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Abstract
Polychlorinated biphenyls (PCBs) are persistent in the environment, bioaccumulate and biomagnify throughout the food 
chain, and may have adverse effects on human health and wildlife. PCB indicator (PCB 28, PCB 52, PCB 101, PCB 
118, PCB 138, PCB 153, and PCB 180) were monitored in human milk using 68 samples from healthy and primiparous 
mothers from seven cities in Colombia, and the estimated daily intake (EDI) of infants was calculated. The PCB indica-
tor with the highest concentration was PCB 153 with a value of 7.30 ng g−1 lipids. The maximum EDI was calculated as 
0.257 μg kg−1 bw−1 day−1. In general, the PCB levels found in the 68 samples were low and did not represent a risk to 
breastfed infants. Additionally, these results could strengthen Colombia’s efforts to increase the practice of breastfeeding. 
Finally, the results establish a general overview of population exposure and can be a scientific tool to improve environmental 
health policies in the country.
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Polychlorinated biphenyls (PCBs) are categorized as per-
sistent organic pollutants (POPs). They are persistent in the 
environment, bioaccumulate and biomagnify throughout the 
food chain, and have adverse effects on human health and 
wildlife (Wöhrnschimmel et al. 2016; Pessah et al. 2019; 
Rigét et al. 2019; Reddy et al. 2019). PCBs have long-range 
environmental transport and worldwide presence, even in 
regions where they have never been used (Wania and Mac-
Kay 1996; Hao et al. 2021; Ding et al. 2022). PCBs have 
been detected in environmental matrices such as air, water, 
soils, and sediments (Avino and Russo 2018; Mwanza et al. 
2021). Moreover, PCBs have been detected in animal and 
human tissues, blood, urine, and breast milk (Van den Berg 
et al. 2017; Avila et al. 2020; Sousa et al. 2022). PCBs are 
divided into dioxin-like PCBs (dl-PCBs) and non-dioxin-like 

PCBs (ndl-PCBs), with dl-PCBs being the more toxic con-
geners of this family of pollutants (Magulova and Priceputu 
2016).

Several biomonitoring studies of humans and wildlife 
have been performed to provide information on the body 
burden of PCBs (Avila et al. 2020; Jeanjean et al. 2021; 
Peng et al. 2021; Polachova et al. 2021; Varakina et al. 2021; 
Gaum et al. 2021; Eftekhari et al. 2021; Esser et al. 2021; 
Chierichetti et al. 2021). Among all the matrices for human 
biomonitoring of PCBs, breast milk is the preferred. It is 
easily obtainable and collected noninvasively, and its lipid 
content makes the extraction of PCBs simple in compari-
son to that of other matrices. Human milk concentrations 
of PCBs are often similar to values in blood and adipose 
tissue. The exposure of breastfed infants plays an impor-
tant role in evaluating the benefit–risk profile of breast milk 
since the benefits of breast milk in infants and the possible 
adverse health effects occur simultaneously (Esteban and 
Castaño 2009; Van den Berg et al. 2017; Brajenović et al. 
2018; Pajewska-Szmyt et al. 2019).

Breastfeeding reduces a wide variety of health problems 
in infants, such as otitis media (Abrahams and Labbok 2011), 
gastroenteritis (Frank et al. 2019), severe lower respiratory 
tract infections (Tromp et al. 2017), atopic dermatitis (Lien 
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and Goldman 2011), asthma (young children) (Miliku and 
Azad 2018), obesity (Yan et al. 2014), possibly type 1 and 
2 diabetes (Gunderson et al. 2015), childhood leukemia (Su 
et al. 2021), sudden infant death syndrome (Vennemann 
et al. 2009), and necrotizing enterocolitis (Herrmann and 
Carroll 2014). Prolonged breastfeeding has been associated 
with a reduction in mortality and morbidity, with many more 
beneficial health effects in later life (Chen and Rogan 2004; 
Ip et al. 2007; Van den Berg et al. 2017).

In Colombia, in 2005, the median duration of exclusive 
breastfeeding was 2.2 months, with a median duration of 
14.9 months of total breastfeeding (Díaz et al. 2011). In the 
country, the duration of the exclusive breastfeeding practice 
among women is now very short, and the practice of breast-
feeding until the sixth month of a child’s life is uncommon 
(Díaz et al. 2011). In 2015, Colombia reported the prev-
alence of obesity in childbearing women and in children 
under 5 years of age as 22.4 and 6.3%, respectively, with 
a 10.8% prevalence of stunting and a 2.3% prevalence of 
wasting during the same year (Aldana-Parra et al. 2020). 
A strong association between higher maternal body mass 
index and the mother’s infant being overweight was found 
by Aldana-Parra et al. 2020.

