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Executive Summary of 3M’s Comments 
 
The 3M Company (3M) appreciates the opportunity to review and comment on the “Draft 
Toxicological Profile for Perfluoroalkyls”.  As authors or a sponsor of many of the human 
epidemiology and toxicology studies discussed in the draft documents, we offer these detailed 
comments for Health Effects in assisting with that effort.  Given the magnitude of scientific 
literature that have become available since the last Draft was released in 2015, the following 
important scientific comments should be considered by ATSDR with the overall data integration. 
 
A. The Public Comment Period was Too Short.  The Draft Toxicological Profile is 852 pages 

long.  Its support document is nearly 300 pages long. The 60-days provided to the public for 
review and comment was not adequate for detail review and comment on every aspect of the 
draft Toxicological Profile.  Accordingly, the lack of comment on any particular detail or 
section within this ATSDR document does not necessarily imply agreement with that 
content. 

 
B. MRL Meaning and Limitations Not Prominently Presented.  ATSDR should be aware 

that for the public and regulators the Minimum Risk Levels (MRLs) will be an important 
component of the draft Toxicological Profile. Yet, ATSDR defers any explanation of what 
the MRLs mean and the limits on their use until deep in the technical appendices of this 
document (e.g., page 713 in Appendix A and page in Appendix C).  Accordingly, it is very 
important that ATSDR features this information in Chapter 1, where ATSDR presents the 
MRL values.  ATSDR should recognize that most readers will not go any further than this 
opening chapter. Media accounts show there is already great confusion among the general 
public, Congress, the media and NGOs as to what MRLs values mean and how they should 
or should not be used.  There is a clear misperception that MRLs represent a line between 
safe and unsafe exposure to a chemical, which is incorrect.   

ATSDR should include the following statements from the technical appendices in Chapter 1.  

From Appendix A (page A-1, page 713 of the profile), ATSDR should include: 

 An MRL is an estimate of the daily human exposure to a hazardous substance that is 
likely to be without appreciable risk of adverse noncancer health effects over a 
specified route and duration of exposure. These substance-specific estimates, which 
are intended to serve as screening levels, are used by ATSDR health assessors to 
identify contaminants and potential health effects that may be of concern at 
hazardous waste sites. It is important to note that MRLs are not intended to define 
clean-up or action levels. 

 They are below levels that might cause adverse health effects in the people most 
sensitive to such chemical-induced effects. 

 MRLs are generally based on the most sensitive substance-induced endpoint 
considered to be of relevance to humans. Serious health effects (such as irreparable 
damage to the liver or kidneys, or birth defects) are not used as a basis for 
establishing MRLs. Exposure to a level above the MRL does not mean that adverse 
health effects will occur.  
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 MRLs are intended only to serve as a screening tool to help public health 
professionals decide where to look more closely. 

 In the absence of evidence to the contrary, ATSDR assumes that humans are more 
sensitive to the effects of hazardous substance than animals and that certain persons 
may be particularly sensitive. Thus, the resulting MRL may be as much as 100-fold 
below levels that have been shown to be nontoxic in laboratory animals 

From Appendix C (page C-1, page 835 of the profile), ATSDR should include: 

 These MRLs are not meant to support regulatory action, but to acquaint health 
professionals with exposure levels at which adverse health effects are not expected 
to occur in humans.  

 MRLs should help physicians and public health officials determine the safety of a 
community living near a hazardous substance emission, given the concentration of a 
contaminant in air or the estimated daily dose in water. MRLs are based largely on 
toxicological studies in animals and on reports of human occupational exposure. 

Finally, ATSDR’s website includes a description of MRLs for the general public, which 
should also be included to help the lay public: 

 An MRL is an estimate of the amount of a chemical a person can eat, drink, or 
breathe each day without a detectable risk to health. MRLs are developed for health 
effects other than cancer.  If someone is exposed to an amount above the MRLs, it 
does not mean that health problems will happen. When health assessors find 
exposures higher than the MRLs, it means that they may want to look more closely at 
a site. 

 
C. The PFOA, PFOS, and PFHxS MRLs are Critically Flawed, Lower than Appropriate 

or Necessary, Unsupported by the Science, and should be Withdrawn or Revised.  Due 
to time limitations, 3M’s review focused on the provisional Minimum Risk Levels (MRLs) 
for three perfluoroalkyls (PFOA, PFOS, and PFHxS).  The selection of the critical 
toxicological endpoints and the derivation process in establishing these provisional MRLs 
lacked scientific rigor and that the best available science was not applied. The improper uses 
of studies and overly conservative assumptions used by ATSDR resulted in MRL values that 
are significantly lower than supported by the science.  Key concerns with ATSDR’s MRL 
development are presented below: 

 
1) Toxicological endpoints and human relevance 

 
Among the toxicological endpoints chosen by ATSDR for MRL calculations, they have 
not been observed in humans.  ATSDR should explain the relevance of these effects, if 
any, to human health to avoid undue public misperception.  Specifically, published mode 
of action data on xenosensor nuclear receptors have suggested that rodents may not be the 
most appropriate species for the hazard assessment of perfluoroalkyls on developmental 
toxicity in humans.  In addition, rodent hepatocytes appeared to be more sensitive to 
xenosensor nuclear receptor activations than human hepatocytes.  Therefore, ATSDR 



3M Comments 
August 20, 2018 

3 
 

should take this into consideration when performing human risk assessment using rodent 
data. 

 
2) Best available science not applied 

 
There are many technical uncertainties associated with the current MRL derivations for 
PFOA, PFOS, and PFHxS (all based on rodent studies), and ATSDR did not appear to 
apply the best available science.  Specifically: 

 
o For PFOA, the two studies selected by ATSDR lacked fundamental scientific rigor 

(e.g., a single dose study without any dose-response, small sample size with only 6 
pregnant dams; no details on the reproductive nor the developmental hallmarks, litter 
bias, non-standard testing methods, no internal serum PFOA dosimetry data…etc.).  
The corresponding study results should not be used in any meaningful risk assessment 
for humans.  ATSDR is encouraged to consider evaluating a published phase 1 
clinical trial data with PFOA in 49 human subjects for its assessment (Convertino et 
al. 2018). 
 

o For PFOS, ATSDR should take maternal toxicity influence as well as human 
relevance under consideration.  ATSDR is encouraged to consider evaluating a 
published clinical chemistry study with monkeys with PFOS for its risk assessment, 
given these non-human primates have much similar physiological resemblance to 
humans than those of rodents, and the effects of PFOS on 27 clinical chemistry 
parameters as well as the corresponding serum PFOS levels were followed for more 
than 400 days (Chang et al. 2017). 

 
o For PFHxS, the thyroid histology finding in rats cannot be replicated in another 

rodent species (mice) under similar study conditions hence there is no conclusive 
evidence to suggest that PFHxS impacts thyroid homeostasis in rodents.  ATSDR is 
encouraged to consider evaluating a published reproductive and developmental study 
in mice with PFHxS for its assessment (Chang et al. 2018).  In addition, ATSDR 
should recognize that there are distinct differences in thyroid hormone regulations 
between rodents and humans; and similar to PPARα- or CAR/PXR-mediated 
hepatocellular hypertrophy noted in rats, thyroid findings in rodents are usually 
rodent-specific, usually not applicable to humans, and it requires careful (weight-of-
evidence) interpretation when extrapolating to human risk assessment. 
 

3) Excessive and unnecessary adjustment factors applied for point of departure (POD) 
 

It is scientifically unjustified for ATSDR to apply a combined adjustment factor of 300 
for PFOA, PFOS, and PFHxS MRLs in addition to the (large) dosimetric TK adjustments 
that had already been incorporated.  The (very) large dosimetric adjustment factors 
(10,000, 14,400, and 15,500 for PFOA, PFOS, and PFHxS, respectively) more than 
adequately compensate for the difference between rodents and humans.  The additional 
combined factor of 300 reflected an overall adjustment factor of 3,000,000 for PFOA, 
4,320,000 for PFOS, and 4,650,000 for PFHxS from the point of departure (POD).  The 
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extent of these adjustments, on the order of 10E6, is not made transparent by ATSDR and 
is excessive.   
 
Specific uncertainty factors that are not scientifically justified include: (a) factor of 10 for 
immunotoxicity (PFOS, PFHxS); and (b) factor of 10 for use of LOAEL (PFOA) 

 
4) Toxicokinetics and half-lives in humans 

 
In their MRL calculations, ATSDR chose to use the arithmetic mean serum elimination 
half-life estimates for PFOA, PFOS, and PFHxS from Olsen et al. (2007) because the 
study of these retirees had a longer follow-up time.  These retirees averaged 66 years of 
age at the end of the study.  ATSDR was concerned that, based on a study by Seals et al. 
(2011), slower kinetics is likely to constitute a larger contribution to the terminal half-
life.  Olsen et al. had reservations of using arithmetic means to describe their data 
because of its right skewness; ATSDR chose to not acknowledge this limitation.  In 
addition, ATSDR chose not to consider serum elimination half-lives that are dependent 
on other factors such as age of the study subjects, and not just follow-up time, because 
age is associated with the glomerular filtration rate (GFR). Renal clearance of 
perfluoroalkyls is largely a sum of three processes involving glomerular filtration, renal 
tubular secretion, and renal tubular reabsorption. Because PFOA and other 
perfluoroalkyls vary in their affinities to bind plasma proteins, glomerular filtration of 
perfluoroalkyls is a product of the unbound fraction of the perfluoroalkyls and GFR.  
Thus, the lower estimates of serum elimination half-lives based on the younger ages in 
the other study populations (Bartell et al. 2010; Li et al. 2018) may be due to the higher 
GFR of these younger study subjects.  ATSDR also did not recognize that the proportion 
of the general population age ≥ 65 years old is approximately 15%.  Therefore, other 
serum elimination half-lives should be considered in ATSDR’s MRL calculations to 
reflect the overall general population and its greater GFR.  At a minimum, ATSDR 
should present sensitivity analyses using these collective data (see below).   

 
5) Underestimation of HEDs and MRLs by ATSDR using slower half-life 

 
For PFOA, PFOS, and PFHxS, the corresponding HEDs (and subsequent MRLs) were 
likely to have been underestimated because ATSDR used the most conservative half-lives 
reported.  These half-lives were based on a cohort of retired fluorochemical workers 
whose exposure source was occupational and the elimination profile was dependent upon 
a GFR reflective of older adults.  ATSDR should use half-lives more closely matching 
the general population demographics and their GFR.  This will correspond to increases in 
MRLs ranging between 9 - 40% higher for PFOA; 12 – 38% higher for PFOS, and 14-
38% higher for PFHxS.   
 

6) Chronic toxicology studies are available for PFOA and PFOS 
 
Scientifically pertinent data such as 2-year chronic studies with PFOS (Butenhoff et al. 
2012a) and PFOA (Butenhoff et al. 2012c) should be included by ATSDR for the weight-
of-evidence consideration.  In addition (to rodent data), in considering selection of 
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antibody response to another vaccine type, the ATSDR should consider immune 
responses to individual vaccines as distinct health outcomes. Mostly null findings were 
reported across all studies for PFOA, PFOS, PFHxS, and PFDeA. Furthermore, most 
studies have found no association between PFAS levels and increased incidence of 
infectious disease (or lower ability to resist or respond to infectious disease).  As such, 
the absence of clinical immunosuppression along with inconsistent findings both within 
and across studies, do not support the ATSDR conclusion “suggestive of a link between 
serum PFOA, PFOS, PFHxS, and PFDeA levels and decreased antibody responses to 
vaccines”.  

 
6) Epidemiological association:  Increased risk of asthma diagnosis 

 
Prospective cohort studies have consistently reported no association between PFOA and 
asthma. Conversely, cross-sectional and case-cohort studies have reported inconsistent 
findings and were limited by temporal ambiguity, and unvalidated, self-reported asthma 
diagnosis.  NTP (2016) recognized these limitations and concluded that “there is low 
confidence that exposure to PFOA during childhood is associated with increased 
hypersensitivity responses based on the available studies”. The rationale for this 
conclusion was “primarily due to the cross-sectional nature of the studies and 
uncertainty as to whether exposure levels reflect exposure prior to the development of 
hypersensitivity.” Therefore, collectively, the existing epidemiologic evidence does not 
support an association between PFOA exposure and asthma risk. 

 
7) Epidemiological association:  Increased risk of decreased fertility 

 
ATSDR incorrectly concluded an association exists between increased perfluoroalkyls 
(PFOA, PFOS) and decreased fertility based on epidemiologic studies.   In its 2018 draft 
Toxicological Profile, ATSDR failed to discuss methodological issues that have been 
repeatedly discussed in the published epidemiology literature, in particular, those 
surrounding the metric of time-to-pregnancy and the amount of interpregnancy time for 
reaccumulation of PFOA or PFOS.  Women with longer interpregnancy intervals would 
have longer time for reaccumulation; thus the potential for reverse causation to be 
observed in parous women with time to pregnancy.  As reviewed in their systematic 
review of the reproductive epidemiology literature regarding perfluoroalkyls, Bach et al. 
(2016) reported of the 8 epidemiologic studies reviewed related to time to pregnancy,  
only one study found an association when restricted to nulliparous women; 4 studies 
reported an association with parous women that Bach et al. (2016) concluded was not 
causal but likely the result of reverse causation and unmeasured confounding related to 
prior pregnancies and childbirths that could influence the measurement of PFAS.   
 

8) Epidemiological association:  Small decreases in birthweight 
 
ATSDR incorrectly concluded that an association exists between lower birthweight (< 20 
gm) and PFOA.  ATSDR very briefly discussed two meta-analyses published by Johnson 
et al. (2014) and Verner et al. (2015).   Unfortunately, several important issues were not 
discussed via the historical context of these two meta-analyses, including understanding 



3M Comments 
August 20, 2018 

8 
 

the relationship between maternal glomerular filtration and fetal growth.  In addition, 
ATSDR was not aware of two more recent meta-analyses (Negri et al. 2017; Steenland et 
al. 2018).  Negri et al. questioned the lack of a quantitative toxicological evidence to 
support the biological plausibility of a causal association in humans.   The study abstract 
from Steenland et al. was recently published on-line in the journal Epidemiology.  Based 
on their meta-analysis of 25 studies (that included one previously excluded large study), 
Steenland et al. reported an association of -1.0 grams (95% CI -2.4, 0.4) per ng/mL 
PFOA.  Restricting the studies to where blood samples for PFOA measurement were 
collected in early pregnancy (or even shortly before conception), the time period 
identified by Verner et al. in their PBPK simulations where confounding by maternal 
glomerular filtration rate would be of least concern, Steenland et al. reported a meta-
analysis nonsignificant estimate of -3.3 gm (95% CI -9.6, 3.0) per ng/mL PFOA; thus 
further indicating a lack of an association between lower birthweight and PFOA. 
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Detailed Comments on PFOA MRL 
 
ATSDR position (page A-16) 
 

MRL Summary: A provisional intermediate-duration oral MRL of 3x10-6 mg/kg/day was 
derived for PFOA based on altered activity at 5–8 weeks of age and skeletal alterations at 13 
and 17 months of age in the offspring of mice fed a diet containing PFOA on GD 1 through 
GD 21 (Koskela et al. 2016; Onishchenko et al. 2011). The MRL is based on a HED LOAEL 
of 0.000821 mg/kg/day and a total uncertainty factor of 300 (10 for use of a LOAEL, 3 for 
extrapolation from animals to humans with dosimetric adjustments, and 10 for human 
variability).  
 
Selection of the Critical Effect: Intermediate-duration oral studies of PFOA in animals 
indicate that the liver, immune system, reproductive system, and the developing organism are 
the primary targets of toxicity because adverse outcomes were observed at lower doses than 
other effects and have been consistently observed across studies. 

 
3M Conclusion  
 

A. Studies by Onishchenko et al. (2011) and Koskela et al. (2016) should not be used to 
derive the PFOA MRL 

B. The critical effects cited by ATSDR for the PFOA MRL derivation (altered activity and 
skeletal alterations in offspring in mice) were not supported by the available animal data, 
and they contradicted ATSDR’s own evaluation of epidemiological data 

C. PFOA does not affect the reproductive system in laboratory animals  
D. The developmental effects reported in laboratory animals for PFOA were primarily 

mediated by maternal effects   
E. Liver findings in rodents are not relevant for human risk assessment 
F. Immune findings in rodents are not consistent; they lack concordance with 

epidemiological observation data 
G. A study with one single dose group is not adequate in estimating point-of-departure 
H. Serum PFOA concentrations in pups should be considered for POD instead of dams 

because critical effects chosen by ATSDR were based on (developing) pups 
I. HED cannot be reliably estimated in the absence of serum concentration data  
J. HED for PFOA will be higher when considering faster half-life 
K. Wambaugh benchmark dose model used by ATSDR was not optimized 
L. Uncertainty factors by ATSDR were conservative and not supported by scientific data 

1. Incorrect use of “10” for a LOAEL.   
2. Use of “3” for animal-to-human, in addition to large dosimetric TK adjustment, is 

conservative because humans are less sensitive than rodents with exposure to PFOA   
 
ATSDR’s overall interpretation on both toxicology and epidemiology data are inconsistent with 
the most current knowledge.  Its application of uncertainty factors is not scientifically justified 
and the proposed PFOA MRL is not supported by the scientific data.  The PFOA MRL derived 
for the human-health risk assessment is therefore inappropriate and not justified by an adequate 
scientific foundation. 
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3M Comments (Details): 
 
A. Studies by Onishchenko et al. (2011) and Koskela et al. (2016) should not be used to derive 

PFOA MRL.  The toxicology database for PFOA is quite comprehensive.  Many of these 
studies included detailed information on the reproductive and developmental toxicity with 
these compounds across different PFOA dose levels as well as valuable insights on the role 
of maternal effects and its attribution to the developmental outcomes in laboratory animals.  
Comprehensive review on the potential developmental toxicity of PFOA in laboratory 
animals was reported in 2004 (Kennedy et al. 2004; Lau et al. 2004) and updated 
subsequently (Abbott 2015; Andersen et al. 2008; Lau 2012; Lau et al. 2007).  Despite the 
wealth of data available, ATSDR chose mouse developmental studies reported by 
Onishchenko et al. (2011) and Koskela et al. (2016) as reference studies for its derivation of 
PFOA MRL (based on altered activity and skeletal alterations seen in offspring in mice).   
 
ATSDR’s assessments on these studies (and the corresponding reported critical effects) 
failed to make clear to the public that the proposed MRL did not reflect the absence of an 
association between PFOA exposure and musculoskeletal outcomes or neurological 
outcomes in humans (cf. pages 141 – 145; pages 293-296).  Furthermore, there are major 
technical concerns associated with these studies that preclude the results (from these studies) 
to be meaningful in any human risk assessment.  They include: 
 
1. They are the same study.  Albeit published five years apart, these two publications 

actually originated from one single study.  From the same pregnant dams treated with 
dietary PFOA during gestation, the pups evaluated by Onishchenko et al. (2011) were 
litter-mates of the pups evaluated by Koskela et al. (2016).  As such, it was really one 
study (in essence) and the corresponding outcomes (from both studies) should be 
consolidated when discussed.   
  

2. A single dose experiment cannot address (any) dose-response relationship.  There was 
only one PFOA dose group used in these two studies and as such, it is impossible to 
interpret the experimental data reported by these authors in terms of any dose-response.  
Considering the inherent variations in biological responses in any animal study, the 
nature of a single-dose study simply does not allow any specific evaluation of any dose-
and-effect responses or biological plausibility inference.   

 
Using a study that evaluated a single PFOA dose group was in absolute contradiction of 
what ATSDR stated in its MRL approach.  On page A-6 of the draft profile, ATSDR 
explicitly stated that one of the MRL approach was to “Identify laboratory animal studies 
that have evaluated dose-response relationship for toxicity targets identified in 
epidemiology studies”. 
 
Hence for PFOA, not only did ATSDR not identify musculoskeletal or neurological 
outcomes as sensitive endpoints in humans; it did not select a laboratory animal study 
that appropriately addressed or evaluated dose-response relationship. 
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3. The study design was flawed and insufficient to support a NOAEL or LOAEL.  Again, 

given that there was only PFOA dose group used, the study design did not follow the 
fundamental practice of toxicology testing such as evaluation of a dose response 
relationship.  Hence, given the lack of any dose-response, it is scientifically impossible to 
establish a realistic NOAEL and/or LOAEL for the data reported. 

 
4. Limited sample size.  There were only 6 dams that received PFOA diet to produce the 

pup cohort, and there was a total of 10 dams that received control diet; however, the 
control animals spanned from two (separate) blocks of individual experiments.  The 
sample size for the study was quite small and given that only a single PFOA dose group 
was used, it is impossible to properly address biological plausibility (if any) and 
background variability.   

 
For example, regardless of sex, Onishchenko et al. (2011) reported a statistically 
significant difference between control and PFOA pups for the number of inactive periods 
(Figure 3b).  However, on the accompanying graph (Figure 3a), they also reported a 
statistically significant difference between control and female pups from PFOS dose 
group for the number of inactive periods.  Without looking at the treatment groups and 
just comparing the sex-matched control responses alone between Figure 3a and Figure 3b 
(see illustration below), it became very apparent the large variations exist even in the sex-
matched control animals.  This large variation (on the background control alone) most 
likely attributed to the statistical significance when compared to the treatment groups 
(either PFOS or PFOA).  
 

                     
 
 
 
Another similar example is on the body weight.  The absence of statistical power to 
address inherent biological variations due to the limited study design did not allow for a 
valid comparison of biological responses between control and treatment.  While Koskela 
et al. (2016) reported an increase in the body weight in the female pups from PFOA-
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basis of higher vapor pressure, lower boiling point, and less hydrogen bonds (Innocenzi 
et al. 2008).  When ethanol is mixed with water, more hydrogen bonds are created; and 
when ethanol-in-water mixture is further mixed with PFOA as well as applied onto the 
surface of food chow (such as this study), the additional intramolecular forces (between 
ethanol and water, ethanol-in-water and PFOA, and, ethanol-in-water and PFOA and 
food chow ingredients) would have reduced the overall volatility of ethanol.  The authors 
should have obtained a quantitative measurement of the PFOA/chow mixture to 
demonstrate the absence of ethanol after 2-hour evaporation.  

 
This verification step was critical for this study because the authors evaluated and 
reported neurobehavior endpoints as findings.  Albeit the control animals also received 
food chow diet that had been applied with 95% ethanol followed by evaporation, 
however, the intramolecular force between ethanol, water and food chow (i.e., control 
food chow) would be different than the intramolecular force between ethanol, water, 
PFOA, and food chow (i.e., PFOA food chow).  Given that ethanol is well-known for its 
effects on the central nervous system (Boschen and Klintsova 2017; Harrison et al. 2017) 
and 95% ethanol was used in the study, any ethanol that had not evaporated and remained 
on the food chow could have confounded the study results, especially on the 
neurobehavior parameters. 

 
10. There were no serum PFOA data reported in these studies.  ATSDR has determined that, 

rather than relying on external dose, serum PFOA concentration (internal dosimetry) is 
the appropriate exposure matrix when determining a point-of-departure (POD) for the 
MRL derivation with PFOA (cf. page A-16 and Table A-7 on page A-24 of the draft 
profile).  Neither Onishchenko et al. (2011) or Koskela et al. (2016) reported any 
information on the serum PFOA concentrations; and this was a major deficiency of the 
study.  Even though ATSDR “estimated” the time-weighted-average serum PFOA 
concentration based on its PBPK model, the absence of serum PFOA data preluded the 
verification of the ATSDR PBPK model, in addition to the other unknowns associated 
with the study (i.e., no dose-response and no dose verification).   
 
It is also worth noting that the study authors had the technical capability to perform 
PFOA analysis because Onishchenko et al. (2011) reported PFOA concentrations in a 
subset of pup brain and liver samples.   

 
11. Timing of behavior assessments in pups were not appropriate.  In the study data reported 

by Onishchenko et al. (2011), numerous neurobehavior endpoints were evaluated by the 
study authors.  Given that the study was done under non-GLP protocols and by a 
university research lab(s), most of the timings and behavior assessment procedures (as 
described by the study authors) did not appear to follow the conventional 
recommendations and methodology.   As a result, it is difficult to determine the quality of 
the data that had been reported.  For instance, compared to the OECD 426 test guideline 
(TG) for developmental neurotoxicity study (OECD 2007), these authors did not follow 
standardized timeline recommended to FOB evaluations for the developing pups.  The 
table below is a side-by-side comparison between the OECD 426 TG recommendation 
timeline vs. what Onishchenko et al. did.  It was apparent that Onishchenko et al. had 
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missed critical windows for the assessments on many key parameters (i.e., no behavior 
assessments were done prior to weaning) and there were no specific references or 
rationales to explain or justify their study design. 
 

 OECD 426 TG Recommendation for 
developmental neurotoxicity study 

Study by 
Onishchenko et al. 2011 

Dosage  Control + 3 dose levels Control + 1 dose level 
Animal number 20 litters / group 6 litters / group 
Detailed clinical observation 20 pups /sex (1 / sex/ litter) 6 – 10 pups / sex 
Brain weight PND 11-22 10 pups / sex (1 / litter) No data reported 
Brain weight PND 70 10 pups / sex (1 / litter) No data reported 
Neuropathology PND 11-22 10 pups / sex (1 / litter) No data reported 
Neuropathology PND 70 10 pups / sex (1 / litter) No data reported 
Sexual maturation  20 pups /sex (1 / sex/ litter) No data reported 
Behavioral ontogeny  
(e.g., righting and reflex) 

2X prior to weaning at PND 21 No data reported 

Motor activity 
 

1-3X prior to weaning at PND 21;  
1X during PND 60-70 

None prior to weaning; 
1X during PND 35 – 56; 

Motor and sensory function 
 

1X during PND 23-27;  
1X during PND 60-70 

None prior to weaning;  
1X during PND 90 - 120 

Learning and memory 
(~ PND 23-27 and 60-70) 

1X during PND 23-27;  
1X during PND 60-70 

None prior to weaning;  
1X during PND 35 – 56; 

 
12. Non-standard behavior assessment procedures used in pups.  Among the behavior 

endpoints evaluated by Onishchenko et al., given that the study was done under non-GLP 
by university research lab(s) and it did appear that the tests were done on a single day 
without further repeat(s) later, it raised the question as to the overall reliability and 
reproducibility of the instruments and the corresponding data generated.   

 
For instance, to measure and record circadian activity in the home cage, the 
TrafficCageTM used by Onishchenko et al. is shown in the picture below (obtained from 
manufacturer’s website).  Compared to the conventional 3-D photo beam boxes where 
movements were recorded in vertical, horizontal, and lateral directions, the 
TrafficCageTM system lacks the ability to measure any vertical movements.  In addition, 
the TrafficCageTM system has several “dead spots” without any sensors.   The validity of 
the instrument and the corresponding results generated (circadian activity) are 
questionable.      
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Illustration of TrafficCageTM 

 
(Source: https://www.tse-systems.com/product-details/phenoworld/trafficage?open=3806#trafficage-3806) 

 
 

13. No information on background data for bone morphology and bone density.  Koskela et 
al. (2016) reported that female offspring from PFOA-treated dams had increased femoral 
periosteal area and decreased mineral density of tibias, hence ATSDR concluded that 
“skeletal alterations in offspring” was a critical effect with PFOA exposure in mice. 
 
Bone morphology is a collective description on the shapes (geometry) of the bones, such 
as long bones (e.g., femur and tibia), short bones (e.g., bones of the feet and hands), or 
flat bones (e.g., calvaria or breast bones).  There are many factors contributing to the 
morphological sizes of the bones.  The morphology of bone is not a “fixed” static 
structure, rather, it is a composite structure that will continue to evolve like other organs 
in the body.  While the components of the bones are maintained in a balanced manner, 
there are also inherent biological variability within each component that needs to be taken 
into account when determining the overall homeostatic status of the bones (Boskey and 
Coleman 2010; Jepsen 2009).   
 
