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• Per-poly fluoroalkyl substances
(PFAS) are a group of man-made
chemicals.

• They have both hydrophilic and
hydrophobic properties and they are
extremely persistent.

• PFAS have been manufactured and used
in a variety of industries around the
globe, since the 1940s.

Background-what are PFAS?



Perfluorooctanoate acid  (PFOA): chains of eight carbons

perfluorooctane sulfonate acid (PFOS): chains of eight carbons

perfluorohexane sulfonate acid (PFHxS): chains of six carbons

Type of PFAS



PFAS exposure pathways



Blood test

PFAS are not metabolised in the human body and they
bioaccumulate, and can thus be measured unchanged in serum or
blood. Half life of 3-8 years (Li et al. OEM 2018)

Biomonitoring of PFAS in serum



L’azienda RIMAR (acronimo di Ricerche Marzotto)
nasce nel 1965 a Trissino (VI) in provincia di
Vicenza. L’azienda nasce come punto di ricerca e
sviluppo dell’azienda tessile Marzotto con
l’obiettivo di produrre in proprio sostanze
perfluorurate in grado di rendere tessuti e prodotti
in cuoio idro e olio repellenti. In seguito, sfruttando
conoscenze e capacità produttive in ambito
chimico, l’azienda si è impegnata nella produzione
di intermedi fluorurati per applicazioni e
prodotti farmaceutici intermedi e prodotti finali
per applicazioni agro-chimiche (comprensive di
utilizzazioni per erbicidi, fungicidi e insetticidi).

A chemical plant located in
Trissino, near Vicenza, started
the production of PFAS in the
late Sixties.

Rimar/Miteni



 A PFAS contamination of groundwater and drinking water of a large area of the Veneto
Region was revealed in 2013 by a study of the National Research Council followed by
ARPAV environmental monitoring plan.

 People were exposed to PFAS through drinking water from public waterworks and
private wells from around 1980.

 By September 2013, contaminated waterworks were supplied with charcoal filters and
PFAS levels in drinking water were markedly reduced.

 November 2018 Miteni closed.

 Municipalities served by the contaminated waterworks have roughly 130,000
inhabitants and extend across three provinces: Vicenza, Verona and Padova.

 Those municipalities have been labelled as the “Red Area”.

PFAS contamination



The Red Area is further divided into:
 Red Area A: municipalities located over the groundwater contamination plume 

also private wells are contaminated
 Red Area B: municipalities located outside the groundwater contamination plume 

private wells are NOT contaminated

Mappa dell’area di esposizione da PFAS nella Regione Veneto 

 

 

Area Rossa: Area massimo esposizione sanitaria 
Area Arancio: Area captazioni autonome 
Area Giallo chiaro: Area di attenzione 
Area Verde: Area di approfondimento 
Area ombreggiata: Plume di contaminazione 

Groundwater 
contamination 

plume



 Approved by the Regional Government in December 2016, started in January 2017,
on going.

 Target population: residents in the Red Area (21 municipalities), cohorts of people
born between 2002-1951 (n=83,781).

 Additional municipalities and birth cohorts recentely included.

AIMS

 Prevention, early diagnosis and treatment of chronic disorders possibly associated to PFAS exposure

 Characterization of PFAS exposure of people living in contaminated areas

Health surveillance plan
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POPULATION: 18,122 subjects aged 14-39 (with
complete information) recruited from January 2017
to June 2019 in the Surv Plan

STUDY DESIGN: cross-sectional.

EXPOSURE: serum concentration of different types
of PFAS; the observations with value inferior to the
limit of quantification (LOQ) will be assigned a value
equal to LOQ / √2; PFAS types which are
undetectable in the majority of subjects will not be
considered as exposures→ PFOA (perfluorooctanoic
acid), PFOS (perfluorooctane sulfonic acid), PFHxS
(perfluorohexane sulfonic acid) >98% samples
above the limit of quantification

Methods: population and exposure



Type Variables

Sociodemographic
age, sex, country of birth (Italy vs HMPC countries), education level, occupation 

(farmer vs not farmer)

Residential/environmental 

factors

residential time in the Red area, prevalent area of residence (A or B), municipality of 

residency at recruitment, time-lag between the beginning of the study and blood 

sampling, private food production (breeding animals and growing vegetables)

Behavioral factors
alcohol, smoking, physical activity, diet (quartiles of meat, milk, dairy products, 

cereal, fish, egg, fruit and vegetable servings per week consumption), water intake

Anthropometry and health
BMI, renal function (eGFR), current pregnancy (yes/no), number of deliveries

Drinking water sources

(only restricted population)

After August 2018 consumption of bottle water

consumption of well water

All covariates in the regressions are considered categorical

Methods: potential predictor



 PFAS concentrations were natural log transformed.

