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Epidemiological domains

• Occupational groups (smaller, with serum levels 1000+ µg/L )

• General population studies based on serum PFAS (serum levels 
<10 µg/L)

• Exposed communities (serum levels ~ 50-200 µg/L, Larger 
exposure contrasts)

I will summarise some results and highlight innovate elements
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Studies in some communities exposed to PFAS

2005-2012

     C8 Science Panel studies, West Virginia 
      – Dupont PFOA pollution

2013-
Vicenza, Veneto – Miteni PFOA pollution studies
Ronneby, Sweden – AFFF

2024-   

     Jersey Science Panel – public health advice
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C8 Science Panel studies, West Virginia

 
      – Industrial PFOA pollution
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Pollution from DuPont 
plant in WV led to 6 
water districts 
contaminated 
in Mid Ohio Valley



After PFOA was detected at higher levels in water 
supplies near the Plant in Parkersburg, there was a:

Class Action legal case against DuPont

The Settlement mandated:
1.   Installation of GAC filtration of water 
2.   C8 Health Project, a baseline survey of clinical 

markers including PFOA levels
3.   C8 Science Panel to research and determine if 

there is a link between PFOA and disease
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Class Action and the C8 Settlement



  

The C8 health project data included biomarkers in blood exposure and 
outcomes and questionnaire data for 67000 people. Among 10 
perfluorochemicals measured, highest was PFOA (mean 82.9 ng/mL, 
median 28), normal range 4-5,     then PFOS (mean 23.3)
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[Frisbee et al 2009, https://pubmed.ncbi.nlm.nih.gov/20049206/]

Biomonitoring dataset 



  

The C8 health project data included biomarkers in blood exposure and 
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Biomonitoring dataset 

Water  PFOA (serum)  
District  µg/L  (median)
Little Hocking 224
Lubeck           67
Belpre            35
Tuppers Plains   37
Pomeroy        12
Mason           12

[Frisbee et al 2009, https://pubmed.ncbi.nlm.nih.gov/20049206/]



• A) Plan and carry out epidemiological studies, 
funded from Court settlement, but 
independent of Dupont or plaintiffs.

• B) Report to Court on whether PFOA Has 
“probable link” to disease:

• “Given available scientific evidence, is it more 
probable than not that a connection is 
present between C8 (PFOA) exposure and 
human disease?”
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C8 Science Panel Role

http://www.c8sciencepanel.org/



1) Cross sectional studies of people with biomarker data

2) Cohort follow up study of 32,000 adults

3) Exposure reconstruction; maternal/infant transfer 

3) Geographic studies of cancers and birth outcomes

4) Nested longitudinal study of  755 adults with repeat 
blood drawn 2010 as well as 2005-6

5) Mode of action studies – gene expression (lipid 
metabolism), epigenetics (global methylation), 
genetics (transporter protein SNPs and halflife), 
immunosuppression (flu vaccine titres)  

C8 Science Panel Studies of disease
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Categories of Disease considered
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Total of 47
Reproductive Health (Preg Ind Hypertension/Preeclampsia,  Birth 
Defects, Miscarriage, Low Birth Weight)  
Autoimmune Disease (Ulcerative Colitis, Lupus, Crohn’s Disease, 
Diabetes Type 1,  Multiple Sclerosis, Rheumatoid Arthritis)  
Thyroid Disease
Cancer (Testes, Kidney, Pancreatic, Liver... 21 sites in total) 
Cardiovascular Disease (High Cholesterol, BP, CAD, Stroke)
Kidney Disease
Liver Disease
Respiratory Disease (Asthma, COPD) 
Infectious Disease (Resp., GI, Other) 
Neurological disease (Children, PD)
Diabetes (Type 2)
Osteoarthritis



Modelling exposure

With only recent serum measurements we needed to model past 
exposure to be able to estimate cumulative exposure
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Plant emissions to air and river, 1950-2005
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Predicted water district well PFOA concentrations  
& recent observations

