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• Blood, serum, and breast milk were obtained from many donors of Campania Region.
• Priority POPs and heavy metals As, Cd, Hg, and Pb were measured in pooled samples.
• Dioxins, PCBs, and PBDEs in serum and milk were within current values in Europe.
• Metals were within current values in Europe; As, Hg showed a relative overexposure.
• Biomarkers responded at municipality level, to possibly drive future interventions.
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To investigate if protracted living in degraded environments of the Caserta and Naples provinces (Campania
Region, Italy) had an impact on exposure of local people, highly toxic persistent contaminants were mea-
sured in blood, blood serum, and human milk of a large number of healthy donors. Sampling was carried
out from 2008 to 2009. Blood was collected from over 850 20–64-year old donors; by pooling, 84 blood and
84 serum samples were obtained. Milk was donated by 52 mothers: specimens were pooled into six samples.
Polychlorodibenzodioxins (PCDDs), polychlorodibenzofurans (PCDFs), and polychlorobiphenyls (PCBs,
dioxin-like (DL) and non-dioxin-like (Σ6PCBs)), arsenic (As), cadmium (Cd), mercury (Hg), and lead (Pb)
were measured in serum (organic biomarkers) and blood (metals); these chemicals and polybromobiphenyl
ethers (Σ9PBDEs) were analyzed in milk. PCDD + PCDF, DL-PCB, TEQTOT, and Σ6PCB concentration ranges
(medians) in serum were 6.26–23.1 (12.4), 3.42–31.7 (11.5), 10.0–52.8 (23.9) pgTEQ97/g fat, and 55.5–647
(219) ng/g fat, respectively, while in milk concentration ranges were 5.99–8.77, 4.02–6.15, 10.0–14.2 pgTEQ97/g
fat, and 48.7–74.2 ng/g fat. Likewise, As, Cd, Hg, and Pb findings in blood spanned 2.34–13.4 (5.83),
0.180–0.930 (0.475), 1.09–7.60 (2.60), 10.2–55.9 (28.8) μg/L, respectively; only Pb could be measured in milk
(2.78–5.99 μg/L). Σ9PBDE levels in milk samples were 0.965–6.05 ng/g fat. Biomarkers' concentrations were
udy underwent a reorganization in 2008 that determined a change of identification (before/after): ASLNA1/ASLNA1 Centro; ASL
NA3 Sud; ASL CE1/ASL CE; ASL CE2/ASL CE. For practical reasons, both denominations have been used in the article. Additional
REC Working Units, according to their original affiliations.
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Fig. 1. Layout of the Caserta and Naples provinces
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found to be compatible with their current values in European countries and in Italy, and consistent with an
exposure primarily determined by consumption of commercial food from the large distribution system. Based
on relatively higher biomarker values within the hematic biomonitoring database, the following municipalities
were flagged as possibly deserving attention for health-oriented interventions: Brusciano and Caivano (As),
Giugliano (Hg), Pianura (PCDDs+ PCDFs), and Qualiano–Villaricca (As, Hg). The analysis of samples' qualitative
variability indicated that biomarker compositionwas sensitive atmunicipality level, a feature that can potentially
drive interventions for future local risk assessment and/or management measures.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

For more than two decades, many zones in the provinces of Caserta
(CE) and Naples (NA), in the northern part of the Campania Region
(Fig. 1), have been affected by extensive illegal dumping of mixed
waste of urban as well as industrial origin, while waste has frequently
been burnt in the open (Diletti et al., 2004, 2008; Esposito et al., 2014;
Giovannini et al., 2014; Martuzzi and Mitis, 2007; Neugebauer et al.,
2009; Rivezzi et al., 2013): a cocktail of environmental pressure factors
potentially resulting in a release of organic aswell as inorganic chemical
contaminants. As documented by various studies (Brambilla et al., 2004;
US EPA, 2006; Vassiliadou et al., 2009), the unregulated open-air burning
of solidwaste, including agricultural refuse, can be a significant source of
polychlorodibenzodioxins and polychlorodibenzofurans (PCDDs and
PCDFs, also collectively known as “dioxins”): according to Esposito
et al. (2009, 2010, 2014) and Neugebauer et al. (2009), open-air waste
burning may have critically contributed to the PCDD, PCDF, and dioxin-
like polychlorobiphenyl (DL-PCB) contamination episodes of Campania
buffalo milk, eventually ensuing in alarming non-compliances of local
food produce (Borrello et al., 2008).

The territory covered by the aforesaid provinces comprises 196mu-
nicipalities and is highly inhabited. The pressure on the environment
from the prolonged and diffuse local practice of illegal waste disposal/
treatment and other sources of environmental degradation (including
mishandled legal landfills) – altogether entailing potential risks for
AVERSA

CASE

CAIVANO

GLIANO

MARCIANIS

LES (PIANURA)

MACERATA

CASAPESENNA

O VILLARICCA

MUGNANO

CAPODRISE
RECALE

 LITERNO

FRATTAMAGGIORE

NAPLES

, separated by a jagged line, and the
human health – prompted the Italian authorities to acknowledge an
emergency status (1994–2009) and declare 77 of those municipalities
as “site of national interest for remediation” (Bianchi et al., 2004;
Comba et al., 2006; Fazzo et al., 2008, 2011; Martuzzi et al., 2009). As
described by the same authors, the results of epidemiological studies
carried out in the area provide hints to potentially associate increases
in cancer mortality and congenital malformations with environmental
degradation and socioeconomic deprivation. However, due to the com-
plexity and uncertainties of the exposure scenario, the assessment of a
causal link between the pressure of environmental risk factors and its
impact on communities' health was acknowledged to require further
studies.

In the light of the above, the Campania Region allocated funds for an
extensive biomonitoring community study whose aim was to: (a) ana-
lyze the hematic andmother'smilk burdens of a number of priority envi-
ronmental contaminants potentially associated with waste mishandling
and degradation of the northern Campania environment, (b) evaluate
whether the long-term coexistencewith a chemically degraded environ-
ment had determined an increase of the hematic and milk chemical
burdens, (c) evaluate health-related risks based on the chemical burdens
assessed, in particular if significant increases were detected, and (d) if
appropriate, identify the critical (dietary) exposure pathways to eventu-
ally define risk reduction policies/measures. The Istituto Superiore di
Sanità (Italian National Institute for Health, Rome) was charged with
the study coordination. The study itself – known as SEBIOREC and
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carried out by a group of scientific and health institutions (see affilia-
tions) – was set out in mid-2007 and completed by the end of 2010
(De Felip and di Domenico, 2010).

2. Methods

2.1. Selection of chemical biomarkers

PCDDs, PCDFs, and DL-PCBswere recognized to have an unquestion-
able priority as they had well-established highly toxic properties (IARC,
1997, 2012; JECFA, 2001; SCF, 2000, 2001) and since 2001 had been
detected repeatedly above regulatory levels in some Campania food
products (see Introduction). Moreover, their assessed or just suspected
presence above background values in environmental matrices and/or
food triggered at least a psychological malaise in local people adding
up to the general discomfort to co-exist with wastes freely dumped on
land and mishandled. However, due to the potential complexity of the
environmental scenario and degradation factors, the following addi-
tional chemical biomarkers of local concern were also included for
assessment:

– non-dioxin-like polychlorobiphenyls, NDL-PCBs (EFSA, 2005; Lauby-
Secretan et al., 2013);

– polybromodiphenyl ethers, PBDEs (EFSA, 2011), whose assessment
was required in human milk but optional in blood serum;

– arsenic, As (EFSA, 2009a);
– cadmium, Cd (EFSA, 2009b);
– mercury, Hg (EFSA, 2012; Health Canada, 2007);
– lead, Pb (EFSA, 2010).

PCDDs, PCDFs, PCBs, and PBDEs are persistent organic pollutants
(POPs, 2001), a subgroup of persistent toxic substances (PTS) of the
Chemicals Programme of the United Nation Environment Programme
(UNEP) (http://www.chem.unep.ch/), which also includes a number
of heavymetals. For all of them, the chemical, physical, and toxicological
properties have beenwell investigated, and in general a large number of
scientific publications are available related to their adverse effects. Due
to the potential importance of the latter, exposure to the aforesaid
chemicals is traditionally a reason of health concerns, in particular as
they may accumulate in food and affect its quality. A description of the
toxicological properties of the chemicals is beyond the scope of this
paper. Of the vast number of available citations, the recent references
reported above provide start-up information.

2.2. Participant selection and recruitment

Participants (“donors”) were recruited from the population of the
aforesaid Campania provinces following interviews with a detailed
questionnaire focusing on life environment and style, smoking habits,
medical history, dietary habits, socio-demographic factors, work experi-
ences, reproductive/nursing history in women, environmental risk
perception, etc. Prior to sampling, each donor signed an informed con-
sent form. Subjects were screened out when they had less than a 10-
year residence in the community they formally belonged to, had a
work history that might be a potential for chemical overexposure, had
undergone severe and rapidweight loss over the preceding fewmonths
or years, and had been or were under a prolonged medical treatment
that could alter fat metabolism. Individual specimens were made into
pooled samples to increase the number of sampled subjects, improve
analytical quality by havingmore samplematrix available, and optimize
resources.

Eighty-four blood serum samples and as many heparinized blood
samples were planned to be prepared to respectively investigate the
presence of organic pollutants and metals; both groups of pollutants
and PBDEswere to be determined also in six humanmilk (pooled) sam-
ples. Each pool was intended to be constituted by equivalent contribu-
tions from 10 specimens (WHO, 1996) characterized by some shared
features owing to sampling criteria. The target was to have 840 blood
donors, stratified by gender and age, and 60 primiparous milk donors
in their fourth to eighth nursing week, all randomly selected in geo-
graphic locations (municipalities) each typified by an estimated degree
of environmental pressure (IPR) and a socio-economic deprivation index
value (ID) (Martuzzi et al., 2009; Musmeci et al., 2010). IPR was a
synthetic hazard index primarily reflecting local activities of dump-
ing waste. Data from census were used to calculate ID, applying an
established methodology based on variables on education, unemploy-
ment, housing ownership, surface of the dwelling, and family structure.
The 1991 census data were preferred to the 2001 data to allow for long
latencies (i.e. cancer mortality). Both indexes covered a scale from 1
(low) to 5 (high).

As to blood or serum, each geographic location was intended to
be described by six pools of specimens drawn from 30 men and 30
women covering three age ranges (20–34, 35–49, and 50–64 years),
each range being further divided into five three-year subranges in the-
ory represented by two donors each. By combining the two indexes
and other ancillary indicators (e.g. health suffering, non-compliance of
local food produce, population density), risk areas A, B, and C – with
presumed descending risk profiles – were identified together with the
following municipalities of interest (municipality, IPR–ID, risk area,
province):

– Acerra, 5–5, A, NA;
– Aversa, 5–5, A, CE;
– Brusciano, 1–5, C, NA;
– Caivano, 5–5, A, NA;
– Casapesenna, 1–5, C, CE;
– Castel Volturno, 5–4, A, CE;
– Giugliano in Campania (Giugliano hereafter), 5–4, A, NA;
– Maddaloni, 4–4, B, CE;
– Marcianise, 5–4, A, CE;
– Mugnano di Napoli (Mugnano hereafter), 1–4, C, NA;
– Naples (Pianura) (Pianura hereafter), 5–5, A, NA;
– Nola, 3–1, B, NA;
– Qualiano, 4–5, B, NA, together with Villaricca, 3–2, B, NA;
– Villa Literno, 5–5, A, CE.

To collect milk, the following Zone A municipalities were se-
lected: Acerra, Aversa, Caivano, Giugliano, Marcianise, and Pianura;
Frattamaggiore (1–5, C, NA) was considered as a potential reference of
local background. Due to lack of donors as originally planned, risk area
Cmilk specimenswere also obtained from the congruentmunicipalities
of Capodrise, Macerata, and Recale. Sampling instructions excluded that
nursing mothers aside from milk would also donate blood due to the
delicate postpartum condition. Further, as milk is the major route of
excretion of persistent lipophilic chemicals for lactating women and
the major source of exposure to said substances for breast-fed infants,
it was recommended to collect milk from primiparae only to avoid
body burden depauperation (Schecter et al., 1998).

2.3. Sampling of blood and human milk specimens

Detailed instructions for collecting blood andmilk were provided to
doctors, medical assistants, and donors in the form of written protocols
aswell as of oral communications. The original protocols are retrievable
from De Felip and di Domenico (2010). For details, cfr. Supplementary
Material (SM).

2.4. Chemical analysis

2.4.1. Persistent organic pollutants in blood serum
PCDDs, PCDFs, andDL-PCBs in serum samples (pools)were analyzed

by gas chromatography coupled with high resolution mass spec-
trometry (HRGC–HRMS); NDL-PCBs were assayed by HRGC coupled
with low resolution (LR) MS (Abballe et al., 2008, 2013). In both cases,

http://www.chem.unep.ch/
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in-house adaptations ofwell-knownUS EPAMethods 1613B and 1668B
were respectively used. HRGC–LRMS results were possibly confirmed
by HRGC–HRMS. For details, cfr. SM.

The quantified congeners were the canonical 17 PCDDs and PCDFs,
12 DL-PCBs, and six “indicator” NDL-PCBs 28, 52, 101, 138, 153, and
180 (cumulatively expressed as Σ6PCBs). Most human data concerning
PCDD, PCDF, and DL-PCB concentrations were available from the litera-
ture as 1997 dioxin toxicity equivalents (TEQ97): therefore, the cumula-
tive concentrations of PCDDs, PCDFs, DL-PCBs, and their sum (TEQTOT)
were expressed accordingly by using the toxicity equivalency factors
(TEF) adopted in 1997 by the World Health Organization (WHO) (Van
den Berg et al., 1998) for converting to TEQ the original analytical data.

