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Outline

• How did the advisory come about?

• What is the evidence for PFAS toxicity?
• Developmental delay

• Hepatotoxicity

• Immunosuppression



• No observed adverse effect 
level (animal studies).

• If NOAEL isn’t observed, 
takes LOAEL and divide by 
10.

• Assume 10 fold lower than 
the LOAEL is NOAEL.

How did this advisory come about?

NOAEL
Example:
Lau et al., 2006
1.0 mg/kg LOAEL



How did this advisory come about?

NOAEL

HED

• Human equivalent dose: 
predicted oral dose for 
humans to have serum 
concentrations equal to that 
of the animal at NOAEL. 

• Calculate average serum 
level at NOAEL 
(pharmacokinetic model 
from Wambaugh) and 
multiply by clearance.

Average serum concentration: 
38mg/L
38 * 0.00014 (Cl) = 5.3ng/kg/day 

HED = Avg serum level (NOAEL) * Clearance



How did this advisory come about?

NOAEL• Reference Dose: estimate of a 
daily exposure to the human 
population that is likely to be 
without an appreciable risk of 
deleterious effects during a 
lifetime. (mg/kg/day)

• Divide by total uncertainty 
factors associated with study 
(extrapolating LOAEL to NOAEL, 
interspecies uncertainty, and 
intraindividual uncertainty). 

5.3ng/kg/day (HED) / 300 (UF)
~20ng/kg/day RfD

HED

RfD

RfD = HED (from NOAEL) / UF



How did this advisory come about?

NOAEL• Drinking Water Equivalent 
Level: Estimate maximum 
safe level a person could 
intake via drinking water. 
• Assumes 100% exposure from 

drinking water.

• Drinking water intake / body 
weight was estimate at 
0.054L/kg/day (90th

percentile for lactating 
women)

20ng/kg/day / .054L/kg/day) = 
370ng/L DWEL

HED

DWEL

RfD

DWEL = RfD / (DWI / BW)



How did this advisory come about?

NOAEL• Relative Source Contribution: 
accounts for the contribution 
of sources of exposure 
besides drinking water (soil, 
food, air, etc.) 

• Estimated 20% (0.2 for the 
formula)

• 20% is the standard estimate 
for when scientific data on 
what it should be is lacking.

370ng/L * 0.2 = ~70 ng/L 

HED

RfD

HA = DWEL * RSC

Health
Advisory

DWEL



State Health Advisories?

• Vermont (20ppt) used same RfD but had a different drinking water 
intake (0.175 instead of 0.054) based on 95th percentile of first year of 
life rather than lactating women.

• New Jersey (14ppt) used a different endpoint of an increase in 
relative liver weight (Loveless et al., 2006) seen for mice at 0.3mg/kg 
dose PFOA. 



What is the evidence for PFAS toxicity?

• “Studies indicate that PFOA and PFOS can 
cause reproductive and developmental, liver 
and kidney, and immunological effects in 
laboratory animals. Both chemicals have 
caused tumors in animal studies. The most 
consistent findings from human epidemiology 
studies are increased cholesterol levels among 
exposed populations, with more limited 
findings related to low infant birth weights, 
effects on the immune system, cancer for 
PFOA, and thyroid hormone disruption for 
PFOS.” -EPA

• Mechanism Unknown.



What is the evidence for PFAS toxicity?
PPARα

• Peroxisome proliferator-activated receptor alpha (PPARα). 
• PFAS are agonists.

• Nuclear receptor that controls genes for lipid homeostasis, catabolism etc.

• Much more prevalent in rodents than humans.  
• If liver weight increase is related to PPARα activation, then we don’t worry 

about it.

• Activation is linked to hepatocellular, pancreatic acinar cell, and Leydig cell 
adenomas in rats (Not usually seen in humans).



Mouse Timeline

Pregnancy

Gavaged
Daily 

Birth

Start of puberty
PD~26Breastfed

After birth

Developmental Delay

GD1 Start 
of 
exposure

GD0 
plug 
positive

GD 19-21

PD 18-28



Later on, growth 
caught up, so no 
long term 
functional 
consequence.

Developmental Delay: Phalanges Ossification

Lau et al., 2006



Data graphed by NJ DWQI 

Developmental Delay: Phalanges Ossification

Gleason et al., 2016



• Showed pubertal effects and delay in phalanges ossification at low 
dose (1mg/kg/day).
• No functional consequence for this delay in phalanges ossification

• Dose-response is non-monotonic.
• Difficult to explain biologically

• No mechanism of action proposed.

• Human relevance is unclear.

• Lack of repetition.

• It does provide evidence of physiological effects at low levels. 
• Precautionary principle

Developmental Delay: Phalanges Ossification

Common 
theme for low-
dose 
PFOA/PFOS



Hepatotoxicity: Relative Liver Weight

Loveless et al., 2006



Hepatotoxicity: Relative Liver Weight

Tucker et al., 2015



Hepatotoxicity: Relative Liver Weight

Tucker et al., 2015



• Tucker et al. show delay in mammary gland development due to in 
utero exposure to PFOA at doses lower than phalanges ossification 
(.01mg/kg) 
• Using .01mg/kg as a PoD would mean setting a limit of in the ppq (per 

quadrillion). 

• EPA dismisses due to 1) No functional consequence. 2) Unknown 
mechanism of action. 3) Lack of repetition.

• EPA used phalanges development as a basis for their health advisory. 
• All of their criticism is equally applicable. 

Developmental Delay: Mammary Gland



Then mammary gland analysis

CD-1

Tucker et al., 2015



Lactation is just fine.
Offspring are not malnourished.
Human impact? Tucker et al., 2015



PFAS and Breastfeeding
• Animal studies show that 

PFAS can influence breast 
development and lactation 
hormones

• PFOA/PFOS exposure 
during pregnancy 
associated with decreased 
breastfeeding duration
• Doubling in PFOA associated 

with 0.5 month (95% CI: 0.3, 
0.7) reduction in exclusive 
breastfeeding duration 

Fei et al., 2010, Romano et al., 2016, Tucker et al. 2015, 
Yang et al. 2009Slide courtesy of Joe Braun



Immunosuppression
• Several animal studies report a decrease in 

antibody production and spleen/thymus weights at 
high doses.
• These effects rapidly disappear after cessation 

of exposure.

• Concern that it could reduce effectiveness of 
vaccines. 



DeWitt et al., 2008



Immunosuppression

• “Taken together, available human studies (Grandjean et al. 2012; Granum et al. 
2013; Looker et al. 2014) provide some evidence of a significant association 
between PFOS exposure and serological vaccine responses in general. Within 
each study, however, most estimated associations were statistically 
nonsignificant, and results were inconsistent by vaccine type and by outcome 
classification… One issue related to use of immune biomarkers and antibody 
levels in human studies is whether small but statistically significant changes in 
these endpoints, when analyzed on a continuous scale, are clinically 
meaningful, particularly when most or all subjects are within the normal range” 
–EPA Drinking Water Health Advisory for Perfluorooctane Sulfonate (PFOS)



Conclusions

• Drinking water advisory level was driven based on developmental toxicity 
of PFOA/PFOS following in utero exposure. 
• Several studies resulted in RfD 20ng/kg/day

• Phalanges delay in ossification is one of the primary studies determining 
health advisory levels.

• Mammary gland development may also be altered in even lower levels, 
although questions around its meaning led EPA to not use the study.

• Immunosuppression also may occur at low doses but has a mild effect. 
Clinical studies are inconsistent. 
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