[Shin et al 2011, https://pubmed.ncbi.nlm.nih.gov/21813367/]
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Addresses assigned to water district networks
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Modelled serum PFOA levels back over time
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Longitudinal study of raised cholesterol

Quintile of PFOA Odds ratio 

1 1.0

2 1.07

3 1.11

4 1.05

5 1.20

[C8 Science Panel 2012]

• Past diagnoses “high cholesterol with prescription 
medication” reported and associated with modelled 
PFOA at year of diagnosis: 9653 cases in population 
of 32,000 – adjusted risk by quintile of exposure:

•                                                               Ptrend   
     <0.001

[Winquist et al 2014, https://pubmed.ncbi.nlm.nih.gov/25260175/]



Science panel conclusions on probable links
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6 positive probable links
Reproductive Health (Preg Ind Hypertension/Preeclampsia,  Birth 
Defects, Miscarriage, Low Birth Weight)  
Autoimmune Disease (Ulcerative Colitis, Lupus, Crohn’s Disease, 
Diabetes Type 1,  Multiple Sclerosis, Rheumatoid Arthritis)  
Thyroid Disease
Cancer (Testes, Kidney, Pancreatic, Liver... 21 sites in total) 
Cardiovascular Disease (High Cholesterol, BP, CAD, Stroke)
Kidney Disease
Liver Disease
Respiratory Disease (Asthma, COPD) 
Infectious Disease (Resp., GI, Other) 
Neurological disease (Children, PD)
Diabetes (Type 2)
Osteoarthritis

Steenland et al 2020, https://pubmed.ncbi.nlm.nih.gov/32950793/



Categories of Disease studied
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6 positive probable links
Preg Ind Hypertension/Preeclampsia
Ulcerative Colitis
Thyroid Disease
Cancer of Testes
Cancer of Kidney
High Cholesterol

First set of diseases linked to PFOA with some 
confidence

List has evolved with further studies in both 
exposed communities and general population



Modelled vs measured PFOA  can be informative:

serum concentrations at survey 2005-6
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[Shin et al 2011, https://pubmed.ncbi.nlm.nih.gov/21813367/]
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e.g. Kidney function (in children, n=9660)

Cross sectional design, comparing measured and modelled PFOA
*Adjusted for age, sex, race, smoking, and household income
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p = 0.78p = 0.02

Watkins et al 2013, https://pubmed.ncbi.nlm.nih.gov/23482063/]



C8 Study: Cross sectional analysis PFOA and cholesterol

Wide exposure range

2525                                                                                                                             [Steenland et al 2009, https://pubmed.ncbi.nlm.nih.gov/19846564/]

Predicted total cholesterol by PFOA and PFOS decile in mid-Ohio 
valley adults. Adjusted, n=46,294



Features of the C8 analyses
• Several new disease associations found

• Insights into dose response patterns

• Importance of modeling for cumulative exposure

• Insights into potential confounding from measured serum PFAS

Other C8 analyses in our nested studies

• Fall in cholesterol correlates with degree of fall in PFAS

• Flu vaccine effectiveness slightly reduced by presence of PFAS

• Childhood neurological function and maternal PFAS exposure - null
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Fitz-Simon et al 2013, https://pubmed.ncbi.nlm.nih.gov/23685825/
Looker et al 2014, https://pubmed.ncbi.nlm.nih.gov/24284791/
Stein et al 2013, https://pubmed.ncbi.nlm.nih.gov/23680941/

https://pubmed.ncbi.nlm.nih.gov/23685825/
https://pubmed.ncbi.nlm.nih.gov/24284791/


PFAS contamination in the Veneto Region

• A chemical plant near Vicenza,
made PFAS from the 60’s;

• Effluent contaminated river, ground
water and drinking water;

• Problem identified in March 2013,
mainly PFOA;

• Charcoal filters were supplied;