Fat-based congener limits of detection (LODs) were in the order of
1–2 pg/g for most PCDDs and PCDFs, in the 10–100 pg/g range for
DL-PCBs, and in the order of 1–3 ng/g for NDL-PCBs. Repeatability stan-
dard deviation was better than |±10%| for individual congeners and
cumulative values, while the expanded uncertainty of the method
(coverage factor, k = 2) was less than |±25%| for individual congeners
and less than |±20%| for cumulative values. IS recovery rates were
considered to be acceptable when in the 40–130% range.

In serum samples, one PCDD, six PCDF, two DL-PCB, and three NDL-
PCB non-detects exhibited a frequency higher than 10% (cfr. Table SM-
1) (in milk samples, four PCDF and three PBDE non-detects had a
frequency greater than 10%; cfr. Table SM-2). Owing to small-to-modest
differences between upper and lower bound (UB-LB) values, all the
cumulative figures reported in this article are medium bound (MB) esti-
mates obtained by posing a non-detect value equal to LOD × 0.5.

2.4.2. Persistent organic pollutants in human milk
As described for serum samples, PCDDs, PCDFs, and DL-PCBs in milk

samples (pools) were analyzed by HRGC–HRMS, while NDL-PCBs and
PBDEs were assayed by HRGC–LRMS (Abballe et al., 2008, 2013). Nine
PBDE congeners were quantified: PBDEs 28, 47, 99, 100, 153, 154, 183,
197, and 209, cumulatively expressed as Σ9PBDEs. Again, HRGC–LRMS
results were possibly confirmed by HRGC–HRMS. LODs of PCDD, PCDF,
DL-PCB, and NDL-PCB congeners were approximately one tenth of
those reported for serum samples; PBDE LODs were around 0.03 ng/g
fat. Cfr. SM.

2.4.3. Heavy metals in blood
As, Cd, Hg, and Pbwere analyzed in blood samples (pools) bymeans

of dynamic-reaction-cell inductively-coupled plasma mass spectrome-
try DRC-ICP-MS technique (D'Ilio et al., 2010). Quantification was car-
ried out by DRC-ICP-MS operating in the standard mode. Cfr. SM.

Method LODs for As, Cd, Hg, and Pb in blood were respectively 0.7,
0.03, 0.2, and 0.2 μg/L. For each element, the within-laboratory repro-
ducibility in the analytical working range was better than or in the
order of |±10%|, with an expanded uncertainty of less than |±30%|
(coverage factor, k = 2). Recovery rates were considered acceptable
when in the 90–110% range.

2.4.4. Heavy metals in human milk
As, Cd, Hg, and Pb were analyzed in milk samples (pools) with a

DRC-ICP-MS-based procedure (D'Ilio et al., 2008; Rivero Martino et al.,
2000). Method LODs were 3, 0.08, 0.3, and 0.5 μg/L, respectively. Cfr.
SM.

2.5. Statistical analysis

The non-parametric Kruskall–Wallis and Mann–Whitney U tests
(Statistica, Version 8.0) were used to investigate the statistical signifi-
cance of the quantitative differences between groups in contaminants'
concentrations in serum, blood, and human milk pooled samples.
Concentrations were used directly as obtained from sample analysis,
i.e. uncorrected for possible confounders (raw data).
The principal component factor analysis (PCFA) (Statgraphics XVI),
concerned with correlations between variables only, was adopted to
explore the qualitative variability of POP data (Fielding, 2007; Izenman,
2008): the found correlations allowed to characterize the classifying
factors (“classifiers”). With regard to serum pools, the PCFA was carried
out on the separate age groups (or ranges)while investigating the effects
of the following classifiers: risk area, health district (ASL), municipality,
and gender. Congeners with a non-detect frequency across the database
greater than 10%were excluded from the analysis to maximize the PCFA
structure and its diagnostic potential (this exclusion threshold was also
adopted for milk results). The “varimax”method was used to maximize
the explained variability (variance (%)) of the loadings in each factor
group. The diagnostic power of factor loadings and scores was provided
by their positive values greater than a default of 0.3 (Fielding, 2007).
Factor loadings and scores provided information on the most important
congeners in each factor.

Sample characterization with blood metal data was carried out by
applying the general linear models (GLMs) (Statgraphics XVI) and
using the same classifiers defined for serumpools. Normality of the orig-
inal and log-transformed values of each data set was always tested at
the start. The hypothesis of normality was not rejected for P N 0.05
(Shapiro and Wilk's test), a condition resulting after log-transformation.
Regressions were multiple variables GLMs. In the metal database, non-
detects were absent.

As to milk pools, the relevant classifiers – eating habits, extra expo-
sure, municipality, and smoking habits (Table 1) – were entered as
numerical descriptors in the PCFA. Due to the limited number of milk
pools analyzed, subgroups of variables were studied.

3. Results and discussion

3.1. Recruitment and sampling

3.1.1. Blood and serum specimens and pools
Blood sampling was carried out between January 2008 and October

2009. A total of 876 serum specimens were collected respectively from
429 and 447 male (M) and female (F) donors; in parallel, 423 and 436
heparinized blood specimens were obtained for a total of 859 speci-
mens. In both cases, 84 pooled samples were obtained (cfr. Tables SM-3
and SM-4).

Most (≥60%) pools were compliantwith pooling design: of the non-
compliant samples, three of serum and eight of bloodweremadewith a
number of contributions less than 10, whereas many of the remaining
pools had an excess number of contributions. Irregular pool composi-
tions were also determined by other deviations from original sampling
design such as an altered availability of age-stratified donors and/or
the amounts of serum and blood specimens, often less than expected:
amounts were respectively in the ranges of approximately 5–20 and
1–5 mL/donor, which allowed to make pooled samples with volumes
of 50–100 and 6–10 mL, appropriate for confirmatory analyses and
independent quality checks. In any case, the final contents of non-
compliant pools resulted from balancing the contributions available so
as to minimize the extent of non-compliancewith respect to the sched-
uled patterns of age and quantitative composition.

A screening of questionnaires revealed that several questions and
entries had been filled in incompletely or unreliably, often as unchecked
personal expressions. For the difficulty to extract the correct informa-
tion, the evaluation of questionnaire data and their correlations with
the exposure biomarkers described in this article will be reported else-
where (Bianchi et al., in preparation). On the whole, pools had compo-
sitions reflecting closely the sampling/pooling design as to the age
distribution of donors and their analytical contributions. The level of
smoking habits in the different pools was comparable, whereas differ-
ences were detected as to parity – women that had different lactation/
breastfeeding episodes during the 10-year residence period given as a
screening-out condition – and consumption of foods if produced locally.



Table 1
General information on human milk donors and qualitative descriptors (normalized) of the derived pooled samples. Sampling period: October 2008 through December 2009. For
difficulties in finding all required donors for Marcianise and Macerata samples, specimens were also gathered from other municipalities of congruent risk areas.

Municipality or locality Naples (Pianura) Giugliano Caivano Acerra Marcianisea Maceratab Rome

Risk area Zone A Zone A Zone A Zone A Zone A Zone C –

ASL (local health agency) NA1 NA2 NA3 NA4 CE1, CE2 CE1, NA3 –c

Number (N) of donors in pool 10 10 11 10 5 7 10
Age, median and range (years) 32; 26–39 32; 21–37 26; 22–36 26; 19–34 31; 24–35 30; 22–35 33; 25–38
Pool, parity ratingd 0.90 1.00 1.00 1.00 1.00 1.00 1.00
Pool, extra exposuree 0.50 0.00 0.27 0.40 0.20 0.14 0.00
Pool, smoking habitsf 0.80 0.55 0.32 0.40 0.40 0.14 0.50
Pool, eating habitsg 0.02 0.00 0.28 0.07 0.00 0.00 0.00

a Five specimens collected in the areas of Aversa (1) and Marcianise (4).
b Seven specimens collected in the areas of Capodrise (1), Frattamaggiore (1), Macerata (4), and Recale (1).
c Hospital “Umberto I”, Italian State University “Sapienza”, Rome.
d Based on the number of primiparae in pool (NP/N): primiparae only, 1; absence of primiparae, 0.
e Donors' protracted previous or ongoing exposure to potential source(s) of chemical risk factors: all donors in pool exposed, 1; no donor in pool exposed, 0.
f All donors in pool active (N5 cigarettes/day per donor) smokers only, 1; all donors in pool passive smokers only, 0.5; all donors in pool active andpassive smokers, 1.5; no donor in pool

active or passive smoker, 0.
g Based on a consumption list comprising 26 food items either from the general distribution or from local/own production: consumption of local/own food only, 1; no consumption of

local/own food, 0.
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3.1.2. Human milk specimens and pools
Milk samplingwas carried out betweenOctober 2008 andDecember

2009. As detailed in Table 1, 53 milk specimens were gathered from as
many mothers living in municipalities within the provinces of Caserta
and Naples. The individual amounts of milk collected (approximately
20–100 mL/mother) were often less than originally instructed but
anyway adequate to provide six pooled samples with volumes of at
least 50mL each. In general, there was enough sample for confirmatory
analyses, if required.

As the Rome area had providedmilk donors in two precedingWHO-
coordinated milk studies (Abballe et al., 2008; Ingelido et al., 2007;
Larsen et al., 1994; Schecter et al., 1992), the same area was used in
this study primarily to have a generic time-related reference of the
current POP levels in the aforesaid matrix.

In general, donors were healthy womenwith no relevant gyneco-
logical and obstetrical history, had not been assuming drugs that
could interfere with the study, and had not had a severe weight loss/
variation in the last 10 years aside from the recent pregnancy. With
the exception of Pianura pool (whose parity was 0.90 due to a
secundipara's contribution), all the other pools had only contributions
from primiparae. The age distribution of all the mothers enrolled in
the six Campania groups was 19–39 years, a range comprising that
of Rome mothers (25–38 years); however, the median of the latter
(33 years) fell slightly above the upper end of the Campanian median
range (26–32 years). Not always were mothers' height and weight
recorded: on thewhole, the available bodymass indexes (BMIs) ranged
from 21.2 to 31.6 (median, 25.4) kg/m2, but no average BMI values
could be estimated at pool level.

Data concerning lifestyle and dietary habits were gathered from
answers mostly expressing subjective evaluations that could not be
confirmed reliably, thereby having only a qualitative valence. For this
reason, the pool descriptors reported in Table 1 were obtained by
assigning a “yes–no”-type index to each donor in the pool: the normal-
ized pool score was the index sum through the pool divided by the
number of pool donors.

With the exception of Giugliano and Romemothers (no extra expo-
sures reported in both cases),manymothers declared environmental or
else occupational exposures – unquantifiable as to frequency and/or
magnitude – in general to volatile chemicals but also to somepesticides:
each donor's index of extra exposure occurrence or absence was rated
respectively either 1 or 0.

In all pools there were contributions from mothers that were either
active (N5 cigarettes/day per donor) or passive smokers, or both (pas-
sive smoking may have been misjudged as the question was posed too
broadly): the index values used to rate an active, passive, or active and
passive smoker, and a non-smoking mother were 1, 0.5, 1.5, and 0,
respectively.

The questionnaire section dealing with dietary habits was coarsely
profiled on 26 food macro-aggregations, this aspect introducing addi-
tional uncertainty in evaluating the available answers as the relevance
of specific food contributions could not in general be accounted for.
On the whole, food consumption at individual level exhibited many
common traits betweenmothers, occasional deviances being smoothed
down by the pooling operation. For this reason, only the question asso-
ciated with each of the 26 food items, investigating whether food was
from the general distribution or from local/own production – index
values 0 and 1, respectively – was considered to be relevant: before
normalization at pool level, the index of each donor was normalized
dividing the total score (ranging between 0 and 26) by 26.

3.2. Descriptive statistics of biomonitoring results

The results obtained – in bulk and stratified by risk area, provincial
district, age range, and gender – are statistically described and com-
pared respectively in Tables 2 and 3. The descriptors XMIN, Q.25, Q.50,
‹X›, Q.75, XMAX, and N (where Q and ‹X› stand respectively for percentile
and arithmetic mean) were used by default.

The application of Kruskall–Wallis and Mann–Whitney U tests pro-
vided a self-explanatory evidence that significant (P b 0.05), eventually
highly significant, differences could be detected for: risk areas and
PCDDs+ PCDFs; provincial districts andAs; age ranges andorganic pol-
lutants or heavy metals (except As); genders and PCDDs + PCDFs, Hg,
and Pb. Synoptical box-plot representations of the statistical analysis
outcome are visible in Figs. 2 and 3, respectively for organic pollutants
and heavymetals. Cfr. Table SM-5 for pool-specific results and exempli-
fication of specimen/sample labeling.

3.2.1. Persistent organic pollutants in blood serum samples
PCDD + PCDF, DL-PCB, TEQTOT, and Σ6PCBs cumulative concentra-

tions (Table 2, “All data”) fall respectively in the ranges 6.26–23.1,
3.42–31.7, 10.0–52.8 pgTEQ97/g fat, and 55.5–647 ng/g fat; the related
median and mean estimates are 12.4 and 12.6, 11.5 and 12.2, 23.9 and
24.9 pgTEQ97/g fat, and 219 and 232 ng/g fat. The relative contribution
of DL-PCBs to TEQTOT is characterized by a generally increasing trend
with increasing TEQTOT (and age range), being on average around
48% and spanning approximately from 27 to 67%. The sum of NDL-PCB
congeners 138, 153, and 180 (Σ3PCBs) is a substantially quantitative
estimate (≥95%) of Σ6PCBs over the entire range of measured
concentrations.



