
PFAS Health & Toxicology Subgroup 

Draft Meeting Minutes 

WebEx, Office of Drinking Water, 109 Governor Street 6th Floor, Richmond, VA 23219 

February 12, 2021 from 1:30 – 3:30 p.m. 
2 hours (appx) 

 

1. Opening Remarks 

VDH State Toxicologist, Dwight Flammia, Ph.D. called the meeting to order 1:33 p.m.  The 
meeting was conducted in a public format and recorded minutes will be posted on Town 
Hall.  He discussed the tasks and presented a power point presentation.   

2. Member Introduction 

Jillian Terhune (City of Norfolk) 
Kelly Ryan (Va American Water) 
David Jurgens (City of Chesapeake) 
Erin Reilly (James River Association) 
Steve Risotto (ACC) 
Benjamin Hollard (DEQ) 
Dwight Flammia (VDA, State Toxicologist)  
Steve Herzog (Hanover County) 
Paul Nyffeler 
 
Guest 

Ellen Egen 
Dr. Mann 
 

ODW Participants 

Kris Latino, ODW 
 

3. Review of previous meeting 

The group determined that there were no changes to the previous meetings notes. 

4 Presentation 

The goal of this meeting was to discuss PFOS (perfluorooctane sulfonate) by looking at the 
states that have adopted PFOS MCLs and the different ways each state developed their plans.   

Currently only a few states have developed PFOS MCLs.  They include: 



 Massachusetts     20 ppt (sum of the PFAS not to exceed) 

 Michigan     16 ppt 

 New Hampshire    15 ppt 

 New Jersey     13 ppt (sum PFOS & PFOA) 

 New York     10 ppt 

 Vermont     20 ppt (sum of PFAS not to exceed) 

Dwight presented a PowerPoint presentation (attached) that went into detail explaining each 
state and the methods they used to explain with their conclusions. (The papers can be found in 
SharePoint)  

5 Discussion  

 Paul questioned the Toxicology subgroups contribution to the PFAS workgroup and 
stated he would come up with a list of group recommendations.  He will email them to Dwight 
before the next meeting.   

 Paul was also was tasked with looking into the NJ documents and finding where they 
state the MCL is 13 or 14. 

 Steve also has some information to share with the subgroup. 

 For the next meeting, the group should confirm the states that currently have PFOA 
(perfluorooctanoic acid) MCLs and provide documentation for the group. 

 Dwight will share a video link to the members on New York.  It will also be posted on 
SharePoint. 

6 Closing items: 
 
The next Toxicology subgroup will be March 12, 2021.  The login information can be 

found on the SharePoint calendar and will also be emailed prior to the meeting. 
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February 12, 2021



Meeting Overview
- Opening Remarks
- Review of previous meeting
- Workgroup Members Introductions
- Presentation
- Discussion
- Assignments
- Public Comment
- Next Meeting

PFAS Workgroup Meeting Overview



States with PFOS MCLs

• Massachusetts
• Michigan
• New Hampshire
• New Jersey
• New York
• Vermont

• 20 ppt (sum of five PFAS not to exceed)

• 16 ppt
• 15 ppt
• 13 ppt (sum PFOS & PFOA)*
• 10 ppt
• 20 ppt (sum of five PFAS not to exceed)



EPA steps in developing an MCL

• For chemical contaminants that are non-carcinogens the MCLG is based 
on the reference dose. A reference dose (RfD) is an estimate of the amount 
of a chemical that a person can be exposed to on a daily basis that is not 
anticipated to cause adverse health effects over a lifetime.

• To determine the RfD, the concentration for the non-carcinogenic effects 
from an epidemiology or toxicology study is divided by uncertainty factors 
This provides a margin of safety for consumers of drinking water.

• The RfD is multiplied by body weight and divided by daily water 
consumption to provide a Drinking Water Equivalent Level (DWEL).

• The DWEL is multiplied by the relative source contribution. The relative 
source contribution is the percentage of total drinking water exposure for 
the general population, after considering other exposure routes (for 
example, food, inhalation).