Pitter et al. EHP 2020 Feb; 128(2): 27007 27



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

The Red Area is further divided into:
▪ Red Area A: municipalities with public water and private wells

contaminated
▪ Red Area B: municipalities with public water contaminated
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The Regional Health Surveillance Plan (1)

The Surveillance Plan was created for prevention, early diagnosis and 
treatment of chronic disorders related to unhealthy lifestyle and 
possibly also to PFAS exposure, 

and characterization of PFAS exposure and evaluation of the health 
effects in people in the Red area

Pitter et al. EHP 2020 Feb; 128(2): 27007 29



The Regional Health Surveillance Plan (2)

• Population-based, free of charge screening program 
provided by the Regional Healthcare Service

• Target population: residents in the Red Area, cohorts 
of people born between 1951-2014 (n=105,000)

• Invitations started in January 2017 (n=91,831 invited) 
– plus second round from 2020

• Interview, blood pressure, blood sample for clinical 
markers and PFAS
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Recruitment status

First round of screening (2017-2022a):

• 91,831 individuals invited (87% of all eligible subjects)

• 53,693 recruited (60,4% of invited subjects)

Second round of screening (2020-2023b):

• started in September 2020

• target: participants to the first round

• 11,594 individuals recruited

athe latest download for cross-sectional data was requested in October 2022
bthe latest download for longitudinal data was requested in March 2023



Study Population
PFOA

(ng/mL)
PFOS

(ng/mL)
PFHxS

(ng/mL)
PFNA

(ng/mL)

C8 study Adults - Exposed (Ohio, WV) 21.8 18.1 2.9 1.4

Veneto study 2022 Total population 36.9 3.9 3.7 0.5

Frisbee EHP 2009 Dec; 117(12): 1873–1882
Canova Environ Int 2020 Dec; 145:106-117

PFAS concentrations in comparison with C8
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GAM models using thin plate spline

Results: PFAS & lipids (Total Cholesterol)

Canova  et al. Environ Int 2020 Dec;145:106117 33



Pitter et al. Environ Health. 2020 Sep 21;19(1):102

Results: PFAS & blood
pressure
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PFOA serum half-life after end of exposure: 

Participants below 14 years of age were considered separately from young adults, due to 
their differences in dilution and excretion patterns, resulting from ongoing growth

Batzella et al., EHP 2024
35

• Population-based, 5860 participants over 14 yrs

• Median age 28 

• Median time between two samples 47 months 



Results - PFOA Half-life by sex

PFOA mean half-life (95% CI) 

Total 2.36 (2.33, 2.40)
Males 2.83 (2.78, 2.89)

Females 2.04 (2.00, 2.08)

The sex effect is to be expected 
as females have significant extra 

excretion routes

Distribution of half-lives derived from individual slopes

Slopes < 0.05 (Half-lives > 15 years were excluded from the histogram)
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Results - Stratified PFOA Half-lives
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Outcome Population Evidence Reference

Metabolic syndrome Young adults (20-39) Null Jeddi et al., 2021

Thyroid
Adolescents (14-19)
Young adults (20-39)

Null
Null

Gallo et al., 2021

Liver Enzymes Adults (20-64) ↑ ALT & AST (PFOA, PFHxS), Rosato et al., 2024

Lipid profile

Children (8-13)
Adolescents (14-19)
Adults (20-64)
Pregnant women
Ex-workers

↑ TC & HDL-C & LDL-C
↑ TC & HDL-C & LDL-C
↑ TC & HDL-C & LDL-C
↑ HDL
↑ TC & HDL-C & LDL-C

Canova et al., 2021
Canova et al., 2021
Batzella et al., 2022a
Dalla Zuanna et al., 2021
Batzella et al., 2022b

Blood pressure

Children (8-13)
Adolescents (14-19)
Young adults (20-39)
Ex-workers

Null
Null
↑ SBP & DBP
↑ SBP

Canova et al., 2021
Canova et al., 2021
Pitter et al., 2021
Batzella et al., 2022b