Table 2
Statistical descriptors of organic and inorganic pollutant concentrations respectively measured in serum and blood pools. Values rounded off to three figures.a

Chemicalb XMIN Q.25 Q.50 ‹X› Q.75
c XMAX Chemical XMIN Q.25 Q.50 ‹X› Q.75

c XMAX N

All data
PCDDs + PCDFs 6.26 9.62 12.4 12.6 15.1 23.1 Arsenic 2.34 4.65 5.83 6.37 7.57 13.4 84
DL-PCBs 3.42 7.51 11.5 12.2 16.1 31.7 Cadmium 0.180 0.352 0.475 0.492 0.577 0.930 84
TEQTOT 10.0 17.3 23.9 24.9 31.2 52.8 Mercury 1.09 1.90 2.60 2.86 3.37 7.60 84
Σ6PCBs 55.5 131 219 232 310 647 Lead 10.2 19.7 28.8 29.6 38.4 55.9 84

Risk area A
PCDDs + PCDFs 7.09 9.83 12.5 12.8 15.1 20.4 Arsenic 2.34 4.35 5.61 6.00 6.87 13.4 48
DL-PCBs 3.42 7.47 11.0 11.9 16.0 22.6 Cadmium 0.240 0.423 0.510 0.526 0.630 0.930 48
TEQTOT 11.0 17.2 24.4 24.7 31.1 38.2 Mercury 1.09 1.80 2.49 2.74 3.36 6.36 48
Σ6PCBs 55.5 131 210 228 302 550 Lead 10.2 20.6 29.6 31.0 41.1 55.9 48

Risk area B
PCDDs + PCDFs 8.91 11.0 13.5 14.2 16.8 23.1 Arsenic 2.64 4.66 5.70 6.02 7.61 10.3 18
DL-PCBs 3.81 7.08 12.7 13.7 18.7 31.7 Cadmium 0.180 0.328 0.375 0.425 0.508 0.670 18
TEQTOT 14.1 18.1 26.4 27.9 33.6 52.8 Mercury 1.61 2.12 2.76 3.01 3.52 6.98 18
Σ6PCBs 95.7 126 240 264 354 647 Lead 13.6 19.2 23.6 26.0 33.7 44.4 18

Risk area C
PCDDs + PCDFs 6.26 8.19 9.80 10.7 12.7 18.4 Arsenic 4.19 5.39 7.04 7.51 8.97 13.2 18
DL-PCBs 3.64 8.35 11.5 11.6 14.3 22.6 Cadmium 0.270 0.358 0.420 0.471 0.508 0.890 18
TEQTOT 10.0 16.7 21.8 22.3 25.9 41.0 Mercury 1.73 2.05 2.58 3.02 3.42 7.60 18
Σ6PCBs 86.6 144 208 211 258 355 Lead 14.4 19.2 31.8 29.4 36.5 46.7 18

Caserta provincial district
PCDDs + PCDFs 7.31 9.10 10.7 12.0 14.6 23.1 Arsenic 2.34 3.95 4.55 4.72 5.24 9.72 36
DL-PCBs 3.71 8.12 11.0 12.4 16.2 25.4 Cadmium 0.250 0.343 0.460 0.488 0.565 0.930 36
TEQTOT 11.9 16.9 21.8 24.3 32.2 48.6 Mercury 1.09 1.87 2.61 2.60 2.86 6.36 36
Σ6PCBs 82.1 142 216 242 302 550 Lead 10.2 18.9 25.7 27.3 34.8 50.8 36

Naples provincial district
PCDDs + PCDFs 6.26 10.3 12.9 13.1 15.3 21.2 Arsenic 2.64 6.12 6.98 7.62 8.93 13.4 48
DL-PCBs 3.42 7.20 12.2 12.1 16.1 31.7 Cadmium 0.180 0.373 0.480 0.495 0.580 0.930 48
TEQTOT 10.0 17.8 25.1 25.3 30.8 52.8 Mercury 1.42 1.99 2.58 3.05 3.63 7.60 48
Σ6PCBs 55.5 120 221 225 318 647 Lead 13.6 21.1 32.6 31.3 40.5 55.9 48

Age range 20–34 years
PCDDs + PCDFs 6.26 8.20 9.35 9.56 11.0 14.7 Arsenic 2.34 3.81 5.37 5.53 6.74 10.3 28
DL-PCBs 3.42 5.44 6.68 6.51 7.75 9.93 Cadmium 0.180 0.290 0.360 0.383 0.460 0.580 28
TEQTOT 10.0 14.3 16.5 16.1 18.3 22.3 Mercury 1.09 1.65 2.15 2.43 2.81 6.98 28
Σ6PCBs 55.5 93.2 112 115 131 166 Lead 10.2 15.7 19.3 21.4 25.7 35.2 28

Age range 35–49 years
PCDDs + PCDFs 7.68 10.1 12.8 13.0 15.1 20.4 Arsenic 2.66 4.46 5.85 6.46 7.60 13.4 28
DL-PCBs 7.75 10.4 12.0 12.0 14.3 16.1 Cadmium 0.180 0.320 0.410 0.430 0.535 0.780 28
TEQTOT 16.5 21.8 25.1 25.0 28.9 32.7 Mercury 1.45 2.04 2.54 2.90 3.30 7.60 28
Σ6PCBs 159 200 224 228 255 298 Lead 16.4 22.9 29.8 31.9 44.0 50.9 28

Age range 50–64 years
PCDDs + PCDFs 8.09 12.8 15.1 15.4 18.2 23.1 Arsenic 3.94 5.29 6.31 7.17 8.93 12.9 28
DL-PCBs 6.78 15.9 17.9 18.2 21.1 31.7 Cadmium 0.300 0.440 0.495 0.566 0.670 0.930 28
TEQTOT 17.3 29.9 33.6 33.6 36.9 52.8 Mercury 1.71 2.58 3.14 3.26 3.86 6.36 28
Σ6PCBs 134 310 344 354 406 647 Lead 18.8 29.7 37.0 35.9 41.5 50.9 28

Male gender
PCDDs + PCDFs 6.26 8.91 11.5 11.7 14.0 20.4 Arsenic 2.64 4.70 5.76 6.50 7.61 13.4 42
DL-PCBs 3.42 7.32 10.8 11.8 16.1 21.8 Cadmium 0.180 0.380 0.470 0.490 0.550 0.930 42
TEQTOT 10.0 16.7 22.8 23.5 30.6 38.6 Mercury 1.09 2.20 2.70 3.16 3.80 7.60 42
Σ6PCBs 55.5 138 208 232 314 550 Lead 17.2 26.0 34.6 35.0 41.8 55.9 42

Female gender
PCDDs + PCDFs 7.09 10.5 12.9 13.6 16.8 23.1 Arsenic 2.34 4.55 5.85 6.24 7.55 13.2 42
DL-PCBs 3.64 7.63 12.0 12.7 16.0 31.7 Cadmium 0.250 0.340 0.480 0.495 0.615 0.930 42
TEQTOT 10.8 18.5 24.8 26.2 32.7 52.8 Mercury 1.18 1.75 2.40 2.55 3.10 6.36 42
Σ6PCBs 86.6 126 224 232 298 647 Lead 10.2 16.4 21.5 24.0 31.1 44.0 42

a Values are medium bound estimates in pgWHO-TEQ97/g fat for PCDDs + PCDFs, DL-PCBs, and TEQTOT, and in ng/g fat for Σ6PCBs. Metal concentrations are in μg/L blood.
b TEQTOT = PCDDs + PCDFs + DL-PCBs; Σ6PCBs = NDL-PCBs 28 + 52 + 101 + 138 + 153 + 180.
c Estimate only indicative when N = 18.
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The following evaluations (similarly carried out for metals) were
obtained by averaging the ratios of the four descriptors Q.25, Q.50, ‹X›,
and Q.75 (Table 2) when applied to two data subsets.

When serum pool contents are compared based on risk area (A, B, or
C) attribution, statistically significant differences are detected only for
PCDDs + PCDFs, specifically between risk areas A/C (P = 0.029)
and B/C (P = 0.0079). The PCDD + PCDF pattern in risk areas can be
represented as [dioxins]B≥ [dioxins]A N [dioxins]C, their concentrations
in risk area C being on average some 26 and 18% lower than those mea-
sured in pools from risk areas B and A, respectively.

No significant differences are observed when pool contents are
compared based on provincial district attribution, although amarginally
significant (P = 0.091) difference is noticed for PCDDs + PCDFs
([dioxins]NA ≥ [dioxins]CE).



Table 3
Summary of multiple and two-group statististical comparisons performed on the organic and inorganic pollutant concentration subsets.a

Chemical Risk area (A, B, C) Provincial district (CE, NA)b Age range (20–34, 35–49, 50–64 years) Gender (F, M)c

NA = 48; NB = 18; NC = 18 NCE = 36; NNA = 48 N20–34 = 28; N35–49 = 28; N50–64 = 28 NF = 42; NM = 42

PA/B/C PA/B PA/C PB/C PCE/NA P20–64 P20–34/35–49 P20–34/50–64 P35–49/50–64 PF/M

Persistent organic pollutants (in blood serum)
PCDDs + PCDFsd 0.020 0.26 0.029 0.0079 0.091 b0.0001 b0.0001 b0.0001 0.0096 0.033
DL-PCBsd 0.76 0.53 0.88 0.49 0.88 b0.0001 b0.0001 b0.0001 b0.0001 0.60
TEQTOT

d,e 0.30 0.36 0.27 0.17 0.53 b0.0001 b0.0001 b0.0001 b0.0001 0.22
Σ6PCBsf 0.54 0.36 0.77 0.28 0.51 b0.0001 b0.0001 b0.0001 b0.0001 0.99

Heavy metals (in blood)
Arsenicg 0.11 0.56 0.030 0.21 0.0001 0.079 0.42 0.025 0.17 0.90
Cadmiumg 0.071 0.045 0.13 0.33 0.70 0.0001 0.36 0.0001 0.002 0.93
Mercuryg 0.49 0.30 0.40 0.89 0.16 0.004 0.15 0.001 0.057 0.038
Leadg 0.33 0.13 0.70 0.42 0.11 0.0001 0.0001 0.0001 0.13 0.0001

a Multiple and two-group comparisons carried out with the Kruskal–Wallis and Mann–Whitney U tests, respectively.
b CE, Caserta; NA, Naples.
c F, female; M, male.
d Original data in pgWHO-TEQ97/g fat.
e TEQTOT = PCDDs + PCDFs + DL-PCBs.
f Σ6PCBs = NDL-PCBs 28 + 52 + 101 + 138 + 153 + 180. Original data in ng/g fat.
g Original data in μg/L.
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The concentrations of organic pollutants in serumpools appear to be
strongly (P b 0.0001 in all cases but one, P b 0.0096) age-dependent
and, as expected (Harden et al., 2004; Needham et al., 2006), follow
the general pattern [POPs]50–64 N [POPs]35–49 N [POPs]20–34. On average,
bioaccumulationwith increasing age is given by the following empirical
relationships:

– [dioxins]50–64 = (1.21 ± 0.04) [dioxins]35–49;
– [dioxins]35–49 = (1.33 ± 0.07) [dioxins]20–34;
– [dioxins]50–64 = (1.61 ± 0.04) [dioxins]20–34;
– [DL-PCBs]50–64 = (1.50 ± 0.02) [DL-PCBs]35–49;
– [DL-PCBs]35–49 = (1.85 ± 0.05) [DL-PCBs]20–34;
– [DL-PCBs]50–64 = (2.78 ± 0.11) [DL-PCBs]20–34;
– [TEQTOT]50–64 = (1.33 ± 0.04) [TEQTOT]35–49;
– [TEQTOT]35–49 = (1.54 ± 0.03) [TEQTOT]20–34;
– [TEQTOT]50–64 = (2.06 ± 0.04) [TEQTOT]20–34;
– [Σ6PCBs]50–64 = (1.56 ± 0.02) [Σ6PCBs]35–49;
– [Σ6PCBs]35–49 = (2.02 ± 0.09) [Σ6PCBs]20–34;
– [Σ6PCBs]50–64 = (3.14 ± 0.12) [Σ6PCBs]20–34.

An attempt was carried out to model the trends of POP concentra-
tions (y) vs. age (x) in spite of the limited number of x coordinates avail-
able: for the fittings, the latter were identified with the intermediate
points of the three age ranges, each x coordinate being associated
with 28 y values. The following conventional models were tested:

– y = m x + q (a)
– ln[y] = m x + q (b)
– ln[y] = m ln[x] + q (c)

Based on r2, r, and F1,82 estimates, fittings appeared to improve
remarkably from (a) to (c), always being formally highly significant
(Pr ≪ 0.001; PF ≪ 0.001). When reverted to linear coordinates,
model (c) regression equations below yielded the average power
functions described in Fig. 4:

– ln[dioxins, pgTEQ97/g fat] = (0.629 ± 0.082) ln[age, years] +
(0.17 ± 0.30)

– ln[DL-PCBs, pgTEQ97/g fat] = (1.39± 0.10) ln[age, years]−(2.74
± 0.36)

– ln[TEQTOT, pgTEQ97/g fat] = (0.979 ± 0.075) ln[age, years] −
(0.47 ± 0.28)

– ln[Σ6PCBs, ng/g fat] = (1.49 ± 0.09) ln[age, years]− (0.17 ±0.32)
The slopes (increase rates) are greatest, and similar, for DL- and
NDL-PCBs (m N 1), whereas the PCDD + PCDF trend exhibits a slight
downwards bend (m b 1): the two rates are partially compensated in
TEQTOT data, whose trend in linear coordinates is almost linear (m≈ 1).
The PCDD + PCDF's downwards bend rendered (only) by model (c)
may reflect the effects of a diminished human exposure (Alcock et al.,
2000) following the strong risk reduction measures that have been
applied in the western world since the 1980s to abate the environmen-
tal release of PCDDs, PCDFs, and PCBs (COM(2001) 593 final; Decision
2179/98/EC; Directive 2000/76/EC); in the European Union (EU),
these measures have been accompanied since the early 2000s by the
development of an effective body of rules to limit their occurrence in
food (Recommendation 2011/516/EU; Regulations (EU) 1259/2011
and 277/2012), the major exposure pathway for humans. The differ-
ences in PCB and PCDD + PCDF trends may indicate that reduction of
exposure to the latter has been more effective than to PCBs, at least in
the Campania Region: congruent results can be obtained by running
model (c) on the two gender-specific data sets. Fig. 4 also suggests the
age when the relative contributions to TEQTOT of PCDDs + PCDFs and
DL-PCBs become equivalent (46 years), the contribution of the latter
being respectively lower and higher than that of PCDDs+ PCDFs before
and after such time point.