It is well-known that age and body weight are two factors in establishing the size, mass, 
and strength of the bones (Iwaniec and Turner 2016).  In the data reported by Koskela et 
al., there was a pre-existing difference in body weight in female pups at birth where 
higher body weight was consistently observed in these female pups from PFOA-treated 
groups; and that difference reached statistical significance at 13 months and 17 months 
(vide supra).  Therefore, it should not be a surprise that increased bone sizes in offspring 
with higher body weight (e.g., offspring from PFOA-treated dams) had increased 
periosteal and medullary areas in both femurs and tibias.  On the other hand, given the 
small sample size of the animals used in this study, the inherent background variation 
cannot be ruled out.  For example, compared to control, the study authors also reported a 
decrease in mineral density in tibias in offspring born from PFOA-treated dams.  The 
extent of decrease was very minor (only 2.5%) and it was only observed in tibias, not in 
femurs.  Because the study authors did not have any additional information on the 
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background data with regards to these parameters, this minor difference may be well 
within the normal biological variations (again, especially with such small sample size).  

 
14. Mechanical determinants of bone functions were not affected in pups from PFOA-treated 

dams.  Based on study data reported by Koskela et al. (2016), ATSDR concluded that 
there were skeletal alterations in offspring from PFOA-treated dams and deemed it to be 
a critical health effect.  However, in the same cohort of pups, Onishchenko et al. (2011) 
reported motor and sensory function assessments (muscle grip strength and rotarod test) 
and found no differences in the outcomes between control and PFOA-treated groups.  
Given that muscle force is a strong determinant of bone integrity, the slight 
morphological difference noted by ATSDR possibly reflected the normal background 
variations in this strain of mice and not likely due to PFOA. 

 
15. Lack of supporting evidence on the effect of PFOA and bone development.  If PFOA 

exposure does have a direct (causal) effect on the bone development, then one would 
expect such effect to be even more pronounced under longer (repeated) dose conditions.  
This was not the case, as long-term toxicology studies in rodents and non-human 
primates have not identified bone as a target tissue with exposure to PFOA (Biegel et al. 
2001; Butenhoff et al. 2002; Butenhoff et al. 2012b). 

 
16. Other technical comments about the study data by Koskela et al. (2016).   

 
 In addition to the likely litter-bias that has been discussed earlier, it is unclear why 

Koskela et al. only included female offspring in their evaluation but not male 
offspring. 

 
 PFOA has a high affinity to binding with serum albumins and given that bone 

marrow is the hemopoietic origin of blood, one should not be surprised to find 
trace level of PFOA in the bone.  Albeit Koskela et al. claimed that bone marrow 
had been flushed out and only the hard bones were powdered and analyzed for 
PFOA content, it is important to recognize that the bone consists of “live” 
mesenchymal cells with lots of protein components (chondrocytes, osteoblasts, 
and osteocytes), not just marrow (Boskey and Coleman 2010; Iwaniec and Turner 
2016; Jepsen 2009). 

 
 The study authors only evaluated long bone morphology but not others.  If bone is 

indeed a target tissue with exposures to PFOA, other bones (in addition to femur 
and tibia) also need to be included in the evaluation. 
 

 It is well-known that there are large inter-species differences in bone composition, 
density, quality, as well as genetic variability within the same species (Aerssens et 
al. 1998).  Again, if bone is indeed a target tissue with exposures to PFOA, such 
cause-and-effect needs to be demonstrated in a dose-response fashion within the 
same animal model as well as other species.   
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 Other factors that can affect bone morphology and density should also be 
comprehensively evaluated before drawing a conclusion.  For example, endocrine 
effects such as estrogen and IGF-1, essential nutrient status such as calcium and 
vitamin D3.  
 

 The use of imaging devices in the assessment of bone morphology is not a new 
concept, and CT images have been used in both clinical settings as well as 
research settings.  However, similar to the comments provided above on the 
behavior assessments provided above, Koskela et al. should have demonstrated 
that the validity of the micro-CT scanning technique used in their facility as well 
as their competency in using the instrument.  Given the fact that a very small 
magnitude of surface area was being reported as a “statistically significant” 
change (in the range of 0.2 – 0.3 mm2), it is important to validate the sources of 
these measurements.  For example, was the instrument calibrated?  Were the 
operator(s) trained in using the equipment?  Were the acquired images analyzed 
by qualified radiologists who are trained in doing image interpretation?   

 
 For any imaging-based scanning, it is absolutely critical that the object (or 

subject) remained steady for the duration of the scanning acquisition.  Any 
movement during the scanning process will deviate the result.  The study authors 
described that the bone was “wrapped in a PBS-moistened tissue paper and 
inserted into a plastic tube, with the proximal end pointing upwards.  The 
container was then placed into the chamber of the microCT device”.  The 
description did not address attempts to prevent any movement of the bone (inside 
the plastic tube) during the scanning process.  Given the asymmetrical shape of 
femurs and tibias, it is important to immobilize the bone inside the tube and any 
slight shift will artificially affect the image data during scanning. 

 
Overall, the studies by Onishchenko et al. (2011) and Koskela et al. (2016) lacked scientific 
rigors to properly address the selected developmental endpoints and they should not be used 
for any human risk assessment.   

 
B. The critical effects cited by ATSDR for PFOA MRL derivation (altered activity and skeletal 

alterations in offspring in mice) were not supported by available animal data and contradicted 
ATSDR’s own evaluation of epidemiological data.  There is insufficient evidence for an 
association between PFOA exposure and musculoskeletal outcomes or neurological 
outcomes in humans (cf. pages 141 – 145; pages 293-296).  ATSDR should offer a plausible 
explanation as to why it believes these effects are relevant to human risk assessment. 
 

C. PFOA does not affect the reproductive system in laboratory animals.  It is incorrect for 
ATSDR to conclude that the reproductive system is one of the primary targets of toxicity 
with exposure to PFOA (cf. page A-16).   
 
On the contrary, PFOA did not affect the functional aspects of male or female reproduction 
in laboratory animals.  These included estrous cycles, sperm parameters, mating index, 
fertility index, and reproductive organ morphology.  A number of studies on the reproductive 
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and developmental effects of PFOA in laboratory animals have been published (Abbott et al. 
2007; Albrecht et al. 2013; Butenhoff et al. 2004; Gortner 1981, 1982; Lau et al. 2006; 
Staples et al. 1984; Yahia et al. 2010).  Many of these studies included detailed information 
on the reproductive and developmental toxicity with these compounds across different PFOA 
dose levels as well as valuable insights on the role of maternal effects and its attribution to 
the developmental outcomes in laboratory animals.  
 
The potential of PFOA to influence reproductive performance has been evaluated in mice, 
rats, and rabbits.  Gestational exposure to ammonium PFOA did not affect the number of 
uterine implantation sites in various strains of mice such as CD-1, Sv129, PPAR  knockout, 
and humanized PPAR  (Abbott et al. 2007; Albrecht et al. 2013; Lau et al. 2006; White et al. 
2007).  At inhalation dose up to 25 mg/m3/day of ammonium PFOA or oral doses up to 100 
mg/kg/day given during gestation to rats did not affect mating, pregnancy, and implantation 
(Staples et al. 1984).  Oral administration of ammonium PFOA up to 150 mg/kg/day in rats 
or 50 mg/kg/day in rabbits during GD 6 – 15 (period of organogenesis) also caused reduced 
body-weight gain, however, they did not affect the ovaries or the reproductive contents of the 
dams (Gortner 1981, 1982).  In a two-generation reproduction/developmental study in rats 
(Butenhoff et al. 2004), the reproductive outcome was not affected with daily oral 
ammonium PFOA administrations up to 30 mg/kg/day (the highest dose used in the study).  
There were no effects on the mating or fertility indices in either male or female rats.  Male 
rats had normal sperm parameters (count, motility, morphology) and female rats had regular 
estrous cycling with normal gestation lengths, and microscopic examination did not reveal 
any abnormalities in sex organs.  Furthermore, effects of PFOA on reproductive organ 
morphologies in male non-human primates were evaluated from a six-month oral study and 
results indicated no abnormalities (Butenhoff et al. 2002).  
 

D. The developmental effects reported in laboratory animals for PFOA were primarily mediated 
by maternal effects.  While ATSDR concluded that developing organisms are primary targets 
of toxicity with exposure to PFOA (cf. page A-16), there are strong experimental evidences 
demonstrating that developmental effects associated with PFOA exposures in offspring are 
observed only where there were significant effects in the maternal animals.  Because neither 
Onishchenko et al. (2011) nor Koskela et al. (2016) reported detailed maternal-related 
endpoints with regards to reproduction, no maternal influence discussion is possible.  
However, observations involving maternal effects in the outcome of the developmental 
toxicity, as seen in the disruption of maternal homeostasis, include the following examples: 

 
Using the mouse developmental study data reported by Lau et al. (2006), which was the 
critical study chosen by U.S. EPA Office of Water for the derivation of the Lifetime Water 
Health Advisory for PFOA issued in 2016, there were statistically significant (p < 0.05), 
dose-related increases in maternal liver weight observed at doses 1 mg/kg/day ammonium 
PFOA or higher (the corresponding serum PFOA concentration was 21,900 ng/mL at the end 
of gestation).  Various developmental effects were reported (e.g., decreased postnatal 
survival, decreased body weight at birth and body-weight gain thereafter, and delays in eye 
openings) and they were only for litters from dams receiving 3 mg/kg/day or higher.  
Maternal responses clearly were present at doses that affected the fetus/neonate.  In addition, 
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(Braissant et al. 1996; Lee et al. 1995), it calls into question the relevance of nuclear 
receptor-mediated effects in rodents and their biological significance to humans.  Therefore, 
the developmental effects reported in the laboratory animals for PFOA were primarily 
mediated by maternal effects and based on the recent mode of action data, rodents may not 
be the most appropriate species for the hazard assessment of PFOA on developmental 
toxicity in humans.   

 
E. Liver findings in rodents are not relevant for human risk assessment.  While it is commonly 

acknowledged that liver is a primary target organ with exposure to PFOA, it is important to 
recognize that the liver effects observed in laboratory animals were adaptive in nature and 
there was no conclusive evidence to support that liver findings observed in laboratory 
animals with exposure to PFOA are relevant for human risk assessment.  Given the known 
knowledge on the nuclear receptor activation and species relevance discussed earlier (vide 
supra), liver findings cited by ATSDR should not be deemed relevant for human risk 
assessment.  For instance, in the study by Butenhoff et al. (2004), increased liver weights 
were reported in male rats of both the P and F1 generations at all dose levels.   
 
The corresponding increases in liver weight in laboratory animals with exposure to 
perfluoroalkyls reflected the adaptive nature of liver, which is a natural phenomenon due to 
cytochrome P450 enzyme inductions in the liver.  Given that PFOA is a known activator for 
several xenosensor nuclear receptors (as discussed above), microscopic changes in the liver 
of some PFOA-treated male rats such as hepatocellular hypertrophy and focal to multifocal 
necrosis were consistent with activation of these receptors and as discussed earlier, it is well-
known that human liver is less responsive than rodents to the pleiotrophic effects of 
activation of these receptors (Gonzalez and Shah 2008; Klaunig et al. 2003; Klaunig et al. 
2012; Lake 2009; Ross et al. 2010).  Thus, with respect to PPARα and CAR-mediated effects 
in the liver and related metabolism, the human response is either attenuated or absent as 
compared to that of the rodents.  Another federal agency, USEPA (in its assessments of 
PFOA in 2009 and again in 2016), as well as other international regulatory authorities such 
as European Chemical Agency Risk Assessment Committee (2015), European Food and 
Safety Authority (2018), and Australian Expert Health Panel (2018) also considered the liver 
weight findings in laboratory animal studies with PFOA (or other perfluoroalkyls) to be 
irrelevant for human risk assessments. 

 
It should be noted that, acetylsalicylic acid (commonly known as aspirin) and alcohol can 
also elicit increased liver weight in laboratory animals similar to the observations reported 
with perfluoroalkyls in rodents (EMEA 1999b). 

 
F. Mammary gland development findings in mice are inconsistent: Despite that the availability 

of several studies that have investigated the potential effects of PFOA on the developing 
mammary glands in mice as a consequence of exposure during either the in utero or 
postnatal/peripubertal (Albrecht et al. 2013, Tucker et al. 2014, White et al. 2007, White et 
al. 2009, White et al. 2011, Yang et al. 2009, Zhao et al. 2010), ATSDR is correct that this 
endpoint cannot be consistently described and quantified in mouse models.  Given that 1) to 
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date, there is no standardized method or guideline of evaluating rodent mammary gland; and 
2) there is a lack of concordance among all the available data on mammary gland 
development in mice as well as an absence of such findings in human epidemiological 
studies calls for question on the biological significance of this phenotype and its relevance to 
human health.  This conclusion is consistent with the assessments from another federal 
agency, USEPA (in its assessments of PFOA in 2009 and again in 2016), as well as other 
international regulatory authorities such as European Chemical Agency Risk Assessment 
Committee (ECHA 2015), European Food and Safety Authority (EFSA 2018), and 
Australian PFAS Expert Health Panel (2018).  

 

It should be noted that there are three epidemiologic studies that have examined the potential 
association between maternal PFAS exposure and shorter duration of breastfeeding or greater 
risk of stopping breastfeeding (Fei et al. 2010b; Romano et al. 2016; Timmermann et al. 
2016). Fei et al (2010) measured PFOA and PFOS concentrations of 1400 women during 
early pregnancy. Self-reported data on the duration of breastfeeding (any and exclusive) were 
collected around 6 and 18 months after birth. While the study reported significant 
associations between PFOA concentrations and shorter duration of breastfeeding (before 3 
and 6 months) among multiparous women, no significant associations were observed among 
primiparous women. The authors note that multiparous women who breastfed during prior 
pregnancies or breastfed longer may have had lower serum PFOA levels through excretion 
via breast milk. Consequently, reverse causation could not be excluded.   The second study 
(Romana et al. 2016), observed a significant association between PFOA exposure and ending 
“any” breastfeeding by 3 and 6 months; however, no association was observed between 
PFOA exposure and ending “exclusive” breastfeeding by 3 and 6 months. More importantly, 
when stratified by parity, associations between PFOA and ending “any” breastfeeding at 3 
and 6 months were largely attenuated for nulliparous women. Like Fei et al (2010), the 
significant associations observed among multiparous women were likely attributed to reverse 
causation. The third study (Timmerman et al. 2016), examined the potential association 
between PFOA exposure and duration of breastfeeding (both total and exclusive) among 
1092 Faroese women with general population PFOA levels (median = 2.40 ng/mL). The 
authors reported that a doubling of maternal serum PFOA was significantly associated with a 
reduction in exclusive breastfeeding of 0.5 months. This association was observed among 
both primiparous and multiparous women (excluding the role of reverse causation). One 
important limitation of this study, worth noting, is that self-reported breastfeeding duration 
was collected 5 years after birth and was likely prone to misclassification error.   

 

Finally, it is important to recognize that reduced breastfeeding duration in humans is not 
equivalent to “delayed mammary gland development” in rodents. In humans, numerous 
factors can influence breastfeeding duration other than diminished milk production (e.g., lack 
of prenatal education, inadequate lactation support from healthcare providers after delivery, 
medications incompatible with breastfeeding, lack of spousal/family support, short maternity 
leave, sore nipples/breasts, infant intolerance to breast milk, and individual choice). These 
factors were not considered in the epidemiology studies, and may have influenced the 
observed associations.     
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G. Immune findings in rodents are not consistent; and they lack concordance with 

epidemiological observation data.  With exposure to PFOA, ATSDR also concluded that 
immunotoxicity is a primary target of toxicity based on decreased antigen-specific antibody 
responses in mice reported by DeWitt et al. (DeWitt et al. 2008; DeWitt et al. 2016) where 
PFOA suppressed T cell-dependent IgM antibody response (TDAR) but not the secondary 
IgG response.  While ATSDR concluded that such findings were consistent with human 
epidemiology studies with regards to vaccine responses (see epidemiology discussion 
below), it is important to recognize that the humoral immune response to vaccinations, as 
measured in the human epidemiology studies, is mainly a secondary IgG memory response.   
 
While suppression of the IgM response by PFOA was demonstrated in several studies where 
administered doses also induced signs of overt toxicity (i.e., reductions in body and lymphoid 
organ weight), the levels of IgG were not suppressed (either unchanged or enhanced).  It is 
difficult to interpret why the primary IgM response was suppressed in mice by PFOA and yet 
the secondary IgG response was either not affected or enhanced.  Collectively, human and 
animal bodies of evidence for antibody response are divergent.  Mouse studies showed 
suppression of the IgM response with no impairment of the secondary antigen specific IgG 
response, which is in contrast to the epidemiological associations which suggested 
suppression by PFOA of IgG-mediated antibody titers to vaccinations in some studies for 
certain vaccines.  Therefore, the weight of evidence and the lack of concordance between 
animal and human epidemiological data do not support the claim that PFOA induces 
immunotoxicity or caused decreased antibody response to certain vaccines.  Finally, as noted 
above, the fact that the epidemiological data does not reveal a consistent association between 
exposure and response across all vaccines is further evidence that the animal and human data 
are not consistent.  
 
Contrary to what ATSDR stated “the potential immunotoxicity of PFOA has not been 
investigated in chronic-duration studies” (cf. page A-30), it should be noted that the primary 
immune organs were evaluated microscopically in rats after 2 years of dietary treatment 
containing ammonium PFOA (Butenhoff et al. 2012c).  In this study, representative primary 
immune organs were collected (mesenteric lymph node, spinal cord, bone marrow, and 
spleen) and evaluated microscopically by a board-certified veterinary pathologist at the end 
of a 2-year period.  There were no neoplastic or non-neoplastic lesions observed in these 
immune organs.  This is important because it demonstrated the absence of a direct effect on 
primary immune organs with chronic PFOA exposures in the rats.  In addition, PFOA-treated 
rats had similar or higher percent survival compared to controls, which is contrary to chronic 
immunosuppression-mediated toxicity such as cyclosporin (a known immunosuppressant) 
that ultimately resulted in increased mortality in rats (Ryffel and Mihatsch 1986).     

 
H. A study with one dose group is not adequate in estimating point-of-departure.  ATSDR 

selected two mouse studies with developmental endpoints (Onishchenko et al 2011 and 
Koskela et al 2016) for the point-of-departure (POD) to derive the MRL value for PFOA 
(endpoints were altered activity and skeletal alterations in offspring of C57Bl/6 mice).   
These studies tested only a control group and one dose of 0.3 mg/kg, which was chosen as 
the LOAEL.  As only one dose was tested, a dose-relationship cannot be evaluated.  
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Selection of studies with no information on dose-response for effects is not acceptable to 
establish a point-of-departure.  ATSDR should follow its own guidance (as stated in pages A-
6).  

 
I. Serum PFOA concentrations in pups should be considered for POD instead of dams because 

critical effects chosen by ATSDR were based on (developing) pups.  The studies chosen by 
ATSDR examined developmental endpoints that were measured in offspring, which are used 
as the basis for the MRL.  In order to estimate steady-state plasma concentrations of PFOA, 
ATSDR used the Wambaugh model for PFOA that is parameterized for adult animals and 
cannot be used to predict concentrations in fetuses or pups.  This model also does not account 
for life stage differences in physiology or pharmacokinetics, and can potentially over-predict 
as well as under-predict the area-under-the-curve (AUC).  In addition, AUC and steady-state 
concentration are probably different in the offspring than in the dam.  Overall internal 
exposure (as estimated by calculation of the AUC) may change with growth, and there could 
be a period of peak exposure. Use of the Wambaugh model (and thus use of the maternal 
plasma concentration as a surrogate for the offspring) introduces uncertainty in the MRL 
derivation as the offspring plasma concentration may be different that than of the maternal 
animals.  Use of a physiologically-based model that incorporates fetal and pup compartments 
would provide an estimate of fetal and pup internal exposure (rather than use of the maternal 
concentration as a surrogate), which would reduce the uncertainty in the MRL value.   

 
J. HED cannot be reliably estimated in the absence of serum concentration data.  As discussed 

above, studies by Onishchenko et al. (2011) and Koskela et al. (2016) did not have any 
analytical verification on either the dietary PFOA level or the resulting serum PFOA 
concentrations in the mice.  With the questionable reliability of the study design as well as 
the data gathered, there were a great number of inherent uncertainties associated with 
attempting to predict the mean serum concentrations using modeling approach.   
 
Confirming that it is inappropriate to derive an MRL where there is an absence of serum 
concentration data, in its current draft profile for other perfluoroalkyls, ATSDR stated in 
several places that “…. Database was considered inadequate for derivation of an MRL  … 
because … study did not measure serum [perfluoroalkyl] levels, which are needed to 
calculate / estimate HEDs” (cf. pages A-14, A-56, A-65, A-72, A-109).   

 
K. HED for PFOA will be higher when considering faster half-life.  In the MRL calculations, 

ATSDR chose to use the arithmetic mean serum elimination half-life estimate for PFOA 
from Olsen et al. (2007) over other studies because Olsen et al. had a longer follow up time 
and ATSDR was concerned that based on a study by Seals et al. (2011), slower kinetics is 
likely to constitute a larger contribution to the terminal half-life.  For example, whereas 
Olsen et al. had an average follow-up of 5 years, Bartell et al. had a follow-up of a year and 
Li et al. had a follow-up of 2.3 years among those studies that followed individuals and were 
not cross-sectional analyses of populations.   However, this line of reasoning by ATSDR for 
selection of the arithmetic mean from the Olsen et al. study fails to take into account several 
factors that likely biased upwards the ATSDR MRL estimates.  These include the following 
points. 
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1. The ATSDR chose not to use the geometric mean estimate that was discussed in the 
Olsen et al. paper.  Given the right skewness of their data, Olsen et al. were more 
favorable to use the geometric mean for a measure of central tendency.  ATSDR provided 
no explanation as to why they chose the arithmetic mean vs. the geometric mean in this 
study.  This decision is interesting (and curious) because ATSDR chose to report median 
initial and final concentrations in Table A2 rather than the arithmetic mean initial and 
final concentrations in Table A2.  A median concentration would be better represented by 
a half-life estimate based on the geometric mean.   
 

2.  The Olsen et al.  2007 study comprised 26 retirees (end of study average age = 66 years) 
who likely would have had an average glomerular filtration rate lower than those 
calculated from younger ages as reported in Bartell et al. (average age 55) and Li et al. 
(age range 15 – 55).  The average estimated glomerular filtration rate declines with age as 
shown in the table below. 

 

Age range Estimated GFR 
(ml/min/1.73 m2) Source: 

1-6 months 77 

Heilbron et al. 1991 Pediatr Nephrol. Jan; 5(1):5-11. 6-12 months 103 
12-19 months 127 

2-12 years 127 
20–29 116 

https://www.kidney.org/sites/default/files/docs/11-10-
1813_abe_patbro_gfr_b.pdf 

30–39 107 
40–49 99 
50–59 93 
60–69 85 
70+ 75 

 
   

Renal clearance of perfluorocarboxylates (and perfluorosulfonates) is largely a sum of 
three processes involving glomerular filtration, renal tubular secretion, and renal tubular 
reabsorption (Han et al. 2012). Because PFOA and other perfluorocarboxylates vary in 
their affinities to bind plasma proteins, glomerular filtration of perfluorocarboxylates 
(and perfluorosulfonates) is a product of the unbound fraction of the perfluorocarboxylate 
and the glomerular filtration rate (GFR).  Thus, the higher estimates of GFR based on the 
younger ages in the other study populations, especially the younger Li et al. study which 
had approximately 50% of the follow-up time of Olsen et al., may be due to the age 
differences of the subjects, and not necessarily the shorter follow-up period considered in 
these studies.  Thus, the serum elimination half-lives of other studies are likely equally 
valid for consideration in MRL calculations. 
 

3. The Olsen et al. study had to consider, during the course of their follow-up, the 
possibility of retirees reentering the 3M Decatur and Cottage Grove manufacturing 
plants.  Indeed, this resulted in Olsen et al. eliminating 1 study subject entirely, and 
truncating follow-up times for two retirees.  This would have biased estimates upwards 
for the serum elimination half-lives due to the increased exposure.  It is not likely that 
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ambient general population level concentrations would have biased these retiree’s 
estimates substantially as discussed by Bartell et al. 2012.  On the other hand, although 
Bartell et al. and Li et al. had shorter follow-up times, the primary exposure in these 
populations was through drinking water.  Installation of GAC filters in these populations’ 
affected municipal water supply would have immediately ceased their primary exposure 
to PFOA, PFOS, and PFHxS. 

 
4.  ATSDR suggests the Seals et al study indicates a lower clearance rate may occur as 

subjects are followed long-term post exposure; thus, the decision by ATSDR to use the 
study that had the longest follow-up time (Olsen et al. 2007).  However, ATSDR did not 
mention the main limitations of the Seals et al. study: 1) the cross-sectional nature of the 
analysis.  Individual subjects were not followed.   Model-based estimates were instead 
calculated based on the initial concentrations; 2) there was the added assumption that 
there was uniform exposure based on the concentration of PFOA measured in each water 
district; and 3) subjects with initial PFOA concentrations < 15 ng/mL were excluded 
which maximized the probability of analyzing individuals with sufficiently high baseline 
PFOA concentrations that would not be at ambient levels. Seals et al. surmised their 
findings indicated the half-life for PFOA was between 2.3 and 3.8 years, not at the end of 
this range, as chosen by ATSDR via the arithmetic mean estimate from Olsen et al. Seals 
et al. did show their modeled estimates in clearance rates between low- and high-
exposure water districts could suggest a possible concentration-dependent or time-
dependent clearance process but could not rule out inadequate adjustment for background 
exposures. 

 
5.  Given the above additional considerations (beyond that of ATSDR’s consideration about 

the length of follow-up), the MRLs, assuming same PODs from the same studies, are 
recalculated in the table below using the different serum elimination half-life values for 
PFOA, PFOS, and PFHxS that are reported in Olsen et al., Bartell et al., Li et al., and 
Seals et al.  Accordingly, the percent of the MRL that might be overestimated by the 
ATSDR using in their most conservative serum elimination value (arithmetic means from 
Olsen et al. 2007) would then result in a range of overestimations of the MRL for PFOA 
between 9 and 40 percent.  This type of sensitivity analysis is definitely needed in 
Appendix A for the MRL calculations to take into account the variation of serum 
elimination half-life estimates that have been reported in the literature that will be, in 
part, a function of the GFRs from the population studied.  Given the fact that ATSDR has 
used developmental studies to calculate the PODs for their MRLs, it is therefore not 
justified to use the arithmetic mean half-life estimate based solely on retirees, in part, 
because the GFRs of older adults are markedly lower than adults of much younger age 
and people 65 years of age or older represent only approximately 15% of the general 
population   Therefore the estimated half-lives should reflect the entire population, not 
just the upper tail, which can be a reflection of lower GFRs that occur with age.  Thus, 
calculation of serum elimination half-lives may be age, sex, and concentration-dependent.  
MRLs, based in part on half-lives, should reflect this diversity of inputs in their 
calculations as shown in the table below. 
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et al. 2003; Klaunig et al. 2012;  Lake 2009;  Ross et al. 2010), the qualitative differences 
brings into question the relevance of rodent developmental effects with exposure to 
PFOA and their biological significance to humans.  For example, many of the 
developmental effects observed noted in wildtype mice when exposed to PFOA were 
attenuated when PPARα genes were knocked out (Abbott et al., 2007).  This further 
supported the qualitative difference and human relevance between rodents and humans.  
Thus, the very large dosimetric adjustment of 10,000 more than adequately compensates 
for the additional factor of 3 for difference between rodents and humans.  ATSDR should 
not apply another factor of 3 for animal to human extrapolation when this uncertainty is 
already embedded in the large adjustment for the dosimetric difference.   

 
3. Additional factor of “10” for human variability is overly conservative.  For PFOA MRL, 

ATSDR included a factor of 10 for human variability. If ATSDR could have developed a 
more appropriate PBPK model that accounted for life stage differences in humans (rather 
than relying on rodent model), this factor of 10 for human variability could potentially be 
reduced.   