Luebker 2005 Two-generation reproduction and cross-
foster studies of perfluorooctanesulfonate (PFOS) in rats
Two-generation reproduction study was conducted in rats. 
Male and female rats were dosed via oral gavage at dose levels of 0, 0.1, 0.4, 1.6, and 3.2 mg/(kg day) for 6 weeks prior to mating, 
during mating, and, for females, through gestation and lactation, across two generations. 
second generation was limited to F1 pups from the 0, 0.1, and 0.4 mg/(kg day) groups. 
Statistically significant reductions in body-weight gain and feed consumption were observed in F0 generation males and females at 
dose levels of 0.4 mg/(kg day) and higher, but not in F1 adults. 
PFOS did not affect reproductive performance (mating, estrous cycling, and fertility); however, reproductive outcome, as 
demonstrated by decreased length of gestation, number of implantation sites, and increased numbers of dams with stillborn pups or 
with all pups dying on lactation days 1–4, was affected at 3.2 mg/(kg day) in F0 dams. 
These effects were not observed in F1 dams at the highest dose tested, 0.4 mg/(kg day). Neonatal toxicity in F1 pups, as 
demonstrated by reduced survival and body-weight gain through the end of lactation, occurred at a maternal dose of 1.6 mg/(kg day) 
and higher while not at dose levels of 0.1 or 0.4 mg/(kg day) or in F2 pups at the 0.1 or 0.4 mg/(kg day) dose levels tested. 
slight yet statistically significant developmental delays occurred at 0.4 (eye opening) and 1.6 mg/(kg day) (eye opening, air righting, 
surface righting, and pinna unfolding) in F1 pups. 
Based on these data, the NOAELs were as follows: reproductive function: F0 ≥3.2 and F1 ≥0.4 mg/(kg day); reproductive outcome: F0 
= 1.6 and F1 ≥0.4 mg/(kg day); overall parental effects: F0 = 0.1 and F1 ≥0.4 mg/(kg day); offspring effects: F0 = 0.4 and F1 ≥0.4 
mg/(kg day). 



In this study, adult male C57BL/6 mice were exposed to PFOS daily via gavage for 60 days [0, 0.5, 5, 25, 50, or 125 
mg/kg total administered dose (TAD)]. (0, 8.33, 83.33, 416.67, 833.33, or 2083.33 µg PFOS/kg body weight/day)

• Liver mass was significantly increased at >5 mg PFOS/kg TAD and in a dose-dependent manner. 
• Lymphocyte proliferation and natural killer cell activity were altered in male mice.
• Plaque forming cell (PFC) response was suppressed beginning at 5 mg/kg TAD.

Based on the liver mass and PFC response, the no observed adverse effect level and lowest observed
adverse effect level for male mice exposed PFOS for 60 days was 0.5 and 5 mg/kg TAD, respectively. 

Measured PFOS serum concentrations at these dose levels were 0.674 + 0.166, and 7.132 + 1.039 mg/l, 
respectively. 

These results indicate that PFOS exposure can affect the immunity function in mice at levels approximately 50-fold 
for highly exposed human populations.

Dong 2009, Chronic effects of perfuorooctanesulfonate exposure
on immunotoxicity in adult male C57BL/6 mice



Dong 2011 Sub-chronic effect of perfluorooctanesulfonate
(PFOS) on the balance of type 1 and type 2 cytokine in adult 
C57BL6 mice
ability of PFOS to potentially perturb T-helper (TH)-1 and TH-2 cell cytokine 
secreting activities, as well as to cause shifts in antibody isotype levels, and possible 
mechanisms involved in PFOS-induced immunotoxicity.
Adult male C57BL/6 mice were exposed to PFOS daily via gavage for 60 days [0, 0.5, 
1, 5, 25, or 50 mg/kg total administered dose (TAD)]. One day after the final 
exposure, the ex vivo production of the TH1-type cytokines (IL-2 and IFN-c), TH2-
type (IL-4), and IL-10 cytokines by isolated splenocytes, serum levels of 
immunoglobulin (Ig) were assessed
results showed that IL-4 secretion was increased at exposure C5 mg PFOS/kg TAD in 
a dose-dependent manner. PFOS exposure increased IL-10 but decreased IL-2 and 
IFN-c formation markedly at 50 mg PFOS/kg TAD
Serum levels of sheep red blood cells (SRBC)-specific IgM synthesis decreased 
significantly with PFOS exposure in a dose-related manner; serum SRBC-specific 
IgG, IgG1, and IgE levels increasedwith 50 mg PFOS/kg TAD regimens



Michigan PFOS Summary



Michigan PFOS Summary



Massachusetts Study Selection



Massachusetts Reference Dose Discussion



Massachusetts Uncertainty Factors



Massachusetts UF Comparison



Massachusetts Drinking Water Standard



New Hampshire Principal Study and Point of 
Depature
For the derivation of a RfD for PFOS, NHDES recommends the critical 
health effect of suppressed immunoglobulin M (IgM) production in 
male mice (Dong et al., 2011). While NHDES previously proposed a RfD
based on developmental toxicity, the review of existing and emerging 
evidence and technical comments suggest that the use of this 
immunotoxic endpoint represents a more appropriately cautious 
approach for the risk assessment of PFOS.