As to gender influence, PCDDs + PCDFs are the only organic pol-
lutants exhibiting a significant (P = 0.033) gender-driven bioaccu-
mulation ([dioxins]F N [dioxins]M), their concentrations in male donor
pools (“M-samples”) being on average some 14% lower than in female
donor pools (“F-samples”). It can be noticed that the aforesaid differ-
ence is significant only when the entire data set is considered: when
the latter is broken down by age range (N= 28 each range), the prob-
ability value changes fromnon-significant (P= 0.36), tomarginally sig-
nificant (P= 0.089), to almost significant (P= 0.054) as age increases.
In other words, data seem to indicate that a slightly selective mecha-
nism is at work that favors bioaccumulation in women (Harden et al.,
2004; Needham et al., 2006), but requires years-long exposures and/
or a fair number of data to be statistically detectable.

Lastly, our results for PCDDs + PCDFs, DL-PCBs, TEQTOT, and
Σ6PCBs in blood serum are in good agreement with their current
values obtained in studies carried out since 2000 in different
European populations (Cao et al., 2008; Costopoulou et al., 2006;
De Felip et al., 2004a, 2008; Fromme et al., 2009; Kvalem et al.,
2009; Porpora et al., 2006, 2009; Reis et al., 2007; Thomas et al.,
2006; Wittsiepe et al., 2008).
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Fig. 2. Box plots of POP concentrations in blood serum pools. Boxes provide the Q.25, Q.50, and Q.75 estimates (the latter are only indicative when N = 18). Dots represent outliers.
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Fig. 4. Average trends of POP concentrations (y) in blood serum pools with age (x, years)
based on the power functions obtained from fitting model ln[y]=m ln[x] + q, allowing
supralinear, linear, and sublinear relationships, and by reverting to linear coordinates
the regression equations (all highly significant). The NDL-PCB y values are scaled down
by a factor 10.

PCDDsþ PCDFs pgWHO‐TEQ97=g fatð Þ : y ¼ 1:18 x0:629

DL‐PCBs pgWHO‐TEQ97=g fatð Þ : y ¼ 0:0645 x1:39

TEQTOT pgWHO‐TEQ97=g fatð Þ : y ¼ 0:627 x0:979

NDL‐PCBs ng=g fatð Þ : y ¼ 0:841 x1:49
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3.2.2. Persistent organic pollutants in human milk samples
As summarized in Table 4, PCDD + PCDF, DL-PCB, TEQTOT, and

Σ6PCBs cumulative concentrations in the six Campania samples and in
Rome pool fall respectively in the ranges 5.99–8.77, 4.02–6.97,
10.0–14.2 pgTEQ97/g fat, and 48.7–108 ng/g fat. The Rome data appear
to be placed at the upper end of each distribution, or next to it and
within analytical uncertainty for PCDDs + PCDFs: in other words, rela-
tive to Romemothers themilk sampled fromCampania donors tends to
be somewhat less contaminated, the contaminant levels also being
substantially unrelated to the risk area origin of the samples. All the
above concentrations are noticeably lower than those measured in the
pools of milk collected in the 1998–2001 period in the Rome and Venice
areas (respectively: 9.40–14.8, 11.0–19.3, 20.4–34.2 pgTEQ97/g fat, and
195–318 ng/g fat) (Abballe et al., 2008; Ingelido et al., 2007), a possible
confirmation that exposure to the aforesaid contaminants maintained a
negative trend. As for blood serum samples, Σ3PCBs is a quantitative
(N97%) estimate of Σ6PCBs.

The SEBIOREC outcome can be compared with two recent works in
which individual milk specimens were analyzed. According to Diletti
et al. (2008), who described the preliminary results from a subgroup
of 44 specimens collected in “exposed” and “not exposed” areas of CE
and NA provinces, the PCDD + PCDF and DL-PCB concentrations
Table 4
Concentrations of organic and inorganic pollutants in human milk pools obtained from donors
period October 2008 through December 2009. Values rounded off to three figures.a

ASLb — risk area Municipality or locality N specimens (N pools) Fat (%) PCDDs + P

NA1 — Zone A Naples (Pianura) 10 (1) 4.2 6.28
NA2 — Zone A Giugliano 10 (1) 4.3 6.29
NA3 — Zone A Caivano 11 (1) 3.5 6.17
NA4 — Zone A Acerra 10 (1) 3.7 8.77
CE1, CE2 — Zone A Marcianisef 5 (1) 4.0 5.99
CE1, NA3 — Zone C Maceratag 7 (1) 3.7 7.00
Hospital Umberto I Rome 10 (1) 3.5 7.26

a Values are medium bound estimates in pgWHO-TEQ97/g fat for PCDDs + PCDFs, DL-PCBs,
b Azienda Sanitaria Locale (local health agency).
c TEQTOT = PCDDs + PCDFs + DL-PCBs.
d Σ6PCBs = NDL-PCBs 28 + 52 + 101 + 138 + 153 + 180.
e Σ9PBDEs = PBDEs 28 + 47 + 99 + 100 + 153 + 154 + 183 + 197 + 209.
f Specimens collected in the areas of Aversa (N = 1) and Marcianise (N = 4).
g Specimens collected in the areas of Capodrise (N = 1), Frattamaggiore (N = 1), Macerata
covered the ranges 5.5–14.9 (mean, 8.8) and 4.0–21.2 (mean, 8.2)
pgTEQ97/g fat, respectively: all the pertinent results of our study fall
within the aforesaid ranges and, in particular, below the means
shown. Our PCDD + PCDF findings are also in good agreement with
those reported by Giovannini et al. (2014) and Rivezzi et al. (2013)
concerning 94 individual milk specimens from primiparae of the same
areas (range, 3.8–19.0 pgTEQ97/g fat). Ulaszewska et al. (2011) mea-
sured the concentrations of PCDDs + PCDFs, DL-PCBs, TEQTOT, and
Σ6PCBs plus DL-PCB 118 in milk from 21 donors living in Giugliano,
obtaining the values respectively of 1.26–9.44 (mean, 3.78 ± 2.09),
1.81–10.46 (mean, 4.87 ± 2.21), 4.22–18.95 (mean, 8.65 ± 3.55)
pgTEQ97/g fat, and 23.59–160.49 (mean, 72.42 ± 29.20) ng/g fat
(these latter figures include DL-PCB 118 and are overestimated by an
average 10% relative to Σ6PCBs): all the results we reported for
Giugliano fall well within the aforesaid pertinent ranges, and in general
comply with the mean estimates shown within the associated uncer-
tainties (standard deviations).

At last, it can be observed that our results for PCDDs + PCDFs,
DL-PCBs, TEQTOT, and Σ6PCBs in milk are in excellent agreement with
their current values obtained in recent studies carried out in different
European populations (Bordajandi et al., 2008; Cao et al., 2008; Colles
et al., 2008; Costopoulou et al., 2006; Croes et al., 2012; Jaraczewska
et al., 2006; Lignell et al., 2009; Malisch and van Leeuwen, 2003;
Malisch et al., 2008; Pratt et al., 2012; Raab et al., 2008; Schuhmacher
et al., 2009; Vandentorren et al., 2011; Vieth et al., 2011; Wittsiepe
et al., 2007a, 2007b).

In the same pools, the Σ9PBDEs cumulative concentrations are com-
prised between 0.965 and 6.05 ng/g fat (Table 4): this range is substan-
tially comparable with that of the 1998–2001 study (1.55–4.06 ng/g fat)
(Abballe et al., 2008; Ingelido et al., 2007) by taking into account the
uncertainties underlying both analytical outcomes and that the conge-
ner array used in this study includes PBDEs 197 and 209. By far the low-
estΣ9PBDE level wasmeasured in an (incomplete) risk area A pool with
milk collected by ASLs CE1+ CE2, whereas the highest level was found
in the only pool nominally from risk area C (ASLs NA3 + CE1). PBDEs
47, 99, 100, and 153 give always a major contribution to cumulative
concentrations, greater than 60% in zone A pools of ASLs NA1, NA2,
and CE1 + CE2, and in Rome sample. However, in pools of ASLs NA3,
NA4, and NA3 + CE1 such contribution decreases (respectively: 55,
42, and 37%) as the cumulative concentrations of PBDEs 183, 197, and
209 concurrently increase to 43, 56, and 62%.

As extensively reviewed by Frederiksen et al. (2009), the PBDE levels
detected in environmental, food, and human matrices exhibit a very
large variability, in part to be ascribed to the intrinsic uneven diffusion
of the chemicals and in part to a lack of a standardized selection of
congeners for the analysis, a factor that can hinder a direct comparison
of data from different sources. However, our findings for milk are on
average in agreement with the PBDE values reported by recent studies
of different areas in the Campania Region and of the metropolitan area of Rome over the

CDFs DL-PCBs TEQTOT
c Σ6PCBsd Σ9PBDEse Arsenic Cadmium Mercury Lead

6.15 12.4 74.2 1.48 b3 b0.1 b0.3 4.45
5.52 11.8 70.5 1.75 b3 b0.1 b0.3 5.99
4.99 11.2 51.1 1.91 b3 b0.1 b0.3 4.79
5.38 14.2 62.6 3.42 b3 b0.1 b0.3 2.78
4.02 10.0 48.7 0.965 b3 b0.1 b0.3 3.75
5.79 12.8 67.7 6.05 b3 b0.1 b0.3 5.28
6.97 14.2 108 2.16 b3 b0.1 b0.3 2.59

and TEQTOT, and in ng/g fat for Σ6PCBs and Σ9PBDEs. Metal concentrationsare in μg/L.

(N = 4), and Recale (N = 1).



430 E. De Felip et al. / Science of the Total Environment 487 (2014) 420–435
concerning different European populations (Bordajandi et al., 2008;
Colles et al., 2008; Fång et al., 2010; Jaraczewska et al., 2006; Kotz
et al., 2005; Lacorte and Ikonomou, 2009; Lignell et al., 2009; Raab
et al., 2008; Schuhmacher et al., 2009; Thomsen et al., 2010).
3.2.3. Correlation between TEQ05 and TEQ97 values in blood serum and
human milk samples

Compared with 1997 WHO-TEFs, the 2005 WHO-TEF system (Van
den Berg et al., 2006) yields lower TEQ estimates, in particular for DL-
PCBs.
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Fig. 5. WHO-TEQ05 vs. WHO-TEQ97. All linear regressions are highly significant, with a
decreasing level of significance following the order PCDDs + PCDFs (a) NTEQTOT (c)
NDL-PCBs (b). The pictures show the linear regression lines and their 95% confidence
limits (continuous lines); the outer broken lines define the 95% prediction boundaries.
The impact of using the later TEF system is well represented in Fig. 5
exhibiting the TEQ05-vs.-TEQ97 trends in blood serum pools: all linear
regressions are highly significant, with a decreasing level of significance
following the order PCDDs + PCDFs N TEQTOT N DL-PCBs. Within the
ranges of reported values (cfr. Table SM-5), the relative underestima-
tion that affects PCDD + PCDF TEQ05 values is on average in the order
of 14–15% (Wittsiepe et al., 2007b), whereas underestimation increases
with increasing concentration for TEQTOT (from 16 to 33%) and DL-PCBs
(from 28 to 47%), tending to flatten out for higher x values. For x = ‹X›
pgTEQ97/g fat, the corresponding TEQ05 values are underestimated by
approximately an average 15, 29, and 43%, respectively. In agreement
with regression statistical qualifiers, the adherence of experimental
points to regression line is visibly very good for PCDDs + PCDFs; the
deviations from regression lines that stand out in DL-PCB and to a lesser
extent in TEQTOT graphics, likely reflect the relevant changes in 2005
TEFs relative to the 1997 values, particularly pronounced for most DL-
PCBs. From Fig. 5, it can be inferred that uncertainty on regression
predictiveness increases noticeably with decreasing significance level
of regression.

As to the seven milk samples, the mean underestimations (%)
in PCDD + PCDF, TEQTOT, and DL-PCB TEQ05 values are respectively
18.4 ± 1.6, 26.8 ± 2.2, and 37.1 ± 3.2.

3.2.4. Heavy metals in blood samples
As, Cd, Hg, and Pb concentrations fall respectively in the ranges

2.33–13.4, 0.180–0.935, 1.10–7.60, and 10.2–55.9 μg/L blood (Table 2,
“All data”); the related median and mean estimates are 5.83 and 6.87,
0.475 and 0.492, 2.60 and 2.86, and 28.8 and 29.6 μg/L blood.

When blood pool contents are compared based on attribution to
risk area (A, B, or C), statistically significant differences are detected
only for As and Cd, respectively between risk areas A/C (P = 0.030)
and risk areas A/B (P = 0.045). The patterns of the aforesaid metals
in risk areas can be represented as [As]C ≥ [As]B ≥ [As]A and as
[Cd]A ≥ [Cd]C ≥ [Cd]B. On average, As concentrations in risk area A are
some 21% lower than those measured in risk area C, while Cd levels in
blood pools from risk area B are approximately 22% lower than those
detected in risk area A.

No significant differences are detected for Cd,Hg, and Pbwhenblood
pool contents are compared based on CE and NA provincial district
attribution. However, a highly significant (P = 0.0001) difference is
observed for As: on average, concentrations in CE pools are approxi-
mately 37% lower than in NA pools.