The World Health Organization (WHO) has determined 
the tolerable daily intake of PCBs to be 20 μg kg−1 bw day−1 
(Van den Berg et al. 2006; Darnerud et al. 2006). The French 
Agency for Food, Environmental and Occupational Health 
& Safety (ANSES) has established a tolerable daily intake 
of 10 µg kg−1 bw day−1 as a reference value for the group 
of six PCB congeners called PCB indicators (28, 52, 101, 
138, 153, and 180).

In 2005, the European Food Safety Authority (EFSA) 
indicated a benchmark dose lower confidence limit (BMDL) 
in breast milk of 630–710 ng g−1 lipids for total PCBs based 
on the cognitive results of children exposed prenatally 
(Singh et al. 2015). Finally, in 2008, the human biomonitor-
ing commission (HBM) defined the reference value for the 
sum of the most persistent PCBs [1.64 × (∑ PCB 138 + PCB 
153 + PCB 180)] as 500 ng g−1 lipids in the breast milk of 
breastfeeding women from Germany.

Based on the above, this study aimed to monitor PCB 
indicators in breast milk from Colombian mothers and to 
evaluate the risk of adverse health effects in infants due to 
PCB intake. The results establish a general overview of 
population exposure and can be a scientific tool to improve 
environmental health policies in the country.

Materials and Methods

In 2016, 68 samples of breast milk were collected from 
primiparous and healthy mothers in the Colombian cities 
of Barranquilla (15), Pasto (9), Medellín (17), Ibagué (8), 

Cúcuta (10), Santa Marta (3), and Fusagasugá (6). Among 
these cities, Barranquilla and Santa Marta are situated on 
the Caribbean coast of Colombia, where the diet of the pop-
ulation is based on food from fisheries mainly by the sea 
(Cala and Södergren 1999; Duarte-Restrepo et al. 2021). 
Fusagasugá is a city in the savannah of Bogota that bases 
its economy on flower growing; the population presents a 
varied diet that, compared with that on the Caribbean coast, 
is less rich in food from fishing. Medellín is an industrialized 
city bordering the coffee belt. Finally, Cúcuta and Pasto are 
two cities close to the western and southern borders of the 
country, respectively (FAO 2003; Donato and Haedo 2019; 
Fuentes lopez et al. 2019). The sampling sites are shown in 
Fig. 1.

The samples were obtained with the participants’ 
authorization and without discriminating against race, reli-
gious beliefs, or ethnic groups through informed consent 
approved by the ethics committee of the National Institute 
of Health (NIH). The samples were 50 mL in volume and 
were obtained by manual extraction from one of the mother’s 
breasts into a previously sterilized glass bottle. The sam-
ples were stored at − 20°C until they arrived at the labora-
tory of the Environmental and Occupational Health group 
of the NIH and were subsequently stored at − 70°C until 
their analysis. All participants completed a questionnaire 

Fig. 1   Sampling sites map. Cities from Colombia where were col-
lected samples



528	 Bulletin of Environmental Contamination and Toxicology (2022) 109:526–533

1 3

about eating habits and sociodemographic information. The 
questionnaire was developed according to Appendix 4 of 
the Fourth WHO-coordinated Survey of Human Milk for 
Persistent Organic Pollutants in cooperation with the United 
Nations Environment Programme (UNEP).

Standards of PCB indicators 28, 52, 101, 118, 138, 153, 
and 180 and the internal standard 2,4,5,6-tetrachloro-m-
xylene, all with a purity of 99.0%, were purchased from 
Dr. Ehrenstorfer (Augsburg, Germany). PCB 209 with a 
purity of 98.8% was used as a surrogate standard for a sam-
ple extraction control and was purchased from Ultra Scien-
tific (North Kingstown, United States). The reagents for the 
extraction and clean-up (formic acid, n-hexane, and potas-
sium oxalate) of the samples were purchased from Merck 
(Darmstadt, Germany). Stock solutions of each PCB indi-
cator and internal standards were prepared at a concentra-
tion of 200 mg L−1; subsequently, three working mix PCB 
solutions were prepared with isooctane at concentrations of 
2000, 200.0, and 20.00 μg L−1. The working solutions were 
stored at -20 ± 2°C, and their stability for times greater than 
4 months was verified. Calibration solutions were prepared 
by using the appropriate dilutions in a matrix extract from 
2.00 to 50.0 μg L−1.