This POD is based on serum concentrations of PFOS at the no 
observable adverse effect level (NOAEL) for suppressed IgM production 
in male mice following 60-d oral exposure (Dong et al. 2011).



New Hampshire

As summarized by MDH (2019), the critical effect reported in Dong et 
al. (2011) was suppressed IgM production with a NOAEL of 2,620 
ng/mL (oral dose, 0.0167 mg/kg-d) and a LOAEL of 10,750 ng/mL (oral 
dose, 0.083 mg/kg-d). A prior study by Dong et al. (2009) reported a 
NOAEL of 674 ng/mL (oral dose, 0.008 mg/kg-d) for reduced plaque 
forming cell response to sheep red blood cells, and a similar oral LOAEL 
as Dong et al. (2011). However, the early work by Dong et al. (2009) did 
not include the intermediate dose of 0.0167 mg/kg-d that was 
identified as a NOAEL in their later work (Dong et al. 2011). This is 
further complicated as the specific effect was not replicated in both 
studies where plaque forming cell response was only measured in Dong 
et al. (2009) and IgM concentrations in the later Dong et al. (2011).



New Hampshire Uncertainty Factors
Intraspecies variability (10) × Interspecies variability (3) × Database limitations (3) = 100 

The full factor of 10 for intraspecies variability was deemed appropriate to 
protect for the poorly characterized differences in toxico-dynamics (× 3) and 
-kinetics (× 3) within the human population. As NHDES applied a DAF to 
convert the rodent serum concentration to an oral human dose, only a 
partial uncertainty factor (× 3) was applied for interspecies variability. The 
POD was based on the NOAEL described in Dong et al. (2011); thus, there 
was no need for additional uncertainty factors to account for LOAEL to 
NOAEL conversion. Dong et al. (2011) conducted a 60-day exposure so no 
additional uncertainty factor was applied for acute-to-chronic duration of 
exposure.



New Hampshire



New Hampshire



New Hampshire

As rodents are not humans, the UF is applied to be protective by 
reducing the animal POD to a lower and acceptable human target 
serum level. The DAF then converts, by estimation, the blood 
concentration (ng/mL) to a body weight-adjusted (kg) amount of the 
chemical (ng) external to the body that would need to be ingested on a 
daily basis to reach the human target serum level.
Reference dose (ng/kg/d) = Point of departure (ng/mL)

Total uncertainty factors (unitless)
x Dosimetric adjustment factor (mL/kg/d)



New Hampshire Relative Source Contribution



New Hampshire MCL Calculation



New Jersey
NJ examined 20 toxic endpoints in terms of the timing of biological significance and suitability for dose-
response analysis, and determined 4 endpoints suitable to calculate a (POD) point of departure. The 
immunotoxic effect shown in the Dong et al. (2009) study was chosen as the most sensitive POD (point of 
departure) at 674 ng/ml.

The immunotoxic endpoint chosen to develop an MCL based on decreased plaque forming cell response, a 
predictor of immunosuppression, in animal studies is supported by epidemiologic studies that found 
associations between PFOS and PFOA blood serum levels in humans and decreases in immune function.

The National Toxicology Program concluded that “exposure to PFOS is presumed to be an immune hazard to 
humans based on a high level of evidence that PFOS suppressed the antibody response from animal studies 
and a moderate level of evidence from studies in humans”.

Of the 4 final studies chosen by NJWQI for dose-response modeling, the Dong et al 2009 study of decreased 
plaque forming cell response, predictive of immunotoxicity, resulted in the lowest (most sensitive) point of 
departure (POD).



New Jersey adult reference dose



New Jersey MCL

An MCL = 5 ng/L was calculated for children



NJ Reference Dose



Vermont Selection of End Point



Vermont Selection of End Point



Vermont Exposure Assumptions



Vermont Relative Source Contribution



New York PFOS MCL 

Watch Video

https://www.youtube.com/watch?v=2JIXCla6cHM&feature=youtu.be


Discussion



Assignments
Public Comments
Next Meeting
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