Metals' behavior with increasing age is not as consistent as that
shown by POPs although, generally speaking, metal concentrations
show a positive trend as well. As exhibits increasing blood levels that
can be represented as [As]50–64 ≥ [As]35–49 ≥ [As]20–34, leading to a
significant (P = 0.025) difference only between the extreme age
ranges, that is [As]50–64 = (1.30 ± 0.09) [As]20–34. Cd exhibits a similar
pattern ([Cd]50–64 N [Cd]35–49 ≥ [Cd]20–34). In particular, [Cd]50–64 =
(1.46 ± 0.06) [Cd]20–34) (P = 0.0001) and [Cd]50–64 = (1.29 ± 0.07)
[Cd]35–49 (P = 0.002;). Hg accumulation pattern can be described as
[Hg]50–64 ≥ [Hg]35–49 ≥ [Hg]20–34, with a significant (P = 0.001) dif-
ference between the extreme age ranges according to [Hg]50–64 =
(1.44± 0.10) [Hg]20–34, and amarginally significant (P= 0.057) dif-
ference between the eldest and the intermediate age ranges. Pb accu-
mulation pattern can be expressed as [Pb]50–64 ≥ [Pb]35–49 N [Pb]20–34,
with highly significant (P= 0.0001) differences between the intermedi-
ate and the youngest age ranges ([Pb]35–49 = (1.55 ± 0.11) [Pb]20–34)
and between the extreme age ranges ([Pb]50–64 = (1.78 ± 0.15)
[Pb]20–34).

As to gender influence, only Hg and Pb exhibit a significant (respec-
tively: P = 0.038 and 0.0001) differential accumulation of the type
[metal]M N [metal]F, their concentrations in F-samples being on average
some 17 and 33% lower than in M-samples.

All the As, Cd, Hg, and Pb concentrations measured in this study fall
below the corresponding XMAX values (15.5, 3.87, 15.0, and 215 μg/L,

image of Fig.�5
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respectively) reported by Alimonti et al. (2011) for the Italian general
population as represented by over 1400 urban adults of both sexes sam-
pled in 2008–2010 in five regions (Campania Region not included).
From a comparison of the results in Table 2 (cfr. also Table SM-5) with
the percentiles reported by the aforesaid authors, 62% of As values
appear to be higher than Q.95 (5.32 μg/L), all Cd values are lower than
Q.90 (1.11 μg/L), all Hg concentrations but one are higher than Q.50

(1.15 μg/L), with six values falling above Q.95 (5.16 μg/L), while 98% of
Pb values are in the range Q.10–Q.95 (9.04–51.7 μg/L): thus, in particular
in the province of Naples, there seems to be a relative overexposure to
As and, to a lesser extent, Hg that may tentatively be attributed to the
volcanic nature of the region and/or local anthropogenic activities, as
suggested by thework of Albanese et al. (2013). The above observations
for As, Cd, Hg, and Pb are in substantial agreement with the findings of
recent investigations in Europe (Batáriová et al., 2006; Becker et al.,
2002; Beneš et al., 2000; Černá et al., 2001; Heitland and Köster, 2006;
Wilhelm et al., 2004).

3.2.5. Heavy metals in human milk
Table 4 summarizes the As, Cd, Hg, and Pb levels measured in the

seven milk pools studied. The first three elements were never quantifi-
able at the respective LODs of 3, 0.1, and 0.3 μg/L. Pbwasmeasured in all
samples (2.59–5.99 μg/L).

On the whole, these results are in accord with the sparse pertinent
values recently reported for European countries (Abballe et al., 2008;
Almeida et al., 2008; Dorea, 2004; Gundacker et al., 2002; Koyashiki
et al., 2010; Krachler et al., 2000; Leotsinidis et al., 2005; Turconi et al.,
2004; Ursinyova and Masanova, 2005). In particular, As, Cd, and Hg
potential occurrence would come at the lower ends of the respective
concentration ranges deducible from the aforesaid articles. As to Pb, its
presence seems to be characterized by a remarkable variability of con-
centrations, possibly spanning three orders of magnitude: our results
are consistent with some of the average estimates reported. However,
the obvious inconsistency between these results and those reported
by Abballe et al. (2008) (0.849–1.07 μg/L) cannot be explained, espe-
cially when considering that 10 years elapsed between samplings and
that an important source of exposure to airborne Pb started to be
phased out already in the mid-1990s by the introduction of unleaded
fuel.

3.3. Analysis of analytical profiles in serum and blood

3.3.1. Polychlorodibenzodioxins and polychlorodibenzofurans
As deducible from the number of PCDD, PCDF, and DL-PCB factors

and their loadings (cfr. Tables SM-6 and SM-7), congener compositions
are different in the three age ranges and the chemical families analyzed.
The gender is themost important classifier of the 20–34-year age range:
the highest PCDD and PCDF scores for both Factors 1 and 2 are given by
M-samples, whereas F-samples are not adequately characterized. Simi-
larly, there are municipalities that are relatively well typified, but only
Casapesenna, Castel Volturno, and Nola show a stronger characteriza-
tion by both genders. The classification of the 35–49-year age range is
similar to that of the lower one: on the whole, M-samples are typified
by both factors whereas F-samples are not satisfactorily characterized.
Among the municipalities, the most relevant are Aversa and Villa
Literno (Factor 1), Giugliano (Factors 1 and 2), and Maddaloni (Factor
2), all typified by both genders. Therefore, different contamination
sources seem to be brought out by samples that reflect eventual
municipality-specific emissions. The 50–64-year age range is described
by three factors, thus confirming that age is a critical determinant in
influencing the body burden of the aforesaid chemicals (Harden et al.,
2004; Needham et al., 2006). The gender is again the principal driver
of data classification: M-samples are represented by all three factors
whereas, considering a two-gender classification, Giugliano and Pianura
are typified only by Factor 3, Castel Volturno by Factors 1 and 3, and
Nola by Factors 1, 2, and 3.
Contamination sources from specific municipalities seem to influ-
ence all the age groups investigated. In particular, Castel Volturno,
Giugliano, and Nola are those most frequently characterized: these
municipalities, located in different provinces, are more distant from
each other than other towns dealt with (Fig. 1), and the differential
exposure suggested by the PCFAmay reflect this net physical separa-
tion. Despite a general profile uniformity observed in the lower age
ranges, a differential municipality-dependent exposure could exist
but only exposures that last long enough may allow to detect it. As
to the gender, the highest Factor 1 scores do not deviate from the
aforesaid evaluations but they seem to be influenced by the low rate
of F-sample classification.

3.3.2. Dioxin-like polychlorobiphenyls
Based on the number of pertinent factors, the capability of DL-PCB

chemical characterization looks higher than that of PCDDs and PCDFs.
The 20–34-year age range is typified by four DL-PCB factors (cfr.
Tables SM-6 and SM-8). TheM-samples are well represented by Factors
1 and 3, whereas F-samples, although exhibiting some scattered
positive scores, do not show any sex-specific pattern: however, when
present concurrently in both genders, positive scores lead to a better
municipality classification than yielded by PCDDs and PCDFs. The
followingmunicipalities have common characteristics although belong-
ing to different provinces: Casapesenna, Castel Volturno, andMarcianise
in CE province, and Acerra, Caivano, Giugliano, and Mugnano in NA
province. The observed differences and their relatively clear occurrence
in this young age range suggest that exposure to DL-PCBs is current. The
35–49-year age range is as well described by four factors. The distribu-
tion of M-samples is scattered across the factors, while F-samples are
described mainly by Factor 2. Among the municipalities, the pattern
previously observed is confirmed in that Factor 3 characterizes exclu-
sively Aversa, Castel Volturno, and Villa Literno, while Factors 2 and 4
characterize Caivano, Mugnano, and Nola. The 50–64-year age range is
represented by three factors: this suggests that the body burden
increase with increasing age could be counterbalanced by a decrease
of the variability of exposure factors following a possible reduction of
the activity level typical of mature age. M-samples are describedmainly
by Factors 1 and 2, while F-samples essentially by Factor 3. The munic-
ipalities Aversa, Castel Volturno, and Caivano are characterized by
Factors 1 and 2, while Acerra only by Factor 2.

The trends observed for PCDDs and PCDFs are confirmed and pos-
sibly highlighted by DL-PCBs: a higher number of samples testify the
presence of different contamination sources associated with the
municipalities of interest. These sources can vary at intra- and inter-
municipality level and their impact on a pool will depend on the expo-
sure context experienced by the donors composing the pool. The
municipalities marked by these congeners in the 20–34-year age
range are Acerra, Casapesenna, Castel Volturno, and Caivano, while in
the 50–64-year age range are Acerra, Aversa, Castel Volturno, and
Caivano; in the 35–49-year age range, for DL-PCB 126 only, are present
Aversa, Castel Volturno, Villa Literno, and Nola. In addition, in the latter
age range, the pools involved in the characterization are equally
subdivided between F- and M-samples.

3.3.3. Non-dioxin-like polychlorobiphenyls
NDL-PCB data do not show any clear-cut pattern (e.g. by themunic-

ipality and/or gender). This outcomemay depend on the low number of
variables available for the assessment (namely, NDL-PCBs 138, 153, and
180). As these three congeners are the predominant NDL-PCBs in the
general population and in biological material (De Felip et al., 2004b),
they may not be the most appropriate markers to trace differences, if
any, in exposure sources.

3.3.4. Heavy metals
As to the heavy metals measured in blood pools, no classifier (risk

area, health district (ASL), municipality, and gender) is discriminative



Table 5
Results by age range from the application of general linear models (GLMs) to heavymetal
data. Only As and Pb highlighted significant differences respectively for municipality and
gender (figures in bold).

Age range (years) 20–34 35–49 50–64

Arsenic
Model, P b0.001 0.008 0.166
r2 (df adjusted) × 100 77.7 61.8 27.4
Gender, P 0.904 0.137 0.956
Municipality, P b0.001 0.007 0.138

Cadmium
Model, P 0.232 0.656 0.856
r2 (df adjusted) × 100 20.9 0.0 0.0
Gender, P 0.336 0.828 0.168
Municipality, P 0.220 0.604 0.927

Mercury
Model, P 0.134 0.218 0.343
r2 (df adjusted) × 100 31.0 22.2 11.7
Gender, P 0.727 0.011 0.181
Municipality, P 0.112 0.511 0.374

Lead
Model, P 0.026 b0.001 0.065
r2 (df adjusted) × 100 51.6 77.5 41.4
Gender, P b0.001 ≪0.001 0.008
Municipality, P 0.180 0.140 0.154
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in the 50–64-year age range. The application of GLMshighlights that the
risk area and health district are not significant by themselves but the
health district becomes significant when nested with the municipality:
in the other two age ranges, municipality and gender classifiers are
significant for As (P b 0.01) and Pb (P b 0.001), respectively (Table 5).
The NA province municipalities generally exhibit somewhat higher As
concentrations – as also shown by the descriptive statistics – with
maximum levels occurring in Brusciano, Caivano, Giugliano, Mugnano,
and Qualiano–Villaricca pools. As to Pb data, M-samples result to be
more characterized than F-samples, a situation confirming what was
highlighted by the descriptive statistics and by the PCFA across the
three age groups on dioxin-like compounds.

3.4. Analysis of analytical profiles in human milk

The PCFA of PCDD congeners explains a cumulative variability of
80.6%. With the exception of Giugliano and Rome, which are not
characterized, Campania samples are however typified by different
congener aggregations, possibly shared by different municipalities.
The classifier extra exposure (Table 1) marks specifically the Acerra,
Caivano, and Pianura samples but cannot be correlated to any one of the
congeners considered. Likewise, the PCFA of PCDF congeners explains a
cumulative variability of 84.7% of total database variability. With the
exception of the mixed pooled sample obtained with milk from
Capodrise, Frattamaggiore, Macerata, and Recale (hereafter identi-
fied with Macerata) and Rome pool, both not characterized, the
remaining Campania samples are typified. The extra exposure char-
acterizes the pools from Acerra, Caivano, and Giugliano; similarly
to what observed for PCDD congeners, the classifier does not appear
to be linked to any one of PCDF congeners. Among both all the munici-
palities considered and the PCDDand PCDF congener families, the Rome
pool exhibits no shared characterizing profile elements.

As to DL-PCB congeners, the PCFA explains a cumulative variability
of 81.3%. With the exception of the mixed pool from Macerata, all NA
province municipality pools and Rome pool are typified by some differ-
ences suggesting an influence from local exposure sources. Of the clas-
sifiers, the extra exposure and smoking habits specifically represent
Acerra and Pianura and, to a much lesser extent, Rome; however, no
congener(s) may be linked to the aforesaid classifiers.

The PCFA of PBDE congeners explains a cumulative variability of
66.2% of total database variability. In particular, Caivano, Pianura, and
Rome pools are typified by shared congener aggregations which, how-
ever, are different from those of the other typified pool (Acerra). The
classifier extra exposure characterizes specifically the municipalities of
Acerra and Pianura.

A municipality-specific exposure can be observed for all the chemi-
cal families, this indicating that the exposure can depend on local
factors, but the number of milk samples is too low to draw any further
conclusions.

The relationships between PCDD, PCDF, and DL-PCB congener distri-
butions in blood (serum)andmilk sampleswere assessed by PCFA. As to
the hematic data sets, only the 20–34-year age range was considered
due to its general overlapping with the age ranges of milk donors. No
correlations were found between serum and milk data sets: the data-
bases resulting from combining the sets together were described by
two factors for PCDDs and PCDFs (cumulative variability of 83.3%) and
one factor for DL-PCBs (cumulative variability of 84.4%). Data sets
were clearly diverse as all milk samples were characterized by negative
scores. All congeners included in the statistical analysis (with the excep-
tion of 2,3,4,7,8-P5CDF) were on average less concentrated in milk than
in hematic samples. On the whole, these observations are in agreement
with the findings of other authors (Mannetje et al., 2012; Todaka et al.,
2010;Wittsiepe et al., 2007a), i.e. the pathway from exposure source(s)
to excretion step(s) can significantly influence congener concentrations
and composition.

4. Conclusions

The aim of the SEBIOREC studywas to investigate if protracted living
in potentially or ascertained degraded environments – primarily conse-
quent tomixedwastemishandling and/or illegal dumping,with concur-
rent release of dangerous persistent chemicals – had an impact on
exposure of local people. For the study, highly toxic persistent contam-
inantsweremeasured in blood, serum, and humanmilk pooled samples
obtained by collecting a large number of individual specimens from
local donors. The municipalities of interest were located in risk areas
A, B, and C (with presumed descending risk levels), the latter virtually
acting as control area: however, at least based on raw data the differ-
ences between areas were in general not clear-cut and quite chemical-
dependent, this partly compromising a default control role of risk area
C pools.

