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Abstract The BTriangle of Death^ is an area of southern
Italy highly polluted due to the presence of numerous
illegal waste sites. To assess whether environmental con-
tamination could produce an increased intake of harmful
chemicals, we determined the serum levels of the 12
polychlorinated biphenyls (PCBs) indicated as Bdioxin

like^ by the World Health Organization (WHO) in both
maternal blood serum and umbilical cord blood serum of
people residing in that area. The study was performed on
32 pregnant women and cord serum of their 32 newborn
babies. Maternal serum concentrations ranged from 0.019
to 10.426 ng/mL (mean 1.590±2.002 ng/mL), while um-
bilical serum concentrations ranged from 0.018 to
16.980 ng/mL (mean 1.858±3.558 ng/mL). To normalize
the toxic impact of the different congeners, the levels were
expressed as WHO-TEQ, i.e., toxic equivalent concentra-
tions. Total PCB concentrations (ΣPCBs WHO-TEQ
1998) were 0.297 TEQ-ng/mL in maternal serum and
0.663 TEQ-ng/mL in cord blood. These levels are signif-
icantly higher not only than those found in subjects resi-
dent in other areas but also in comparison to those reported
in other published studies. This suggests that the exposure
of both pregnant mothers and their fetuses to environmen-
tal pollution could produce a high intake of PCBs. The
study may be important for the public health authorities to
evaluate the level of exposure to environmental pollutants
in human residents in the Triangle of Death.
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Introduction

Polychlorinated biphenyls (PCBs) are a class of organic
compounds (209 congeners) named according to the
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(IUPAC) nomenclature (Ballschmiter and Zell 1980).
They are persistent organic pollutants (POPs)
(Stockholm Convention on Persistent Organic
Pollutants, 2001) able to accumulate in the human body;
indeed, they are acid and alkali degradation resistant, not
oxidizable, poorly soluble in water, and highly soluble
in lipids. Because of concerns about their carcinogenic-
ity (IARC 2010, National Toxicology Program (NTP)
2012), both production and use of PCBs were banned in
1977 in the USA, and afterwards, the European Union
banned production, use, and marketing of these sub-
stances (Regulation EC no. 850/2004 and no. 757/
2010 of the European Parliament and of the Council).
Nevertheless, since they biodegrade very slowly, PCBs
are often still detected in the environment. Furthermore,
PCBs may interfere in a significant way with hormonal
systems and, therefore, with reproductive, nervous, and
immune systems, and hence, they belong to the class of
endocrine disruptor compounds (EDCs) (Safe 1994;
Korrick and Altshul 1998; Weisglas-Kuperus et al.
2000; Honma et al. 2009). Due to their demonstrated
toxicity (World Health Organization-International
Agency for Research on Cancer, 1997), it would be
important to establish all the possible contamination
sources for humans. As demonstrated by various au-
thors, food chain has resulted as one of the major con-
tamination sources and, in studies carried out in the
Campania region (Cirillo et al. 2008; Cirillo et al.
2009; Pacini et al. 2013), high levels of PCBs were
found in many foods, including milk, meat, dairy prod-
ucts, and fish. However, recent studies have emphasized
the role played by the proximity to highly contaminated
sites (Weber et al. 2008) since they are known as a
source of polychlorinated biphenyls. Indeed, the uncon-
trolled combustion of solid waste in open landfills, as
well as accidental fires in rural and industrial areas of
abandoned wastes in the local area, results in a signifi-
cant increase in the release of PCBs into the environ-
ment (Herrera Nuñez et al. 2012; Perugini et al. 2012);
furthermore, a recent study indicates that their presence
in the atmospheric dust may produce a secondary con-
tamination of foods and beverages as well as a possible
intake through the respiratory tract (Suominem et al.
2014). On these bases, monitoring PCB serum levels
in people living near waste areas may contribute to
better understand the role played by the Bproximity
factor^ to these areas. Furthermore, a particular attention
should be paid to pregnant women and their fetuses
since some studies have suggested that the risk of