The analytical method was previously validated and is 
described below. First, 2 mL of a milk sample was extracted 
with 2 mL of formic acid, 75 mg of potassium oxalate, and 
2 mL of n-hexane and was then vortexed for 1.5 min in a 
15 mL glass tube and centrifuged at 4500 rpm for 5 min. 
Next, the organic phase was transferred to another 15 mL 
glass tube. The extraction process with 2 mL of n-hexane 
was repeated twice more, and an organic phase volume of 
approximately 6 mL was obtained. The sample was cleaned-
up in a 5 g column of Florisil®. The Florisil®-containing 
column was conditioned with 25  mL of n-hexane, and 
samples were eluted with 15 mL of n-hexane. Finally, the 
organic extract was evaporated to dryness and reconstituted 
with 20 μL of 2,4,5,6-tetrachloro-m-xylene at 200 μg L−1 
and 180 μL of isooctane. The fat content was determined 
gravimetrically with an independent aliquot of the milk sam-
ple and n-hexane.

Samples were analyzed on an HP 6890 N gas chromato-
graph equipped with a 7683 split/splitless injector connected to 
an HP-5MS capillary column (30 m, 0.25 mm I.D., 0.25 µm) 
coupled to a mass selective detector (5975B) manufactured 
by Agilent Technologies (Palo Alto, CA, USA). The operat-
ing conditions of the equipment were as follows: an injection 
volume of 2 μL, an injector temperature of 280°C, and 60 psi 
in pulsed splitless mode injection for 0.5 min. The oven had an 
initial temperature of 100°C for 1.0 min, which was increased 
at 14°C min−1 to 130°C and then ramped at 8°C min−1 to 
300°C, which was maintained for 1 min. The temperature of 
the transfer line to the mass spectrometer was maintained at 
280°C, and the analysis time was 25.4 min with a constant 

flow of 1.0 mL min−1 of grade 5.0 helium gas. The mass spec-
trometer was operated in electron impact ionization mode at 
70 eV, and the acquisition mode was selected ion monitor-
ing (SIM). The selected acquisition ions for each PCB can be 
reviewed in (Ávila and Ramírez 2017).

The method trueness was evaluated with recovery tests, 
and the recovery percentages found to be between 83.0% 
(PCB 101) and 85.6% (PCB 118). The method detection lim-
its (MDLs) for PCB 28, PCB 52, PCB 101, PCB 118, PCB 
138, PCB 153, and PCB 180 were 0.029, 0.035, 0.028, 0.032, 
0.025, 0.021, and 0.031 μg L−1, respectively. The method 
quantification limits (MQLs) for PCB 28, PCB 52, PCB 101, 
PCB 118, PCB 138, PCB 153, and PCB 180 were 0.086, 0.10, 
0.084, 0.10, 0.076, 0.063, and 0.094 μg L−1, respectively. The 
MDLs for all PCBs were in the range of 0.70 to 1.16 ng g−1 
extractible lipids. Linearity was established from 2.00 to 
500 μg L−1; however, the working range used for quantifying 
the samples was 2.00 to 50.0 μg L−1. All samples were spiked 
with 20 μL of PCB 209 at 200 μg L−1 as a control for the 
extraction process. The percentage of PCB 209 recovery was 
between 81.2% and 104.1% in the samples analyzed. Addi-
tionally, in each batch of samples (20 samples), one method 
blank was prepared with an aliquot of cow milk, and the blank 
was extracted with the same analytical method to verify cross-
contamination in the extraction. Furthermore, for each batch 
of samples, one sample chosen for randomized analysis was 
spiked twice with analytes to evaluate the recovery of the 
method during analysis of the samples. The recovery percent-
ages of PCBs in spiked samples were between 84.5% (PCB 
28) and 96.3% (PCB 118), and the relative percent difference 
was < 20% for all PCBs.