In general, biomarkers' concentrations were found to be compatible
with their current values as deducible from European scientific litera-
ture and other domestic investigations: the overall outcome of this
study is indeed consistent with an exposure primarily determined by
a dietary intake derived from the large commercial food distribution
system. However, as each municipality was represented by six blood
or serumpools, the occurrence of four ormore pools of the samemunic-
ipality in the upper quartile of a pollutant's data distributionwas viewed
as a potential signal of a relative local overexposure to that specific risk
factor, possibly deserving attention for future health-oriented actions
(De Felip and di Domenico, 2010). The municipalities distinguished by
such feature are Qualiano–Villaricca (As and Hg, five pools), Brusciano
and Caivano (As, four pools), Giugliano (Hg, four pools), and Pianura
(PCDDs + PCDFs, four pools).

Long-term exposures helped for a better characterization of the
database: for instance, the 45-year-long observation period utilized for
the study would suggest that measures to reduce human exposure to
PCDDs, PCDFs, and PCBs were more effective for PCDDs and PCDFs
than for PCBs. In other words, as to the current human exposure to
contamination source(s) in the areas of interest, PCBs seem to deserve
specific attention.

In general, age could be an important accumulation factor but its role
was substantially chemical-specific.

The CE and NA provinceswere probed by includingmanymunicipal-
ities: according to a qualitative analysis (PCFA), biomarkers' composition
in blood or serum sampleswas found to be sensitive tomunicipality, not
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to province. PCDDs, PCDFs, and DL-PCBs were sample-discriminative,
whereas NDL-PCBswere the least effective possibly for the limited num-
ber of congeners assayed. Themunicipalitiesmost frequentlymarked by
the organic contaminants essentially belong to CE province rather than
to NA province, a fact suggesting that the sources of the aforesaid con-
taminants are diffused, at least in the CE area. On the contrary, metals
show a more defined prioritization as Brusciano, Caivano, Giugliano,
Mugnano, and Qualiano–Villaricca of NA province are municipalities
clearly characterized by the presence of As. Hg, although not effective
in differentiating municipalities, can result of concern due to a possible
diffuse environmental presence again in NA province. As said, NA prov-
ince is a typical volcanic territory, where not uncommon geological
formations containing Asmay be a source of themetal to water supplies
used for drinking water; on the other hand, Hg may have an anthropo-
genic origin. PCFA also supplied hints of possibly different exposure
sources at municipality level, which may be of interest to explore in
depth. At the same time, unexpected results were also produced: for
instance, municipalities belonging to different provinces and relatively
far apart – e.g. Castel Volturno, Giugliano, and Nola; Castel Volturno
and Caivano – had somewhat more characterization traits in common
(PCDD + PCDF and DL-PCB congeners, respectively) than other munic-
ipalities of a same province and near to one another. Therefore, the anal-
ysis of biomarker distribution can potentially drive the direction for
future local risk assessment and/or management actions.

SEBIORECWorking Units

Regione Campania, Assessorato Sanità, Naples
Paolo Sarnelli.
Istituto Superiore di Sanità, Dipartimento Ambiente e connessa

Prevenzione Primaria, Rome
Annalisa Abballe, Vittorio Abate, Gianfranco Brambilla, Silvia De

Luca, Fabiola Ferri, Anna Rita Fulgenzi, Nicola Iacovella, Anna Maria
Ingelido, Anna Maria Lopomo, Costanza Majorani.

Istituto Superiore di Sanità, Centro Nazionale Sostanze Chimiche, Rome
Sonia D'Ilio.
Consiglio Nazionale delle Ricerche, Istituto di Fisiologia Clinica, Pisa and

Rome
Elisa Bustaffa, Sonia Marrucci, Fabrizio Minichilli, Maria Angela

Protti, Tiziana Siciliano.
ASL NA1 Centro, Servizio di Epidemiologia e Prevenzione, Naples
Maria Rosaria Biglietti, Vincenzo Celestino, Rosanna Cirillo, Lidia

Curcio, Luisa Grillo, Pia Improta, Annamaria Mazzella, Angelo Mengano,
Vincenza Nava, Patrizia Summonte.

ASL NA2 Nord, Servizio di Epidemiologia e Prevenzione, Naples
Rossella Agliata, Serena Basile, Emilio Cammisa, Vincenzo Canta,

Pietro Capuano, Gennaro De Rosa, Pasquale Di Lorenzo, Gaetano
Garofalo, Emilia Lorido, Giuseppa Marzano, Ida Papandrea, Lucio
Sanniola.

ASL NA3 Sud, Servizio di Epidemiologia e Prevenzione, Distretto
Sanitario 69, Naples

Lucia Auriemma, Ida Bucciero, Achille Callipari, Antonietta Ciccone,
Angelina Santa Cicino, Maria Rosaria De Luca, Armando Di Buono,
Francesco D'Ursi, Vincenzo Esposito, Antonio Frungillo, Nicola Ianuale,
Francesco La Gala, Carmine Leone, Assunta Nocerino, Salvatore Esposito
Nocerino, Annette Perroche, Antonietta Persico, Ersia Pinto, Ferdinando
Primiano, Anna Maria Santomassimo, Maria Rosaria Serpico, Giovanni
Siracusano, Rolando Sorrentini, Antonio Tranchese, Maddalena
Travaglino, Gennaro Tulino, Carmela Vitale, Giuseppe Vivo.

ASL CE, Servizio di Epidemiologia e Prevenzione, Caserta
Sabato Andreozzi, Piera Beneduce, Mario Bergaro, Amedeo Borrata,

Letizia Brongo, Laura Bucciero, Aurora Cannavale, Franco Cantile,
Giovanna Capone, Anna D'Angelo, Tommaso Dechiara, Maria De Luca,
GiovannaDiMatteo, Franca Forgillo, CarmineGionti, IreneMaffini, Angelo
Maisto, Raffaele Martino, Salvatore Merola, Maria Rosaria Morrone,
Fernanda Palazzo, Maria Pia Romano, Giustina Siciliano, Severo Stefanelli.
Dipartimento di Ginecologia e Ostetricia, Dipartimento di Scienze
Ginecologiche, Perinatologia, e Puericultura, Policlinico Umberto I,
Università “Sapienza”, Rome

Pierangelo Cerenzia, Eliana Fuggetta, Ludovica Imperiale, Serena
Resta.

Funding

This work was jointly supported by the Regional Board of the
Campania Region (Naples) and the Istituto Superiore di Sanità (Rome)
under Grant No. ISS P-92, 2007–2010.

Conflict of interest statement

The authors declare that they have no competing financial interests
or any other type of conflict of interest.

Acknowledgments

For their technical and/or administrative assistance, the authors are
indebted to: Pina De Lorenzo (Regione Campania, Naples); Valentina
Marra, Silvia Valentini, Antonella Pilozzi (Istituto Superiore di Sanità,
Rome); Filomena Argenzio, Vincenzo D'Alterio, Michele De Luca,
Nicolina Di Nuzzo, Elisabetta Elia, Reginaldo Iovine, Gaetana Marino,
Maria Marzano, Vito Morena, Pietro Rinaldi, Salvatore Sciorio, Pasquale
Tafuri (ASL NA2 Nord, Naples). The keen collaboration of local civil
registry officers, general practitioners, and mayors is also gratefully
acknowledged. Lastly, the authors wish to thank Loredana Musmeci
and Pietro Comba for the useful comments provided in the preparation
of the manuscript.

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.scitotenv.2014.04.016.

References

Abballe A, Ballard TJ, Dellatte E, di Domenico A, Ferri F, Fulgenzi AR, et al. Persistent
environmental contaminants in human milk: concentration levels and time trends
in Italy. Chemosphere 2008;73:S220–7.

Abballe A, Barbieri PG, di Domenico A, Garattini S, Iacovella N, Ingelido AM, et al. Occupa-
tional exposure to PCDDs, PCDFs, and PCBs of metallurgical workers in some industri-
al plants of the Brescia area, northern Italy. Chemosphere 2013;90:49–56.

Albanese S, Iavazzo P, Adamo P, Lima A, De Vivo B. Assessment of the environmental
conditions of the Sarno river basin (south Italy): a stream sediment approach.
Environ Geochem Health 2013;35:283–97.

Alcock RE, Sweetman AJ, Juan C-Y, Jones KC. A generic model of human lifetime exposure
to persistent organic contaminants: development and application to PCB 101.
Environ Pollut 2000;110:253–65.

Alimonti A, Bocca B,Mattei D, Pino A. Programme for biomonitoring the Italian population
exposure (PROBE): internal dose of metals. Rapporti ISTISAN 11/9. Rome: Istituto
Superiore di Sanità; 2011. [http://www.iss.it/binary/publ/cont/11_9IT_web.pdf].

Almeida AA, Lopes CMPV, Silva AMS, Barrado E. Trace elements in human milk: correla-
tion with blood levels, inter-element correlations, and changes in concentration
during the first month of lactation. J Trace Elem Med Biol 2008;22:196–205.

Batáriová A, Spěváčková V, Beneš B, Čejchanová M, Šmíd J, Černá M. Blood and urine
levels of Pb, Cd, and Hg in the general population of the Czech Republic and proposed
reference values. Int J Hyg Environ Health 2006;209:359–66.

Becker K, Kaus S, Krause C, Lepom P, Schulz C, Seiwert M, et al. German Environmental
Survey 1998 (GerES III): environmental pollutants in blood of the German popula-
tion. Int J Hyg Environ Health 2002;205:297–308.

Beneš B, Spěváčková V, Šmíd J, Čejchanová M, Černá M, Šubrt P, et al. The concentration
levels of Cd, Pb, Hg, Cu, Zn, and Se in blood of the population in the Czech Republic.
Cent Eur J Public Health 2000;8:117–9.

Bianchi F, Comba P, Martuzzi M, Palombino R, Pizzuti R. Italian “triangle of death”. Lancet
Oncol 2004;5:710–2.

Bianchi F, Minichilli F, Cori L, Bove C, D’Argenzio A, di Domenico A, et al. Epidemiological
findings associated with priority persistent contaminants in people dwelling in criti-
cal areas of Campania Region, Italy (SEBIOREC biomonitoring study). In preparation.

Bordajandi LR, Abad E, González MJ. Occurrence of PCBs, PCDD/Fs, PBDEs, and DDTs in
Spanish breast milk: enantiomeric fraction of chiral PCBs. Chemosphere 2008;70:
567–75.

http://dx.doi.org/10.1016/j.scitotenv.2014.04.016
http://dx.doi.org/10.1016/j.scitotenv.2014.04.016
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0005
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0005
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0005
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0010
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0010
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0010
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0015
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0015
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0015
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0020
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0020
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0020
http://www.iss.it/binary/publ/cont/11_9IT_web.pdf
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0025
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0025
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0025
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0030
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0030
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0030
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0035
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0035
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0035
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0040
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0040
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0040
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0045
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0045
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0050
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0050
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0050


434 E. De Felip et al. / Science of the Total Environment 487 (2014) 420–435
Borrello S, Brambilla G, Candela C, Diletti G, Gallo P, Iacovella N, et al. Management of the
2008 “buffalo milk crisis” in the Campania Region under the perspective of consumer
protection. Organohalogen Compd 2008;70:891–3.

Brambilla G, Cherubini G, De Filippis S, Magliuolo M, di Domenico A. Review of aspects
pertaining to food contamination by polychlorinated dibenzodioxins, dibenzofurans,
and biphenyls at the farm level. Anal Chim Acta 2004;514:1–7.

Cao Y, Winneke G, Wilhelm M, Wittsiepe J, Lemm F, Fürst P, et al. Environmental exposure
to dioxins and polychlorinated biphenyls reduce levels of gonadal hormones in new-
borns: results from the Duisburg cohort study. Int J Hyg Environ Health 2008;211:30–9.

Černá M, Spěváčková V, Beneš B, Čejchanová M, Šmíd J. Reference values for lead and
cadmium in bloodof Czechpopulation. Int J OccupMedEnvironHealth 2001;14:189–92.

Colles A, Koppen G, Hanot V, Nelen V, Dewolf M-C, Noël E, et al. FourthWHO-coordinated
survey of human milk for persistent organic pollutants (POPs): Belgian results.
Chemosphere 2008;73:907–14.

COM. 593 final. Communication from the Commission to the Council, the European
Parliament, and the Economic and Social Committee — community strategy for
dioxins, furans, and polychlorinated biphenyls. OJ C 322/2–18; 2001. [17 Nov 2001].

Comba P, Bianchi F, Fazzo L, Martina L, Menegozzo M, Minichilli F, et al. Cancer mortality
in an area of Campania (Italy) characterized bymultiple toxic dumping sites. Ann N Y
Acad Sci 2006;1076:449–61.

Costopoulou D, Vassiliadou I, Papadopoulos A, Makropoulos V, Leondiadis L. Levels of
dioxins, furans and PCBs in human serum and milk of people living in Greece.
Chemosphere 2006;65:1462–9.

Croes K, Vandermarken T, Colles A, Bruckers L, Koppen G, Govarts E, et al. Concentration
levels of PCDD/Fs and dioxin-like PCBs in human milk samples from rural areas of
Flanders (Belgium). Organohalogen Compd 2012;74:756–9.

D'Ilio S, Petrucci F, D'Amato M, Di Gregorio M, Senofonte O, Violante N. Method validation
for determination of arsenic, cadmium, chromium, and lead in milk by means of
dynamic reaction cell inductively coupled plasma mass spectrometry. Anal Chim
Acta 2008;624:59–67.

D'Ilio S, Majorani C, Petrucci F, Violante N, Senofonte O. Method validation for the quan-
tification of As, Cd, Hg, and Pb in blood by ICP-MS for monitoring purposes. Anal
Methods 2010;2:2049–54.

