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Introduction
In 2006, results of the analysis of perfluorinated substances (PFAS) carried out in water samples of some
European rivers under the European Project PERFORCE (“Perfluorinated Organic Compounds in the
European Environment”1) showed that, among the rivers investigated, the river Po (Northern Italy) was
the one with the highest concentrations of PFOA. Following this finding, analysis of PFAS in water
was extended to other rivers2, and an area heavily contaminated by PFAS was identified in the Brenta
river basins, in Veneto Region. In this area, groundwater contamination had affected also drinking water
supplies.
In 2013 the Regione Veneto decided to assess exposure to PFAS of the population living in contaminated
areas versus a control group of subjects residing in neighboring, not contaminated areas. Assessment of
exposure was carried out through a human biomonitoring study, funded by the Regione and carried out
by ISS in collaboration with the local health units of the areas of interest.
Materials and methods
Study population. Serum sampling was performed between July 2015 and April 2016 and involved 507
subjects, 257 residents in the areas affected by water contamination (exposed), and 250 residents in
neighboring areas at estimated background exposure (not exposed); participants from each area were
selected by gender and age with the same stratification criteria. Sampling areas were defined on the
basis of data available on contamination by PFAS of the water supply chain. Areas of two ULSS (Unità
Locale Socio Sanitaria, Local Health Unit), namely ULSS 5 and part of the ULSS 6, were identified
as contaminated areas; areas of other four ULSS (8, 9, 15 e 22) plus a part of ULSS 6 not interested
by water contamination were identified as control areas. The study was approved by the local ethical
committees and each participant sign an informed consent before blood withdrawal. A questionnaire was
administered to each study participant to obtain information on anthropometric and socio-demographic
characteristics, lifestyle, drinking-water consumption, and diet.
Analysis. Serum samples were analyzed for nine perfluorocarboxylic acids (PFBA, PFPeA, PFHxA,
PFHpA, PFOA, PFNA, PFDeA, PFUnA, PFDoA) and three perfluorosulfonates (PFBS, PFHxS, PFOS).
About 250µL of serum were spiked with labelled internal standards, extracted with acetonitrile and
prepared for instrumental analysis carried out by HPLC MS/MS3.
Results and discussion
PFOA and PFOS were above the limits of quantification (LOQs) in all the analyzed samples, PFHpA,
PFDA, PFUdA, PFHxS, PFNA were above respective LOQs in more than a half of the samples. The
other five PFAS were less frequently detected, with detection frequency ranging from 12% to 42%. For
PFBA, PFPeA, PFBS, PFHxA, PFHpA, PFHxS, PFOA, PFOS and PFDoA concentrations in exposed
subjects were significantly higher (Mann Whitney test, p <0.05) than those of the residents of the control
area. The highest difference was observed for PFOA (median value of the exposed group was eight times
higher than the median value of the not exposed group), and the lowest for PFHxS and PFOS.
In order to identify subgroups at higher exposure the Mann Whitney test was performed, also stratifying
the exposed group by ULSS (Figure 1).
Serum concentrations of all analytes, with the exception of PFDeA and PFUnA, resulted to be
significantly higher in subjects residing in ULSS 5 than in subjects residing in contaminated areas from
ULSS 6, as well as in subjects from not contaminated areas. Subjects from ULSS 5 had the highest levels
of PFOA, with a median value 45 times higher than the not exposed group. Exposed subjects from ULSS
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6 had serum concentrations significantly higher than the not exposed participants for PFBA, PFPeA,
PFBS, PFHxA, PFHpA, PFOA and PFDoA.
The reasons of the remarkable difference in exposure between ULSS 5 and the contaminated areas
of ULSS 6 are still under study and will be investigated through the analysis of the variables from
questionnaires.
Figure 2 compares concentrations of PFOA and PFOS from this study with results from international
studies carried out on populations exposed to water contaminated by PFAS4,5,6,7, and with results from
national and international studies carried out on general population groups3,8,9. Serum concentrations of
PFOA in the exposed group as a whole are comparable to concentrations assessed in populations exposed
to PFAS, but if the comparison is restricted to the exposed subjects from ULSS 5, values observed are
higher than those observed in other exposed populations. PFOS concentrations in exposed subjects are
comparable with data from groups of exposed population in Germany and Sweden.
PFOA and PFOS concentrations in not exposed subjects are comparable to levels assessed in other
studies carried out on general population.
For most of the other PFAS analyzed in this study, data available in literature are on the whole scarce.
Within this limit, concentrations observed in this study result to be comparable to those observed in
groups of the general population in other countries.
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Figure 1. PFOA (left) and PFOS (right) serum concentrations (ng/g) in not exposed subjects and 

exposed subjects from ULSS 5 and 6. 
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Figure 2. Concentrations (medians, ng/g) of PFOA (on the top) and PFOS (on the 

bottom) found in this study (in red), in other studies of populations exposed to 

contaminated water (in blue), and general population groups (in green) 
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