 



3M
 C

om
m

en
ts

 
Au

gu
st

 2
0,

 2
01

8 

29
 

 

D
et

ai
le

d 
C

om
m

en
ts

 o
n 

PF
O

S 
M

R
L

 
 A

T
SD

R
 P

os
iti

on
 (p

ag
e 

A
-3

6)
 

 M
RL

 S
um

m
ar

y:
 A

 p
ro

vi
si

on
al

 in
te

rm
ed

ia
te

-d
ur

at
io

n 
or

al
 M

RL
 o

f 2
x1

0-6
 m

g/
kg

/d
ay

 w
as

 
de

ri
ve

d 
fo

r P
FO

S 
ba

se
d 

on
 d

el
ay

ed
 e

ye
 o

pe
ni

ng
 a

nd
 tr

an
si

en
t d

ec
re

as
e 

in
 F

2 
bo

dy
 w

ei
gh

t 
du

ri
ng

 la
ct

at
io

n 
in

 th
e 

of
fs

pr
in

g 
of

 ra
ts

 a
dm

in
ist

er
ed

 P
FO

S 
vi

a 
ga

va
ge

 in
 a

 2
-g

en
er

at
io

n 
st

ud
y 

(L
ue

bk
er

 e
t a

l. 
20

05
a)

. T
he

 M
RL

 is
 b

as
ed

 o
n 

a 
H

ED
 N

O
AE

L 
of

 0
.0

00
51

5 
m

g/
kg

/d
ay

 
an

d 
a 

to
ta

l u
nc

er
ta

in
ty

 fa
ct

or
 o

f 3
0 

(3
 fo

r e
xt

ra
po

la
tio

n 
fr

om
 a

ni
m

al
s t

o 
hu

m
an

s w
ith

 
do

si
m

et
ri

c 
ad

ju
st

m
en

ts
 a

nd
 1

0 
fo

r h
um

an
 v

ar
ia

bi
lit

y)
 a

nd
 a

 m
od

ify
in

g 
fa

ct
or

 o
f 1

0 
fo

r 
co

nc
er

n 
th

at
 im

m
un

ot
ox

ic
ity

 m
ay

 b
e 

a 
m

or
e 

se
ns

iti
ve

 e
nd

po
in

t t
ha

n 
de

ve
lo

pm
en

ta
l t

ox
ic

ity
). 

 
 Se

le
ct

io
n 

of
 th

e 
C

ri
tic

al
 E

ffe
ct

: T
he

 m
os

t s
en

si
tiv

e 
ta

rg
et

s o
f P

FO
S 

to
xi

ci
ty

 in
 la

bo
ra

to
ry

 
an

im
al

s a
re

 si
m

ila
r t

o 
th

os
e 

id
en

tif
ie

d 
in

 lo
ng

er
 te

rm
 e

pi
de

m
io

lo
gy

 st
ud

ie
s. 

Th
es

e 
ef

fe
ct

s 
in

cl
ud

e 
liv

er
 d

am
ag

e 
an

d 
in

cr
ea

se
s i

n 
se

ru
m

 li
pi

ds
, d

ec
re

as
ed

 a
nt

ib
od

y 
re

sp
on

se
 to

 v
ac

ci
ne

s, 
an

d 
sm

al
l d

ec
re

as
es

 in
 b

ir
th

 w
ei

gh
t; 

ep
id

em
io

lo
gy

 st
ud

ie
s h

av
e 

no
t c

on
si

st
en

tly
 fo

un
d 

ne
ur

ol
og

ic
al

 e
ffe

ct
s t

o 
be

 a
ss

oc
ia

te
d 

w
ith

 se
ru

m
 P

FO
S 

le
ve

ls
. 

 3M
 C

on
cl

us
io

n 
 

A
. 

Th
e 

cr
iti

ca
l e

ff
ec

t c
on

cl
ud

ed
 b

y 
A

TS
D

R
 w

ith
 P

FO
S 

ex
po

su
re

 (d
ec

re
as

ed
 p

up
 b

od
y 

w
ei

gh
t a

nd
 d

el
ay

ed
 e

ye
 o

pe
ni

ng
 in

 ra
ts

) h
as

 b
ee

n 
no

t s
ho

w
n 

in
 h

um
an

s 
B

. 
A

TS
D

R
 sh

ou
ld

 re
co

gn
iz

e 
ro

de
nt

-s
pe

ci
fic

 e
ff

ec
ts

 a
nd

 th
ei

r r
el

ev
an

ce
 to

 h
um

an
s  

C
. 

PF
O

S 
do

es
 n

ot
 a

ff
ec

t t
he

 re
pr

od
uc

tiv
e 

sy
st

em
 in

 la
bo

ra
to

ry
 a

ni
m

al
s  

D
. 

Th
e 

de
ve

lo
pm

en
ta

l e
ff

ec
ts

 re
po

rte
d 

in
 th

e 
la

bo
ra

to
ry

 a
ni

m
al

s f
or

 P
FO

S 
w

er
e 

pr
im

ar
ily

 
m

ed
ia

te
d 

by
 m

at
er

na
l e

ff
ec

ts
   

E.
 L

iv
er

 fi
nd

in
gs

 in
 ro

de
nt

s a
re

 n
ot

 re
le

va
nt

 fo
r h

um
an

 ri
sk

 a
ss

es
sm

en
t 

F.
 

PF
O

S 
do

es
 n

ot
 c

au
se

 in
cr

ea
se

 in
 se

ru
m

 li
pi

d 
in

 la
bo

ra
to

ry
 a

ni
m

al
s 

G
. 

Th
e 

ne
rv

ou
s s

ys
te

m
 is

 n
ot

 a
 p

rim
ar

y 
ta

rg
et

 o
rg

an
 w

ith
 e

xp
os

ur
e 

to
 P

FO
S 

H
. 

In
co

ns
is

te
nt

 im
m

un
e 

fin
di

ng
s i

n 
ro

de
nt

s w
er

e 
co

nf
ou

nd
ed

 b
y 

sy
st

em
ic

 to
xi

ci
ty

 
I. 

In
co

nc
lu

si
ve

 im
m

un
e 

fin
di

ng
s i

n 
hu

m
an

 e
pi

de
m

io
lo

gi
ca

l d
at

a 
do

 n
ot

 su
pp

or
t A

TS
D

R
 

co
nc

lu
si

on
s 

J. 
Se

ru
m

 P
FO

S 
co

nc
en

tra
tio

ns
 in

 p
up

s s
ho

ul
d 

be
 c

on
si

de
re

d 
fo

r P
O

D
 in

st
ea

d 
of

 d
am

s 
be

ca
us

e 
cr

iti
ca

l e
ff

ec
ts

 c
ho

se
n 

by
 A

TS
D

R
 w

er
e 

ba
se

d 
on

 (d
ev

el
op

in
g)

 p
up

s 
K

. 
H

ED
 fo

r P
FO

S 
w

ill
 b

e 
hi

gh
er

 w
he

n 
co

ns
id

er
in

g 
fa

st
er

 h
al

f-
lif

e 
 

L.
 W

am
ba

ug
h 

be
nc

hm
ar

k 
do

se
 m

od
el

 u
se

d 
by

 A
TS

D
R

 w
as

 n
ot

 o
pt

im
iz

ed
 

M
. U

nc
er

ta
in

ty
 fa

ct
or

s b
y 

A
TS

D
R

 w
er

e 
co

ns
er

va
tiv

e 
an

d 
no

t s
up

po
rte

d 
by

 sc
ie

nt
ifi

c 
da

ta
 

1.
 

U
se

 o
f “

3”
 fo

r a
ni

m
al

-to
-h

um
an

, i
n 

ad
di

tio
n 

to
 la

rg
e 

do
si

m
et

ric
 T

K
 a

dj
us

tm
en

t, 
is

 
co

ns
er

va
tiv

e 
be

ca
us

e 
hu

m
an

s a
re

 le
ss

 se
ns

iti
ve

 th
an

 ro
de

nt
s b

as
ed

 o
n 

in
 v

itr
o 

he
pa

to
cy

te
 d

at
a 

(B
jo

rk
 a

nd
 W

al
la

ce
 2

00
9)

   
2.

 
Sc

ie
nt

ifi
ca

lly
 u

nj
us

tif
ie

d 
us

e 
of

 “
10

” 
fo

r c
on

ce
rn

s o
n 

im
m

un
ot

ox
ic

ity
 

 A
TS

D
R

’s
 o

ve
ra

ll 
in

te
rp

re
ta

tio
n 

on
 b

ot
h 

to
xi

co
lo

gy
 a

nd
 e

pi
de

m
io

lo
gy

 d
at

a 
ar

e 
in

co
ns

is
te

nt
 w

ith
 

th
e 

m
os

t c
ur

re
nt

 k
no

w
le

dg
e.

  I
ts

 a
pp

lic
at

io
n 

of
 u

nc
er

ta
in

ty
 fa

ct
or

s i
s n

ot
 sc

ie
nt

ifi
ca

lly
 ju

st
ifi

ed
 

an
d 

th
e 

pr
op

os
ed

 P
FO

S 
M

R
L 

is
 n

ot
 su

pp
or

te
d 

by
 th

e 
sc

ie
nt

ifi
c 

da
ta

.  
Th

e 
PF

O
S 

M
R

L 
de

riv
ed

 
fo

r t
he

 h
um

an
-h

ea
lth

 ri
sk

 a
ss

es
sm

en
t i

s t
he

re
fo

re
 c

on
se

rv
at

iv
e 

an
d 

no
t s

ci
en

tif
ic

al
ly

 ju
st

ifi
ed

. 



3M
 C

om
m

en
ts

 
Au

gu
st

 2
0,

 2
01

8 

30
 

 3M
 C

om
m

en
ts

 (D
et

ai
ls

):
 

 A
. 

Th
e 

cr
iti

ca
l e

ff
ec

t c
on

cl
ud

ed
 b

y 
A

TS
D

R
 w

ith
 P

FO
S 

ex
po

su
re

 (d
ec

re
as

ed
 p

up
 b

od
y 

w
ei

gh
t 

an
d 

de
la

ye
d 

ey
e 

op
en

in
g 

in
 ra

ts
) h

as
 b

ee
n 

no
t s

ho
w

n 
in

 h
um

an
s (

se
e 

ep
id

em
io

lo
gy

 d
is

cu
ss

io
n 

ab
ov

e)
.  

A
TS

D
R

 sh
ou

ld
 o

ff
er

 a
 p

la
us

ib
le

 e
xp

la
na

tio
n 

as
 to

 w
hy

 it
 b

el
ie

ve
s t

he
se

 e
ff

ec
ts

 a
re

 
re

le
va

nt
 to

 h
um

an
 ri

sk
 a

ss
es

sm
en

t. 
 B

. 
A

TS
D

R
 sh

ou
ld

 re
co

gn
iz

e 
ro

de
nt

-s
pe

ci
fic

 e
ff

ec
ts

 a
nd

 th
ei

r r
el

ev
an

ce
 to

 h
um

an
s. 

 F
or

 P
FO

S,
 

th
e 

cr
iti

ca
l e

ff
ec

t c
ho

se
n 

by
 A

TS
D

R
 a

re
 d

el
ay

ed
 e

ye
 o

pe
ni

ng
 a

nd
 d

ec
re

as
ed

 p
up

 b
od

y 
w

ei
gh

t, 
ba

se
d 

on
 th

e 
re

su
lts

 fr
om

 a
 2

-g
en

er
at

io
n 

re
pr

od
uc

tio
n 

st
ud

y 
in

 ra
ts

 w
ith

 P
FO

S 
(L

ue
bk

er
 e

t a
l. 

20
05

a)
.  

W
hi

le
 th

e 
te

xt
 o

f t
he

 p
ro

po
se

d 
M

R
L 

de
riv

at
io

n 
fa

ils
 to

 m
ak

e 
cl

ea
r 

th
at

 n
on

e 
of

 th
e 

lis
te

d 
ef

fe
ct

s h
as

 b
ee

n 
sh

ow
n 

in
 h

um
an

s (
se

e 
ep

id
em

io
lo

gy
 d

is
cu

ss
io

n 
ab

ov
e)

, t
he

 in
cl

us
io

n 
of

 so
m

e 
of

 th
e 

ef
fe

ct
s i

s i
nc

or
re

ct
 e

ve
n 

ba
se

d 
on

 a
ni

m
al

 d
at

a 
al

on
e.

   
M

an
y 

“e
ff

ec
ts

” 
in

cl
ud

ed
 b

y 
A

TS
D

R
 a

re
 sp

ec
ifi

c 
to

 ro
de

nt
s a

nd
 o

fte
n 

co
nt

ra
ry

 to
 th

e 
cu

rr
en

t 
pu

bl
is

he
d 

lit
er

at
ur

e.
  F

or
 in

st
an

ce
, m

ec
ha

ni
st

ic
 re

se
ar

ch
 h

as
 sh

ow
n 

th
at

 m
an

y 
m

et
ab

ol
ic

 
ef

fe
ct

s t
o 

PF
O

S 
ex

po
su

re
s i

n 
ro

de
nt

s c
an

 b
e 

ex
pl

ai
ne

d 
by

 th
e 

ac
tiv

at
io

n 
of

 x
en

os
en

so
r 

nu
cl

ea
r r

ec
ep

to
rs

 su
ch

 a
s P

PA
R
α,

 c
on

st
itu

tiv
e 

an
dr

os
ta

ne
 re

ce
pt

or
 (C

A
R

), 
an

d 
pr

eg
na

ne
 X

 
re

ce
pt

or
 (P

X
R

) i
n 

th
e 

liv
er

 (B
jo

rk
 e

t a
l. 

20
11

; B
jo

rk
 a

nd
 W

al
la

ce
 2

00
9;

 E
lc

om
be

 e
t a

l. 
20

12
a;

 E
lc

om
be

 e
t a

l. 
20

12
b;

 V
an

de
n 

H
eu

ve
l e

t a
l. 

20
06

). 
 G

iv
en

 th
at

 h
um

an
s a

re
 

co
ns

id
er

ab
ly

 le
ss

 se
ns

iti
ve

 to
 th

e 
pl

ei
ot

ro
ph

ic
 e

ff
ec

ts
 o

f P
PA

R
α 

or
 C

A
R

/P
X

R
 a

ct
iv

at
io

n 
co

m
pa

re
d 

to
 ro

de
nt

s (
C

or
to

n 
et

 a
l. 

20
14

; E
lc

om
be

 e
t a

l. 
20

14
; G

on
za

le
z 

an
d 

Sh
ah

 2
00

8;
  

K
la

un
ig

 e
t a

l. 
20

03
;  

K
la

un
ig

 e
t a

l. 
20

12
;  

La
ke

 2
00

9;
  R

os
s e

t a
l. 

20
10

), 
th

e 
qu

al
ita

tiv
e 

di
ff

er
en

ce
s c

al
ls

 in
to

 q
ue

st
io

n 
th

e 
re

le
va

nc
e 

of
 ro

de
nt

 d
ev

el
op

m
en

ta
l e

ff
ec

ts
 a

nd
 th

ei
r 

bi
ol

og
ic

al
 si

gn
ifi

ca
nc

e 
to

 h
um

an
s. 

 F
or

 e
xa

m
pl

e,
 n

eo
na

ta
l s

ur
vi

va
l a

ct
ua

lly
 im

pr
ov

ed
 in

 m
ic

e 
w

he
n 

PP
A

R
α 

kn
oc

ko
ut

 m
ic

e 
w

er
e 

ex
po

se
d 

to
 P

FO
S 

w
he

n 
co

m
pa

re
d 

to
 th

e 
w

ild
ty

pe
 (A

bb
ot

t 
20

09
; A

bb
ot

t e
t a

l. 
20

09
). 

  
 C

. 
 P

FO
S 

do
es

 n
ot

 a
ff

ec
t t

he
 re

pr
od

uc
tiv

e 
sy

st
em

 in
 la

bo
ra

to
ry

 a
ni

m
al

s. 
 It

 is
 in

co
rr

ec
t f

or
 

A
TS

D
R

 to
 c

on
cl

ud
e 

th
at

 re
pr

od
uc

tiv
e 

sy
st

em
 is

 o
ne

 o
f t

he
 p

rim
ar

y 
ta

rg
et

s o
f t

ox
ic

ity
 w

ith
 

ex
po

su
re

 to
 P

FO
S 

(c
f. 

pa
ge

 A
-3

6)
.  

 
 A

 n
um

be
r o

f e
xp

er
im

en
ta

l a
ni

m
al

 (m
am

m
al

ia
n)

 to
xi

co
lo

gi
ca

l s
tu

di
es

 o
n 

th
e 

re
pr

od
uc

tiv
e 

an
d 

de
ve

lo
pm

en
ta

l e
ff

ec
ts

 o
f P

FO
S 

ha
ve

 b
ee

n 
pu

bl
is

he
d 

(A
bb

ot
t e

t a
l. 

20
09

; B
ut

en
ho

ff
 e

t a
l. 

20
09

b;
 C

as
e 

et
 a

l. 
20

01
; G

or
tn

er
 e

t a
l. 

19
80

; G
ra

st
y 

et
 a

l. 
20

05
; L

au
 e

t a
l. 

20
03

; L
ue

bk
er

 e
t 

al
. 2

00
5a

; T
hi

bo
de

au
x 

et
 a

l. 
20

03
). 

 T
he

se
 st

ud
ie

s i
nc

lu
de

d 
de

ta
ile

d 
in

fo
rm

at
io

n 
on

 th
e 

de
ve

lo
pm

en
ta

l t
ox

ic
ity

 w
ith

 th
es

e 
co

m
po

un
ds

 a
s w

el
l a

s v
al

ua
bl

e 
in

si
gh

ts
 o

n 
th

e 
ro

le
 o

f 
m

at
er

na
l e

ff
ec

ts
 a

nd
 it

s a
ttr

ib
ut

io
n 

to
 th

e 
de

ve
lo

pm
en

ta
l o

ut
co

m
es

 in
 la

bo
ra

to
ry

 a
ni

m
al

s. 
 

C
om

pr
eh

en
si

ve
 re

vi
ew

 o
n 

th
e 

po
te

nt
ia

l d
ev

el
op

m
en

ta
l t

ox
ic

ity
 o

f t
he

 p
er

flu
or

oa
lk

yl
 a

ci
ds

 
w

as
 re

po
rte

d 
in

 2
00

4 
(L

au
 e

t a
l. 

20
04

) a
nd

 u
pd

at
ed

 su
bs

eq
ue

nt
ly

 (A
bb

ot
t 2

01
5;

 A
nd

er
se

n 
et

 
al

. 2
00

8;
 L

au
 e

t a
l. 

20
04

). 
   

 
 O

ve
ra

ll,
 P

FO
S 

di
d 

no
t a

ff
ec

t t
he

 fu
nc

tio
na

l a
sp

ec
ts

 o
f m

al
e 

or
 fe

m
al

e 
re

pr
od

uc
tiv

e 
fu

nc
tio

ns
 

in
 th

e 
la

bo
ra

to
ry

 a
ni

m
al

s. 
 T

he
se

 in
cl

ud
ed

 e
st

ro
us

 c
yc

le
s, 

sp
er

m
 p

ar
am

et
er

s, 
m

at
in

g 
in

de
x,

 
fe

rti
lit

y 
in

de
x,

 a
nd

 re
pr

od
uc

tiv
e 

or
ga

n 
m

or
ph

ol
og

y.
  T

he
 p

ot
en

tia
l o

f P
FO

S 
to

 in
flu

en
ce

 
re

pr
od

uc
tiv

e 
pe

rf
or

m
an

ce
 w

as
 e

va
lu

at
ed

 in
 m

ic
e 

(A
bb

ot
t e

t a
l. 

20
09

; T
hi

bo
de

au
x 

et
 a

l. 
20

03
), 

ra
ts

 (B
ut

en
ho

ff
 e

t a
l. 

20
09

; L
ue

bk
er

 e
t a

l. 
20

05
a)

, a
nd

 ra
bb

its
 (C

as
e 

et
 a

l. 
20

01
). 

 



3M
 C

om
m

en
ts

 
Au

gu
st

 2
0,

 2
01

8 

31
 

 

G
es

ta
tio

na
l e

xp
os

ur
e 

to
 P

FO
S 

di
d 

no
t a

ff
ec

t t
he

 n
um

be
r o

f e
m

br
yo

ni
c 

im
pl

an
ta

tio
n 

si
te

s i
n 

se
ve

ra
l s

tra
in

s o
f m

ic
e 

(C
D

-1
, S

v1
29

, o
r P

PA
R

 k
no

ck
ou

t) 
(A

bb
ot

t e
t a

l. 
20

09
; T

hi
bo

de
au

x 
et

 a
l. 

20
03

). 
 S

im
ila

rly
, i

m
pl

an
ta

tio
ns

 w
er

e 
no

t a
ff

ec
te

d 
in

 ra
bb

its
 e

ith
er

 w
he

n 
ex

po
se

d 
up

 to
 

3.
75

 m
g/

kg
-d

 d
ur

in
g 

G
D

 7
 –

 2
0 

(p
er

io
d 

of
 o

rg
an

og
en

es
is

) a
lb

ei
t d

ec
re

as
ed

 b
od

y-
w

ei
gh

t g
ai

n 
an

d 
fo

od
 c

on
su

m
pt

io
n 

w
er

e 
ob

se
rv

ed
 (C

as
e 

et
 a

l. 
20

01
). 

 In
 ra

ts
, o

ra
l a

dm
in

is
tra

tio
n 

of
 P

FO
S 

up
 to

 1
0 

m
g/

kg
-d

 d
ur

in
g 

G
D

 6
 –

 1
5 

(p
er

io
d 

of
 o

rg
an

og
en

es
is

) a
ls

o 
ca

us
ed

 re
du

ce
d 

bo
dy

-
w

ei
gh

t g
ai

n,
 h

ow
ev

er
, t

he
y 

di
d 

no
t a

ff
ec

t t
he

 o
va

rie
s o

r t
he

 re
pr

od
uc

tiv
e 

co
nt

en
ts

 o
f t

he
 d

am
s 

(G
or

tn
er

 1
98

0)
.  

 
 In

 a
 tw

o-
ge

ne
ra

tio
n 

re
pr

od
uc

tio
n/

de
ve

lo
pm

en
ta

l s
tu

dy
 in

 ra
ts

 (L
ue

bk
er

 e
t a

l. 
20

05
), 

po
ta

ss
iu

m
 P

FO
S 

(g
iv

en
 a

s p
ot

as
si

um
 sa

lt)
 d

os
es

 a
s h

ig
h 

as
 3

.2
 m

g/
kg

-d
 g

iv
en

 to
 m

al
e 

an
d 

fe
m

al
e 

ra
ts

 fo
r 6

 w
ee

ks
 p

rio
r t

o 
m

at
in

g,
 th

ro
ug

h 
m

at
in

g 
an

d,
 fo

r f
em

al
es

, t
hr

ou
gh

 g
es

ta
tio

n 
an

d 
la

ct
at

io
n.

  P
FO

S 
di

d 
no

t a
dv

er
se

ly
 a

ff
ec

t m
at

in
g 

or
 fe

rti
lit

y 
pa

ra
m

et
er

s i
n 

m
al

e 
or

 
fe

m
al

es
, i

nc
lu

di
ng

 fe
rti

lit
y 

an
d 

pr
eg

na
nc

y 
in

di
ce

s, 
es

tro
us

 c
yc

lin
g,

 n
um

be
r o

f p
re

gn
an

ci
es

 
pe

r n
um

be
r o

f m
at

in
gs

, n
um

be
r o

f d
ay

s t
o 

in
se

m
in

at
e,

 n
um

be
r o

f m
at

in
gs

 d
ur

in
g 

th
e 

fir
st

 
w

ee
k 

of
 c

oh
ab

ita
tio

n,
 e

pi
di

dy
m

al
 sp

er
m

 m
at

ur
at

io
n,

 li
tte

r a
ve

ra
ge

s f
or

 c
or

po
ra

 lu
te

a,
 

im
pl

an
ta

tio
ns

, v
ia

bl
e 

em
br

yo
s, 

no
n-

vi
ab

le
 e

m
br

yo
s, 

an
d 

re
pr

od
uc

tiv
e 

or
ga

n 
hi

st
ol

og
y.

  I
n 

pa
rti

cu
la

r, 
th

er
e 

w
er

e 
no

 st
at

is
tic

al
ly

 si
gn

ifi
ca

nt
 d

iff
er

en
ce

s b
et

w
ee

n 
co

nt
ro

l a
nd

 p
ot

as
si

um
 

PF
O

S-
tre

at
ed

 fe
m

al
es

 in
 th

e 
m

ea
n 

nu
m

be
r o

f e
st

ro
us

 c
yc

le
s, 

ra
ts

 w
ith

 ≥
6 

co
ns

ec
ut

iv
e 

da
ys

 o
f 

di
es

tru
s o

r e
st

ro
us

 d
ur

in
g 

th
e 

28
-d

ay
 e

va
lu

at
io

n 
pe

rio
d.

  I
n 

a 
de

ve
lo

pm
en

ta
l n

eu
ro

to
xi

ci
ty

 
st

ud
y 

w
ith

 P
FO

S,
 p

re
gn

an
t f

em
al

e 
ra

ts
 re

ce
iv

ed
 P

FO
S 

do
se

s u
p 

to
 1

 m
g/

kg
/d

ay
 fr

om
 

ge
st

at
io

n 
to

 la
ct

at
io

n.
  N

o 
PF

O
S 

tre
at

m
en

t-r
el

at
ed

 e
ff

ec
ts

 w
er

e 
no

te
d 

on
 m

at
er

na
l h

ea
lth

 o
r 

re
pr

od
uc

tiv
e 

ou
tc

om
es

 (B
ut

en
ho

ff
 e

t a
l. 

20
09

). 
 F

ur
th

er
m

or
e,

 th
e 

m
or

ph
ol

og
ic

 e
ff

ec
ts

 o
f 

PF
O

S 
on

 re
pr

od
uc

tiv
e 

or
ga

ns
 in

 n
on

-h
um

an
 p

rim
at

es
 w

er
e 

ev
al

ua
te

d 
fr

om
 a

 si
x-

m
on

th
 o

ra
l 

st
ud

y 
an

d 
re

su
lts

 in
di

ca
te

d 
no

 a
bn

or
m

al
iti

es
 (S

ea
ca

t e
t a

l. 
20

02
). 

 D
. 

Th
e 

de
ve

lo
pm

en
ta

l e
ff

ec
ts

 re
po

rte
d 

in
 la

bo
ra

to
ry

 a
ni

m
al

s f
or

 P
FO

S 
w

er
e 

pr
im

ar
ily

 m
ed

ia
te

d 
by

 m
at

er
na

l e
ff

ec
ts

.  
W

hi
le

 A
TS

D
R

 c
on

cl
ud

ed
 th

at
 d

ev
el

op
in

g 
or

ga
ni

sm
s a

re
 p

rim
ar

y 
ta

rg
et

s 
of

 to
xi

ci
ty

 w
ith

 e
xp

os
ur

e 
to

 P
FO

S 
(c

f. 
pa

ge
 A

-3
6)

, t
he

re
 is

 st
ro

ng
 e

xp
er

im
en

ta
l e

vi
de

nc
e 

de
m

on
st

ra
tin

g 
th

at
 d

ev
el

op
m

en
ta

l e
ff

ec
ts

 a
ss

oc
ia

te
d 

w
ith

 P
FO

S 
ex

po
su

re
s i

n 
of

fs
pr

in
g 

ar
e 

ob
se

rv
ed

 o
nl

y 
w

he
re

 th
er

e 
w

er
e 

si
gn

ifi
ca

nt
 e

ff
ec

ts
 in

 th
e 

m
at

er
na

l a
ni

m
al

s. 
 E

xp
er

im
en

ta
l 

ev
id

en
ce

 d
em

on
st

ra
te

s t
ha

t d
ev

el
op

m
en

ta
l e

ff
ec

ts
 a

ss
oc

ia
te

d 
w

ith
 P

FO
S 

ex
po

su
re

s i
n 

of
fs

pr
in

g 
ar

e 
ob

se
rv

ed
 w

he
n 

m
at

er
na

l a
ni

m
al

s w
er

e 
af

fe
ct

ed
 su

ch
 a

s b
od

y 
w

ei
gh

ts
.  

Ev
id

en
ce

 
in

vo
lv

in
g 

m
at

er
na

l e
ff

ec
ts

 in
 th

e 
ou

tc
om

e 
of

 th
e 

de
ve

lo
pm

en
ta

l t
ox

ic
ity

 in
cl

ud
es

 th
e 

fo
llo

w
in

g 
ex

am
pl

es
.  