developing congenital anomalies may increase for fe-
tuses of pregnant women living near waste sites (Marra
et al. 2012). Since cord blood offers the primary assess-
ment of prenatal exposure to these contaminants, in the
present study, we decided to determine the levels of
PCBs in both maternal and umbilical cord blood of
people residing near waste sites with high environmen-
tal impact in the Campania region. In this study, we
considered subjects resident in the so-called Triangle
of Death (Senior and Mazza 2004), i.e., a northeastern
territory of the province of Naples delimitated by the
towns of Acerra, Nola, and Marigliano (Fig. 1). This
115-km2-large area is included in a larger area known as
the BLand of Fires,^ where wastes are often illegally
burned. As a control group, we considered mothers
living in Puglia, another southern Italian region.
Among the various possible PCB congeners, we fo-
cused our attention on the 12 Bdioxin-like^ PCBs
(PCB 77, 81, 105, 114, 118, 123, 126, 156, 157, 167,
169, 189) to monitor the toxic environmental impact on
the subjects. The PCBs considered are indicated as
Bd iox in l ike^ by the WHO (Wor ld Hea l th
Organization-International Agency For Research On
Cancer, 1997) since they mimic the action of 2,3,7,8-
tetrachloro dioxin (TCDD).

Materials and methods

Standards and solvents

The solvents used, i.e., n-hexane, methanol, and diethyl-
ether, were of ultra high-purity grade (Sigma-Aldrich,
Milan, Italy). A standard mixture of the 12 PCB dioxin-
like congeners (PCB IUPAC number 77, 81, 105, 114,
118, 123, 126, 156, 157, 167, 169, 189) (97 % purity,
10 μg/mL in heptane) and PCB 30 and PCB 112,
standards for gas chromatography analysis (97 % purity,
100 μg/mL in iso-octane), were obtained from Ultra
Scientific Analytical Solutions (Bologna, Italy). These
standard solutions were further diluted with n-hexane
and used for the preparation of working mixture stan-
dard solutions.

Sampling

Biological samples were obtained according to the
Declaration of Helsinki: the enrolled pregnant women,
in their first or second trimester, provided a written
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informed consent to the study. Before sample collection,
a questionnaire was completed by the participants on
age, place of residence, education level, occupation,
years of residence in that location, time residing in
proximity to polluted areas/landfills/industrial waste,
diet, and lifestyle. The control group consisted of six
pregnant women from the Puglia region in Italy who
would give birth to a single baby without any malfor-
mation. The study group consisted of 32 pregnant wom-
en (36–40-week gestation age) from the area of the
Triangle of Death who would give birth to a single baby,
nine (28 %) with a malformation such as limb defects,
facial cleft, and hydrops. All 38 births occurred between
January 2011 and April 2013 at the Federico II
University Hospital of Naples. All patients met the
inclusion criteria: 20–39 years (mean 29±5) of age,
residence in the study area during the past 6 years,
nulliparity, absence of immunologic or hormonal disor-
ders or chronic diseases, no smoking habits, no drug
use, and no occupational exposure to any chemical. Five
milliliters of venous blood was extracted from the
antecubital vein by standard phlebotomy technique.
Blood samples of mothers were collected in
Vacutainer® tubes at the entry of the delivery room,
while cord blood was collected using venipuncture of
cord vessels. All mothers and their babies underwent
venipuncture in the early morning, in fasting conditions,

having had a light dinner the day before sampling, in
order to minimize the possible interference of the lipid
amount in serum samples. Serum PCB concentrations
are reported as measures referred to the serum volume.
Indeed, due to the small amount of umbilical cord blood
available for analysis with this procedure of blood col-
lection, lipid determination was difficult and was not
performed. However, it is reasonable to assume that the
lipid-adjusted PCB values are similar to lipid-
unadjusted values (Apostoli et al. 2005). On the other
hand, lipid standardization, or the division of serum
concentrations by serum lipids, was reported highly
prone to generating bias (Schisterman et al. 2005).
Heparin was added to all the blood samples, which were
then centrifuged at 4000 rpm (Mikro 20 Centrifuge,
Hettich, Germany) for 10min at 4 °C; the serum fraction
was transferred into a new solvent-rinsed glass vial
labeled with an identifying code and frozen at −20 °C
until analysis.

