0048-9697(99)00036-4
https://doi.org/10.1016/S0048-9697(99)00036-4
https://doi.org/10.1016/j.envint.2015.02.004
https://doi.org/10.1016/j.scitotenv.2013.01.024
https://doi.org/10.1016/j.talanta.2011.01.042
https://doi.org/10.1016/j.chemosphere.2017.09.014
https://doi.org/10.1016/j.scitotenv.2008.03.010
https://doi.org/10.1016/j.scitotenv.2008.03.010

	QuEChERS extraction coupled to GC-MS for a fast determination of polychlorinated biphenyls in breast milk from Polish women
	Abstract
	Introduction
	Materials and method
	Samples
	Reagents and solvents
	Instrumentation
	QuEChERS method
	Validation
	Linearity, limit of detection, limit of quantification, and intra- and inter-day precision
	Matrix effect

	Quality control of samples
	Daily intake
	Data analysis

	Results and discussion
	Optimization of extraction and cleanup stage
	Method validation
	Analysis of breast milk samples
	Infant risk assessment

	Conclusions
	References