 PF
O

S 
de

ve
lo

pm
en

ta
l t

ox
ic

ity
 h

as
 b

ee
n 

ev
al

ua
te

d 
in

 se
ve

ra
l l

ab
or

at
or

y 
sp

ec
ie

s. 
 In

 ra
bb

its
, 

or
al

 P
FO

S 
ad

m
in

is
tra

tio
n 

ra
ng

in
g 

fr
om

 0
.1

 –
 3

.7
5 

m
g/

kg
/d

ay
 w

as
 g

iv
en

 fr
om

 G
D

 6
 –

 2
0 

an
d 

de
cr

ea
se

d 
m

at
er

na
l b

od
y-

w
ei

gh
t g

ai
n 

w
as

 o
bs

er
ve

d 
at

 1
 m

g/
kg

 d
os

e 
gr

ou
p 

or
 h

ig
he

r. 
 N

o 
ab

no
rm

al
 fe

ta
l e

ff
ec

ts
 w

er
e 

no
te

d 
ex

ce
pt

 d
ec

re
as

ed
 fe

ta
l b

od
y 

w
ei

gh
t, 

w
hi

ch
 w

as
 o

bs
er

ve
d 

w
ith

 2
.5

 a
nd

 3
.7

5 
m

g/
kg

/d
ay

 d
os

e 
gr

ou
ps

 o
nl

y.
  S

tu
dy

 a
ut

ho
rs

 c
on

cl
ud

ed
 th

at
 “

Th
e 

fe
ta

l 
ef

fe
ct

s o
cc

ur
re

d 
at

 m
at

er
na

lly
 to

xi
c 

do
se

 le
ve

ls
 a

nd
 n

o 
fe

ta
l c

ha
ng

es
 w

er
e 

pr
es

en
t a

t n
on

to
xi

c 
m

at
er

na
l d

os
es

” 
(C

as
e 

et
 a

l. 
20

01
). 

  I
n 

m
ic

e,
 th

er
e 

w
as

 a
 st

at
is

tic
al

ly
 si

gn
ifi

ca
nt

 (p
 <

 0
.0

5)
, 

do
se

-r
el

at
ed

 in
cr

ea
se

 in
 m

at
er

na
l l

iv
er

 w
ei

gh
t w

he
n 

pr
eg

na
nt

 d
am

s w
er

e 
tre

at
ed

 d
ur

in
g 

ge
st

at
io

n 
at

 a
 d

os
e 

as
 lo

w
 a

s 1
 m

g/
kg

 p
ot

as
si

um
 P

FO
S 

(T
hi

bo
de

au
x 

et
 a

l. 
20

03
). 

 V
ar

io
us

 
de

ve
lp

m
en

ta
l e

ff
ec

ts
 w

er
e 

re
po

rte
d 

(e
.g

., 
de

cr
as

ed
 p

os
tn

at
al

 su
rv

iv
al

 a
nd

 g
ro

w
th

 d
ef

ic
its

) b
ut

 



3M
 C

om
m

en
ts

 
Au

gu
st

 2
0,

 2
01

8 

32
 

 

pr
im

ar
ily

 fo
r l

itt
er

s f
ro

m
 d

am
s r

ec
ei

vi
ng

 1
0 

m
g/

kg
/d

ay
 p

ot
as

si
um

 P
FO

S 
or

 h
ig

he
r (

La
u 

et
 a

l. 
20

03
). 

  I
n 

ad
di

tio
n 

to
 m

ic
e,

 th
e 

de
ve

lo
pm

en
ta

l t
ox

ic
ity

 o
f P

FO
S 

ha
s a

ls
o 

be
en

 e
va

lu
at

ed
 in

 
ra

ts
.  

O
ra

l a
dm

in
is

tra
tio

n 
of

 P
FO

S 
du

rin
g 

ge
st

at
io

n 
to

 p
re

gn
an

t r
at

s c
au

se
d 

re
du

ce
d 

m
at

er
na

l 
bo

dy
-w

ei
gh

t g
ai

n 
an

d 
fe

ta
l b

od
y-

w
ei

gh
t g

ai
n 

at
 2

 m
g/

kg
-d

 m
at

er
na

l d
os

e 
gr

ou
p 

or
 h

ig
he

r 
(L

au
 e

t a
l. 

20
03

). 
 In

 a
 tw

o-
ge

ne
ra

tio
n 

re
pr

od
uc

tio
n/

de
ve

lo
pm

en
ta

l s
tu

dy
 in

 ra
ts

 b
y 

Lu
eb

ke
r 

et
 a

l. 
(2

00
5)

, d
es

cr
ib

ed
 in

 d
et

ai
l a

bo
ve

, t
he

 a
ut

ho
rs

 re
po

rte
d 

re
du

ce
d 

bo
dy

 w
ei

gh
t a

nd
 b

od
y 

w
ei

gh
t-g

ai
n 

at
 p

ar
en

ta
l g

en
er

at
io

n 
at

 0
.4

 m
g/

kg
 o

r h
ig

he
r. 

 D
ev

el
op

m
en

ta
l h

al
lm

ar
ks

 si
m

ila
r 

to
 th

os
e 

pr
ev

io
us

ly
 re

po
rte

d 
by

 o
th

er
s (

i.e
., 

de
cr

ea
se

d 
fe

ta
l b

od
y 

w
ei

gh
t, 

de
cr

ea
se

d 
po

st
na

ta
l 

su
rv

iv
al

, a
nd

 d
ev

el
op

m
en

ta
l d

el
ay

s)
 w

er
e 

ob
se

rv
ed

 in
 p

up
s f

ro
m

 1
.6

 m
g/

kg
/d

ay
 m

at
er

na
l 

do
se

 g
ro

up
s o

r h
ig

he
r. 

 T
he

re
fo

re
, t

he
 d

ev
el

op
m

en
ta

l e
ff

ec
ts

 re
po

rte
d 

in
 th

e 
la

bo
ra

to
ry

 
an

im
al

s f
or

 P
FO

S 
w

er
e 

pr
im

ar
ily

 m
ed

ia
te

d 
by

 m
at

er
na

l e
ff

ec
ts

 a
nd

 b
as

ed
 o

n 
th

e 
re

ce
nt

 m
od

e 
of

 a
ct

io
n 

da
ta

, r
od

en
ts

 m
ay

 n
ot

 b
e 

th
e 

m
os

t a
pp

ro
pr

ia
te

 sp
ec

ie
s f

or
 th

e 
ha

za
rd

 a
ss

es
sm

en
t o

f 
PF

O
S 

on
 d

ev
el

op
m

en
ta

l t
ox

ic
ity

 in
 h

um
an

s. 
  

 E.
 L

iv
er

 fi
nd

in
gs

 in
 ro

de
nt

s a
re

 n
ot

 re
le

va
nt

 fo
r h

um
an

 ri
sk

 a
ss

es
sm

en
t. 

 T
he

 c
om

m
en

ts
 to

 
fo

llo
w

 a
re

 re
la

te
d 

to
 A

TS
D

R
’s

 id
en

tif
ic

at
io

n 
of

 “
liv

er
 d

am
ag

e’
 in

 la
bo

ra
to

ry
 a

ni
m

al
 st

ud
ie

s 
as

 se
ns

iti
ve

 ta
rg

et
 w

ith
 e

xp
os

ur
e 

to
 P

FO
S.

  S
im

ila
r t

o 
th

e 
co

m
m

en
ts

 p
ro

vi
de

d 
ea

rli
er

 o
n 

PF
O

A
, l

iv
er

 fi
nd

in
gs

 in
 ro

de
nt

s w
ar

ra
nt

 c
ar

ef
ul

 c
on

si
de

ra
tio

n.
  G

iv
en

 th
at

 it
 is

 w
el

l 
re

co
gn

iz
ed

 th
at

 th
er

e 
is

 d
is

tin
ct

 d
iff

er
en

ce
 in

 m
od

e-
of

-a
ct

io
n 

be
tw

ee
n 

ro
de

nt
s a

nd
 h

um
an

s 
w

he
n 

it 
co

m
es

 to
 li

ve
r c

ha
ng

es
 m

ed
ia

te
d 

by
 x

en
os

en
so

r n
uc

le
ar

 re
ce

pt
or

s, 
liv

er
 e

ff
ec

ts
 

ob
se

rv
ed

 in
 ro

de
nt

s a
re

 sc
ie

nt
ifi

ca
lly

 u
nj

us
tif

ie
d 

an
d 

in
ap

pr
op

ria
te

 fo
r u

se
 a

s a
 c

rit
ic

al
 e

ff
ec

t 
fo

r h
um

an
 ri

sk
 a

ss
es

sm
en

t. 
 

 Th
er

e 
is

 a
 w

el
l-e

st
ab

lis
he

d 
bo

dy
 o

f e
xp

er
im

en
ta

l e
vi

de
nc

e 
fo

r a
ct

iv
at

io
n 

of
 P

PA
R
α 

an
d 

C
A

R
/P

X
R

 a
s a

 m
aj

or
 fa

ct
or

 in
 th

e 
ro

de
nt

 h
ep

at
ic

 re
sp

on
se

 to
 e

xp
os

ur
e 

to
 P

FO
S.

  A
s 

El
co

m
be

 e
t a

l. 
(E

lc
om

be
 e

t a
l. 

20
12

a;
 E

lc
om

be
 e

t a
l. 

20
12

b)
 p

oi
nt

 o
ut

, t
he

 h
yp

er
tro

ph
ic

 a
nd

 
hy

pe
rp

la
st

ic
 re

sp
on

se
 o

f r
at

 li
ve

r t
o 

PF
O

S 
ex

po
su

re
 h

as
 c

le
ar

ly
 b

ee
n 

de
m

on
st

ra
te

d 
to

 b
e 

co
ns

is
te

nt
 w

ith
 th

e 
cr

ite
ria

 u
se

d 
to

 e
st

ab
lis

h 
PP

A
R
α/

C
A

R
/P

X
R

 a
ct

iv
at

io
n 

as
 a

 m
od

e 
of

 
ac

tio
n.

  T
he

 tr
an

sc
rip

tio
na

l s
ig

na
tu

re
 (m

R
N

A
) f

or
 P

PA
R
α/

C
A

R
/P

X
R

 a
ct

iv
at

io
n 

w
as

 a
ls

o 
ob

se
rv

ed
 in

 li
ve

rs
 fr

om
 P

N
D

 2
1 

m
al

e 
ra

t p
up

s e
xp

os
ed

 v
ia

 m
at

er
na

l g
av

ag
e 

in
 th

e 
de

ve
lo

pm
en

ta
l n

eu
ro

to
xi

co
lo

gy
 st

ud
y 

re
po

rte
d 

by
 B

ut
en

ho
ff

 e
t a

l. 
(2

00
9b

) a
nd

 C
ha

ng
 e

t a
l. 

 
(2

00
9 

) a
s w

el
l a

s i
n 

ad
ul

t m
al

e 
w

ild
-ty

pe
 m

ic
e 

(R
os

en
 e

t a
l. 

20
10

). 
 In

 th
e 

E3
L.

C
ET

P 
m

ou
se

 
tra

ns
ge

ni
c 

m
ou

se
 m

od
el

, d
ie

ta
ry

 P
FO

S 
ex

po
su

re
 o

f a
du

lt 
m

al
es

 re
su

lte
d 

in
 tr

an
sc

rip
tio

na
l 

ge
ne

 e
xp

re
ss

io
n 

pr
of

ile
s a

nd
 c

ha
ng

es
 in

 li
pi

d 
pa

ra
m

et
er

s c
on

si
st

en
t w

ith
 a

ct
iv

at
io

n 
of

 P
PA

R
α 

an
d 

PX
R

 (B
ijl

an
d 

et
 a

l. 
20

11
). 

 R
os

en
 e

t a
l. 

(2
00

9)
 o

bs
er

ve
d 

th
e 

sa
m

e 
tra

ns
cr

ip
tio

na
l 

si
gn

at
ur

e 
co

ns
is

te
nt

 w
ith

 a
ct

iv
at

io
n 

of
 P

PA
R
α/

C
A

R
/P

X
R

 in
 C

D
-1

 m
ou

se
 fe

ta
l l

iv
er

 a
fte

r 
m

at
er

na
l e

xp
os

ur
e 

to
 P

FO
S 

du
rin

g 
ge

st
at

io
n.

 
 Th

er
e 

ar
e 

fu
nd

am
en

ta
l d

iff
er

en
ce

s b
et

w
ee

n 
th

e 
re

sp
on

se
s o

f h
um

an
 a

nd
 ro

de
nt

 li
ve

r f
ro

m
 

ex
po

su
re

 to
 a

ge
nt

s t
ha

t i
nc

re
as

e 
ac

tiv
at

io
n 

of
 P

PA
R
α 

an
d 

C
A

R
/P

X
R

 (C
or

to
n 

et
 a

l. 
20

14
; 

El
co

m
be

 e
t a

l. 
20

14
). 

 T
he

 b
as

is
 fo

r t
he

 fu
nd

am
en

ta
l d

iff
er

en
ce

s b
et

w
ee

n 
th

e 
ro

de
nt

 a
nd

 
hu

m
an

 li
ve

r r
es

po
ns

e 
fr

om
 e

xp
os

ur
e 

to
 a

ge
nt

s t
ha

t a
ct

iv
at

e 
th

es
e 

re
ce

pt
or

s h
as

 b
ec

om
e 

cl
ea

re
r w

ith
 d

ev
el

op
m

en
t o

f r
ec

ep
to

r k
no

ck
-o

ut
 a

nd
 h

um
an

iz
ed

 re
ce

pt
or

 k
no

ck
-in

 tr
an

sg
en

ic
 

m
ou

se
 m

od
el

s a
nd

 th
e 

in
cr

ea
se

d 
av

ai
la

bi
lit

y 
of

 h
um

an
 p

rim
ar

y 
he

pa
to

cy
te

s. 
 W

he
n 

ex
po

se
d 

to
 P

PA
R
α 

an
d 

C
A

R
/P

X
R

 a
go

ni
st

s, 
m

ic
e 

th
at

 h
av

e 
be

en
 g

en
et

ic
al

ly
 m

od
ifi

ed
 b

y 
re

m
ov

al
 o

f 
th

e 
na

tu
ra

l m
ou

se
 re

ce
pt

or
s a

nd
 re

pl
ac

em
en

t w
ith

 th
e 

na
tu

ra
l h

um
an

 fo
rm

s o
f t

he
 re

ce
pt

or
s 



3M
 C

om
m

en
ts

 
Au

gu
st

 2
0,

 2
01

8 

33
 

 

do
 n

ot
 h

av
e 

th
e 

hy
pe

rp
la

st
ic

 re
sp

on
se

 o
bs

er
ve

d 
in

 w
ild

-ty
pe

 m
ic

e 
(G

on
za

le
z 

an
d 

Sh
ah

 2
00

8;
 

R
os

s e
t a

l. 
20

10
). 

 K
ey

 d
iff

er
en

ce
s b

et
w

ee
n 

ro
de

nt
 a

nd
 h

um
an

 h
ep

at
oc

yt
es

, e
sp

ec
ia

lly
 th

e 
la

ck
 o

f a
 h

yp
er

pl
as

tic
 re

sp
on

se
 in

 h
um

an
 h

ep
at

oc
yt

es
 e

xp
os

ed
 to

 P
PA

R
α 

an
d 

C
A

R
 

ac
tiv

at
or

s, 
ha

ve
 a

ls
o 

be
en

 d
em

on
st

ra
te

d 
(E

lc
om

be
 e

t a
l. 

19
96

; G
ol

l e
t a

l. 
19

99
; H

iro
se

 e
t a

l. 
20

09
; P

ar
ze

fa
ll 

et
 a

l. 
19

91
; P

er
ro

ne
 e

t a
l. 

19
98

). 
  

 A
s n

ot
ed

 a
bo

ve
, h

um
an

 h
ep

at
oc

yt
es

 re
sp

on
d 

to
 P

PA
R
α 

ag
on

is
ts

 d
iff

er
en

tly
 th

an
 ro

de
nt

 
he

pa
to

cy
te

s, 
an

d 
ac

tiv
at

io
n 

of
 h

um
an

 P
PA

R
α 

do
es

 n
ot

 a
pp

ea
r t

o 
re

su
lt 

in
 th

e 
ch

ar
ac

te
ris

tic
 

hy
pe

rp
la

st
ic

 re
sp

on
se

 o
bs

er
ve

d 
in

 ra
ts

 a
nd

 m
ic

e 
(C

or
to

n 
et

 a
l. 

20
14

; G
on

za
le

z 
an

d 
Sh

ah
 

20
08

). 
 B

jo
rk

 a
nd

 W
al

la
ce

 (2
00

9)
, w

or
ki

ng
 w

ith
 p

rim
ar

y 
ra

t a
nd

 h
um

an
 h

ep
at

oc
yt

es
 a

s w
el

l 
as

 th
e 

H
ep

G
2 

hu
m

an
 li

ve
r c

el
l l

in
e 

in
 c

ul
tu

re
, d

em
on

st
ra

te
d 

m
aj

or
 d

iff
er

en
ce

s b
et

w
ee

n 
pr

im
ar

y 
ra

t h
ep

at
oc

yt
es

 a
nd

 h
um

an
 h

ep
at

oc
yt

es
 in

 re
sp

on
se

 to
 e

xp
os

ur
e 

to
 P

FO
S 

in
 c

ul
tu

re
.  

In
 c

om
pa

ris
on

 to
 th

e 
la

rg
e 

in
cr

ea
se

 o
ve

r c
on

tro
l i

n 
m

R
N

A
 fo

r p
er

ox
is

om
al

 e
nz

ym
es

 
C

te
/A

co
t1

 a
nd

 A
co

x,
 th

e 
hu

m
an

 h
ep

at
oc

yt
es

 sh
ow

ed
 e

ss
en

tia
lly

 n
o 

in
cr

ea
se

 in
 tr

an
sc

rip
ts

.  
H

ow
ev

er
, c

on
si

st
en

t w
ith

 o
bs

er
va

tio
ns

 w
ith

 o
th

er
 p

er
ox

is
om

e 
pr

ol
ife

ra
to

rs
, C

Y
P4

A
11

 
m

R
N

A
 w

as
 in

cr
ea

se
d 

by
 P

FO
S 

ex
po

su
re

 in
 h

um
an

 a
s w

el
l a

s C
yp

4A
1 

in
 ra

t h
ep

at
oc

yt
es

.  
  

 In
 a

dd
iti

on
 to

 P
PA

R
α,

 B
jo

rk
 e

t a
l. 

(2
01

1)
 c

ha
ra

ct
er

iz
ed

 th
e 

ac
tiv

at
io

n 
of

 se
ve

ra
l o

th
er

 h
ep

at
ic

 
nu

cl
ea

r r
ec

ep
to

rs
 (P

X
R

, C
A

R
, t

he
 li

ve
r X

 re
ce

pt
or

 α
 (N

R
1H

3 
or

 L
X

R
α)

, a
nd

 th
e 

fa
rn

es
oi

d 
X

 
re

ce
pt

or
 (N

R
1H

4 
or

 F
X

R
) b

y 
PF

O
S 

in
 p

rim
ar

y 
ra

t a
nd

 h
um

an
 h

ep
at

oc
yt

es
.  

In
 ra

t 
he

pa
to

cy
te

s, 
th

ey
 d

em
on

st
ra

te
d 

m
ul

tip
le

 n
uc

le
ar

 re
ce

pt
or

s p
ar

tic
ip

at
e 

in
 th

e 
m

et
ab

ol
ic

 
re

sp
on

se
 to

 P
FO

S 
ex

po
su

re
, r

es
ul

tin
g 

in
 a

 su
bs

ta
nt

ia
l s

hi
ft 

fr
om

 c
ar

bo
hy

dr
at

e 
m

et
ab

ol
is

m
 to

 
fa

tty
 a

ci
d 

ox
id

at
io

n 
an

d 
he

pa
tic

 tr
ig

ly
ce

rid
e 

ac
cu

m
ul

at
io

n.
  T

he
y 

co
nc

lu
de

d 
th

at
, “

w
hi

le
 th

er
e 

is
 so

m
e 

si
m

ila
rit

y 
in

 th
e 

ac
tiv

at
io

n 
of

 m
et

ab
ol

ic
 p

at
hw

ay
s b

et
w

ee
n 

ra
t a

nd
 h

um
an

s, 
pa

rti
cu

la
rly

 in
 P

PA
R
α 

re
gu

la
te

d 
re

sp
on

se
s;

 th
e 

ch
an

ge
s i

n 
pr

im
ar

y 
hu

m
an

 c
el

ls
 w

er
e 

su
bt

le
 

an
d 

po
ss

ib
ly

 re
fle

ct
 a

n 
ad

ap
tiv

e 
m

et
ab

ol
ic

 re
sp

on
se

 ra
th

er
 th

an
 a

n 
ov

er
t m

et
ab

ol
ic

 re
gu

la
tio

n 
ob

se
rv

ed
 in

 ro
de

nt
s.”

  S
up

po
rti

ng
 th

is
, t

he
 p

ot
en

tia
l a

ct
iv

at
io

n 
of

 h
um

an
 C

A
R

3 
is

of
or

m
 a

nd
 

hu
m

an
 P

X
R

 h
as

 b
ee

n 
st

ud
ie

d.
  P

FO
S 

w
as

 n
ot

 sh
ow

n 
to

 a
ct

iv
at

e 
di

re
ct

ly
 e

ith
er

 h
um

an
 n

uc
le

ar
 

re
ce

pt
or

 a
t c

on
ce

nt
ra

tio
ns

 u
p 

to
 3

3 
μM

, w
ith

 sl
ig

ht
 a

ct
iv

at
io

n 
(m

uc
h 

le
ss

 th
an

 fo
r p

os
iti

ve
 

co
nt

ro
l s

ub
st

an
ce

s)
 o

f C
A

R
3 

an
d 

PX
R

 o
cc

ur
rin

g 
on

ly
 a

t 1
00

 μ
M

 (E
hr

es
m

an
 e

t a
l. 

20
14

). 
  

 C
ol

le
ct

iv
el

y,
 th

e 
es

ta
bl

is
he

d 
m

od
e-

of
-a

ct
io

n 
su

pp
or

ts
 th

e 
liv

er
 h

yp
er

tro
ph

ic
 e

ff
ec

ts
 in

 ro
de

nt
s 

fr
om

 e
xp

os
ur

e 
to

 P
FO

S.
  T

he
 e

xp
er

im
en

ta
l e

vi
de

nc
e 

al
so

 sh
ow

s t
he

 la
ck

 o
f a

 re
sp

on
se

, o
r a

 
m

ar
ke

dl
y 

re
du

ce
d 

re
sp

on
se

, i
n 

hu
m

an
 li

ve
r c

el
ls

 a
s c

om
pa

re
d 

to
 ro

de
nt

 li
ve

r. 
 F

ur
th

er
m

or
e,

 
th

er
e 

w
er

e 
no

 a
dv

er
se

 li
ve

r e
ff

ec
ts

 n
ot

ed
 in

 h
um

an
s (

se
e 

ep
id

em
io

lo
gy

 d
is

cu
ss

io
n 

ab
ov

e)
.  

Th
e 

ob
se

rv
at

io
na

l h
um

an
 d

at
a 

as
 w

el
l a

s a
 si

gn
ifi

ca
nt

 b
od

y 
of

 m
ec

ha
ni

st
ic

 e
xp

er
im

en
ta

l d
at

a 
th

at
 re

la
te

s t
o 

th
e 

liv
er

 re
sp

on
se

 to
 e

xp
os

ur
e 

to
 P

FO
S 

st
ro

ng
ly

 su
gg

es
ts

 th
at

 u
se

 o
f r

od
en

t 
liv

er
 fi

nd
in

gs
 a

s a
n 

en
dp

oi
nt

 fo
r t

he
 h

um
an

-h
ea

lth
 ri

sk
 a

ss
es

sm
en

t o
f P

FO
S 

is
 n

ot
 

sc
ie

nt
ifi

ca
lly

 ju
st

ifi
ed

.  
O

th
er

 fe
de

ra
l a

ge
nc

y 
su

ch
 a

s U
SE

PA
 (i

n 
its

 a
ss

es
sm

en
ts

 o
f P

FO
A

 in
 

20
09

 a
nd

 a
ga

in
 in

 2
01

6)
, a

s w
el

l a
s o

th
er

 in
te

rn
at

io
na

l r
eg

ul
at

or
y 

au
th

or
iti

es
 su

ch
 a

s 
Eu

ro
pe

an
 C

he
m

ic
al

 A
ge

nc
y 

R
is

k 
A

ss
es

sm
en

t C
om

m
itt

ee
 (2

01
5)

, E
ur

op
ea

n 
Fo

od
 a

nd
 S

af
et

y 
A

ut
ho

rit
y 

(2
01

8)
, a

nd
 A

us
tra

lia
n 

Ex
pe

rt 
H

ea
lth

 P
an

el
 (2

01
8)

 a
ls

o 
co

ns
id

er
ed

 th
e 

liv
er

 w
ei

gh
t 

fin
di

ng
s i

n 
la

bo
ra

to
ry

 a
ni

m
al

 st
ud

ie
s w

ith
 P

FO
A

 (o
r o

th
er

 p
er

flu
or

oa
lk

yl
s)

 to
 b

e 
irr

el
ev

an
t 

fo
r h

um
an

 ri
sk

 a
ss

es
sm

en
ts

. 
 



3M
 C

om
m

en
ts

 
Au

gu
st

 2
0,

 2
01

8 

34
 

 

It 
sh

ou
ld

 b
e 

no
te

d 
th

at
, a

ce
ty

ls
al

ic
yl

ic
 a

ci
d 

(c
om

m
on

ly
 k

no
w

n 
as

 a
sp

iri
n)

, o
ne

 o
f t

he
 m

os
t 

co
m

m
on

 o
ve

r-
th

e-
co

un
te

r d
ru

gs
 u

se
d 

in
 th

e 
w

or
ld

, c
an

 a
ls

o 
el

ic
it 

in
cr

ea
se

d 
liv

er
 w

ei
gh

t i
n 

la
bo

ra
to

ry
 a

ni
m

al
s s

im
ila

r t
o 

th
e 

ob
se

rv
at

io
ns

 re
po

rte
d 

w
ith

 p
er

flu
or

oa
lk

yl
s 

in
 ro

de
nt

s 
(E

M
EA

, 1
99

9)
. 

 
F.

 
PF

O
S 

do
es

 n
ot

 c
au

se
 in

cr
ea

se
 in

 se
ru

m
 li

pi
d 

in
 la

bo
ra

to
ry

 a
ni

m
al

s. 
 It

 is
 in

co
rr

ec
t f

or
 

A
TS

D
R

 to
 c

on
cl

ud
e 

th
at

 “
in

cr
ea

se
s i

n 
se

ru
m

 li
pi

d”
 is

 a
 se

ns
iti

ve
 ta

rg
et

 a
ss

oc
ia

te
d 

w
ith

 
ex

po
su

re
 to

 P
FO

S.
  T

o 
th

e 
co

nt
ra

ry
, e

xp
os

ur
e 

to
 P

FO
S 

in
 la

bo
ra

to
ry

 a
ni

m
al

s h
as

 b
ee

n 
co

ns
is

te
nt

ly
 sh

ow
n 

to
 d

ec
re

as
e 

se
ru

m
 li

pi
ds

 (B
ut

en
ho

ff
 e

t a
l. 

20
12

a;
 C

ha
ng

 e
t a

l. 
20

17
; 

El
co

m
be

 e
t a

l. 
20

12
a;

 E
lc

om
be

 e
t a

l. 
20

12
b;

 S
ea

ca
t e

t a
l. 

20
03

; S
ea

ca
t e

t a
l. 

20
02

). 
 P

FO
S 

ha
s b

ee
n 

es
ta

bl
is

he
d 

as
 a

 h
yp

ol
ip

id
em

ic
 a

ge
nt

 in
 m

ec
ha

ni
st

ic
 st

ud
ie

s a
nd

 re
du

ct
io

n 
in

 se
ru

m
 

ch
ol

es
te

ro
l h

as
 b

ee
n 

sh
ow

n 
to

 b
e 

an
 e

ar
ly

 e
ff

ec
t r

el
at

ed
 to

 d
os

in
g 

w
ith

 P
FO

S 
in

 to
xi

co
lo

gi
ca

l 
st

ud
ie

s w
ith

 ro
de

nt
s a

nd
 p

rim
at

es
 (B

ijl
an

d 
et

 a
l.,

 2
01

1;
 E

lc
om

be
 e

t a
l.,

 2
01

2a
; S

ea
ca

t e
t a

l.,
 

20
02

, 2
00

3)
.  