Sample pretreatment procedure

A cleanup step was performed to decrease interferences
from other components, such as proteins, lipids, fatty
acids, and inorganic salts of human serum. Each
500.0-μL serum sample, brought back to room temper-
ature, was transferred to a test tube, spiked with 50 ng of

Fig. 1 Map of the study area BTriangle of Death^ in the Province of Naples (Campania region, Italy), indicating the position of the living
areas of donors

Environ Monit Assess  (2015) 187:88 Page 3 of 9  88 



PCB 30 for recovery assessment and with 50 ng of PCB
112 for quantification procedure based on the response
factor of each PCB congener relative to internal stan-
dard. After vortexing for a few seconds, the samples
received 1 mL of methanol to precipitate the proteins,
followed by 3 mL of n-hexane/diethyl ether (1:1 v/v),
and were held under magnetic stirring for 30 min. The
supernatant was collected and concentrated to 1 mL
under vacuum and loaded onto cartridges. In this study,
we selected two cartridges, i.e., Strata FL-PR Florisil
(6 mL, 1-g packing) and Strata SI-1 Silica (3 mL, 0.5-g
packing) (Phenomenex, Torrance, CA), used in serial
connection to clean up the samples. The procedure was
found effective to minimize interferences and improve
the baseline of chromatograms (Tran et al. 2009). The
cartridges were previously conditioned with 10mL of n-
hexane and eluted with further 10 mL of n-hexane. The
eluted solution was gently evaporated to dryness under
vacuum and the residue dissolved in 100 μL of n-
hexane for gas chromatography analysis with electron
capture detection (GC/ECD).

Analytical method

Analyses were performed using a HP5890 Series II
(Hewlett-Packard) gas chromatograph with split-
splitless injector and electron capture detector 63Ni
(GC/ECD) (Agilent Technologies, Wilmington, DW,
USA). A 1-μL sample was injected by an autosampler
HP7673 (Hewlett-Packard) equipped with a 10-μL sy-
ringe, in split mode (ratio 1:40) on a capillary column
Zebron ZB-5ms (60 m×0.25 mm×0.25 μm thickness)
(Phenomenex Inc., Torrance, CA, USA). Carrier gas
(helium 99.999 % purity) had an average flow rate of
1.1 mL/min; injector and detector temperatures were set
at 280 and 300 °C, respectively. Nitrogen was used as
makeup gas at a flow rate of 70 mL/min. The tempera-
ture program was as follows: injection at 60 °C, 1 min at
60 °C, 60–140 °C temperature program at 25 °C/min,
140–280 °C temperature program at 2 °C/min, and
280 °C isothermal for 3 min. The analytical signals were
recorded by a PC software (Chromatoplus 2008,
Shimadzu Corporation, Kyoto, Japan). The linearity of
the method was determined by using standard solutions
of PCB mixture in n-hexane, added to a pool of six
serum samples of pregnant women from the Puglia
region, previously verified as dioxin-like PCBs free by
GC/ECD analysis. The calibration curves were obtained
at concentrations 0.01 (for only PCB 189), 0.03 (for

only PCBs 105, 118, and 169), 0.15, 1.00, 5.00, 10.00,
and 30.00 ng/mL, using linear regression analysis.
Blank samples were analyzed, according to the method
described, to (i) confirm the assignment of peak identity,
(ii) verify the absence of interfering peaks, (iii) assess
method accuracy, and (iv) determine recovery.
Quantification of each congener was based on the re-
sponse factor of each individual PCB congener with
respect to the internal standard (PCB 112). Limits of
detection (LOD) and limits of quantitation (LOQ) of the
analytical procedure were assumed as the analyte con-
centrations that provide signals equal to three and ten
times, respectively, the noise signal of analysis.
Solutions of each calibration level were analyzed in
triplicate. The correlation coefficient was r2>0.999 for
all PCBs. In line with European regulatory instructions,
the cumulative PCB concentrations of the 12 congeners
analyzed (ΣPCB) were reported as upper-bounded di-
oxin toxicity equivalents (TEQ units).