De Felip E, di Domenico A. Studio epidemiologico sullo stato di salute e sui livelli
d'accumulo di contaminanti organici persistenti nel sangue e nel latte materno in
gruppi di popolazione a differente rischio d'esposizione nella Regione Campania
(SEBIOREC). Final report. Rome: Istituto Superiore di Sanità; 2010. [http://www.iss.
it/sebiorec].

De Felip E, Porpora MG, di Domenico A, Ingelido AM, Cardelli M, Cosmi EV, et al. Dioxin-
like compounds and endometriosis: a study on Italian and Belgian women of repro-
ductive age. Toxicol Lett 2004a;150:203–9.

De Felip E, di Domenico A, Miniero R, Silvestroni L. Polychlorobiphenyls (PCBs) and other
organochlorine compounds in human follicular fluid. Chemosphere 2004b;54:
1445–9.

De Felip E, Abballe A, Casalino F, di Domenico A, Domenici P, Iacovella N, et al. Serum
levels of PCDDs, PCDFs and PCBs in non-occupationally exposed population groups
living near two incineration plants in Tuscany, Italy. Chemosphere 2008;72:25–33.

Decision 2179/98/EC. Decision of the European Parliament and of the council on the
review of the European Community programme of policy and action in relation to
the environment and sustainable development “towards sustainability”. OJ L 275/
1–13; 1998. [10 Oct].

Diletti G, Scortichini G, Conte A, Migliorati G, Caporale V. Statistical evaluation of PCDD/F
levels andprofiles inmilk and feedingstuffs fromCampania Region, Italy. Organohalogen
Compd 2004;66:2122–7.

Diletti G, Rivezzi G, Ceci R, Ripani A, Baldi C, De Benedictis A, et al. Levels of PCDD/Fs and
dioxin-like PCBs in breast milk from Italian women living in the provinces of Caserta
and Naples. Organohalogen Compd 2008;70:1337–40.

Directive 2000/76/EC. Directive of the European Parliament and of the Council on the
incineration of waste. OJ L 332/91–111; 2000. [28 Dec].

Dorea JG. Mercury and lead during breast-feeding. Br J Nutr 2004;92:21–40.
EFSA. Scientific opinion on non-dioxin-like polychlorinated biphenyls (PCBs) in feed and

food. Panel on contaminants in the food chain (CONTAM). Parma: European Food
Safety Authority; 2005 [http://www.efsa.europa.eu/en/efsajournal/doc/284.pdf].

EFSA. Scientific opinion on arsenic in food. Panel on contaminants in the food chain
(CONTAM). Parma: European Food Safety Authority; 2009a [http://www.efsa.europa.
eu/it/efsajournal/doc/1351.pdf].

EFSA. Scientific opinion on cadmium in food. Panel on contaminants in the food chain
(CONTAM). Parma: European Food Safety Authority; 2009b [http://www.efsa.europa.
eu/it/efsajournal/doc/980.pdf].

EFSA. Scientific opinion on lead in food. Panel on contaminants in the food chain
(CONTAM). Parma: European Food Safety Authority; 2010 [http://www.efsa.europa.
eu/fr/efsajournal/doc/1570.pdf].

EFSA. Scientific opinion on polybrominated diphenyl ethers (PBDEs) in food. Panel on
contaminants in the food chain (CONTAM). Parma: European Food Safety Authority;
2011 [http://www.efsa.europa.eu/en/efsajournal/doc/2156.pdf].

EFSA. Scientific opinion on the risk for public health related to the presence of mercury
and methylmercury in food. Panel on Contaminants in the Food Chain (CONTAM).
Parma: European Food Safety Authority; 2012 [http://www.efsa.europa.eu/it/
efsajournal/doc/2985.pdf].

Esposito M, Cavallo S, Serpe FP, D'Ambrosio R, Gallo P, Colarusso G, et al. Levels and con-
gener profiles of polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans,
and dioxin-like polychlorinated biphenyls in cow's milk collected in Campania,
Italy. Chemosphere 2009;77:1212–6.

Esposito M, Serpe FP, Neugebauer F, Cavallo S, Gallo P, Colarusso G, et al. Contamination
levels and congener distribution of PCDDs, PCDFs, and dioxin-like PCBs in buffalo's
milk from Caserta province (Italy). Chemosphere 2010;79:341–8.
Esposito M, Serpe FP, Diletti G, Messina G, Scortichini G, La Rocca C, et al. Serum levels of
polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans, and polychlorinated
biphenyls in a population living in the Naples area, southern Italy. Chemosphere 2014;
94:62–9.

Fång J, Jakobsson K, Athanasiadou M, Rignell-Hydbom A, Bergman Å. Transfer of
polybrominated diphenyl ethers (PBDEs) from mother to child. Organohalogen
Compd 2010;72:1422–5.

Fazzo L, Belli S,Minichilli F,Mitis F, SantoroM,Martina L, et al. Cluster analysis ofmortality
andmalformations in the provinces of Naples and Caserta (Campania Region). Ann Ist
Super Sanita 2008;44:99–111.

Fazzo L, De SantisM,Mitis F, Benedetti M, Martuzzi M, Comba P, et al. Ecological studies of
cancer incidence in an area interested by dumping waste sites in Campania (Italy).
Ann Ist Super Sanita 2011;47:181–91.

Fielding AH. Cluster and classification techniques for the biosciences. Cambridge: Cambridge
University Press; 2007.

Frederiksen M, Vorkamp K, Thomsen M, Knudsen LE. Human internal and external expo-
sure to PBDEs — a review of levels and sources. Int J Hyg Environ Health 2009;212:
109–34.

Fromme H, Albrecht M, Boehmer S, Büchner K, Mayer R, Liebl B, et al. Intake and body bur-
den of dioxin-like compounds in Germany: the INES study. Chemosphere 2009;76:
1457–63.

Giovannini A, Rivezzi G, Carideo P, Ceci R, Diletti G, Ippoliti C, et al. Dioxins levels in breast
milk of women living in Caserta and Naples: assessment of environmental risk
factors. Chemosphere 2014;94:76–84.

Gundacker C, Pietschnig B, Wittmann KJ, Lischka A, Salzer H, Hohenauer L, et al. Lead and
mercury in breast milk. Pediatrics 2002;110:873–8.

Harden F, Mueller JF, Toms L-M, Gaus C, Moore M, Paepke O, et al. Determination of the
levels of dioxin in the Australian population by analysis of blood serum. Organohalogen
Compd 2004;66:2853–8.

Health Canada. Human health risk assessment of mercury in fish and health benefits of
fish consumption. Ottawa: Bureau of Chemical Safety, Food Directorate, Health
Products and Food Branch, Health Canada; 2007 [http://www.hc-sc.gc.ca/fn-an/
alt_formats/hpfb-dgpsa/pdf/nutrition/merc_fish_poisson-eng.pdf].

Heitland P, Köster HD. Biomonitoring of 37 trace elements in blood samples from in-
habitants of northern Germany by ICP-MS. J Trace Elem Med Biol 2006;20:
253–62.

IARC. Polychlorinated dibenzo-para-dioxins and polychlorinated dibenzofurans. Mono-
graphs on the evaluation of carcinogenic risks to humans. Int Agency Res Cancer
(Lyon) 1997;69. [http://monographs.iarc.fr/ENG/Monographs/vol69/volume69.pdf].

IARC. A review of human carcinogens — chemical agents and related occupations. Mono-
graphs on the evaluation of carcinogenic risks to humans. International Agency for
Research on Cancer (Lyon) 2012;100F. [http://monographs.iarc.fr/ENG/Monographs/
vol100F/mono100F-27.pdf].

Ingelido AM, Ballard T, Dellatte E, di Domenico A, Ferri F, Fulgenzi AR, et al.
Polychlorinated biphenyls (PCBs) and polybrominated diphenyl ethers (PBDEs) in
milk from Italian women living in Rome and Venice. Chemosphere 2007;67:S301–6.

Izenman AJ. Modern multivariate statistical techniques — regression, classification, and
manifold learning. New York: Springer; 2008.

Jaraczewska K, Lulek J, Covaci A, Voorspoels S, Kaluba-Skotarczak A, Drews K, et al. Distri-
bution of polychlorinated biphenyls, organochlorine pesticides, and polybrominated
diphenyl ethers in human umbilical cord serum, maternal serum and milk from
Wielkopolska Region, Poland. Sci Total Environ 2006;372:20–31.

JECFASafety evaluation of certain food additives and contaminants — polychlorinated
dibenzodioxins, polychlorinated dibenzofurans, and coplanar polychlorinated biphe-
nyls. Food additives seriesJoint Expert Committee on Food Additives, World Health
Organization; 2001. [http://www.inchem.org/documents/jecfa/jecmono/v48je20.
htm#10.0].

Kotz A, Malisch R, Kypke K, Oehme M. PBDE, PBDD/F, and mixed chlorinated-brominated
PXDD/F in pooled human milk samples from different countries. Organohalogen
Compd 2005;67:1540–4.

Koyashiki GAK, Paoliello MMB, Tchounwou PB. Lead levels in human milk and children's
health risk: a systematic review. Rev Environ Health 2010;25:243–53.

Krachler M, Prohaska T, Koellensperger G, Rossipal E, Stingeder G. Concentrations of se-
lected trace elements in human milk and in infant formulas determined by magnetic
sector field inductively coupled plasma-mass spectrometry. Biol Trace Elem Res
2000;76:97–112.

Kvalem HE, Knutsen HK, Thomsen C, Haugen M, Stigum H, Brantsæter AL, et al. Role of
dietary patterns for dioxin and PCB exposure. Mol Nutr Food Res 2009;53:1438–51.

Lacorte S, Ikonomou MG. Occurrence and congener specific profiles of polybrominated
diphenyl ethers and their hydroxylated and methoxylated derivatives in breast
milk from Catalonia. Chemosphere 2009;74:412–20.

Larsen BR, Turrio-Baldassarri L, Nilsson T, Iacovella N, di Domenico A, Montagna M, et al.
Toxic PCB congeners and organochlorine pesticides in Italian human milk. Ecotoxicol
Environ Saf 1994;28:1–13.

Lauby-Secretan B, Loomis D, Grosse Y, El Ghissassi F, Bouvard V, Benbrahim-Tallaa L, et al.
Carcinogenicity of polychlorinated biphenyls and polybrominated biphenyls. Lancet
Oncol 2013;14:287–8.

Leotsinidis M, Alexopoulos A, Kostopoulou-Farri E. Toxic and essential trace elements in
human milk from Greek lactating women: association with dietary habits and
other factors. Chemosphere 2005;61:238–47.

Lignell S, Aune M, Darnerud PO, Cnattingius S, Glynn A. Persistent organochlorine and
organobromine compounds in mother's milk from Sweden 1996–2006: compound-
specific temporal trends. Environ Res 2009;109:760–7.

Malisch R, van Leeuwen FXR. Results of the WHO-coordinated exposure study on the
levels of PCBs, PCDDs, and PCDFs in human milk. Organohalogen Compd 2003;64:
140–3.

http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0055
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0055
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0055
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0060
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0060
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0060
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0065
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0065
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0065
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0070
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0070
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0075
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0075
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0075
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0435
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0435
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0435
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0080
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0080
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0080
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0085
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0085
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0085
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0090
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0090
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0090
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0120
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0120
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0120
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0120
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0125
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0125
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0125
http://www.iss.it/sebiorec
http://www.iss.it/sebiorec
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0095
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0095
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0095
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0100
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0100
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0100
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0105
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0105
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0105
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0445
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0445
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0445
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0445
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0110
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0110
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0110
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0115
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0115
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0115
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0450
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0450
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0130
http://www.efsa.europa.eu/en/efsajournal/doc/284.pdf
http://www.efsa.europa.eu/it/efsajournal/doc/1351.pdf
http://www.efsa.europa.eu/it/efsajournal/doc/1351.pdf
http://www.efsa.europa.eu/it/efsajournal/doc/980.pdf
http://www.efsa.europa.eu/it/efsajournal/doc/980.pdf
http://www.efsa.europa.eu/fr/efsajournal/doc/1570.pdf
http://www.efsa.europa.eu/fr/efsajournal/doc/1570.pdf
http://www.efsa.europa.eu/en/efsajournal/doc/2156.pdf
http://www.efsa.europa.eu/it/efsajournal/doc/2985.pdf
http://www.efsa.europa.eu/it/efsajournal/doc/2985.pdf
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0135
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0135
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0135
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0135
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0140
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0140
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0140
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0145
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0145
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0145
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0145
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0150
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0150
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0150
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0155
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0155
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0155
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0160
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0160
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0160
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0165
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0165
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0170
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0170
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0170
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0175
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0175
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0175
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0180
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0180
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0180
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0185
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0185
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0190
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0190
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0190
http://www.hc-sc.gc.ca/fn-an/alt_formats/hpfb-dgpsa/pdf/nutrition/merc_fish_poisson-eng.pdf
http://www.hc-sc.gc.ca/fn-an/alt_formats/hpfb-dgpsa/pdf/nutrition/merc_fish_poisson-eng.pdf
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0200
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0200
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0200
http://monographs.iarc.fr/ENG/Monographs/vol69/volume69.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100F/mono100F-27.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100F/mono100F-27.pdf
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0205
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0205
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0210
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0210
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0215
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0215
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0215
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0215
http://www.inchem.org/documents/jecfa/jecmono/v48je20.htm#10.0
http://www.inchem.org/documents/jecfa/jecmono/v48je20.htm#10.0
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0225
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0225
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0225
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0220
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0220
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0230
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0230
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0230
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0230
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0235
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0235
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0240
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0240
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0240
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0245
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0245
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0250
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0250
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0255
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0255
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0255
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0260
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0260
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0260
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0265
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0265
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0265


435E. De Felip et al. / Science of the Total Environment 487 (2014) 420–435
Malisch R, Kypke K, van Leeuwen FXR, Moy G, Park S. Evaluation of WHO-coordinated
exposure studies on levels of persistent organic pollutants (POPs) in human milk
with regard to the global monitoring plan. Organohalogen Compd 2008;70:228–32.