Th
e 

hy
po

lip
id

em
ic

 a
ct

iv
ity

 o
f P

FO
S 

oc
cu

rs
 v

ia
 th

e 
ac

tiv
at

io
n 

of
 x

en
os

en
so

r 
nu

cl
ea

r r
ec

ep
to

rs
 p

er
ox

is
om

e 
pr

ol
ife

ra
to

r-
ac

tiv
at

ed
 re

ce
pt

or
 a

lp
ha

 (P
PA

R
α)

 a
nd

 p
re

gn
an

e 
X

 
re

ce
pt

or
, w

hi
ch

 c
an

 in
flu

en
ce

 fa
tty

 a
ci

d 
β-

ox
id

at
io

n 
an

d 
lip

id
 sy

nt
he

si
s (

B
ijl

an
d 

et
 a

l. 
20

11
; 

B
jo

rk
 e

t a
l. 

20
11

; E
lc

om
be

 e
t a

l. 
20

12
a;

 E
lc

om
be

 e
t a

l. 
20

12
b)

.  
M

ec
ha

ni
st

ic
 st

ud
y 

ha
s 

el
uc

id
at

ed
 h

ow
 P

FO
S 

m
od

ul
at

es
 th

e 
hy

po
lip

id
em

ic
 re

sp
on

se
s. 

  U
si

ng
 A

po
E*

3.
Le

id
en

.C
ET

P 
m

ic
e,

 a
 h

um
an

iz
ed

 m
od

el
 h

av
in

g 
at

te
nu

at
ed

 c
le

ar
an

ce
 o

f A
po

B
-c

on
ta

in
in

g 
lip

op
ro

te
in

 a
nd

 
ex

hi
bi

tin
g 

hu
m

an
-li

ke
 li

po
pr

ot
ei

n 
m

et
ab

ol
is

m
 o

n 
a 

W
es

te
rn

-ty
pe

 d
ie

t (
A

po
E*

3 
m

od
el

 p
ap

er
), 

B
ijl

an
d 

et
 a

l. 
(2

01
1)

 d
em

on
st

ra
te

d 
th

at
 h

ig
h 

di
et

ar
y 

do
se

s o
f P

FO
S 

re
su

lte
d 

in
 lo

w
er

 se
ru

m
 

ch
ol

es
te

ro
l b

y 
re

du
ci

ng
 V

LD
L 

pr
od

uc
tio

n 
w

ith
 e

nh
an

ce
d 

tri
gl

yc
er

id
e 

cl
ea

ra
nc

e 
(m

ed
ia

te
d 

by
 

lip
op

ro
te

in
 li

pa
se

) a
s w

el
l a

s d
ec

re
as

ed
 p

ro
du

ct
io

n 
of

 a
po

lip
op

ro
te

in
 B

. P
FO

S 
al

so
 a

ff
ec

te
d 

th
e 

ra
te

 o
f a

po
lip

op
ro

te
in

 A
1 

sy
nt

he
si

s w
hi

ch
 u

lti
m

at
el

y 
re

su
lte

d 
in

 th
e 

re
du

ct
io

n 
of

 
ci

rc
ul

at
in

g 
H

D
L.

  
 In

 a
 m

or
e 

re
ce

nt
 st

ud
y 

w
ith

 n
on

-h
um

an
 p

rim
at

es
, C

ha
ng

 e
t a

l. 
(2

01
7)

 c
on

fir
m

ed
 th

e 
po

te
nt

ia
l 

as
so

ci
at

io
ns

 b
et

w
ee

n 
se

ru
m

 P
FO

S 
an

d 
ch

an
ge

s i
n 

se
ru

m
 li

pi
d 

ov
er

 a
 p

er
io

d 
of

 m
or

e 
th

an
 1

 
ye

ar
.  

W
ith

 th
e 

hi
gh

es
t s

er
um

 P
FO

S 
ac

hi
ev

ed
 a

t a
pp

ro
xi

m
at

el
y 

16
5 

ug
/m

l, 
on

ly
 a

 sl
ig

ht
 

re
du

ct
io

n 
in

 se
ru

m
 c

ho
le

st
er

ol
 (p

rim
ar

ily
 th

e 
hi

gh
-d

en
si

ty
 li

po
pr

ot
ei

n 
fr

ac
tio

n)
, a

lth
ou

gh
 n

ot
 

to
xi

co
lo

gi
ca

lly
 si

gn
ifi

ca
nt

, w
as

 o
bs

er
ve

d 
an

d 
th

e 
co

rr
es

po
nd

in
g 

lo
w

er
-b

ou
nd

 fi
fth

 p
er

ce
nt

ile
 

be
nc

hm
ar

k 
co

nc
en

tra
tio

ns
 (B

M
C

L 1
sd

) w
er

e 
74

 a
nd

 7
6 

ug
/m

l f
or

 m
al

e 
an

d 
fe

m
al

e 
m

on
ke

ys
, 

re
sp

ec
tiv

el
y.

  
 Th

er
ef

or
e,

 th
er

e 
is

 n
o 

ev
id

en
ce

 to
 su

gg
es

t t
ha

t P
FO

S 
ca

us
es

 a
n 

in
cr

ea
se

 in
 se

ru
m

 li
pi

d.
 

 G
. 

Th
e 

ne
rv

ou
s s

ys
te

m
 is

 n
ot

 a
 p

rim
ar

y 
ta

rg
et

 o
rg

an
 in

 la
bo

ra
to

ry
 a

ni
m

al
s w

ith
 e

xp
os

ur
e 

to
 

PF
O

S.
  A

TS
D

R
 a

ls
o 

su
gg

es
ts

 th
at

 n
er

vo
us

 sy
st

em
 is

 a
 se

ns
iti

ve
 ta

rg
et

s w
ith

 e
xp

os
ur

e 
to

 
PF

O
S 

pe
r o

bs
er

va
tio

ns
 re

po
rte

d 
by

 B
ut

en
ho

ff
 e

t a
l. 

(2
00

9b
), 

th
is

 is
 in

co
rr

ec
t. 

   
 In

 B
ut

en
ho

ff
 e

t a
l. 

(2
00

9)
, t

he
 “

in
cr

ea
se

d 
m

ot
or

 a
ct

iv
ity

 a
nd

 d
ec

re
as

ed
 h

ab
itu

at
io

n”
 w

as
 

ob
se

rv
ed

 a
s a

 si
ng

le
, t

ra
ns

ie
nt

 o
bs

er
va

tio
n 

in
 m

al
e 

pu
ps

 fr
om

 1
.0

 m
g/

kg
-d

 m
at

er
na

l d
os

e 
gr

ou
p 

on
 p

os
tn

at
al

 d
ay

 (P
N

D
) 1

7.
  A

TS
D

R
 fa

ile
d 

to
 a

cc
ou

nt
 fo

r t
he

 la
ck

 o
f e

vi
de

nc
e 

fo
r 

de
ve

lo
pm

en
ta

l n
eu

ro
lo

gi
ca

l e
ff

ec
ts

 o
bs

er
ve

d 
in

 th
e 

st
ud

y 
as

 w
el

l a
s o

th
er

 c
or

ro
bo

ra
tin

g 
st

ud
ie

s. 
Th

e 
us

e 
of

 th
is

 si
ng

le
, t

ra
ns

ie
nt

 o
bs

er
va

tio
n 

as
 a

 c
rit

ic
al

 e
nd

po
in

t w
he

n 
m

or
e 

si
gn

ifi
ca

nt
 d

at
a 

ar
e 

av
ai

la
bl

e 
as

 p
ar

t o
f t

he
 sa

m
e 

st
ud

y 
(a

s w
el

l a
s o

th
er

 st
ud

ie
s m

en
tio

ne
d 



3M
 C

om
m

en
ts

 
Au

gu
st

 2
0,

 2
01

8 

35
 

 

be
lo

w
) t

ha
t d

em
on

st
ra

te
 n

or
m

al
 n

eu
ro

lo
gi

ca
l d

ev
el

op
m

en
t i

s a
t o

dd
s w

ith
 g

ui
da

nc
e 

fo
r d

at
a 

in
te

rp
re

ta
tio

n 
fo

r d
ev

el
op

m
en

ta
l n

eu
ro

to
xi

ci
ty

 st
ud

ie
s (

Fr
an

ci
s e

t a
l. 

19
90

; U
SE

PA
 

19
98

)T
he

se
 g

ui
de

lin
es

 st
at

e 
th

at
 a

 w
ei

gh
t o

f e
vi

de
nc

e 
ap

pr
oa

ch
 a

nd
 e

xp
er

t j
ud

gm
en

t s
ho

ul
d 

be
 u

se
d.

 It
 is

 e
vi

de
nt

 th
at

 th
is

 h
as

 n
ot

 b
ee

n 
th

e 
ca

se
 fo

r P
FO

S.
   

 
Lo

co
m

ot
or

 a
ct

iv
ity

 w
as

 o
ne

 o
f m

an
y 

de
ve

lo
pm

en
ta

l n
eu

ro
to

xi
co

lo
gi

ca
l e

nd
po

in
ts

 e
va

lu
at

ed
 

in
 th

e 
st

ud
y 

by
 B

ut
en

ho
ff

 e
t a

l. 
(2

00
9)

.  
W

hi
le

 h
ab

itu
at

io
n 

(a
 p

rim
iti

ve
 fo

rm
 o

f l
ea

rn
in

g)
 a

nd
 

hi
gh

er
 le

ar
ni

ng
 a

nd
 m

em
or

y 
w

er
e 

ev
al

ua
te

d 
in

 th
re

e 
ph

as
es

 o
f t

he
 B

ie
l m

az
e 

sw
im

m
in

g 
as

se
ss

m
en

t o
n 

PN
D

s 2
2 

th
ro

ug
h 

28
.  

Th
e 

tri
-p

ha
si

c 
B

ie
l m

az
e 

sw
im

m
in

g 
tri

al
 te

st
 p

ar
ad

ig
m

 
to

 e
va

lu
at

e 
le

ar
ni

ng
 a

nd
 m

em
or

y 
di

d 
no

t r
ev

ea
l a

n 
ef

fe
ct

 o
f P

FO
S 

on
 th

e 
st

ud
ie

d 
pa

ra
m

et
er

s 
in

 p
up

s (
20

 / 
se

x 
/ d

os
e 

gr
ou

ps
). 

 T
he

re
 w

er
e 

no
 o

th
er

 o
bs

er
va

tio
ns

 a
m

on
g 

th
e 

m
an

y 
re

co
rd

ed
 

th
at

 w
er

e 
su

gg
es

tiv
e 

of
 a

 n
eu

ro
to

xi
co

lo
gi

ca
l e

ff
ec

t o
f P

FO
S 

on
 d

ev
el

op
m

en
t t

hr
ou

gh
 th

e 
PN

D
 6

6 
ob

se
rv

at
io

n 
pe

rio
d.

  A
 fu

nc
tio

na
l o

bs
er

va
tio

n 
ba

tte
ry

 (F
O

B
) w

as
 p

er
fo

rm
ed

 w
ith

 th
e 

sa
m

e 
se

ts
 o

f 2
0 

ra
ts

 p
er

 se
x 

pe
r g

ro
up

 o
n 

PN
D

s 4
, 1

1,
 2

1,
 3

5,
 4

5,
 a

nd
 6

0;
 a

nd
 it

 in
cl

ud
ed

 
va

rio
us

 st
ag

es
 o

f d
ev

el
op

m
en

t p
er

m
itt

in
g:

 e
as

e 
of

 c
ag

e 
re

m
ov

al
; e

as
e 

of
 h

an
dl

in
g 

in
 h

an
d;

 
la

cr
im

at
io

n/
ch

ro
m

od
ac

ry
or

rh
ea

; s
al

iv
at

io
n;

 p
ilo

er
ec

tio
n;

 a
pp

ea
ra

nc
e 

of
 fu

r; 
pa

lp
eb

ra
l 

cl
os

ur
e;

 re
sp

ira
to

ry
 ra

te
/c

ha
ra

ct
er

; r
ed

, c
ru

st
y 

de
po

si
ts

; m
uc

ou
s m

em
br

an
es

/s
ki

n 
co

lo
r; 

ey
e 

pr
om

in
en

ce
; e

ye
 c

ol
or

; m
ob

ili
ty

; m
us

cl
e 

to
ne

; c
on

vu
ls

io
ns

/tr
em

or
s;

 h
in

dl
im

b 
ex

te
ns

io
n;

 
gr

oo
m

in
g;

 a
ro

us
al

; b
iz

ar
re

/s
te

re
ot

yp
ic

 b
eh

av
io

r; 
ur

in
at

io
n/

de
fe

ca
tio

n;
 p

up
ill

ar
y 

re
sp

on
se

; 
ba

ck
in

g;
 fo

re
lim

b/
hi

nd
lim

b 
gr

ip
 st

re
ng

th
; t

ai
l p

in
ch

 re
sp

on
se

; g
ai

t; 
an

d 
ai

r r
ig

ht
in

g.
  N

on
e 

of
 

th
es

e 
FO

B
 e

nd
po

in
ts

 w
as

 a
ff

ec
te

d 
by

 tr
ea

tm
en

t w
ith

 P
FO

S.
 

 
Th

e 
la

ck
 o

f a
n 

ef
fe

ct
 o

n 
le

ar
ni

ng
 a

nd
 m

em
or

y 
is

 a
ls

o 
su

pp
or

te
d 

by
 th

e 
re

su
lts

 o
f L

au
 e

t a
l. 

(2
00

3)
 a

nd
 L

ue
bk

er
 e

t a
l. 

(2
00

5a
). 

 In
 th

e 
st

ud
y 

by
 L

au
 e

t a
l.,

 P
N

D
 2

2 
ra

t p
up

s f
ro

m
 d

am
s 

gi
ve

n 
3.

0 
m

g/
kg

/d
 th

ro
ug

ho
ut

 g
es

ta
tio

n 
di

d 
no

t d
iff

er
 fr

om
 c

on
tro

ls
 w

he
n 

te
st

ed
 u

si
ng

 a
 T

-
m

az
e 

w
ith

 a
lte

rn
at

io
n.

  I
n 

th
e 

st
ud

y 
by

 L
ue

bk
er

 e
t a

l.,
 F

l-g
en

er
at

io
n 

pu
ps

 w
er

e 
te

st
ed

 fo
r 

le
ar

ni
ng

, s
ho

rt-
te

rm
 re

te
nt

io
n,

 a
nd

 m
em

or
y 

in
 a

 p
as

si
ve

 a
vo

id
an

ce
 p

ar
ad

ig
m

 b
eg

in
ni

ng
 o

n 
PN

D
 2

4,
 a

nd
, b

eg
in

ni
ng

 o
n 

ap
pr

ox
im

at
el

y 
PN

D
 7

0,
 w

er
e 

ev
al

ua
te

d 
in

 a
 w

at
er

-f
ill

ed
 M

-m
az

e 
fo

r n
eu

ro
m

us
cu

la
r c

oo
rd

in
at

io
n,

 sw
im

m
in

g 
ab

ili
ty

, l
ea

rn
in

g,
 a

nd
 m

em
or

y.
 N

o 
ef

fe
ct

s o
f 

tre
at

m
en

t w
er

e 
ob

se
rv

ed
. 

 H
. 

In
co

ns
is

te
nt

 im
m

un
e 

fin
di

ng
s i

n 
ro

de
nt

s w
hi

ch
 w

er
e 

co
nf

ou
nd

ed
 b

y 
sy

st
em

ic
 to

xi
ci

ty
.  

W
ith

 
ex

po
su

re
 to

 P
FO

S,
 A

TS
D

R
 a

ls
o 

co
nc

lu
de

d 
th

at
 im

m
un

ot
ox

ic
ity

 (a
s d

ec
re

as
ed

 a
nt

ib
od

y 
re

sp
on

se
s t

o 
va

cc
in

es
) i

s o
ne

 o
f t

he
 m

os
t s

en
si

tiv
e 

ta
rg

et
s. 

 S
im

ila
r t

o 
th

e 
di

sc
us

si
on

 w
ith

 
PF

O
A

, t
he

se
 a

re
 b

as
ed

 o
n 

th
e 

de
cr

ea
se

d 
an

tig
en

-s
pe

ci
fic

 a
nt

ib
od

y 
re

sp
on

se
s i

n 
m

ic
e 

w
he

re
 

PF
O

S 
su

pp
re

ss
ed

 T
 c

el
l-d

ep
en

de
nt

 Ig
M

 a
nt

ib
od

y 
re

sp
on

se
 (T

D
A

R
) b

ut
 n

ot
 th

e 
se

co
nd

ar
y 

Ig
G

 re
sp

on
se

 (D
on

g 
et

 a
l. 

20
11

; D
on

g 
et

 a
l. 

20
09

; G
ur

ug
e 

et
 a

l. 
20

09
; P

ed
en

-A
da

m
s e

t a
l. 

20
08

). 
 A

 k
ey

 p
rin

ci
pl

e 
in

 c
on

du
ct

in
g 

a 
ro

bu
st

 im
m

un
ot

ox
ic

ity
 st

ud
y 

is
 to

 a
vo

id
 / 

m
in

im
iz

e 
sy

st
em

ic
 to

xi
ci

ty
, i

nc
lu

di
ng

 b
od

y 
w

ei
gh

t l
os

s. 
  

 To
xi

co
lo

gi
ca

l s
tu

di
es

 c
ite

d 
by

 A
TS

D
R

 fo
r r

ed
uc

ed
 im

m
un

e 
fin

di
ng

s a
re

 c
on

fo
un

de
d 

by
 o

ve
rt 

to
xi

ci
ty

 a
nd

 sh
ou

ld
 n

ot
 b

e 
in

cl
ud

ed
 in

 th
e 

in
te

rp
re

ta
tio

n 
of

 im
m

un
e 

fin
di

ng
s. 

 F
or

 e
xa

m
pl

e,
 in

 
th

e 
st

ud
ie

s b
y 

D
on

g 
et

 a
l. 

(2
00

9;
 2

01
1)

, e
xp

os
ur

e 
to

 P
FO

S 
ha

s a
ls

o 
be

en
 a

ss
oc

ia
te

d 
w

ith
 

su
pp

re
ss

io
n 

of
 N

K
 c

el
l a

ct
iv

ity
, a

 d
os

e-
de

pe
nd

en
t d

ec
re

as
e 

in
 Ig

M
 P

FC
 re

sp
on

se
s, 

bu
t n

o 
ev

id
en

ce
 in

 Ig
G

 su
pp

re
ss

io
n 

w
er

e 
no

te
d.

  I
t i

s i
m

po
rta

nt
 to

 n
ot

e 
th

at
 th

e 
re

po
rte

d 
su

pp
re

ss
io

ns
 w

ith
 e

xp
os

ur
es

 to
 P

FO
S 

ap
pe

ar
ed

 to
 b

e 
a 

hi
gh

 d
os

e 
ph

en
om

en
on

 w
he

re
 



3M
 C

om
m

en
ts

 
Au

gu
st

 2
0,

 2
01

8 

36
 

 

sy
st

em
ic

 e
ff

ec
ts

 (i
.e

., 
bo

dy
 w

ei
gh

t r
ed

uc
tio

n)
 w

er
e 

pr
es

en
t. 

 T
hi

s c
on

fo
un

de
d 

th
e 

ov
er

al
l 

st
ud

y 
in

te
rp

re
ta

tio
n 

in
 th

e 
im

m
un

ot
ox

ic
ity

 st
ud

ie
s b

ec
au

se
 re

du
ce

d 
bo

dy
 w

ei
gh

t a
s w

el
l a

s 
in

cr
ea

se
d 

co
rti

co
st

er
on

e 
se

ru
m

 le
ve

ls
 w

er
e 

kn
ow

n 
im

m
un

os
up

pr
es

si
ve

 fa
ct

or
s. 

 T
he

 d
at

a 
pr

es
en

te
d 

by
 D

on
g 

et
 a

l. 
al

so
 la

ck
ed

 sc
ie

nt
ifi

c 
va

lid
ity

 to
 su

pp
or

t t
he

 c
on

cl
us

io
n 

th
at

 P
FO

S 
su

pp
re

ss
es

 im
m

un
e 

re
sp

on
se

s. 
 C

on
co

rd
an

ce
 b

et
w

ee
n 

se
ve

ra
l k

ey
 im

m
un

e 
pa

ra
m

et
er

s s
ho

ul
d 

be
 sy

st
em

at
ic

al
ly

 il
lu

st
ra

te
d 

in
 th

es
e 

im
m

un
ot

ox
ic

ity
 st

ud
ie

s. 
 A

ga
in

, u
si

ng
 th

e 
st

ud
y 

by
 

D
on

g 
et

 a
l. 

(2
00

9)
 a

s a
n 

ex
am

pl
e,

 th
ey

 d
id

 n
ot

 p
ro

pe
rly

 a
dd

re
ss

 th
e 

fo
llo

w
in

g:
 

 1.
 

It 
is

 w
el

l k
no

w
n 

th
at

 b
od

y 
w

ei
gh

t p
la

ys
 a

 c
rit

ic
al

 ro
le

 in
 st

ud
yi

ng
 im

m
un

e 
re

sp
on

se
 a

nd
 

an
y 

fa
ct

or
s t

ha
t c

an
 in

flu
en

ce
 b

od
y 

w
ei

gh
t w

ill
 li

ke
ly

 in
di

re
ct

ly
 a

ff
ec

t i
m

m
un

e 
re

sp
on

se
s. 

 
A

lth
ou

gh
 D

on
g 

et
 a

l. 
cl

ai
m

ed
 th

at
 b

od
y 

w
ei

gh
t w

as
 n

ot
 a

ff
ec

te
d 

in
 th

e 
fir

st
 tw

o 
lo

w
er

 
do

se
 g

ro
up

s (
0.

5 
an

d 
5 

m
g/

kg
 T

A
D

), 
in

 lo
ok

in
g 

at
 T

ab
le

 1
 in

 th
e 

D
on

g 
et

 a
l. 

pa
pe

r, 
th

er
e 

ap
pe

ar
ed

 to
 b

e 
a 

di
ff

er
en

ce
 in

 m
ea

n 
bo

dy
 w

ei
gh

t c
ha

ng
e 

be
tw

ee
n 

th
e 

co
nt

ro
l g

ro
up

 (3
.1

0)
 

an
d 

th
e 

0.
5 

m
g/

kg
 g

ro
up

 (2
.5

8)
.  

B
y 

ta
ki

ng
 th

e 
su

m
m

ar
y 

da
ta

 fo
r e

ac
h 

tre
at

m
en

t g
ro

up
 to

 
re

pl
ic

at
e 

th
e 

A
N

O
V

A
 a

nd
 D

un
ne

tt’
s t

 te
st

s b
y 

co
m

pu
tin

g 
1-

si
de

d 
cr

iti
ca

l v
al

ue
s f

or
 

D
un

ne
tt’

s t
es

t, 
th

e 
fin

al
 b

od
y 

w
ei

gh
ts

 in
 th

e 
0.

5 
m

g/
kg

 tr
ea

tm
en

t g
ro

up
 w

er
e 

si
gn

ifi
ca

nt
ly

 
lo

w
er

 th
an

 th
e 

co
nt

ro
l g

ro
up

 a
t α

=0
.1

0 
(0

.0
5 

< 
p 

< 
0.

10
). 

  
 

2.
 

It 
is

 a
ls

o 
w

el
l k

no
w

n 
th

at
 th

e 
an

tib
od

y 
tit

er
s t

o 
va

cc
in

at
io

ns
 a

re
 se

co
nd

ar
y 

Ig
G

 a
nt

ib
od

y 
is

ot
yp

e.
  T

he
 st

ud
y 

da
ta

 re
po

rte
d 

by
 D

on
g 

et
 a

l. 
(a

s w
el

l a
s o

th
er

s)
 w

as
 th

e 
pr

im
ar

y 
Ig

M
 

an
tib

od
y 

re
sp

on
se

 o
nl

y,
 w

hi
ch

 d
id

 n
ot

 re
fle

ct
 w

ha
t t

he
 st

at
us

 o
f t

he
 se

co
nd

ar
y 

(m
em

or
y)

 
Ig

G
 a

nt
ib

od
y 

w
as

. 
 

3.
 

It 
is

 im
po

rta
nt

 to
 e

m
ph

as
iz

e 
th

at
, n

ot
 o

nl
y 

w
as

 th
e 

se
co

nd
ar

y 
Ig

G
 re

sp
on

se
 n

ot
 m

ea
su

re
d 

by
 D

on
g 

et
 a

l, 
it 

w
as

 n
ot

 a
pp

ro
pr

ia
te

ly
 in

du
ce

d 
to

 e
lic

it 
a 

bo
na

 fi
de

 m
em

or
y 

re
sp

on
se

 a
s 

an
tig

en
 w

as
 c

ha
lle

ng
ed

 o
nl

y 
on

ce
 in

 th
e 

st
ud

y.
 

 
4.

 
A

s a
n 

ex
te

ns
io

n 
fr

om
 a

bo
ve

, D
on

g 
et

 a
l. 

di
d 

no
t e

va
lu

at
e 

th
e 

pr
od

uc
tio

n 
of

 o
th

er
 

im
m

un
og

lo
bu

lin
 is

ot
yp

es
 a

nd
 th

ey
 d

id
 n

ot
 ta

ke
 th

e 
tim

e-
ba

se
d 

pr
og

re
ss

io
n 

of
 Ig

M
 

 Ig
G

 
an

tib
od

y 
cl

as
s s

w
itc

hi
ng

 in
to

 c
on

si
de

ra
tio

n.
  T

he
 n

or
m

al
 p

ro
gr

es
si

on
 o

f a
nt

ib
od

y 
de

ve
lo

pm
en

t i
nv

ol
ve

s t
he

 Ig
M

 p
ro

du
ct

io
n 

by
 B

 c
el

ls
 fi

rs
t a

s p
rim

ar
y 

im
m

un
e 

re
sp

on
se

.  
Th

e 
B

 c
el

ls
 w

ill
 su

bs
eq

ue
nt

ly
 p

ro
lif

er
at

e 
an

d 
be

co
m

e 
ac

tiv
at

ed
 w

he
n 

fu
rth

er
 c

ha
lle

ng
ed

 
by

 a
nt

ig
en

, w
hi

ch
, u

lti
m

at
el

y 
le

ad
s t

o 
an

tib
od

y 
cl

as
s s

w
itc

hi
ng

 to
 p

ro
du

ce
 Ig

G
, w

hi
ch

 is
 

th
e 

cl
in

ic
al

 m
ea

su
re

m
en

t f
or

 th
e 

as
se

ss
m

en
t o

f a
nt

ib
od

y 
tit

er
.  

 
 

5.
 

W
hi

le
 D

on
g 

et
 a

l. 
cl

ai
m

ed
 th

at
 th

e 
an

tib
od

y 
re

sp
on

se
 w

as
 re

du
ce

d 
ba

se
d 

on
 Ig

M
 P

FC
R

 
da

ta
; t

he
 Ig

M
 P

FC
R

 a
ct

iv
ity

 w
as

 o
nl

y 
ev

al
ua

te
d 

in
 sp

le
en

 c
el

ls
 o

nl
y.

  T
he

 a
ut

ho
rs

 sh
ou

ld
 

ha
ve

 a
ls

o 
lo

ok
ed

 a
t t

hy
m

us
 a

nd
 se

ru
m

 fo
r I

gM
 le

ve
ls

 to
 il

lu
st

ra
te

 th
at

 th
e 

re
sp

on
se

s a
re

 
co

ns
is

te
nt

. 
 

6.
 

B
y 

w
ay

 o
f s

im
ila

r r
at

io
na

le
 li

st
ed

 in
 p

oi
nt

 #
3,

 D
on

g 
et

 a
l. 

sh
ou

ld
 h

av
e 

lo
ok

ed
 a

t I
gG

 in
 

ad
di

tio
n 

to
 Ig

M
, a

s w
el

l a
s e

va
lu

at
ed

 Ig
G

 le
ve

ls
 in

 th
ym

us
 a

nd
 se

ru
m

. 
 

7.
 

W
hi

le
 th

e 
im

m
un

e 
ce

ll 
po

pu
la

tio
ns

 w
er

e 
re

po
rte

d 
by

 D
on

g 
et

 a
l. 

in
 sp

le
en

 a
nd

 th
ym

us
, 

th
ey

 d
id

 n
ot

 lo
ok

 a
t t

he
se

 c
el

l p
op

ul
at

io
ns

 in
 a

no
th

er
 k

ey
 im

m
un

e 
or

ga
n:

 b
on

e 
m

ar
ro

w
.  