Gas chromatography-mass spectrometry analysis

Gas chromatography-mass spectrometry (GC-MS) analy-
sis of PCBs was carried out using a 7890A GC system
coupled to a 5975C MS instrument (Agilent
Technologies). The gas chromatograph was equipped with
anHP-5ms capillary column (30m×0.25mm ID), and the
carrier gas used was helium. The sample (2 μL) was
injected in splitless mode. The injector temperature was
250 °C. The temperature programwas as follows: injection
at 70 °C, 2 min at 70 °C, 70–150 °C temperature program
at 25 °C/min, 150–200 °C temperature program at
3 °C/min, and 200–280 °C temperature program at
8 °C/min. The MS was operated in electron ionization
mode (EI, 70 eV) in the m/z range 50–450. The EI source
was set at a temperature of 230 °C and the quadrupole at
150 °C. The scan range was 50–450 Da.

Statistical analysis

R software on Linux Ubuntu 14.04 was used for the
statistical analyses. A significance level of p<0.05 (two
tailed) was used for analysis (Table 1).

Results

A pool obtained by mixing six maternal serum samples,
previously verified as dioxin-like PCB free by GC/ECD
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analysis, was considered as blank. The intra-day precision
was determined on spiked blank sera and showed a coef-
ficient of variation spanning from 3.0 to 6.0 %; inter-day
precision showed a coefficient of variation spanning from
3.5 to 7.0%.All LODvalueswere not higher than 0.04 ng/
mL, with the exception of PCB 123 (0.06 ng/mL), while
all LOQ values were not higher than 0.11 ng/mL.
Determination of analyte recovery was performed in trip-
licate on spiked serum samples at both low (1.0 ng/mL)
and high (20.0 ng/mL) concentrations. Recoveries ranged
from 64 to 102 % and from 65 to 110 % at low and high
concentrations, respectively. RSD values in the experi-
ments were below 16 %. Sixty-four serum samples, 32
from mothers and 32 from umbilical cords of their new-
born babies, were examined. As can be seen in Table 1,
PCBs were found in both maternal (26 out of 32) and
umbilical cord (18 out of 32) sera, in the range 0.018–
16.980 ng/mL (mean 1.712±2.807 ng/mL). In maternal
serum, the values of PCB concentrations ranged from
0.019 to 10.426 ng/mL (mean 1.590±2.002 ng/mL), while
the values detected in the umbilical cord serum ranged
from 0.018 to 16.980 ng/mL (mean 1.858±3.558 ng/mL).
Table 1 also shows the values of mean, median, and range
for all PCBs detected in both umbilical cord and maternal
sera as well as the percentage of samples found positive for
each PCBcongener on the 64 total samples analyzed. Total
concentrations found for either maternal or newborn sera,

i.e., the sums of all concentrations found for each PCB
congener, are reported in Fig. 2. At least one PCB conge-
ner was found in 44 out of 64 sera. The most frequently
found PCB congener was PCB 169 (24 sera, i.e., 38 % of
sera), whereas PCB 114 was not found in any serum. PCB
157 was found at a level as high as 20.06 ng/mL, but in
only one maternal serum. Six PCB congeners (PCB 126,
156, 157, 167, 169, 189) were found in more than 10% of
samples. As expected, all PCB concentrations were lower
in umbilical cord sera than in the corresponding maternal
sera, with the exception of PCB 126. The difference be-
tween the mean of total PCB concentration of maternal
sera and the mean of total PCB concentration of umbilical
cord sera is not statistically significant (confidence level of
95 %, Student’s t test for independent data, p value calcu-
lated 0.620, p≫0.05). GC/MS analyses allowed us to
confirm the identity of PCB congeners detected by GC/
ECD. GC/MS data also revealed the presence of other
non-dioxin-like PCB congeners, i.e., PCB 66, PCB 163,
and PCB 170.