The results were organized in an Excel database. When the 
results were less than MQL but greater than MDL, ½ MQL 
was input, and when the results were less than MDL, ½ MDL 
was input in the database to calculate the average, median, 95th 
percentile, standard deviation, and all other statistical analysis. 
The estimated daily intake (EDI) values were calculated with 
Eq. (1), and the results were transformed to logarithms in base 
10 to better visualize and interpret the obtained results.

where EDI is  the est imated intake dose in 
μg  kg−1  bw−1  day−1, Cmilk is the PCB concentration in 
human milk in μg g−1 lipids, and Clip is the percentage of 
lipids in human milk.

Results and Discussion

Summarized results of the PCB indicators (28, 52, 101, 118, 
138, 153, and 180) in breast milk are shown in Table 1.

(1)EDI =

(
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The PCB indicator with the highest concentration was 
PCB 153, with a value of 7.30 ng g−1 extractable lipids. This 
indicator was detected in 100% of the breast milk samples 
analyzed with a median value of < 2.10 ng g−1 extractable 
lipids, and a 95th percentile value of 5.65 ng g−1 extractable 
lipids. The higher concentrations of PCBs 138 and 180 were 
6.71 and 6.59 ng g−1 extractable lipids, respectively. PCB 
indicators with a low level of chlorination (PCBs 28, 52) 
were detected less frequently and in most cases at concentra-
tions less than the MDL. These results are comparable to the 
results presented by Colombia in the third regional report 
from Latin America and Caribbean Group (GRULAC) in the 
global monitoring plan II (GMP II) (GOR-GRULAC 2021). 
Colombia reported concentrations of PCBs in a national 
combined human milk sample of 0.42, 0.066, 0.078, 1.35, 
2.31, and 1.68 ng g−1 lipids for PCBs 28, 52, 101, 138, 153 
and 180, respectively.

The median value of the GRULAC region for the sum of 
the PCB indicators was 11.00 ng g−1, which is on the same 
order of magnitude as the results in the present study. In fact, 
the results shown in Table 1 are slightly less than those of 
the GRULAC region. Additionally, the results in Table 1 are 
similar to those of other studies of human milk where PCB 
153 was also found at a higher concentration than the other 
PCB indicators (Paumgartten et al. 2000; Lignell et al. 2009; 
Çok et al. 2012; Hassine et al. 2012; Müller et al. 2017).

When comparing the results of the present study with 
similar research in other countries, we found that the levels 
of PCB indicators in human milk in the 68 samples were 
either lower or on the same order of magnitude (Rogan et al. 
1986; Paumgartten et al. 2000; Rodas-Ortíz et al. 2008; 
Lignell et al. 2009; Çok et al. 2012; Hassine et al. 2012; 
Müller et al. 2017; Van den Berg et al. 2017; Brajenović 
et al. 2018). These findings suggest that the concentrations 
of the population study mainly correspond to environmen-
tal exposure to PCBs and establish a general picture of the 
levels of PCBs in the country.

The total amount of PCBs was calculated as the sum of 
the three most persistent PCBs (138, 153, and 180) mul-
tiplied by a factor of 1.64, given that these compounds 

represent approximately 41% of PCBs present in a human 
milk sample (Schulz et  al. 2012). The maximum total 
PCB concentration was 33.1 ng g−1 extractable lipids, the 
median value was < 3.44 ng g−1 extractable lipids, and the 
95th percentile value was 23.4 ng g−1 extractable lipids. 
The levels of total PCB found were less than the BMDL of 
630–710 ng g−1 lipids and less than the reference value of 
500 ng g−1 lipids, as proposed by the human biomonitoring 
commission. The results indicate that there is no significant 
source of exposure to PCBs in the study population (Land-
rigan et al. 2002; Müller et al. 2017).

The highest levels of PCB indicators were found in the 
city of Barranquilla (Fig. 2), where five of the 15 samples 
collected exhibited values between 8.49 and 33.1 ng g−1 
extractable lipids of total PCBs. The lowest levels of PCB 
indicators were found in the cities of Ibagué and Pasto, 
where all samples exhibited concentrations less than the 
MQL. The differences in the sample results between cities 
might be explained in terms of the geographic distribution of 
the cities (Fig. 1). Barranquilla and Santa Marta are coastal 
cities with a diet based on the consumption of fishery prod-
ucts and are also a highly industrialized cities (Donato and 
Haedo 2019; Fuentes lopez et al. 2019), which is in contrast 
to Ibague and Pasto.