Th
at

 w
as

 a
 m

aj
or

 o
m

is
si

on
 b

y 
th

e 
st

ud
y 

au
th

or
s. 



3M
 C

om
m

en
ts

 
Au

gu
st

 2
0,

 2
01

8 

37
 

  
8.

 
W

hi
le

 D
on

g 
et

 a
l. 

re
po

rte
d 

N
K

 c
el

l a
ct

iv
ity

 in
 th

ei
r s

tu
dy

 fo
r t

he
 sp

le
en

, t
he

y 
di

d 
no

t 
ex

am
in

e 
th

e 
th

ym
us

.  
 

 
9.

 
Th

e 
LD

H
 a

ss
ay

 is
 n

ot
 a

 st
an

da
rd

 a
ss

ay
 u

se
d 

to
 a

ss
es

s N
K

 c
el

l a
ct

iv
ity

 a
nd

 th
e 

LD
H

 
va

lu
es

 re
po

rte
d 

by
 D

on
g 

et
 a

l. 
sh

ou
ld

 n
ot

 b
e 

in
te

rp
re

te
d 

as
 N

K
 c

el
l a

ct
iv

ity
 d

at
a.

  L
D

H
 

m
ea

su
re

m
en

t i
s a

ss
oc

ia
te

d 
w

ith
 c

el
l m

em
br

an
e 

in
te

gr
ity

 a
nd

 it
 is

 a
 n

on
-s

pe
ci

fic
 a

ss
ay

.  
Th

e 
st

an
da

rd
 a

ss
ay

 fo
r N

K
 c

el
l a

ct
iv

ity
 is

 fl
ow

 c
yt

om
et

ry
, w

hi
ch

 D
on

g 
et

 a
l. 

di
d 

no
t 

pe
rf

or
m

. 
 

10
. D

on
g 

et
 a

l. 
re

po
rte

d 
a 

ne
ga

tiv
e 

ef
fe

ct
 o

f P
FO

S 
an

d 
th

e 
sp

le
ni

c 
ly

m
ph

oc
yt

e 
pr

ol
ife

ra
tio

n 
as

 a
 w

ay
 o

f d
em

on
st

ra
tin

g 
th

at
 th

e 
im

m
un

e 
ce

lls
 w

er
e 

no
t “

pr
ol

ife
ra

tin
g”

 u
po

n 
ch

al
le

ng
e.

  
H

ow
ev

er
, t

he
 sp

ec
ifi

c 
pr

ob
le

m
 w

ith
 th

is
 p

ie
ce

 o
f d

at
a 

is
 th

at
 M

TT
 a

ss
ay

 is
 n

ot
 a

 
m

ea
su

re
m

en
t o

f c
el

l p
ro

lif
er

at
io

n.
  I

t i
s s

im
pl

y 
an

 in
di

ca
to

r o
f c

el
l’s

 m
ito

ch
on

dr
ia

l 
re

sp
ira

tio
n 

st
at

e 
an

d 
it 

do
es

 n
ot

 re
fle

ct
 a

ny
 p

ro
lif

er
at

iv
e 

re
sp

on
se

s a
t a

ll.
  T

he
 st

an
da

rd
 

as
sa

y 
fo

r c
el

l p
ro

lif
er

at
io

n 
w

ou
ld

 b
e 

so
m

et
hi

ng
 li

ke
 B

rD
U

 a
ss

ay
, w

hi
ch

 w
as

 n
ot

 
ev

al
ua

te
d 

by
 D

on
g 

et
 a

l. 
 

11
. T

he
 a

nt
ig

en
 c

ha
lle

ng
e 

su
bs

ta
nc

e 
us

ed
 b

y 
D

on
g 

et
 a

l. 
w

as
 sh

ee
p 

re
d 

bl
oo

d 
ce

ll 
(S

R
B

C
) 

an
d 

in
 th

e 
fie

ld
 o

f i
m

m
un

ol
og

y,
 re

sp
on

se
s f

ro
m

 S
R

B
C

 c
ha

lle
ng

e 
ar

e 
ve

ry
 c

ru
de

 a
nd

 n
on

-
sp

ec
ifi

c 
to

 T
 c

el
l a

ct
iv

at
io

n.
  T

he
re

 a
re

 m
an

y 
T-

ce
ll 

de
pe

nd
en

t a
nt

ig
en

s a
va

ila
bl

e 
fo

r u
se

 
in

 th
e 

im
m

un
ol

og
y 

re
se

ar
ch

 (i
.e

., 
ov

al
bu

m
in

) a
nd

 D
on

g 
et

 a
l. 

fa
ile

d 
to

 re
co

gn
iz

e 
th

is
. 

 
12

. N
o 

in
fo

rm
at

io
n 

on
 b

lo
od

 ly
m

ph
oc

yt
e 

co
un

ts
 w

as
 p

ro
vi

de
d 

(p
ar

t o
f t

he
 st

an
da

rd
 C

B
C

 
pa

ne
l p

ar
am

et
er

s)
. 

 
13

. N
o 

hi
st

ol
og

ic
al

 e
vi

de
nc

e 
fo

r t
hy

m
us

, s
pl

ee
n,

 o
r b

on
e 

m
ar

ro
w

 w
as

 p
ro

vi
de

d.
 

 
14

. D
on

g 
et

 a
l. 

on
ly

 e
va

lu
at

ed
 m

al
e 

m
ic

e;
 th

ey
 sh

ou
ld

 h
av

e 
al

so
 lo

ok
ed

 a
t f

em
al

e 
m

ic
e 

to
 

ru
le

 o
ut

 a
ny

 g
en

de
r-

sp
ec

ifi
c 

di
ff

er
en

ce
 in

 th
e 

im
m

un
e 

re
sp

on
se

. 
 

A
s d

is
cu

ss
ed

 a
bo

ve
, a

nt
ib

od
y 

re
sp

on
se

 is
 Ig

G
 is

ot
yp

e,
 n

ot
 Ig

M
.  

If 
PF

O
S 

w
as

 tr
ul

y 
an

 
im

m
un

os
up

pr
es

si
ng

 a
ge

nt
, o

ne
 w

ou
ld

 e
xp

ec
t s

im
ila

r s
up

pr
es

si
ve

 im
m

un
e 

re
sp

on
se

s t
o 

be
 

ob
se

rv
ed

 in
 m

aj
or

 k
ey

 o
rg

an
s s

uc
h 

as
 d

ec
re

as
ed

 Ig
M

 a
nd

 Ig
G

 in
 sp

le
en

, t
hy

m
us

, a
nd

 se
ru

m
 

co
nc

ur
re

nt
ly

.  
D

on
g 

et
 a

l. 
ev

al
ua

te
d 

Ig
M

 in
 sp

le
en

 o
nl

y 
bu

t d
id

 n
ot

 p
ro

vi
de

 a
ny

 c
on

cu
rr

en
t 

Ig
M

 st
at

us
 in

 o
th

er
 k

ey
 o

rg
an

s s
uc

h 
as

 th
ym

us
 o

r s
er

um
.  

A
s a

n 
im

m
un

os
up

pr
es

si
ng

 a
ge

nt
, 

on
e 

w
ou

ld
 e

xp
ec

t d
ec

re
as

ed
 im

m
un

e 
ce

ll 
po

pu
la

tio
ns

 in
 sp

le
en

, t
hy

m
us

, b
lo

od
, a

nd
 b

on
e 

m
ar

ro
w

 a
nd

 D
on

g 
et

 a
l. 

on
ly

 lo
ok

ed
 a

t s
pl

ee
n 

an
d 

th
ym

us
.  

A
s a

n 
im

m
un

os
up

pr
es

si
ng

 a
ge

nt
, 

on
e 

w
ou

ld
 e

xp
ec

t d
ec

re
as

ed
 p

ro
lif

er
at

io
n 

in
 im

m
un

e 
ce

lls
 a

nd
 D

on
g 

et
 a

l. 
di

d 
no

t u
se

 th
e 

co
rr

ec
t m

et
ho

ds
 to

 e
va

lu
at

e 
th

es
e 

re
sp

on
se

s. 
 If

 o
ne

 is
 to

 re
ly

 o
n 

D
on

g 
et

 a
l. 

da
ta

 a
s t

he
 b

as
is

 
fo

r t
he

ir 
ev

al
ua

tio
n,

 th
ey

 n
ee

d 
to

 ju
st

ify
 w

hy
, w

he
n 

co
m

pa
re

d 
to

 th
e 

co
nc

ur
re

nt
 c

on
tro

l w
ith

 
an

 o
ve

ra
ll 

bo
dy

 w
ei

gh
t g

ai
n 

of
 3

. 1
 g

 o
ve

r 6
0-

da
y 

do
si

ng
 p

er
io

d,
 a

 si
gn

ifi
ca

nt
 lo

w
er

 o
ve

ra
ll 

bo
dy

 w
ei

gh
t-g

ai
n 

of
 2

.5
8 

g 
in

 th
e 

lo
w

es
t d

os
e 

gr
ou

p 
m

ic
e 

(0
.5

 m
g/

kg
/ T

A
D

) d
id

 n
ot

 
co

nf
ou

nd
 th

e 
im

m
un

ol
og

ic
al

 re
sp

on
se

s r
ep

or
te

d.
   

 



3M
 C

om
m

en
ts

 
Au

gu
st

 2
0,

 2
01

8 

38
 

 

Pe
de

n-
A

da
m

s e
t a

l. 
(2

00
8)

 re
po

rte
d 

in
cr

ea
se

d 
ly

m
ph

at
ic

 N
K

 c
el

l a
ct

iv
ity

 w
as

 se
en

 in
 m

al
e 

B
6C

3F
1 

m
ic

e 
bu

t n
ot

 fe
m

al
es

; h
ow

ev
er

, N
K

 c
el

l a
ct

iv
ity

 w
as

 n
ot

 m
ea

su
re

d 
in

 o
th

er
 k

ey
 

im
m

un
e 

or
ga

ns
 su

ch
 a

s s
pl

ee
n,

 th
ym

us
, o

r s
er

um
.  

Th
ey

 a
ls

o 
re

po
rte

d 
su

pp
re

ss
io

n 
of

 Ig
M

 b
ut

 
di

d 
no

t e
va

lu
at

e 
Ig

G
.  

Th
e 

st
ud

y 
by

 G
ur

ug
e 

et
 a

l. 
(2

00
9)

 re
po

rte
d 

th
at

 e
xp

os
ur

e 
to

 P
FO

S 
w

as
 

as
so

ci
at

ed
 w

ith
 re

du
ce

d 
ab

ili
ty

 o
f a

ni
m

al
s t

o 
re

sp
on

d 
to

 in
fe

ct
io

us
 d

is
ea

se
, w

hi
ch

 w
as

 b
as

ed
 

on
 th

e 
re

si
st

an
ce

 o
f f

em
al

e 
B6

C
3F

1 
m

ic
e 

to
 in

flu
en

za
 v

iru
s A

/P
R

/8
/3

4 
(H

1N
1)

 a
fte

r 
ex

po
su

re
 to

 P
FO

S.
  H

ow
ev

er
, t

he
 st

ud
y 

w
as

 c
on

fo
un

de
d 

by
 m

or
ta

lit
y.

   
 C

ol
le

ct
iv

el
y,

 th
es

e 
st

ud
ie

s c
an

no
t b

e 
co

nc
lu

si
ve

ly
 in

te
rp

re
te

d 
as

 d
em

on
st

ra
tin

g 
an

 e
ff

ec
t o

f 
PF

O
S 

on
 im

m
un

e 
fu

nc
tio

ns
 a

nd
 th

er
e 

is
 n

o 
ro

bu
st

 sc
ie

nt
ifi

c 
ev

id
en

ce
 to

 su
pp

or
t t

he
 c

la
im

 
th

at
 P

FO
S 

is
 a

ss
oc

ia
te

d 
w

ith
 im

m
un

e 
su

pp
re

ss
io

n 
in

 m
ic

e.
   

 O
n 

pa
ge

 A
-4

4 
of

 th
e 

dr
af

t T
ox

ic
ol

og
ic

al
 P

ro
fil

e 
(f

or
 P

FO
S 

M
R

L)
, c

on
tra

ry
 to

 w
ha

t A
TS

D
R

 
st

at
ed

 th
at

 “
Im

m
un

e 
fu

nc
tio

n 
w

as
 n

ot
 e

xa
m

in
ed

 fo
llo

w
in

g 
ch

ro
ni

c-
du

ra
tio

n 
or

al
 e

xp
os

ur
e 

in
 

la
bo

ra
to

ry
 a

ni
m

al
 st

ud
ie

s”
, i

t s
ho

ul
d 

be
 n

ot
ed

 th
at

 th
e 

pr
im

ar
y 

im
m

un
e 

or
ga

ns
 w

er
e 

ev
al

ua
te

d 
m

ic
ro

sc
op

ic
al

ly
 in

 ra
ts

 a
fte

r 2
 y

ea
rs

 o
f d

ie
ta

ry
 tr

ea
tm

en
t c

on
ta

in
in

g 
po

ta
ss

iu
m

 
PF

O
S 

(B
ut

en
ho

ff
 e

t a
l. 

20
12

a)
.  

In
 th

is
 st

ud
y,

 re
pr

es
en

ta
tiv

e 
pr

im
ar

y 
im

m
un

e 
or

ga
ns

 w
er

e 
co

lle
ct

ed
 (f

em
ur

 w
ith

 b
on

e 
m

ar
ro

w
, l

ym
ph

 n
od

e 
(m

es
en

te
ric

), 
sp

in
al

 c
or

d 
(c

er
vi

ca
l, 

th
or

ac
ic

, 
an

d 
lu

m
ba

r)
; s

pl
ee

n;
 st

er
nu

m
 w

ith
 b

on
e 

m
ar

ro
w

, a
nd

 th
ym

us
) a

nd
 e

va
lu

at
ed

 m
ic

ro
sc

op
ic

al
ly

 
by

 a
 b

oa
rd

-c
er

tif
ie

d 
ve

te
rin

ar
y 

pa
th

ol
og

is
t a

t t
he

 e
nd

 o
f a

 2
-y

ea
r p

er
io

d.
  T

he
re

 w
er

e 
no

 
st

at
is

tic
al

ly
 si

gn
ifi

ca
nt

 fi
nd

in
gs

 (n
eo

pl
as

tic
 o

r n
on

-n
eo

pl
as

tic
) f

or
 th

es
e 

im
m

un
e 

or
ga

ns
 in

 
ei

th
er

 m
al

e 
or

 fe
m

al
e 

ra
ts

 fe
d 

po
ta

ss
iu

m
 P

FO
S 

in
 d

ie
t w

he
n 

co
m

pa
re

d 
w

ith
 re

sp
ec

tiv
e 

co
nt

ro
l 

gr
ou

p 
ra

ts
. T

hi
s i

s i
m

po
rta

nt
 b

ec
au

se
 it

 d
em

on
st

ra
te

d 
th

e 
ab

se
nc

e 
of

 a
 d

ire
ct

 e
ff

ec
t o

n 
pr

im
ar

y 
im

m
un

e 
or

ga
ns

 w
ith

 c
hr

on
ic

 P
FO

S 
ex

po
su

re
s i

n 
th

e 
ra

ts
.  

In
 a

dd
iti

on
, P

FO
S-

tre
at

ed
 

ra
ts

 h
ad

 si
m

ila
r o

r h
ig

he
r p

er
ce

nt
 su

rv
iv

al
 c

om
pa

re
d 

to
 c

on
tro

ls
, w

hi
ch

 is
 c

on
tra

ry
 to

 c
hr

on
ic

 
im

m
un

os
up

pr
es

si
on

-m
ed

ia
te

d 
to

xi
ci

ty
 su

ch
 a

s c
yc

lo
sp

or
in

 (a
 k

no
w

n 
im

m
un

os
up

pr
es

sa
nt

) 
th

at
 u

lti
m

at
el

y 
re

su
lte

d 
in

 in
cr

ea
se

d 
m

or
ta

lit
y 

in
 ra

ts
 (R

yf
fe

l a
nd

 M
ih

at
sc

h 
19

86
). 

   
 

 
I. 

In
co

nc
lu

si
ve

 im
m

un
e 

fin
di

ng
s i

n 
hu

m
an

 e
pi

de
m

io
lo

gi
ca

l d
at

a.
  W

hi
le

 A
TS

D
R

 c
on

cl
ud

ed
 

th
at

 su
ch

 fi
nd

in
gs

 in
 ro

de
nt

s w
er

e 
co

ns
is

te
nt

 w
ith

 h
um

an
 e

pi
de

m
io

lo
gy

 st
ud

ie
s w

ith
 re

ga
rd

s 
to

 v
ac

ci
ne

 re
sp

on
se

s (
se

e 
ep

id
em

io
lo

gy
 d

is
cu

ss
io

n 
ab

ov
e)

, i
t i

s i
m

po
rta

nt
 to

 re
co

gn
iz

e 
th

at
 

th
e 

hu
m

or
al

 im
m

un
e 

re
sp

on
se

 to
 v

ac
ci

na
tio

ns
, a

s m
ea

su
re

d 
in

 th
e 

hu
m

an
 e

pi
de

m
io

lo
gy

 
st

ud
ie

s, 
is

 m
ai

nl
y 

a 
se

co
nd

ar
y 

Ig
G

 m
em

or
y 

re
sp

on
se

, n
ot

 Ig
M

.  
W

hi
le

 su
pp

re
ss

io
n 

of
 th

e 
Ig

M
 re

sp
on

se
 b

y 
PF

O
S 

w
as

 d
em

on
st

ra
te

d 
in

 se
ve

ra
l a

ni
m

al
 st

ud
ie

s w
he

re
 a

dm
in

is
te

re
d 

do
se

s 
al

so
 in

du
ce

d 
si

gn
s o

f o
ve

rt 
to

xi
ci

ty
 (i

.e
., 

re
du

ct
io

ns
 in

 b
od

y 
an

d 
ly

m
ph

oi
d 

or
ga

n 
w

ei
gh

t),
 it

 is
 

di
ff

ic
ul

t t
o 

in
te

rp
re

t w
hy

 th
e 

pr
im

ar
y 

Ig
M

 re
sp

on
se

 w
as

 su
pp

re
ss

ed
 in

 m
ic

e 
by

 P
FO

S 
an

d 
ye

t 
th

e 
se

co
nd

ar
y 

re
sp

on
se

 w
as

 e
ith

er
 n

ot
 a

ff
ec

te
d 

or
 e

nh
an

ce
d.

  C
ol

le
ct

iv
el

y,
 th

e 
af

or
em

en
tio

ne
d 

st
ud

ie
s s

ug
ge

st
 th

at
 P

FO
S 

im
pa

irs
 im

m
un

e 
ce

ll 
ac

tiv
ity

 in
 la

bo
ra

to
ry

 a
ni

m
al

s 
at

 v
er

y 
hi

gh
 d

os
es

 w
hi

ch
 m

ay
 b

e 
m

ed
ia

te
d 

in
 p

ar
t b

y 
ov

er
t t

ox
ic

ity
 a

s s
ug

ge
st

ed
 b

y 
in

cr
ea

se
d 

co
rti

co
st

er
on

e 
se

ru
m

 le
ve

ls
, d

ec
re

as
ed

 b
od

y 
an

d 
ly

m
ph

oi
d 

or
ga

n 
w

ei
gh

ts
 a

nd
 d

ec
re

as
ed

 
ly

m
ph

oi
d 

tis
su

e 
ce

llu
la

rit
y.

  T
he

 a
ni

m
al

 st
ud

ie
s d

o 
no

t s
up

po
rt 

th
at

 P
FO

S 
su

pp
re

ss
es

 im
m

un
e 

ce
ll 

ac
tiv

ity
 in

 th
e 

ab
se

nc
e 

of
 o

ve
rt 

to
xi

ci
ty

.  
 

 J. 
Se

ru
m

 P
FO

S 
co

nc
en

tra
tio

ns
 in

 p
up

s s
ho

ul
d 

be
 c

on
si

de
re

d 
fo

r P
O

D
 b

ec
au

se
 c

rit
ic

al
 e

ff
ec

ts
 

ch
os

en
 b

y 
A

TS
D

R
 w

er
e 

ba
se

d 
on

 (d
ev

el
op

in
g)

 p
up

s. 
 A

TS
D

R
 se

le
ct

ed
 a

 ra
t 2

-g
en

er
at

io
n 

st
ud

y 
(L

ue
bk

er
 e

t a
l. 

20
05

a)
 fo

r t
he

 p
oi

nt
-o

f-
de

pa
rtu

re
 to

 d
er

iv
e 

th
e 

M
R

L 
va

lu
e 

fo
r P

FO
S 



3M
 C

om
m

en
ts

 
Au

gu
st

 2
0,

 2
01

8 

39
 

 

(e
nd

po
in

ts
 w

er
e 

de
cr

ea
se

d 
pu

p 
bo

dy
w

ei
gh

t a
nd

 d
el

ay
ed

 e
ye

 o
pe

ni
ng

 in
 o

ff
sp

rin
g 

of
 S

D
 ra

ts
). 

 
Si

m
ila

r t
o 

PF
O

A
, t

he
 st

ud
y 

ch
os

en
 b

y 
A

TS
D

R
 fo

r t
he

 P
FO

S 
PO

D
 e

xa
m

in
ed

 d
ev

el
op

m
en

ta
l 

en
dp

oi
nt

s t
ha

t w
er

e 
m

ea
su

re
d 

in
 o

ff
sp

rin
g,

 w
hi

ch
 a

re
 u

se
d 

as
 th

e 
ba

si
s f

or
 th

e 
M

R
L.

  I
n 

or
de

r 
to

 e
st

im
at

e 
st

ea
dy

-s
ta

te
 p

la
sm

a 
co

nc
en

tra
tio

ns
 o

f P
FO

S,
 A

TS
D

R
 u

se
d 

th
e 

W
am

ba
ug

h 
m

od
el

 
fo

r P
FO

S,
 w

hi
ch

 is
 p

ar
am

et
er

iz
ed

 fo
r a

du
lt 

an
im

al
s a

nd
 c

an
no

t b
e 

us
ed

 to
 p

re
di

ct
 

co
nc

en
tra

tio
ns

 in
 fe

tu
se

s o
r p

up
s. 

 T
hi

s m
od

el
 a

ls
o 

do
es

 n
ot

 a
cc

ou
nt

 fo
r l

ife
 st

ag
e 

di
ff

er
en

ce
s 

in
 p

hy
si

ol
og

y 
or

 p
ha

rm
ac

ok
in

et
ic

s. 
 T

he
 a

re
a-

un
de

r-
th

e-
cu

rv
e 

(A
U

C
) a

nd
 st

ea
dy

-s
ta

te
 

co
nc

en
tra

tio
n 

ar
e 

pr
ob

ab
ly

 d
iff

er
en

t i
n 

th
e 

of
fs

pr
in

g 
th

an
 in

 th
e 

da
m

.  
O

ve
ra

ll 
in

te
rn

al
 

ex
po

su
re

 (a
s e

st
im

at
ed

 b
y 

ca
lc

ul
at

io
n 

of
 th

e 
A

U
C

) m
ay

 c
ha

ng
e 

w
ith

 g
ro

w
th

, a
nd

 th
er

e 
co

ul
d 

be
 a

 p
er

io
d 

of
 p

ea
k 

ex
po

su
re

. U
se

 o
f t

he
 W

am
ba

ug
h 

m
od

el
 in

tro
du

ce
s u

nc
er

ta
in

ty
 in

 th
e 

M
R

L 
de

riv
at

io
n 

as
 th

e 
of

fs
pr

in
g 

pl
as

m
a 

co
nc

en
tra

tio
n 

m
ay

 b
e 

di
ff

er
en

t t
ha

t t
ha

n 
of

 th
e 

m
at

er
na

l a
ni

m
al

s. 
 U

se
 o

f a
 p

hy
si

ol
og

ic
al

ly
-b

as
ed

 m
od

el
 th

at
 in

co
rp

or
at

es
 fe

ta
l a

nd
 p

up
 

co
m

pa
rtm

en
ts

 w
ou

ld
 p

ro
vi

de
 a

n 
es

tim
at

e 
of

 fe
ta

l a
nd

 p
up

 in
te

rn
al

 e
xp

os
ur

e 
(r

at
he

r t
ha

n 
us

e 
of

 th
e 

m
at

er
na

l c
on

ce
nt

ra
tio

n 
as

 a
 su

rr
og

at
e)

, w
hi

ch
 w

ou
ld

 re
du

ce
 th

e 
un

ce
rta

in
ty

 in
 th

e 
M

R
L 

va
lu

e.
   

 K
. 

H
ED

 fo
r P

FO
S 

w
ill

 b
e 

hi
gh

er
 w

he
n 

co
ns

id
er

in
g 

fa
st

er
 h

al
f-

lif
e.

  I
n 

th
e 

M
R

L 
ca

lc
ul

at
io

ns
, 

A
TS

D
R

 c
ho

se
 to

 u
se

 th
e 

ar
ith

m
et

ic
 m

ea
n 

se
ru

m
 e

lim
in

at
io

n 
ha

lf-
lif

e 
es

tim
at

e 
fo

r P
FO

A
 

fr
om

 O
ls

en
 e

t a
l. 

(2
00

7)
 o

ve
r o

th
er

 st
ud

ie
s b

ec
au

se
 O

ls
en

 e
t a

l. 
ha

d 
a 

lo
ng

er
 fo

llo
w

 u
p 

tim
e 

an
d 

A
TS

D
R

 w
as

 c
on

ce
rn

ed
 th

at
 b

as
ed

 o
n 

a 
st

ud
y 

by
 S

ea
ls

 e
t a

l. 
(2

01
1)

, s
lo

w
er

 k
in

et
ic

s i
s 

lik
el

y 
to

 c
on

st
itu

te
 a

 la
rg

er
 c

on
tri

bu
tio

n 
to

 th
e 

te
rm

in
al

 h
al

f-
lif

e.
  F

or
 e

xa
m

pl
e,

 w
he

re
as

 
O

ls
en

 e
t a

l. 
ha

d 
an

 a
ve

ra
ge

 fo
llo

w
-u

p 
of

 5
 y

ea
rs

, B
ar

te
ll 

et
 a

l. 
ha

d 
a 

fo
llo

w
-u

p 
of

 a
 y

ea
r a

nd
 

Li
 e

t a
l. 

ha
d 

a 
fo

llo
w

-u
p 

of
 2

.3
 y

ea
rs

 a
m

on
g 

th
os

e 
st

ud
ie

s t
ha

t f
ol

lo
w

ed
 in

di
vi

du
al

s a
nd

 w
er

e 
no

t c
ro

ss
-s

ec
tio

na
l a

na
ly

se
s o

f p
op

ul
at

io
ns

.  
 H

ow
ev

er
, t

hi
s l

in
e 

of
 re

as
on

in
g 

by
 A

TS
D

R
 fo

r 
se

le
ct

io
n 

of
 th

e 
ar

ith
m

et
ic

 m
ea

n 
fr

om
 th

e 
O

ls
en

 e
t a

l. 
st

ud
y 

fa
ils

 to
 ta

ke
 in

to
 a

cc
ou

nt
 se

ve
ra

l 
fa

ct
or

s t
ha

t l
ik

el
y 

bi
as

ed
 u

pw
ar

ds
 th

e 
A

TS
D

R
 M

R
L 

es
tim

at
es

.  
Th

es
e 

in
cl

ud
e 

th
e 

fo
llo

w
in

g 
po

in
ts

. 
 1.

 
Th

e 
A

TS
D

R
 c

ho
se

 n
ot

 to
 u

se
 th

e 
ge

om
et

ric
 m

ea
n 

es
tim

at
e 

th
at

 w
as

 d
is

cu
ss

ed
 in

 th
e 

O
ls

en
 e

t a
l. 

pa
pe

r. 
 G

iv
en

 th
e 

rig
ht

 sk
ew

ne
ss

 o
f t

he
ir 

da
ta

, O
ls

en
 e

t a
l. 

w
er

e 
m

or
e 

fa
vo

ra
bl

e 
to

 u
se

 th
e 

ge
om

et
ric

 m
ea

n 
fo

r a
 m

ea
su

re
 o

f c
en

tra
l t

en
de

nc
y.