Discussion

The biologic activity of each PCB congener varies de-
pending on the number and position of chlorine substi-
tutions. Since different subsets of PCB congeners are

Table 1 Concentration values (ng/mL) and relative frequency percentage on 64 sera (rate) of each PCB congener in umbilical cord and
maternal sera

PCB congener Rate (%) Umbilical cord serum (ng/mL) Maternal serum (ng/mL)

Mean±SD Median Range Mean±SD Median Range

77 4.69 0.231a 0.231 NA 0.247±0.018 0.247 0.234–0.260

81 3.12 0.226a 0.226 NA 1.236a 1.236 NA

105 4.69 0.047±0.016 0.047 0.036–0.058 1.565a 1.565 NA

114 0 <LOD <LOD NA <LOD <LOD NA

118 3.12 0.039a 0.039 NA 0.045a 0.045 NA

123 7.81 0.537±0.425 0.340 0.246–1.024 0.860±0.231 0.860 0.697–1.024

126 28.12 6.493±7.140 2.346 0.604–16.980 2.805±2.837 1.532 0.517–9.463

156 10.94 0.318±0.240 0.219 0.143–0.591 0.788±0.582 0.660 0.228–1.605

157 1.56 <LOD <LOD NA 20.060 20.060 NA

167 32.81 1.188±1.350 0.682 0.251–4.783 1.955±3.051 0.840 0.251–10.426

169 40.62 1.258±1.339 0.823 0.039–4.725 1.532±1.342 1.223 0.041–4.938

189 25.00 0.767±1.245 0.275 0.018–3.266 0.788±1.007 0.324 0.019–3.266

NA not applicable
a Single value
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considered in the various studies reported in the litera-
ture, comparisons of total PCB amounts across pub-
lished reports may bemisleading. Therefore, we focused
our attention on the 12 WHO dioxin-like congeners,
which share both structure and potential biologic activ-
ity. For most PCB congeners, cord blood concentrations
reported in the literature are either similar to or approx-
imately two times lower than those in maternal serum,
when the concentrations are calculated on a lipid basis
(Koopman-Esseboom et al. 1996; Bjerregaard and
Hansen 2000). Our results are consistent with the liter-
ature, with the exception of PCB 126, whose concen-
tration in cord was found unexpectedly higher than in
maternal serum. A possible explanation may be related
to the fact that specific physicochemical properties of a
pollutant can drive its accumulation in specific compart-
ments of the human body and the passage across bio-
logical membranes occurs bidirectionally between um-
bilical cord and maternal sera. In addition, the lack of
effective detoxification/biotransformation processes in
the fetus may have also played a role in the PCB 126
accumulation in the umbilical cord (Weisglas-Kuperus
et al. 2000). It should be underlined that in bothmaternal
sera and umbilical cord blood, the mean levels of PCB
126 were dramatically affected by a single high value.
Therefore, by excluding the highest level in maternal
serum (9.463 ng/mL), the mean level of the remaining
six values is 2.080 ng/mL (instead of 2.805ng/mL). In

the umbilical cord, after the exclusion of the highest
value of 16.980 ng/mL, the mean level of the three
values remaining is 5.550 ng/mL (instead of 6.493 ng/
mL). The concentrations of PCBs in serum samples
from our study population were compared with the data
from similar studies carried out in Italy and other coun-
tries (Sexton et al. 2013; Bergonzi et al. 2009; Apostoli
et al. 2005; Covaci et al. 2002), indicating a detection of
much higher levels despite the fact that no normalization
was performed for the total content of lipids, the major
bioaccumulation storage. In particular, the high total
concentration of congener 126 found in both maternal
and umbilical sera (Fig. 2) may be related to the envi-
ronmental pollution of the considered area, due to in-
dustrial activity and illegal landfills. It is important to
note that PCB 126 is of great concern in terms of toxicity
since its carcinogenic properties closely resemble those
of tetrachlorodibenzo-p-dioxin (Wang et al. 2006).
Therefore, it may be considered as a possible biomarker
of environmental pollution in the area of Triangle of
Death. No relationship was found between either mater-
nal or cord blood PCB concentrations and the occur-
rence of malformations. Dioxin-like compounds nor-
mally exist as complex mixtures of congeners in both
environmental and biological samples; therefore, to sim-
plify risk assessment and regulatory control for human/
mammals, in 1998, the WHO introduced the concept of
toxic equivalents (TEQs) to express toxic or biological