 Spearman’s correlation to describe pair-wise relationships.

 Multivariate linear regression models to examine the relationship between potential determinants and
PFOA/PFOS and PFHxS concentrations. Stepwise approach based on the Akaike information criterion (AIC) to
define the optimal set of predictors to retain in each model.

 Interaction terms between prevalent residential area (A or B) and variables regarding private food production, and
results stratified by Area.

 Coefficient estimates back transformed (eβ-1)*100, presented as percent changes in the geometric mean of PFASs
concentration in each category compared to the reference group.

 The goodness of fit of the models was estimated using the R2. ANOVA used to study the contribution of each
covariate to explain the overall variability of each PFAS.

 Analyses with additional variables of water sources restricted to subjects recruited after August 2018 (n=3605,
20%).

Methods: statistical analysis



Study Population PFOA PFOS PFHxS

Frisbee et al. 2009 Adults 20-39 - Exposed (Ohio, C8 project) 21.8 18.1 /

Ingelido et al. 2010 Adults 20-35 – Italian general population 2.87 4.46 /

Ingelido et al. 2018
Adults 20-51 - Exposed (Veneto) 13.77 8.69 2.98

Adults 20-51 – Not exposed (Veneto) 1.64 5.84 2.49

PFAS mean (sd) GM Median min-max

PFOA 64.37 (69.67) 38.43 44.4 LOQ-1400

PFOS 4.76 (4.1) 3.87 3.9 LOQ-142

PFHXS 5.87 (6.37) 3.74 3.9 LOQ-127

PFOA PFOS PFHXS

PFOA 1

PFOS 0.620 1

PFHXS 0.888 0.659 1

Spearman correlation Matrix

Comparison with other studies (median PFAS levels)

Results: PFAS serum concentrations (ng/L)



^ population recruited after August 2018

Model Descriprion Observations R2 PFOA R2 PFOS R2 PFHxS

m1 Complete 18122 37% 26% 44%

m1.2
Complete+interaction Area*private 

food production
18122 38% 26% 44%

m2^ Restricted pop 3605 38% 30% 48%

m2.2
Restricted pop,  with extra information 

on water source 
3605 41% 31% 51%

m2.3
Restricted pop, with extra information 

on water source +interaction 
Area*private food production

3605 41% 31% 51%

Results: model fit



Type characteristic Variables PFOA PFOS PFHxS

Sociodemographic

Age 2.96 0.13 0.74

Gender 11.52 9.94 18.17

Education 0.33 0.33 0.26

Occupation 0.02

Country of birth 1.25

Residential/
Environmental factors

Municipality of recruitment 12.57 6.7 14.84

Residential time in the Red Area 3.4 0.91 5.34

Prevalent area of residence (A or B) 0.2 0.01 0.3

Time-lag 0.43 0.62 0.42

Growing vegetables 0.33 2.52 0.73

Breeding animals 0.05 1.19

Behavioral factors

Alcohol consumption 0.47 0.44 0.29

Smoking habits 0.09 0.11 0.06

Meat 0.12 0.06 0.09

Milk and yogurt 0.14 0.19 0.09

Cheese and dairy products 0.05

Bread/Pasta/Cereal 0.02 0.02

Fish 0.02 0.22

Eggs 0.35

Fruit/Vegetables 0.02 0.23 0.08

Sweets/snacks 0.03 0.08 0.06

Water intake 0.41

Anthropometry and 
health

BMI 0.53 0.06

eGFR 0.09 0.13 0.09

Number of deliveries 3.42 1.15 2.19

Results: variance explained (Model 1)



Gender N° deliveries

Results: relevant predictors 1



Time-lag from the beginning of the study (months) Age (years)

Results: relevant predictors 2



Duration residential time (years) Prevalent area of residency

Results: relevant predictors 3



Red Area A Red Area B

Results: growing own veg*prevalent area



In summary, the studied population, composed of more than 18,000 subjects
aged 14-39 years exposed to drinking water contaminated by PFAS, showed
higher serum PFOA concentrations compared to other populations with
residential exposure.
Gender and area and duration of residency were the main predictors of
serum levels of PFOA, PFOS, and PFHxS, but the majority of variance
remained unexplained by our large set of possible predictors, particularly for
PFOS. This finding may be explained at least in part by the large inter-
individual variation of half-lives of PFOA, PFOS, and PFHxS.
Further studies are needed to better understand determinants of internal
concentrations and clarify PFAS cumulative exposure in this contaminated
area.

Conclusion
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Results: relevant predictors-municipality PFOA