  A
TS

D
R

 p
ro

vi
de

d 
no

 e
xp

la
na

tio
n 

as
 to

 w
hy

 th
ey

 c
ho

se
 th

e 
ar

ith
m

et
ic

 m
ea

n 
vs

. t
he

 g
eo

m
et

ric
 m

ea
n 

in
 th

is
 

st
ud

y.
  T

hi
s d

ec
is

io
n 

is
 in

te
re

st
in

g 
(a

nd
 c

ur
io

us
) b

ec
au

se
 A

TS
D

R
 c

ho
se

 to
 re

po
rt 

m
ed

ia
n 

in
iti

al
 a

nd
 fi

na
l c

on
ce

nt
ra

tio
ns

 in
 T

ab
le

 A
2 

ra
th

er
 th

an
 th

e 
ar

ith
m

et
ic

 m
ea

n 
in

iti
al

 a
nd

 
fin

al
 c

on
ce

nt
ra

tio
ns

 in
 T

ab
le

 A
2.

  A
 m

ed
ia

n 
co

nc
en

tra
tio

n 
w

ou
ld

 b
e 

be
tte

r r
ep

re
se

nt
ed

 b
y 

a 
ha

lf-
lif

e 
es

tim
at

e 
ba

se
d 

on
 th

e 
ge

om
et

ric
 m

ea
n.

   
 

2.
 

Th
e 

O
ls

en
 e

t a
l. 

 2
00

7 
st

ud
y 

co
m

pr
is

ed
 2

6 
re

tir
ee

s (
en

d 
of

 st
ud

y 
av

er
ag

e 
ag

e 
= 

66
 y

ea
rs

) 
w

ho
 li

ke
ly

 w
ou

ld
 h

av
e 

ha
d 

an
 a

ve
ra

ge
 g

lo
m

er
ul

ar
 fi

ltr
at

io
n 

ra
te

 lo
w

er
 th

an
 th

os
e 

ca
lc

ul
at

ed
 fr

om
 y

ou
ng

er
 a

ge
s a

s r
ep

or
te

d 
in

 B
ar

te
ll 

et
 a

l. 
(a

ve
ra

ge
 a

ge
 5

5)
 a

nd
 L

i e
t a

l. 
(a

ge
 ra

ng
e 

15
 –

 5
5)

.  
Th

e 
av

er
ag

e 
es

tim
at

ed
 g

lo
m

er
ul

ar
 fi

ltr
at

io
n 

ra
te

 d
ec

lin
es

 w
ith

 a
ge

 a
s 

sh
ow

n 
in

 th
e 

ta
bl

e 
be

lo
w

. 
  

 



3M
 C

om
m

en
ts

 
Au

gu
st

 2
0,

 2
01

8 

40
 

 

A
ge

 ra
ng

e 
Es

tim
at

ed
 G

FR
 

(m
l/m

in
/1

.7
3 

m
2 ) 

So
ur

ce
: 

1-
6 

m
on

th
s 

77
 

H
ei

lb
ro

n 
et

 a
l. 

19
91

 P
ed

ia
tr 

N
ep

hr
ol

. J
an

;5
(1

):5
-1

1.
 

6-
12

 m
on

th
s 

10
3 

12
-1

9 
m

on
th

s 
12

7 
2-

12
 y

ea
rs

 
12

7 
20

–2
9 

11
6 

ht
tp

s:
//w

w
w

.k
id

ne
y.

or
g/

si
te

s/
de

fa
ul

t/f
ile

s/
do

cs
/1

1-
10

-
18

13
_a

be
_p

at
br

o_
gf

r_
b.

pd
f 

30
–3

9 
10

7 
40

–4
9 

99
 

50
–5

9 
93

 
60

–6
9 

85
 

70
+ 

75
 

  
 

 
R

en
al

 c
le

ar
an

ce
 o

f p
er

flu
or

oc
ar

bo
xy

la
te

s (
an

d 
pe

rf
lu

or
os

ul
fo

na
te

s)
 is

 la
rg

el
y 

a 
su

m
 o

f 
th

re
e 

pr
oc

es
se

s i
nv

ol
vi

ng
 g

lo
m

er
ul

ar
 fi

ltr
at

io
n,

 re
na

l t
ub

ul
ar

 se
cr

et
io

n,
 a

nd
 re

na
l t

ub
ul

ar
 

re
ab

so
rp

tio
n 

(H
an

 e
t a

l. 
20

12
). 

B
ec

au
se

 P
FO

A
 a

nd
 o

th
er

 p
er

flu
or

oc
ar

bo
xy

la
te

s v
ar

y 
in

 
th

ei
r a

ff
in

iti
es

 to
 b

in
d 

pl
as

m
a 

pr
ot

ei
ns

, g
lo

m
er

ul
ar

 fi
ltr

at
io

n 
of

 p
er

flu
or

oc
ar

bo
xy

la
te

s 
(a

nd
 p

er
flu

or
os

ul
fo

na
te

s)
 is

 a
 p

ro
du

ct
 o

f t
he

 u
nb

ou
nd

 fr
ac

tio
n 

of
 th

e 
pe

rf
lu

or
oc

ar
bo

xy
la

te
 

an
d 

th
e 

gl
om

er
ul

ar
 fi

ltr
at

io
n 

ra
te

 (G
FR

). 
 T

hu
s, 

th
e 

hi
gh

er
 e

st
im

at
es

 o
f G

FR
 b

as
ed

 o
n 

th
e 

yo
un

ge
r a

ge
s i

n 
th

e 
ot

he
r s

tu
dy

 p
op

ul
at

io
ns

, e
sp

ec
ia

lly
 th

e 
yo

un
ge

r L
i e

t a
l. 

st
ud

y 
w

hi
ch

 
ha

d 
ap

pr
ox

im
at

el
y 

50
%

 o
f t

he
 fo

llo
w

-u
p 

tim
e 

of
 O

ls
en

 e
t a

l.,
 m

ay
 b

e 
du

e 
to

 th
e 

ag
e 

di
ff

er
en

ce
s o

f t
he

 su
bj

ec
ts

, a
nd

 n
ot

 th
e 

sh
or

te
r f

ol
lo

w
-u

p 
pe

rio
d 

co
ns

id
er

ed
 in

 th
es

e 
st

ud
ie

s. 
 T

hu
s, 

th
e 

se
ru

m
 e

lim
in

at
io

n 
ha

lf-
liv

es
 a

re
 li

ke
ly

 e
qu

al
ly

 v
al

id
 fo

r c
on

si
de

ra
tio

n 
in

 M
R

L 
ca

lc
ul

at
io

ns
. 

 
3.

 
Th

e 
O

ls
en

 e
t a

l. 
st

ud
y 

ha
d 

to
 c

on
si

de
r, 

du
rin

g 
th

e 
co

ur
se

 o
f t

he
ir 

fo
llo

w
-u

p,
 th

e 
po

ss
ib

ili
ty

 o
f r

et
ire

es
 re

en
te

rin
g 

th
e 

3M
 D

ec
at

ur
 a

nd
 C

ot
ta

ge
 G

ro
ve

 m
an

uf
ac

tu
rin

g 
pl

an
ts

.  
In

de
ed

, t
hi

s r
es

ul
te

d 
in

 O
ls

en
 e

t a
l. 

el
im

in
at

in
g 

1 
st

ud
y 

su
bj

ec
t e

nt
ire

ly
, a

nd
 

tru
nc

at
in

g 
fo

llo
w

-u
p 

tim
es

 fo
r t

w
o 

re
tir

ee
s. 

 T
hi

s w
ou

ld
 h

av
e 

bi
as

ed
 e

st
im

at
es

 u
pw

ar
ds

 
fo

r t
he

 se
ru

m
 e

lim
in

at
io

n 
ha

lf-
liv

es
 d

ue
 to

 th
e 

in
cr

ea
se

d 
ex

po
su

re
.  

It 
is

 n
ot

 li
ke

ly
 th

at
 

am
bi

en
t g

en
er

al
 p

op
ul

at
io

n 
le

ve
l c

on
ce

nt
ra

tio
ns

 w
ou

ld
 h

av
e 

bi
as

ed
 th

es
e 

re
tir

ee
’s

 
es

tim
at

es
 su

bs
ta

nt
ia

lly
 a

s d
is

cu
ss

ed
 b

y 
B

ar
te

ll 
et

 a
l. 

20
12

.  
O

n 
th

e 
ot

he
r h

an
d,

 a
lth

ou
gh

 
B

ar
te

ll 
et

 a
l. 

an
d 

Li
 e

t a
l. 

ha
d 

sh
or

te
r f

ol
lo

w
-u

p 
tim

es
, t

he
 p

rim
ar

y 
ex

po
su

re
 in

 th
es

e 
po

pu
la

tio
ns

 w
as

 th
ro

ug
h 

dr
in

ki
ng

 w
at

er
.  

In
st

al
la

tio
n 

of
 G

A
C

 fi
lte

rs
 in

 th
es

e 
po

pu
la

tio
ns

’ 
af

fe
ct

ed
 m

un
ic

ip
al

 w
at

er
 su

pp
ly

 w
ou

ld
 h

av
e 

im
m

ed
ia

te
ly

 c
ea

se
d 

th
ei

r e
xp

os
ur

e 
to

 P
FO

A
, 

PF
O

S,
 a

nd
 P

FH
xS

. 
 4.

  A
TS

D
R

 su
gg

es
ts

 th
e 

Se
al

s e
t a

l s
tu

dy
 in

di
ca

te
s a

 lo
w

er
 c

le
ar

an
ce

 ra
te

 m
ay

 o
cc

ur
 a

s 
su

bj
ec

ts
 a

re
 fo

llo
w

ed
 lo

ng
-te

rm
 p

os
t e

xp
os

ur
e;

 th
us

, t
he

 d
ec

is
io

n 
by

 A
TS

D
R

 to
 u

se
 th

e 
st

ud
y 

th
at

 h
ad

 th
e 

lo
ng

es
t f

ol
lo

w
-u

p 
tim

e 
(O

ls
en

 e
t a

l. 
20

07
). 

 H
ow

ev
er

, A
TS

D
R

 d
id

 n
ot

 
m

en
tio

n 
th

e 
m

ai
n 

lim
ita

tio
ns

 o
f t

he
 S

ea
ls

 e
t a

l. 
st

ud
y:

 1
) t

he
 c

ro
ss

-s
ec

tio
na

l n
at

ur
e 

of
 th

e 
an

al
ys

is
.  

In
di

vi
du

al
 su

bj
ec

ts
 w

er
e 

no
t f

ol
lo

w
ed

.  
 M

od
el

-b
as

ed
 e

st
im

at
es

 w
er

e 
in

st
ea

d 
ca

lc
ul

at
ed

 b
as

ed
 o

n 
th

e 
in

iti
al

 c
on

ce
nt

ra
tio

ns
; 2

) t
he

re
 w

as
 th

e 
ad

de
d 

as
su

m
pt

io
n 

th
at

 
th

er
e 

w
as

 u
ni

fo
rm

 e
xp

os
ur

e 
ba

se
d 

on
 th

e 
co

nc
en

tra
tio

n 
of

 P
FO

A
 m

ea
su

re
d 

in
 e

ac
h 

w
at

er
 

di
st

ric
t; 

an
d 

3)
 su

bj
ec

ts
 w

ith
 in

iti
al

 P
FO

A
 c

on
ce

nt
ra

tio
ns

 <
 1

5 
ng

/m
L 

w
er

e 
ex

cl
ud

ed
 



3M
 C

om
m

en
ts

 
Au

gu
st

 2
0,

 2
01

8 

41
 

 

w
hi

ch
 m

ax
im

iz
ed

 th
e 

pr
ob

ab
ili

ty
 o

f a
na

ly
zi

ng
 in

di
vi

du
al

s w
ith

 su
ff

ic
ie

nt
ly

 h
ig

h 
ba

se
lin

e 
PF

O
A

 c
on

ce
nt

ra
tio

ns
 th

at
 w

ou
ld

 n
ot

 b
e 

at
 a

m
bi

en
t l

ev
el

s. 
 

 5.
 

G
iv

en
 th

e 
ab

ov
e 

ad
di

tio
na

l c
on

si
de

ra
tio

ns
 (b

ey
on

d 
th

at
 o

f A
TS

D
R

’s
 c

on
si

de
ra

tio
n 

ab
ou

t 
th

e 
le

ng
th

 o
f f

ol
lo

w
-u

p)
, t

he
 M

R
Ls

, a
ss

um
in

g 
sa

m
e 

PO
D

s f
ro

m
 th

e 
sa

m
e 

st
ud

ie
s, 

ar
e 

re
ca

lc
ul

at
ed

 in
 th

e 
ta

bl
e 

be
lo

w
 u

si
ng

 th
e 

di
ff

er
en

t s
er

um
 e

lim
in

at
io

n 
ha

lf-
lif

e 
va

lu
es

 fo
r 

PF
O

A
, P

FO
S,

 a
nd

 P
FH

xS
 th

at
 a

re
 re

po
rte

d 
in

 B
ar

te
ll 

et
 a

l.,
 L

i e
t a

l.,
 a

nd
 S

ea
ls

 e
t a

l. 
 

A
cc

or
di

ng
ly

, t
he

 p
er

ce
nt

 o
f t

he
 M

R
L 

th
at

 m
ig

ht
 b

e 
ov

er
es

tim
at

ed
 b

y 
th

e 
A

TS
D

R
 u

si
ng

 in
 

th
ei

r m
os

t c
on

se
rv

at
iv

e 
se

ru
m

 e
lim

in
at

io
n 

va
lu

e 
(a

rit
hm

et
ic

 m
ea

ns
 fr

om
 O

ls
en

 e
t a

l. 
20

07
) w

ou
ld

 th
en

 re
su

lt 
in

 a
 ra

ng
e 

of
 o

ve
re

st
im

at
io

ns
 o

f t
he

 M
R

L 
fo

r P
FO

S 
be

tw
ee

n 
12

 
an

d 
38

 p
er

ce
nt

.  
Th

is
 ty

pe
 o

f s
en

si
tiv

ity
 a

na
ly

si
s i

s d
ef

in
ite

ly
 n

ee
de

d 
in

 A
pp

en
di

x 
A

 fo
r 

th
e 

M
R

L 
ca

lc
ul

at
io

ns
 to

 ta
ke

 in
to

 a
cc

ou
nt

 th
e 

va
ria

tio
n 

of
 se

ru
m

 e
lim

in
at

io
n 

ha
lf-

lif
e 

es
tim

at
es

 th
at

 h
av

e 
be

en
 re

po
rte

d 
in

 th
e 

lit
er

at
ur

e 
th

at
 w

ill
 b

e,
 in

 p
ar

t, 
a 

fu
nc

tio
n 

of
 th

e 
G

FR
s f

ro
m

 th
e 

po
pu

la
tio

n 
st

ud
ie

d.
  G

iv
en

 th
e 

fa
ct

 th
at

 A
TS

D
R

 h
as

 u
se

d 
de

ve
lo

pm
en

ta
l 

st
ud

ie
s t

o 
ca

lc
ul

at
e 

th
e 

PO
D

s f
or

 th
ei

r M
R

Ls
, i

t i
s t

he
re

fo
re

 n
ot

 ju
st

ifi
ed

 to
 u

se
 th

e 
ar

ith
m

et
ic

 m
ea

n 
ha

lf-
lif

e 
es

tim
at

e 
ba

se
d 

so
le

ly
 o

n 
re

tir
ee

s, 
in

 p
ar

t, 
be

ca
us

e 
th

e 
G

FR
s o

f 
ol

de
r a

du
lts

 a
re

 m
ar

ke
dl

y 
lo

w
er

 th
an

 a
du

lts
 o

f m
uc

h 
yo

un
ge

r a
ge

 a
nd

 p
eo

pl
e 

65
 y

ea
rs

 o
f 

ag
e 

or
 o

ld
er

 re
pr

es
en

t o
nl

y 
ap

pr
ox

im
at

el
y 

15
%

 o
f t

he
 g

en
er

al
 p

op
ul

at
io

n 
  T

he
re

fo
re

 th
e 

es
tim

at
ed

 h
al

f-
liv

es
 sh

ou
ld

 re
fle

ct
 th

e 
en

tir
e 

po
pu

la
tio

n,
 n

ot
 ju

st
 th

e 
up

pe
r t

ai
l, 

w
hi

ch
 c

an
 

be
 a

 re
fle

ct
io

n 
of

 lo
w

er
 G

FR
s t

ha
t o

cc
ur

 w
ith

 a
ge

.  
Th

us
, c

al
cu

la
tio

n 
of

 se
ru

m
 

el
im

in
at

io
n 

ha
lf-

liv
es

 m
ay

 b
e 

ag
es

, s
ex

, a
nd

 c
on

ce
nt

ra
tio

n-
de

pe
nd

en
t. 

 M
R

Ls
, b

as
ed

 in
 

pa
rt 

on
 h

al
f-

liv
es

, s
ho

ul
d 

re
fle

ct
 th

is
 d

iv
er

si
ty

 o
f i

np
ut

s i
n 

th
ei

r c
al

cu
la

tio
ns

. 
 

 

R
ef

er
en

ce
 S

tu
dy

 
Es

tim
at

ed
 H

al
f-

lif
e 

 
M

R
L 

(m
g/

kg
/d

) 
%

 M
R

L 
ov

er
 c

ur
re

nt
 

A
TS

D
R

 M
R

L 
Y

ea
rs

 
D

ay
s 

*A
TS

D
R

 E
st

im
at

e.
 (a

rit
hm

et
ic

 M
ea

n 
fr

om
 O

ls
en

 e
t a

l. 
20

07
) 

5.
4 

20
00

 
1.

72
E-

06
 

--
 

O
ls

en
 e

t a
l. 

20
07

 (g
eo

m
et

ric
 m

ea
n)

 
4.

8 
17

52
 

1.
96

E-
06

 
12

 
Li

 e
t a

l. 
20

18
 

3.
4 

12
41

 
2.

77
E-

06
 

38
 

 
A

s i
llu

st
ra

te
d 

ab
ov

e,
 b

ec
au

se
 H

ED
 a

nd
 M

R
L 

ar
e 

de
pe

nd
en

t o
f t

he
 c

le
ar

an
ce

 ra
te

 u
se

d,
 

th
e 

re
su

lti
ng

 M
R

L 
fo

r P
FO

S 
ca

n 
di

ff
er

 su
bs

ta
nt

ia
lly

 a
nd

 c
ou

ld
 b

e 
12

 to
 3

8%
 h

ig
he

r t
ha

n 
th

e 
cu

rr
en

t p
ro

vi
si

on
al

 M
R

L 
pr

op
os

ed
 b

y 
A

TS
D

R
. 

 
L.

 W
am

ba
ug

h 
be

nc
hm

ar
k 

do
se

 m
od

el
 u

se
d 

by
 A

TS
D

R
 w

as
 n

ot
 o

pt
im

iz
ed

.  
A

TS
D

R
 re

lie
d 

on
 

an
im

al
 P

B
PK

 m
od

el
 to

 p
re

di
ct

 su
bs

eq
ue

nt
 P

O
D

 o
f M

R
L 

de
riv

at
io

n,
 b

ut
 o

n 
th

e 
ot

he
r h

an
d,

 it
 

ha
s a

ls
o 

ex
pl

ic
itl

y 
st

at
ed

 th
at

 “
A

lth
ou

gh
 p

hy
si

ol
og

ic
al

ly
 b

as
ed

 p
ha

rm
ac

ok
in

et
ic

 (P
B

PK
) 

m
od

el
s h

av
e 

be
en

 d
ev

el
op

ed
 fo

r r
od

en
ts

 a
nd

 h
um

an
s, 

th
es

e 
m

od
el

s a
re

 n
ot

 s
uf

fic
ie

nt
 to

 a
llo

w
 

fo
r c

om
pa

ris
on

s b
et

w
ee

n 
ad

m
in

is
te

re
d 

do
se

s i
n 

la
bo

ra
to

ry
 a

ni
m

al
s a

nd
 se

ru
m

 c
on

ce
nt

ra
tio

ns
 

in
 h

um
an

s”
 (c

f. 
pa

ge
 5

 o
f d

ra
ft 

pr
of

ile
). 

 T
hi

s s
ta

te
m

en
t i

nd
ic

at
ed

 a
 g

re
at

 a
m

ou
nt

 o
f 

un
ce

rta
in

ty
 a

ss
oc

ia
te

d 
w

ith
 th

e 
PB

PK
 m

od
el

 u
se

d 
he

nc
e 

A
TS

D
R

 n
ee

ds
 to

 a
ck

no
w

le
dg

e 
th

is
 

fa
ct

 in
 it

s s
um

m
ar

y.
 

 A
lth

ou
gh

 th
e 

W
am

ba
ug

h 
m

od
el

 w
as

 u
se

d 
to

 e
st

im
at

e 
fin

al
 m

at
er

na
l p

la
sm

a 
co

nc
en

tra
tio

ns
 in

 
ra

ts
 fr

om
 d

ev
el

op
m

en
ta

l d
at

as
et

s (
B

ut
en

ho
ff

 e
t a

l. 
20

09
b;

 C
he

n 
et

 a
l. 

20
12

; L
ue

bk
er

 e
t a

l. 
20

05
a;

 L
ue

bk
er

 e
t a

l. 
20

05
b;

 T
hi

bo
de

au
x 

et
 a

l. 
20

03
), 

th
e 

m
od

el
 w

as
 n

ot
 sp

ec
ifi

ca
lly

 



3M
 C

om
m

en
ts

 
Au

gu
st

 2
0,

 2
01

8 

42
 

 

pa
ra

m
et

er
iz

ed
 fo

r t
hi

s, 
w

hi
ch

 is
 a

no
th

er
 fa

ct
or

 c
on

tri
bu

tin
g 

to
 th

e 
un

ce
rta

in
ty

 in
 u

si
ng

 th
is

 
m

od
el

 to
 e

st
im

at
e 

an
 M

R
L 

fo
r a

 d
ev

el
op

m
en

ta
l e

nd
po

in
t. 

   
 Th

e 
W

am
ba

ug
h 

PF
O

S 
m

od
el

 w
as

 p
ar

am
et

er
iz

ed
 fo

r m
al

e 
an

d 
fe

m
al

e 
cy

no
m

ol
gu

s m
on

ke
ys

, 
m

al
e 

an
d 

fe
m

al
e 

SD
 ra

ts
, a

nd
 m

al
e 

an
d 

fe
m

al
e 

C
D

1 
m

ic
e.

  A
TS

D
R

 st
at

es
 th

at
 th

ey
 c

ou
ld

 n
ot

 
m

od
el

 so
m

e 
da

ta
 se

ts
 a

s t
he

 st
ud

ie
s w

er
e 

co
nd

uc
te

d 
in

 st
ra

in
s t

ha
t t

he
 m

od
el

 w
as

 n
ot

 
pa

ra
m

et
er

iz
ed

 fo
r. 

 S
pe

ci
fic

al
ly

, t
he

y 
st

at
e 

th
at

 th
ey

 c
ou

ld
 n

ot
 m

od
el

 th
e 

fo
llo

w
in

g 
st

ud
ie

s:
  

Lo
ng

 e
t a

l. 
20

13
 (C

57
B

L/
6 

m
ic

e)
, D

on
g 

et
 a

l 2
00

9 
an

d 
20

11
 (C

57
B

L/
6 

m
ic

e)
, G

ur
ug

e 
et

 a
l. 

20
09

 (B
6C

3F
1 

m
ic

e)
, P

ed
en

-A
da

m
s e

t a
l. 

20
08

 (B
6C

3F
1 

m
ic

e)
, W

an
g 

et
 a

l. 
20

15
 (W

is
ta

r 
ra

ts
), 

O
ni

sh
ch

en
ko

 e
t a

l. 
20

11
 (C

57
B

L/
6 

m
ic

e)
, a

nd
 Y

ah
ia

 e
t a

l. 
20

08
 (I

C
R

 m
ic

e)
.  

A
TS

D
R

 
pr

ov
id

es
 n

o 
ev

id
en

ce
 o

f s
ex

 o
r s

tra
in

 d
iff

er
en

ce
s i

n 
ph

ar
m

ac
ok

in
et

ic
s f

or
 m

ic
e 

or
 ra

ts
.  

A
s 

A
TS

D
R

 m
od

el
ed

 o
nl

y 
ce

rta
in

 st
ra

in
s, 

th
is

 li
m

its
 th

e 
st

ud
ie

s t
he

y 
ca

n 
us

e 
w

he
n 

re
ly

in
g 

on
 th

is
 

m
od

el
 a

nd
 in

tro
du

ce
s f

ur
th

er
 u

nc
er

ta
in

ty
 in

 M
R

L 
va

lu
es

. 
 M

. U
nc

er
ta

in
ty

 fa
ct

or
s b

y 
A

TS
D

R
 w

er
e 

ov
er

ly
 c

on
se

rv
at

iv
e 

an
d 

no
t s

up
po

rte
d 

by
 sc

ie
nt

ifi
c 

da
ta

.  
Th

ey
 in

cl
ud

e:
 

 
1.

 
U

se
 o

f “
3”

 fo
r a

ni
m

al
-to

-h
um

an
, i

n 
ad

di
tio

n 
to

 la
rg

e 
do

si
m

et
ric

 T
K

 a
dj

us
tm

en
t, 

is
 n

ot
 

sc
ie

nt
ifi

ca
lly

 ju
st

ifi
ed

.  
W

hi
le

 3
M

 a
gr

ee
s w

ith
 A

TS
D

R
 th

at
 a

dj
us

tin
g 

fo
r t

ox
ic

ok
in

et
ic

 
di

ff
er

en
ce

 b
et

w
ee

n 
hu

m
an

 a
nd

 ro
de

nt
 se

ru
m

 c
le

ar
an

ce
 o

f P
FO

S 
is

 a
pp

ro
pr

ia
te

; 3
M

 d
oe

s 
no

t a
gr

ee
 w

ith
 th

e 
se

ru
m

 e
lim

in
at

io
n 

ha
lf-

lif
e 

ch
os

e 
by

 A
TS

D
R

 fo
r t

he
 c

al
cu

la
tio

n 
(s

ee
 

to
xi

co
ki

ne
tic

 d
is

cu
ss

io
n 

ab
ov

e)
.  

W
hi

le
 th

is
 re

pr
es

en
te

d 
a 

fa
ct

or
 o

f 1
4,

40
0 

ba
se

d 
on

 
A

TS
D

R
’s

 M
R

L 
de

riv
at

io
n,

 3
M

 d
oe

s n
ot

 a
gr

ee
 w

ith
 A

TS
D

R
 th

at
 a

n 
ad

di
tio

na
l f

ac
to

r o
f 

“3
” 

is
 n

ee
de

d 
to

 a
cc

ou
nt

 fo
r u

nc
er

ta
in

ty
 in

 u
si

ng
 la

bo
ra

to
ry

 a
ni

m
al

 d
at

a 
to

 d
er

iv
e 

hu
m

an
 

ex
po

su
re

 le
ve

ls
.  

Th
is

, i
n 

fa
ct

, r
ep

re
se

nt
s a

n 
ad

ju
st

m
en

t o
f 4

3,
00

0 
w

he
n 

ta
ki

ng
 d

os
im

et
ry

 
in

to
 a

cc
ou

nt
. T

he
 u

se
 o

f a
n 

ad
di

tio
na

l f
ac

to
r o

f 3
 to

 a
cc

ou
nt

 fo
r r

od
en

t-t
o-

hu
m

an
 

to
xi

co
dy

na
m

ic
 d

iff
er

en
ce

 is
 n

ot
 sc

ie
nt

ifi
ca

lly
 ju

st
ifi

ed
 a

nd
 u

nn
ec

es
sa

ry
. 