Fig. 2 Total concentrations (ng/mL) of each PCB congener in maternal and umbilical cord sera
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effects relative to TCDD, the reference compound (Van
den Berg et al. 1998). The US Environmental Protection
Agency (EPA) recommends using toxic equivalency
factors (TEF) to assess human health risks from expo-
sure to dioxin-like compounds (EPA 2010). TEQ values
relative to TCDD (TCDD-TEQ) are calculated by mul-
tiplying the concentration of each PCB by its TEF. Total
TEQ value for a mixture is the sum of the individual
TCDD-TEQs (TEQ-ng/mL) across the PCBs.
Therefore, in this study, the concentrations of each
PCB found in the samples were multiplied by their
respective TEF (Van den Berg et al. 1998) and, after
addition, the total concentration (ΣPCBs-TEQ) was
expressed as TEQ-ng/mL (Table 2). PCB 126, i.e., the
congener with the highest TEF, is more abundant in cord
blood than in maternal serum and contributes to 97.0
and 92.7 % of total TEQ values, for umbilical cord and
maternal sera, respectively. Consequently, expressing
the total concentration in TEQ-ng/mL, the cord blood
value was higher than that of maternal serum (5.3500
and 3.0271 TEQ-ng/mL, respectively) and the mean
TEQ values for all individuals were as high as 0.1672
and 0.0946 TEQ-ng/mL for umbilical cord and maternal
sera, respectively (Table 2). In summary, the data report-
ed indicate that the subjects considered in this work
underwent a severe PCB exposure which may represent

a risk for both mother and fetus health concerning the
poss ib le deve lopment of d i seases such as
neurodevelopment delays or impairments. To date, the
scientific community agrees about the impossibility of
providing evidence regarding possible relationships be-
tween environmental pollution and human reproduction
since the literature is not yet able to provide the neces-
sary support. Therefore, it should be important to mon-
itor the potential long-term health risks arising from this
exposure.

Conclusion

The Triangle of Death is a geographic area deemed to be
at high environmental risk, in which an abnormal rate of
environmental pollution, due to activities of illegal
dumping of waste, has long been reported. The levels
of dioxin-like PCBs determined in the sera of mothers
and in umbilical cord sera may be assumed as indexes of
environmental contamination. In this study, we found
PCB levels much higher than those reported by other
studies (Korrick et al. 2000; Bergonzi et al. 2009;
Sexton et al. 2013). However, these results should be
regarded cautiously and considered as preliminary due
to the small number of analyzed samples. The study
suggests that dumping sites may be potential pollution
sources of PCBs and that their possible migration in the
atmospheric dust may contaminate humans through the
food and/or by direct inhalation. It is important that
government authorities consider taking action against
unchecked discharge of contaminants in order to prevent
damage to public health. Toxic effects arising from
prenatal exposure to PCBs are widely reported in liter-
ature, resulting in low birth weight and retarded postna-
tal growth (Fein et al. 1984), delayed psychomotor
development (Koopman-Esseboom et al. 1996;
Weisglas-Kuperus et al. 2000), and altered neurological
(Huisman et al. 1995) and intellectual development
(Jacobson and Jacobson 1996). Furthermore, the occur-
rence of syndromes during the growth of healthy new-
born babies related to PCB exposure of their mothers
cannot reasonably be excluded, suggesting that it should
be important to monitor over time the development of
these subjects. Further studies on human levels of
EDCs, such as PCBs, are needed to demonstrate possi-
ble relationships between their exposure and health
damage among residents in polluted areas.

Table 2 Concentrations of PCBs (TEQ-ng/mL) in maternal and
cord blood samples. The TEQ values were calculated usingWHO-
TEF for humans (Van den Berg et al. 1998)

IUPAC PCB TEFWHO ‘98 Maternal blood
(n=32)

Cord blood
(n=32)

77 0.0001 0.000494 0.0000231

81 0.0001 0.000124 0.0000226

105 0.0001 0.000156 0.0000094

114 0.0005 0 0

118 0.0001 0.0000045 0.0000039

123 0.0001 0.0001721 0.000161

126 0.1 2.805 5.1941

156 0.0005 0.0015765 0.0004765

157 0.0005 0.0041455 0.00311

167 0.00001 0.00021505 0.00011879

169 0.01 0.215 0.15102

189 0.0001 0.0007883 0.0004601

∑PCBs-TEQ (n=32) 3.0271 5.3500

PCB-TEQ mean
value

0.0946 0.1672
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