Primary associations investigated (across Coris projects)



Mortality analyses across red area - CVD
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❖ Causes of death among residents in the red area 
between 1980 and 2018

❖ Excess mortality among residents in the red area 
(51,621 observed deaths vs. 47,731 expected 
deaths)

❖ Increased mortality from cardiovascular diseases, 
kidney cancer, and testicular cancer

PFOA 
concentrations
in groundwater

Biggeri et al 2024 Apr 16. doi:10.1186/s12940-024-01074-2
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PFAS Public Health interventions
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Jersey, Channel Islands

https://www.bbc.com/news/world-europe-jersey-66361242
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Jersey, Channel Islands

https://www.bbc.com/news/world-europe-jersey-66361242

• Firefighting foam 
contaminated Groundwater 
especially PFOS & PFHxS

• Problem identified 1993 to 
2005 in borehole water

• Piped water offered as 
replacement from 2006

• 88 serum measurements done 
in 2022

• Median PFOS 11 ng/ml
• Median PFHxS 13 ng/ml
• Advisory panel set up
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Jersey Panel

The PFAS Scientific Advisory Panel started in 2024

• Panel comprises health effects, environmental, medical expertise

Reports on:

• Health effects related to PFAS from AFFF

• Environmental sources and control options

• Potential interventions to reduce body burdens

All reports available on Jersey PFAS Panel website:

 https://www.gov.je/Environment/Water/pages/pfas.aspx#anchor-8
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Modelling exposure

For estimating likely past and future body burden, need:

• PFAS in water and food - measured in Jersey

From literature:

• Estimated PFAS half lives 

• Estimated PFAS volumes of distribution

• Impact of possible interventions vs. background 
exposure
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Potential interventions

• Dietary
• High fibre diet

• Probiotic supplements

• Reducing PFAS in Blood
• Phlebotomy/blood donation

• Plasma exchange procedures

• Dialysis (as used for failed kidneys) 

• Medications
• Bile acid sequestrants (may affect fecal excretion)

• Probenecid (considered but no effect on PFAS in humans)
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Bile acid sequestrants - Cholestyramine

Ref: https://doi.org/10.1016/j.envint.2024.108497

• Korsør, DK, high PFOS

• Cross-over trial 12 w

• N = 43

• Cholestyramine 4 g x 3

• PFOS k increased 19-fold

https://doi.org/10.1016/j.envint.2024.108497
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Bile acid sequestrants - Cholestyramine

Ref: https://doi.org/10.1016/j.envint.2024.108497

• Korsør, DK, high PFOS

• Cross-over trial 12 w

• N = 43

• Cholestyramine 4 g x 3

• PFOS k increased 19-fold

https://doi.org/10.1016/j.envint.2024.108497
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PFOS: comparing interventions
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PFOS, PFHxS & PFOA
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Bile Acid Sequestrant Conclusions

• BAS most effective to reduce PFAS, especially PFOS

• Colesevalam more acceptable than cholestyramine

• Colesevelam demonstrated in new trial (Ronneby)

• BAS already been used for reducing cholesterol

• However, some side effects

• Relatively little impact on total cumulative exposure if past 
serum levels have been raised for some years

• Big impact on exposure to future children if women reduce 
serum levels prior to pregnancy

Andersson. 2025, https://www.sciencedirect.com/science/article/pii/S0160412025005458
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Panel main recommendations

Bile acid sequestrant Colesevelam recommended primarily for 
2 groups:

• For women planning pregnancy, with PFAS* > 10 ng/ml, to 
reduce next generation exposure.

• For those with raised cholesterol and sum  PFAS* > 20 ng/ml, 
as part of cholesterol reduction too.

• Stop intervention after falling to the background, 
with 7 ng/ml as interim target 

* sum of PFHxS PFOS PFOA PFHpS PFNA PFPeS PFDA MeFOSAA
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