Mannetje A, Coakley J, Mueller JF, Harden F, Toms LM, Douwes J. Partitioning of persistent
organic pollutants (POPs) between human serum and breast milk: a literature
review. Chemosphere 2012;89:911–8.

Martuzzi M, Mitis F. A18. Waste treatment and health in Campania, southern Italy. Popu-
lation health and waste management: scientific data and policy options. Report of a
WHO workshop, Rome (Italy), March 29–30, 2007. Copenhagen: Regional Office for
Europe, World Health Organization; 2007. p. 74–5. [http://www.euro.who.int/__
data/assets/pdf_file/0012/91101/E91021.pdf].

Martuzzi M, Mitis F, Bianchi F, Minichilli F, Comba P, Fazzo L. Cancer mortality and
congenital anomalies in a region of Italy with intense environmental pressure due
to waste. Occup Environ Med 2009;66:725–32.

Musmeci L, Bellino M, Cicero MR, Falleni F, Piccardi A, Trinca S. The impact measure of
solid waste management on health: the hazard index. Ann Ist Super Sanita 2010;
46:293–8.

Needham LL, Patterson Jr DG, Calafat AM, Sjödin A, TurnerWE, Kuklenyk Z. Distribution of
halogenated environmental chemicals among people of different ages, races, and
sexes in the United States. Organohalogen Compd 2006;68:484–7.

Neugebauer F, Esposito M, Opel M, Päpke O, Gallo P, Cavallo S, et al. The Italian buffalo
milk case — results and discussion of PCDD/F and DL-PCB analysis in milk,
feedingstuff, and soil samples from Campania, Italy. Organohalogen Compd 2009;
71:1220–5.

POPs. The Stockholm Convention on persistent organic pollutants, 2001 and following
updates. United Nations Environment Programme; 2001 [http://chm.pops.int/
default.aspx].

Porpora MG, Ingelido AM, di Domenico A, Ferro A, Crobu M, Pallante D, et al. Increased
levels of polychlorobiphenyls in Italian women with endometriosis. Chemosphere
2006;63:1361–7.

Porpora MG, Medda E, Abballe A, Bolli S, De Angelis I, di Domenico A, et al. Endometriosis
and organochlorinated environmental pollutants: a case–control study on Italian
women of reproductive age. Environ Health Perspect 2009;117:1070–5.

Pratt IS, Anderson WA, Crowley D, Daly SF, Evans RI, Fernandes AR, et al. Polychlorinated
dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), and poly-
chlorinated biphenyls (PCBs) in breast milk of first-time Irish mothers: impact of
the 2008 dioxin incident in Ireland. Chemosphere 2012;88:865–72.

Raab U, Preiss U, Albrecht M, Shahin N, Parlar H, Fromme H. Concentrations of
polybrominated diphenyl ethers, organochlorine compounds, and nitro musks in
mother's milk from Germany (Bavaria). Chemosphere 2008;72:87–94.

Recommendation 2011/516/EU. Commission recommendation on the reduction of the
presence of dioxins, furans, and PCBs in feed and food. OJ L 218/23–25; 2011. [24 Aug].

Regulation (EU) 1259/2011. Commission regulation amending Regulation (EC) 1881/
2006 as regards maximum levels for dioxins, dioxin-like PCBs, and non-dioxin-like
PCBs in foodstuffs. OJ L 320/18–23; 2011. [3 Dec].

Regulation (EU) 277/2012. Commission regulation amending Annexes I and II to Directive
2002/32/EC of the European Parliament and of the Council as regards maximum
levels and action thresholds for dioxins and polychlorinated biphenyls. OJ L 91/1–7;
2012. [29 Mar].

Reis MF, Miguel JP, Sampaio C, Aguiar P, Melim JM, Päpke O. Determinants of dioxins and
furans in blood of non-occupationally exposed populations living near Portuguese
solid waste incinerators. Chemosphere 2007;67:S224–30.

Rivero Martino FA, Fernández SánchezML, SanzMedel A. Total determination of essential
and toxic elements in milk whey by double focusing ICP-MS. J Anal At Spectrom
2000;15:163–8.

RivezziG, Piscitelli P, Scortichini G,Giovannini A,Diletti G,Migliorati G, et al. A generalmodel
of dioxin contamination in breast milk: results from a study on 94 women from the
Caserta and Naples areas in Italy. Int J Environ Res Public Health 2013;10:5953–70.

SCF. Opinion on the risk assessment of dioxins and dioxin-like PCBs in food. SCF/CS/
CNTM/DIOXIN/8 Final. Brussels: Scientific Committee on Food, Health and Consumer
Protection Directorate-General, European Commission; 2000. [http://ec.europa.eu/
food/fs/sc/scf/out78_en.pdf].

SCF. Opinion on the risk assessment of dioxins and dioxins-like PCB in food (update of the
SCF opinion SCF/CS/CNTM/DIOXIN/8 Final). CS/CNTM/DIOXIN/20 Final. Brussels: Sci-
entific Committee on Food, Health and Consumer Protection Directorate-General,
European Commission; 2001. [http://ec.europa.eu/food/fs/sc/scf/out90_en.pdf].
Schecter A, di Domenico A, Turrio-Baldassarri L, Ryan JJ. Dioxin and dibenzofuran levels in
the milk of women from four geographical regions in Italy as compared to levels in
other countries. Organohalogen Compd 1992;9:227–30.

Schecter A, Ryan JJ, Päpke O. Decrease in levels and body burden of dioxins, dibenzo-
furans, PCBs, DDE, and HCB in blood andmilk in amother nursing twins over a thirty-
eight month period. Chemosphere 1998;37:1807–16.

Schuhmacher M, Kiviranta H, Ruokojärvi P, Nadal M, Domingo JL. Concentrations of
PCDD/Fs, PCBs, and PBDEs in breast milk of women from Catalonia, Spain: a follow-
up study. Environ Int 2009;35:607–13.

Thomas GO, Wilkinson M, Hodson S, Jones KC. Organohalogen chemicals in human blood
from the United Kingdom. Environ Pollut 2006;141:30–41.

Thomsen C, Stigum H, Frøshaug M, Broadwell SL, Becher G, Eggesbø M. Determinants of
brominated flame retardants in breast milk from a large scale Norwegian study.
Environ Int 2010;36:68–74.

Todaka T, Hirakawa H, Kajiwara J, Hori T, Tobiishi K, Yasutake D, et al. Relationship
between the concentrations of polychlorinated dibenzo-p-dioxins, polychlorinated
dibenzofurans, and polychlorinated biphenyls in maternal blood and those in breast
milk. Chemosphere 2010;78:185–92.

Turconi G, GuarcelloM, Livieri C, Comizzoli S, Maccarini L, Castellazzi AM, et al. Evaluation
of xenobiotics in human milk and ingestion by the newborn. Eur J Nutr 2004;43:
191–7.

Ulaszewska MM, Zuccato E, Capri E, Iovine R, Colombo A, Rotella G, et al. The effect of
waste combustion on the occurrence of polychlorinated dibenzo-p-dioxins
(PCDDs), polychlorinated dibenzofurans (PCDFs), and polychlorinated biphenyls
(PCBs) in breast milk in Italy. Chemosphere 2011;82:1–8.

Ursinyova M, Masanova V. Cadmium, lead, and mercury in human milk from Slovakia.
Food Addit Contam 2005;22:579–89.

US EPA. An inventory of sources and environmental releases of dioxin-like compounds in
the United States for the years 1987, 1995, and 2000. EPA/600/P-03/002F, final
report. Washington, DC: US Environmental Protection Agency; 2006. [http://cfpub.
epa.gov/ncea/CFM/recordisplay.cfm?deid=159286].

Van den Berg M, Birnbaum L, Bosveld ATC, Brunström B, Cook P, Feeley M, et al. Toxic
equivalency factors (TEFs) for PCBs, PCDDs, and PCDFs for humans and wildlife. Envi-
ron Health Perspect 1998;106:775–92.

Van den Berg M, Birnbaum LS, DenisonM, De Vito M, FarlandW, Feeley M, et al. The 2005
World Health Organization re-evaluation of human and mammalian toxic equivalen-
cy factors for dioxins and dioxin-like compounds. Toxicol Sci 2006;93:223–41.

Vandentorren S, Frery N, Bidondo ML, Eppe G, Scholl G, De Pauw E, et al. Dioxins in
human milk from different regions of France: pilot of the French longitudinal study
of children (ELFE). Organohalogen Compd 2011;73:1626–9.

Vassiliadou I, Papadopoulos A, Costopoulou D, Vasiliadou S, Christoforou S, Leondiadis L.
Dioxin contamination after an accidental fire in the municipal landfill of Tagarades,
Thessaloniki, Greece. Chemosphere 2009;74:879–84.

Vieth B, Albrecht M, Bruns-Weller E, Fromme H, Fürst P, Knoll A, et al. Time trends and cur-
rent levels of dioxins anddioxin-likePCBs inhumanmilk fromGermany.Organohalogen
Compd 2011;73:1559–62.

WHOLevels of PCBs, PCDDs, and PCDFs in human milk. Environmental health in
EuropeCopenhagen: European Centre for Environment and Health, World Health
Organization; 1996. [http://whqlibdoc.who.int/euro/1994-97/EUR_ICP_EHP_
M02_03_05.pdf].

WilhelmM, Ewers U, Schulz C. Revised and new reference values for some trace elements
in blood and urine for human biomonitoring in environmental medicine. Int J Hyg
Environ Health 2004;207:69–73.

Wittsiepe J, Fürst P, Schrey P, Lemm F, Kraft M, Eberwein G, et al. PCDD/F and dioxin-like
PCB in human blood and milk from German mothers. Chemosphere 2007a;67:
S286–94.

Wittsiepe J, Fürst P, Wilhelm M. The 2005 World Health Organization re-evaluation of
TEFs for dioxins and dioxin-like compounds — what are the consequences for
German human background levels? Int J Hyg Environ Health 2007b;210:335–9.

Wittsiepe J, Schrey P, Lemm F, Eberwein G, Wilhelm M. Polychlorinated dibenzo-p-
dioxins/polychlorinated dibenzofurans (PCDD/Fs), polychlorinated biphenyls (PCBs),
and organochlorine pesticides in human blood of pregnant women from Germany. J
Toxicol Environ Health A 2008;71:703–9.

http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0270
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0270
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0270
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0275
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0275
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0275
http://www.euro.who.int/__data/assets/pdf_file/0012/91101/E91021.pdf
http://www.euro.who.int/__data/assets/pdf_file/0012/91101/E91021.pdf
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0285
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0285
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0285
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0290
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0290
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0290
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0295
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0295
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0295
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0300
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0300
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0300
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0300
http://chm.pops.int/default.aspx
http://chm.pops.int/default.aspx
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0305
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0305
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0305
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0310
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0310
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0310
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0315
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0315
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0315
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0315
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0320
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0320
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0320
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0505
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0505
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0510
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0510
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0510
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0515
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0515
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0515
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0515
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0325
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0325
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0325
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0330
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0330
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0330
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0335
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0335
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0335
http://ec.europa.eu/food/fs/sc/scf/out78_en.pdf
http://ec.europa.eu/food/fs/sc/scf/out78_en.pdf
http://ec.europa.eu/food/fs/sc/scf/out90_en.pdf
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0340
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0340
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0340
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0345
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0345
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0345
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0350
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0350
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0350
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0355
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0355
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0360
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0360
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0360
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0365
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0365
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0365
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0365
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0370
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0370
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0370
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0375
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0375
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0375
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0375
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0380
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0380
http://cfpub.epa.gov/ncea/CFM/recordisplay.cfm?deid=159286
http://cfpub.epa.gov/ncea/CFM/recordisplay.cfm?deid=159286
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0385
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0385
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0385
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0390
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0390
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0390
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0395
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0395
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0395
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0400
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0400
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0405
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0405
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0405
http://whqlibdoc.who.int/euro/1994-97/EUR_ICP_EHP_M02_03_05.pdf
http://whqlibdoc.who.int/euro/1994-97/EUR_ICP_EHP_M02_03_05.pdf
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0410
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0410
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0410
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0415
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0415
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0415
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0420
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0420
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0420
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0425
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0425
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0425
http://refhub.elsevier.com/S0048-9697(14)00510-5/rf0425

	Priority persistent contaminants in people dwelling in critical areas of Campania Region, Italy (SEBIOREC biomonitoring study)
	1. Introduction
	2. Methods
	2.1. Selection of chemical biomarkers
	2.2. Participant selection and recruitment
	2.3. Sampling of blood and human milk specimens
	2.4. Chemical analysis
	2.4.1. Persistent organic pollutants in blood serum
	2.4.2. Persistent organic pollutants in human milk
	2.4.3. Heavy metals in blood
	2.4.4. Heavy metals in human milk

	2.5. Statistical analysis

	3. Results and discussion
	3.1. Recruitment and sampling
	3.1.1. Blood and serum specimens and pools
	3.1.2. Human milk specimens and pools

	3.2. Descriptive statistics of biomonitoring results
	3.2.1. Persistent organic pollutants in blood serum samples
	3.2.2. Persistent organic pollutants in human milk samples
	3.2.3. Correlation between TEQ05 and TEQ97 values in blood serum and human milk samples
	3.2.4. Heavy metals in blood samples
	3.2.5. Heavy metals in human milk

	3.3. Analysis of analytical profiles in serum and blood
	3.3.1. Polychlorodibenzodioxins and polychlorodibenzofurans
	3.3.2. Dioxin-like polychlorobiphenyls
	3.3.3. Non-dioxin-like polychlorobiphenyls
	3.3.4. Heavy metals

	3.4. Analysis of analytical profiles in human milk

	4. Conclusions
	SEBIOREC Working Units
	Funding
	Conflict of interest statement
	Acknowledgments
	Appendix A. Supplementary data
	References