However, the high levels in Barranquilla samples with 
respect to the other cities cannot be attributed to fish intake 
or urban industrialization using the data collected in the pre-
sent study. In fact, these results suggest that new research 
should be conducted to relate the levels of PCBs between 
cities considering variables such as feeding, occupation, 
and educational status, given that the design of this study 
does not permit determining those relations. Finally, the per-
sistence of PCBs and their ability to travel long distances 
were confirmed because they were detected throughout the 
country.

The EDI was calculated using Eq. (1), assuming that the 
average milk consumption of a 5.0 kg infant is 700 g day−1 
(Çok et al. 2012). The results were transformed to base-10 
logarithm values for better visualization and interpretation. 
The results are shown in Fig. 3 and Table 2.

Table 1   Summary of results 
of the PCBs present in breast 
milk samples (n = 68) in ng g−1 
extractable lipids

PCB congener Frequency of detection 
(%)

Range Median (95th Percentile)

PCB 28 4.20  < 0.96–< 2.88  < 0.96 (< 0.96)
PCB 52 31.9  < 1.16–< 3.47  < 1.16 (< 3.47)
PCB 101 1.40  < 0.94–< 2.81  < 0.94 (< 0.94)
PCB 118 93.1  < 1.08–< 3.23  < 3.23 (< 3.23)
PCB 138 100  < 2.52–6.71  < 2.52 (4.55)
PCB 153 100  < 2.10–7.30  < 2.10 (5.65)
PCB 180 98.6  < 1.05–6.59  < 3.14 (4.57)
Total PCBs = ΣPCB 138,153,180×1.64  < 3.44–33.1  < 3.44 (23.4)
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The EDI values were between 0.00316 and 
0.257  μg  kg−1  bw−1  day−1,  the  average was 
0.0306  μg  kg−1  bw−1  day−1,  the median was 
0.0145 μg kg−1 bw−1 day−1, and the 95th percentile was 
0.172 μg  kg−1  bw−1  day−1. The calculated EDI values 
(Table 2) indicate a low intake of PCBs by infants for the 
68 samples. The maximum EDI value was less than the 

tolerable daily intake (TDI) values proposed by the WHO 
and ANSES of 20 and 10 µg kg−1 bw−1 day−1, respectively.

The PCB levels found in the 68 samples did not represent 
a risk to breastfed infants, so the results indicate that the 
breast milk analyzed in this study was safe for consump-
tion by a baby with respect to the PCB concentration. These 
results could strengthen the efforts of Colombia to increase 
the practice of breastfeeding.

Fig. 2   Total PCBs concentra-
tion in breast milk by cities in 
ng g−1 extractable lipids
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In general, the results indicate low levels of PCB indi-
cators in the 68 samples of breast milk from Colombia. 
This finding can be explained by the fact that Colom-
bia and neighboring countries (Ecuador, Brazil, Peru, 
and Venezuela) were never producers of PCBs and just 
imported electric transformers with PCBs several decades 
ago. In fact, Colombia identified 492,835 possible pieces 
of equipment contaminated with PCBs; only 1.10% (5381) 
were confirmed to have PCBs, while 43.77% (215,720) 
were discarded for the presence of PCBs. Additionally, 
despite the low levels of PCBs found in the 68 samples of 
human milk from Colombia, conducting new POP moni-
toring studies is necessary to establish sources of exposure 
or contamination hot spots to mitigate the exposure and 
possible adverse effects on the health of the population.

The PCB indicator levels in the 68 samples analyzed 
from seven cities of Colombia were low with respect to 
other samples analyzed in the northern hemisphere and 
are on the same order of magnitude with respect to other 
samples in the Latin American region. The most frequently 
detected congeners were PCBs 138, 153, 180, and 118. 
PCB 118 is categorized as a dioxin-like PCB and thus is 
considered a more toxic compound in the PCB family. This 
finding suggests the presence of dioxin-like PCBs in the 
body burden. Thus, these types of pollutants (dl-PCBs) 
are important to include in future research. Finally, the 
PCB intake by infants in the 68 samples analyzed did not 
represent a risk because the EDI values were very low with 
respect to the tolerable daily intake suggested by ANSES 
and the WHO. These results could strengthen the effort by 
Colombia to promote breastfeeding.
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