 
M

or
e 

sp
ec

ifi
ca

lly
, A

TS
D

R
 h

as
 d

er
iv

ed
 it

s p
ro

po
se

d 
M

R
L 

ba
se

d 
on

 th
e 

ro
de

nt
 

de
ve

lo
pm

en
ta

l d
at

a.
  B

ec
au

se
 h

um
an

s a
re

 c
on

si
de

ra
bl

y 
le

ss
 se

ns
iti

ve
 to

 th
e 

pl
ei

ot
ro

ph
ic

 
ef

fe
ct

s o
f x

en
os

en
so

r n
uc

le
ar

 re
ce

pt
or

s s
uc

h 
as

 P
PA

R
α,

 C
A

R
/P

X
R

 a
ct

iv
at

io
n 

co
m

pa
re

d 
to

 ro
de

nt
s (

C
or

to
n 

et
 a

l.,
 2

01
4;

 E
lc

om
be

 e
t a

l.,
 2

01
4;

 G
on

za
le

z 
an

d 
Sh

ah
, 2

00
8;

 K
la

un
ig

 
et

 a
l.,

 2
00

3;
  K

la
un

ig
 e

t a
l.,

 2
01

2;
  L

ak
e,

 2
00

9;
  R

os
s e

t a
l.,

 2
01

0)
, t

he
 q

ua
lit

at
iv

e 
di

ff
er

en
ce

s b
rin

gs
 in

to
 q

ue
st

io
n 

th
e 

re
le

va
nc

e 
of

 ro
de

nt
 d

ev
el

op
m

en
ta

l e
ff

ec
ts

 w
ith

 
ex

po
su

re
 to

 P
FO

S 
an

d 
bi

ol
og

ic
al

 si
gn

ifi
ca

nc
e 

to
 h

um
an

s. 
 T

hu
s, 

th
e 

ve
ry

 la
rg

e 
do

si
m

et
ric

 
ad

ju
st

m
en

t o
f 1

4,
40

0 
m

or
e 

th
an

 a
de

qu
at

el
y 

co
m

pe
ns

at
es

 fo
r t

he
 a

dd
iti

on
al

 fa
ct

or
 o

f 3
 fo

r 
di

ff
er

en
ce

 b
et

w
ee

n 
ro

de
nt

s a
nd

 h
um

an
s. 

 A
TS

D
R

 sh
ou

ld
 n

ot
 a

pp
ly

 a
no

th
er

 fa
ct

or
 o

f 3
 fo

r 
an

im
al

 to
 h

um
an

 w
he

n 
th

is
 u

nc
er

ta
in

ty
 is

 a
lre

ad
y 

em
be

dd
ed

 in
 th

e 
la

rg
e 

ad
ju

st
m

en
t f

or
 

th
e 

do
si

m
et

ric
 d

iff
er

en
ce

.  
 

 
2.

 
A

dd
iti

on
al

 fa
ct

or
 o

f “
10

” 
fo

r h
um

an
 v

ar
ia

bi
lit

y 
is

 o
ve

rly
 c

on
se

rv
at

iv
e.

  F
or

 P
FO

S 
M

R
L,

 
A

TS
D

R
 in

cl
ud

ed
 a

 fa
ct

or
 o

f 1
0 

fo
r h

um
an

 v
ar

ia
bi

lit
y.

 If
 A

TS
D

R
 c

ou
ld

 h
av

e 
de

ve
lo

pe
d 

a 
m

or
e 

ap
pr

op
ria

te
 P

B
PK

 m
od

el
 th

at
 a

cc
ou

nt
ed

 fo
r l

ife
 st

ag
e 

di
ff

er
en

ce
s i

n 
hu

m
an

s (
ra

th
er

 
th

an
 re

ly
in

g 
on

 ro
de

nt
 m

od
el

), 
th

is
 fa

ct
or

 o
f 1

0 
fo

r h
um

an
 v

ar
ia

bi
lit

y 
co

ul
d 

po
te

nt
ia

lly
 b

e 
re

du
ce

d.
   

 



3M
 C

om
m

en
ts

 
Au

gu
st

 2
0,

 2
01

8 

43
 

 

3.
 

Sc
ie

nt
ifi

ca
lly

 u
nj

us
tif

ie
d 

us
e 

of
 “

10
” 

fo
r c

on
ce

rn
s o

n 
im

m
un

ot
ox

ic
ity

.  
A

s d
is

cu
ss

ed
 

ea
rli

er
, t

o 
th

e 
ex

te
nt

 th
at

 e
xp

os
ur

e 
to

 P
FO

S 
in

flu
en

ce
s i

m
m

un
e 

ce
ll 

ac
tiv

iti
es

 a
t v

er
y 

hi
gh

 
do

se
s i

n 
la

bo
ra

to
ry

 a
ni

m
al

s a
nd

 a
s s

uc
h,

 th
es

e 
sy

st
em

ic
 e

ff
ec

ts
 in

di
re

ct
ly

 a
ff

ec
t i

m
m

un
e 

re
sp

on
se

s. 
 In

 a
dd

iti
on

, l
on

g-
te

rm
 su

bc
hr

on
ic

 st
ud

ie
s i

n 
no

n-
hu

m
an

 p
rim

at
es

 (C
ha

ng
 e

t 
al

. 2
01

7;
 S

ea
ca

t e
t a

l. 
20

02
) a

s w
el

l a
s 2

-y
ea

r c
hr

on
ic

 st
ud

y 
in

 ra
ts

 (B
ut

en
ho

ff
 e

t a
l. 

20
12

a)
 d

id
 n

ot
 id

en
tif

y 
th

e 
im

m
un

e 
sy

st
em

 b
ei

ng
 th

e 
ta

rg
et

 o
rg

an
s. 

 A
s a

 m
at

te
r o

f f
ac

t, 
th

e 
su

rv
iv

al
 ra

te
s i

n 
th

e 
2-

ye
ar

 c
hr

on
ic

 st
ud

y 
in

 P
FO

S-
tre

at
ed

 ra
ts

 w
er

e 
hi

gh
er

 th
an

 th
e 

co
nc

ur
re

nt
 c

on
tro

l. 
 T

he
 a

ni
m

al
 st

ud
ie

s d
o 

no
t s

up
po

rt 
th

at
 P

FO
S 

su
pp

re
ss

es
 im

m
un

e 
ce

ll 
ac

tiv
ity

 in
 th

e 
ab

se
nc

e 
of

 o
ve

rt 
to

xi
ci

ty
 a

nd
 a

n 
un

ce
rta

in
ty

 fa
ct

or
 o

f “
10

” 
is

 n
ot

 
sc

ie
nt

ifi
ca

lly
 ju

st
ifi

ed
 a

nd
 sh

ou
ld

 b
e 

re
m

ov
ed

 b
y 

A
TS

D
R

. 
 

[N
O

TE
:  

It 
sh

ou
ld

 b
e 

no
te

d 
th

at
 th

e 
2-

ge
ne

ra
tio

n 
re

pr
od

uc
tiv

e 
an

d 
de

ve
lo

pm
en

ta
l s

tu
dy

 
in

 ra
ts

 w
ith

 e
xp

os
ur

e 
to

 P
FO

S 
(L

ue
bk

er
 e

t a
l. 

20
05

) w
as

 th
e 

sa
m

e 
cr

iti
ca

l s
tu

dy
 c

ho
se

n 
by

 U
.S

. E
PA

 O
ff

ic
e 

of
 W

at
er

 fo
r t

he
 d

er
iv

at
io

n 
of

 th
e 

Li
fe

tim
e 

W
at

er
 H

ea
lth

 A
dv

is
or

y 
fo

r P
FO

S 
is

su
ed

 in
 2

01
6.

  E
PA

’s
 c

on
cl

us
io

n 
on

 th
e 

im
m

un
ot

ox
ic

ity
 is

 in
cl

ud
ed

 b
el

ow
:] 

 
 

“B
ot

h 
hu

m
an

 a
nd

 a
ni

m
al

 st
ud

ie
s h

av
e 

de
m

on
st

ra
te

d 
th

e 
po

te
nt

ia
l i

m
pa

ct
 o

f 
PF

O
S 

on
 th

e 
im

m
un

e 
sy

st
em

; h
ow

ev
er

, u
nc

er
ta

in
tie

s e
xi

st
 re

la
te

d 
to

 M
O

A 
an

d 
th

e 
le

ve
l, 

du
ra

tio
n,

 a
nd

/o
r t

im
in

g 
of

 e
xp

os
ur

e 
th

at
 a

re
 n

ot
 y

et
 c

le
ar

ly
 d

el
in

ea
te

d.
 

Th
e 

an
im

al
 im

m
un

ot
ox

ic
ity

 st
ud

ie
s s

up
po

rt
 th

e 
as

so
ci

at
io

n 
be

tw
ee

n 
PF

O
S 

an
d 

ef
fe

ct
s o

n 
th

e 
re

sp
on

se
 to

 sh
ee

p 
re

d 
bl

oo
d 

ce
lls

 a
s f

or
ei

gn
 m

at
er

ia
l a

nd
 o

n 
th

e 
na

tu
ra

l k
ill

er
 c

el
l p

op
ul

at
io

ns
; h

ow
ev

er
, t

he
 d

os
es

 w
ith

 e
ffe

ct
s a

re
 in

co
ns

is
te

nt
 

ac
ro

ss
 st

ud
ie

s f
or

 c
om

pa
ra

bl
e 

en
dp

oi
nt

s. 
W

he
n 

bo
th

 m
al

es
 a

nd
 fe

m
al

es
 w

er
e 

ev
al

ua
te

d,
 th

e 
m

al
es

 re
sp

on
de

d 
at

 a
 lo

w
er

 d
os

e 
th

an
 th

e 
fe

m
al

es
. B

ec
au

se
 o

f t
he

se
 

un
ce

rt
ai

nt
ie

s, 
EP

A 
di

d 
no

t q
ua

nt
ita

tiv
el

y 
as

se
ss

 th
is

 e
nd

po
in

t.”
 

 
  



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

44
 

 

D
et

ai
le

d 
C

om
m

en
ts

 o
n 

PF
H

xS
 M

R
L

 
 A

T
SD

R
 P

os
iti

on
 (p

ag
e 

A
-4

9)
 

 
M

RL
 S

um
m

ar
y:

 A
 p

ro
vi

si
on

al
 in

te
rm

ed
ia

te
-d

ur
at

io
n 

or
al

 M
RL

 o
f 2

x1
0-

5 
m

g/
kg

/d
ay

 w
as

 
de

ri
ve

d 
fo

r P
FH

xS
 b

as
ed

 o
n 

th
yr

oi
d 

fo
lli

cu
la

r c
el

l d
am

ag
e 

in
 a

du
lt 

m
al

e 
ra

ts
 a

dm
in

is
te

re
d 

vi
a 

ga
va

ge
 P

FH
xS

 fo
r a

 m
in

im
um

 o
f 4

2 
da

ys
 (B

ut
en

ho
ff 

et
 a

l. 
20

09
a;

 H
ob

er
m

an
 a

nd
 Y

or
k 

20
03

). 
Th

e 
M

RL
 is

 b
as

ed
 o

n 
a 

H
ED

 N
O

AE
L 

of
 0

.0
04

7 
m

g/
kg

/d
ay

 a
nd

 a
 to

ta
l u

nc
er

ta
in

ty
 

fa
ct

or
 o

f 3
0 

(3
 fo

r e
xt

ra
po

la
tio

n 
fr

om
 a

ni
m

al
s t

o 
hu

m
an

s w
ith

 d
os

im
et

ri
c 

ad
ju

st
m

en
ts

 a
nd

 1
0 

fo
r h

um
an

 v
ar

ia
bi

lit
y)

 a
nd

 a
 m

od
ify

in
g 

fa
ct

or
 o

f 1
0 

fo
r d

at
ab

as
e 

lim
ita

tio
ns

.  
 Se

le
ct

io
n 

of
 th

e 
C

ri
tic

al
 E

ffe
ct

: T
w

o 
in

te
rm

ed
ia

te
-d

ur
at

io
n 

st
ud

ie
s i

n 
la

bo
ra

to
ry

 a
ni

m
al

s 
ha

ve
 b

ee
n 

id
en

tif
ie

d 
fo

r P
FH

xS
. I

n 
a 

de
ve

lo
pm

en
ta

l t
ox

ic
ity

 st
ud

y,
 in

cr
ea

se
d 

in
ci

de
nc

es
 o

f 
th

yr
oi

d 
fo

lli
cu

la
r c

el
ls

 h
yp

er
tr

op
hy

, a
nd

 h
yp

er
pl

as
ia

 w
er

e 
ob

se
rv

ed
 in

 F
0 

m
al

e 
ra

ts
 

ad
m

in
is

te
re

d 
≥3

 m
g/

kg
/d

ay
 (B

ut
en

ho
ff 

et
 a

l. 
20

09
a;

 H
ob

er
m

an
 a

nd
 Y

or
k 

20
03

). 
In

cr
ea

se
d 

liv
er

 w
ei

gh
t a

nd
 c

en
tr

ilo
bu

la
r h

ep
at

oc
el

lu
la

r h
yp

er
tr

op
hy

 w
er

e 
al

so
 o

bs
er

ve
d 

in
 th

e 
m

al
es

 a
t 

≥3
 m

g/
kg

/d
ay

. N
o 

re
pr

od
uc

tiv
e 

or
 d

ev
el

op
m

en
ta

l e
ffe

ct
s w

er
e 

re
po

rt
ed

. L
iv

er
 e

ffe
ct

s 
(d

ec
re

as
es

 in
 se

ru
m

 li
pi

ds
, i

nc
re

as
es

 in
 h

ep
at

ic
 tr

ig
ly

ce
ri

de
 le

ve
ls

, a
nd

 in
cr

ea
se

s i
n 

liv
er

 
w

ei
gh

t) 
w

er
e 

al
so

 o
bs

er
ve

d 
in

 m
ic

e 
ex

po
se

d 
to

 6
 m

g/
kg

/d
ay

 P
FH

xS
 in

 th
e 

di
et

 fo
r 4

–6
 w

ee
ks

 
(B

ijl
an

d 
et

 a
l. 

20
11

). 
U

si
ng

 th
e 

H
al

l e
t a

l. 
(2

01
2)

 c
ri

te
ri

a 
(s

ee
 S

ec
tio

n 
2.

9 
fo

r a
 d

is
cu

ss
io

n 
of

 
th

e 
cr

ite
ri

a)
, t

he
 li

ve
r e

ffe
ct

s w
er

e 
no

t c
on

si
de

re
d 

re
le

va
nt

 fo
r h

um
an

 ri
sk

 a
ss

es
sm

en
t. 

Th
us

, 
th

e 
lo

w
es

t L
O

AE
L 

id
en

tif
ie

d 
in

 in
te

rm
ed

ia
te

-d
ur

at
io

n 
st

ud
ie

s w
as

 3
 m

g/
kg

/d
ay

 fo
r t

hy
ro

id
 

ef
fe

ct
s. 

 3M
 C

on
cl

us
io

n 
 

 
A

. 
Th

e 
cr

iti
ca

l e
ff

ec
t c

on
cl

ud
ed

 b
y 

A
TS

D
R

 w
ith

 P
FH

xS
 e

xp
os

ur
e 

(th
yr

oi
d 

fo
lli

cu
la

r c
el

l 
da

m
ag

e)
 h

as
 b

ee
n 

no
t s

ho
w

n 
in

 h
um

an
s 

B
. 

N
o 

co
nc

lu
si

ve
 e

vi
de

nc
e 

to
 su

gg
es

t t
ha

t P
FH

xS
 im

pa
ct

s t
hy

ro
id

 h
om

eo
st

as
is

 in
 ro

de
nt

s 
C

. 
A

TS
D

R
 sh

ou
ld

 re
co

gn
iz

e 
ro

de
nt

-s
pe

ci
fic

 th
yr

oi
d 

ef
fe

ct
s a

nd
 th

ei
r r

el
ev

an
ce

 to
 h

um
an

s  
D

. 
H

ED
 fo

r P
FH

xS
 w

ill
 b

e 
hi

gh
er

 w
he

n 
co

ns
id

er
in

g 
fa

st
er

 h
al

f-
lif

e 
E.

 W
am

ba
ug

h 
be

nc
hm

ar
k 

do
se

 m
od

el
 u

se
d 

by
 A

TS
D

R
 w

as
 n

ot
 o

pt
im

iz
ed

 
F.

 
U

nc
er

ta
in

ty
 fa

ct
or

s b
y 

A
TS

D
R

 w
er

e 
ov

er
ly

 c
on

se
rv

at
iv

e 
an

d 
no

t s
up

po
rte

d 
by

 sc
ie

nt
ifi

c 
da

ta
 

1.
 

U
se

 o
f “

3”
 fo

r a
ni

m
al

-to
-h

um
an

, i
n 

ad
di

tio
n 

to
 la

rg
e 

do
si

m
et

ric
 T

K
 a

dj
us

tm
en

t, 
is

 
co

ns
er

va
tiv

e 
be

ca
us

e 
hu

m
an

s a
re

 le
ss

 se
ns

iti
ve

 th
an

 ro
de

nt
s b

as
ed

 o
n 

in
 v

itr
o 

he
pa

to
cy

te
 d

at
a 

(B
jo

rk
 a

nd
 W

al
la

ce
 2

00
9)

 
2.

 
Sc

ie
nt

ifi
ca

lly
 u

nj
us

tif
ie

d 
us

e 
of

 “
10

” 
fo

r c
on

ce
rn

s o
n 

da
ta

ba
se

 li
m

ita
tio

ns
, e

sp
ec

ia
lly

 
on

 im
m

un
ot

ox
ic

ity
 a

nd
 g

en
er

al
 to

xi
ci

ty
 

 A
TS

D
R

’s
 o

ve
ra

ll 
in

te
rp

re
ta

tio
n 

on
 b

ot
h 

to
xi

co
lo

gy
 a

nd
 e

pi
de

m
io

lo
gy

 d
at

a 
ar

e 
in

co
ns

is
te

nt
 w

ith
 

th
e 

m
os

t c
ur

re
nt

 k
no

w
le

dg
e.

  I
ts

 a
pp

lic
at

io
n 

of
 u

nc
er

ta
in

ty
 fa

ct
or

s i
s n

ot
 sc

ie
nt

ifi
ca

lly
 ju

st
ifi

ed
 

an
d 

th
e 

pr
op

os
ed

 P
FH

xS
 M

R
L 

is
 n

ot
 su

pp
or

te
d 

by
 th

e 
sc

ie
nt

ifi
c 

da
ta

.  
Th

e 
PF

H
xS

 M
R

L 
de

riv
ed

 
fo

r t
he

 h
um

an
-h

ea
lth

 ri
sk

 a
ss

es
sm

en
t o

ve
rly

 c
on

se
rv

at
iv

e 
an

d 
no

t s
up

po
rte

d 
by

 a
de

qu
at

e 
sc

ie
nt

ifi
c 

fo
un

da
tio

n.
 

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

45
 

  3M
 C

om
m

en
ts

 (D
et

ai
ls

):
 

 A
. 

Th
e 

cr
iti

ca
l e

ff
ec

t c
on

cl
ud

ed
 b

y 
A

TS
D

R
 w

ith
 P

FO
A

 e
xp

os
ur

e 
(th

yr
oi

d 
fo

lli
cu

la
r c

el
l 

da
m

ag
e)

 h
as

 b
ee

n 
no

t s
ho

w
n 

in
 h

um
an

s. 
 A

TS
D

R
 n

ee
ds

 to
 o

ff
er

 a
 p

la
us

ib
le

 e
xp

la
na

tio
n 

as
 to

 
w

hy
 it

 b
el

ie
ve

s t
he

se
 e

ff
ec

ts
 a

re
 re

le
va

nt
 to

 h
um

an
 ri

sk
 a

ss
es

sm
en

t. 
 

B
. 

N
o 

co
nc

lu
si

ve
 e

vi
de

nc
e 

to
 su

gg
es

t t
ha

t P
FH

xS
 im

pa
ct

s t
hy

ro
id

 h
om

eo
st

as
is

 in
 ro

de
nt

s. 
 

B
as

ed
 o

n 
fin

di
ng

s f
ro

m
 a

 re
pr

od
uc

tiv
e 

an
d 

de
ve

lo
pm

en
ta

l s
tu

dy
 w

ith
 P

FH
xS

 in
 ra

ts
 

(B
ut

en
ho

ff
 e

t a
l. 

20
09

a)
, A

TS
D

R
 c

on
cl

ud
ed

 th
at

 th
e 

th
yr

oi
d 

fo
lli

cu
la

r c
el

l d
am

ag
e 

fin
di

ng
s 

in
 ra

ts
 w

as
 th

e 
cr

iti
ca

l e
ff

ec
t a

nd
 u

se
d 

th
at

 a
s t

he
 b

as
is

 fo
r i

ts
 d

er
iv

at
io

n 
of

 P
FH

xS
 M

R
L.

  
Th

is
 is

 n
ot

 th
e 

co
rr

ec
t i

nt
er

pr
et

at
io

n.
 

 It 
is

 in
co

rr
ec

t f
or

 A
TS

D
R

 to
 c

on
cl

ud
e 

th
at

 th
er

e 
w

as
 “

th
yr

oi
d 

fo
lli

cu
la

r c
el

l d
am

ag
e”

 b
as

ed
 

on
 th

e 
st

ud
y 

fin
di

ng
s r

ep
or

te
d 

by
 B

ut
en

ho
ff

 e
t a

l. 
(2

00
9a

). 
 T

he
 d

es
cr

ip
to

r “
in

cr
ea

se
d 

in
ci

de
nc

e 
of

 th
yr

oi
d 

fo
lli

cu
la

r e
pi

th
el

iu
m

 h
yp

er
tro

ph
y/

hy
pe

rp
la

si
a”

 d
oe

s n
ot

 m
ea

n 
“t

hy
ro

id
 

fo
lli

cu
la

r c
el

l d
am

ag
e”

.  
In

 th
at

 st
ud

y 
w

he
re

 ra
ts

 re
ce

iv
ed

 d
ai

ly
 d

os
es

 o
f p

ot
as

si
um

 P
FH

xS
 a

t 
ei

th
er

 0
, 0

.3
, 1

, 3
, o

r 1
0 

m
g/

kg
/d

ay
, i

nc
re

as
ed

 in
ci

de
nc

e 
of

 th
yr

oi
d 

fo
lli

cu
la

r e
pi

th
el

iu
m

 
hy

pe
rtr

op
hy

/h
yp

er
pl

as
ia

 w
as

 n
ot

ed
 in

 th
e 

10
 m

g/
kg

/d
ay

 d
os

e 
gr

ou
p 

m
al

e 
ra

ts
 a

fte
r 4

2 
da

ys
 o

f 
tre

at
m

en
t (

se
e 

ta
bl

e 
be

lo
w

). 
 B

ec
au

se
 h

is
to

m
or

ph
om

et
ric

al
ly

, t
he

re
 is

 a
 d

is
tin

ct
 d

iff
er

en
ce

 
be

tw
ee

n 
hy

pe
rtr

op
hy

 (i
nc

re
as

es
 in

 c
el

l s
iz

e)
 v

s. 
hy

pe
rp

la
si

a 
(in

cr
ea

se
s i

n 
ce

ll 
nu

m
be

r)
, i

t i
s 

im
po

ss
ib

le
 to

 d
et

er
m

in
e 

w
he

th
er

 th
er

e 
w

as
 a

ct
ua

l t
hy

ro
id

 h
yp

er
pl

as
ia

 a
ss

oc
ia

te
d 

w
ith

 P
FH

xS
 

ex
po

su
re

 in
 th

e 
ra

ts
 b

ec
au

se
, f

ol
lo

w
in

g 
st

an
da

rd
 p

ra
ct

ic
e 

at
 th

e 
tim

e 
of

 th
e 

st
ud

y,
 b

ot
h 

hy
pe

rtr
op

hy
 a

nd
 h

yp
er

pl
as

ia
 w

er
e 

re
po

rte
d 

as
 o

ne
 c

at
eg

or
y 

by
 th

e 
or

ig
in

al
 st

ud
y 

pa
th

ol
og

is
t. 

  
           G

iv
en

 th
at

 th
e 

sy
st

em
ic

 c
irc

ul
at

in
g 

th
yr

oi
d 

ho
rm

on
es

 le
ve

ls
 w

er
e 

no
t m

ea
su

re
d 

in
 th

at
 st

ud
y,

 
as

 st
at

ed
 b

y 
th

e 
st

ud
y 

au
th

or
s, 

th
e 

ov
er

al
l t

hy
ro

id
 h

or
m

on
e 

st
at

us
 w

as
 d

iff
ic

ul
t t

o 
in

te
rp

re
t 

be
ca

us
e 

th
e 

co
m

bi
ne

d 
hi

st
ol

og
ic

al
 c

at
eg

or
iz

at
io

n 
ad

de
d 

ad
di

tio
na

l u
nc

er
ta

in
ty

.  
In

 a
dd

iti
on

, 
be

ca
us

e 
th

yr
oi

d 
gl

an
d 

dy
sf

un
ct

io
n 

co
ul

d 
po

te
nt

ia
lly

 a
ff

ec
t t

he
 re

pr
od

uc
tiv

e 
fu

nc
tio

ns
 in

 th
e 

an
im

al
s, 

bu
t y

et
 th

er
e 

w
er

e 
no

 tr
ea

tm
en

t-r
el

at
ed

 e
ff

ec
ts

 o
n 

m
at

in
g 

or
 fe

rti
lit

y 
in

 a
ny

 o
f t

he
 

PF
H

xS
-tr

ea
te

d 
ra

ts
, t

he
re

 w
as

 n
o 

st
ro

ng
 e

vi
de

nc
e 

to
 su

pp
or

t t
hy

ro
id

-r
el

at
ed

 e
ff

ec
ts

 b
as

ed
 o

n 
th

is
 st

ud
y.

   
    

 
Po

ta
ss

iu
m

 P
FH

xS
 D

os
es

 (m
g/

kg
/d

ay
) 

0 
(c

on
tr

ol
) 

0.
3 

1.
0 

3.
0 

10
 

N
um

be
r o

f F
0 m

al
e 

ra
ts

 e
va

lu
at

ed
 

10
 

10
 

10
 

10
 

10
 

M
ic

ro
sc

op
ic

  
Th

yr
oi

d 
hy

pe
rtr

op
hy

/h
yp

er
pl

as
ia

 
(f

ol
lic

ul
ar

 e
pi

th
el

iu
m

) 
 

M
in

im
al

 
0 

1 
1 

2 
0 

M
ild

 
2 

2 
1 

2 
3 

M
od

er
at

e 
0 

0 
0 

0 
4 

T
ot

al
 

In
ci

de
nc

e 
2 

3 
2 

4 
7 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

46
 

 

  In
 a

dd
iti

on
, A

TS
D

R
 sh

ou
ld

 re
co

gn
iz

e 
th

at
 in

 ro
de

nt
s, 

in
cr

ea
se

d 
he

pa
to

ce
llu

la
r h

yp
er

tro
ph

y 
du

e 
to

 a
ct

iv
at

io
n 

of
 h

ep
at

ic
 n

uc
le

ar
 re

ce
pt

or
s i

s o
fte

n 
ac

co
m

pa
ni

ed
 b

y 
in

cr
ea

se
d 

th
yr

oi
d 

fo
lli

cu
la

r e
pi

th
el

ia
l h

yp
er

tro
ph

y/
hy

pe
rp

la
si

a 
(C

ap
en

 1
99

7)
.  

Th
is

 is
 a

 w
el

l-d
oc

um
en

te
d 

in
 

ro
de

nt
s a

nd
 it

 is
 p

rim
ar

ily
 d

ue
 to

 th
e 

in
cr

ea
se

d 
he

pa
to

cy
te

 m
as

s (
hy

pe
rtr

op
hy

) o
ve

ra
ll 

w
ill

 
re

su
lt 

in
 a

n 
in

cr
ea

se
 in

 o
ve

ra
ll 

liv
er

 m
et

ab
ol

is
m

.  
Th

e 
in

cr
ea

se
d 

liv
er

 m
et

ab
ol

is
m

 is
 c

ap
ab

le
 

of
 d

ire
ct

in
g 

th
e 

ci
rc

ul
at

in
g 

th
yr

oi
d 

ho
rm

on
e 

fo
r r

ap
id

 tu
rn

ov
er

 (w
ith

 in
cr

ea
se

d 
he

pa
tic

 U
D

P-
gl

uc
ur

on
yl

 tr
an

sf
er

as
e)

.  
C

on
se

qu
en

tly
, t

o 
co

m
pe

ns
at

e 
fo

r t
he

 h
ig

he
r t

ur
no

ve
r r

at
e 

of
 th

yr
oi

d 
ho

rm
on

es
, t

he
re

 w
ill

 b
e 

an
 in

cr
ea

se
 in

 th
yr

oi
d 

gl
an

d 
ac

tiv
ity

 h
en

ce
 it

 is
 c

om
m

on
 to

 se
e 

he
pa

to
ce

llu
la

r h
yp

er
tro

ph
y 

an
d 

th
yr

oi
d 

hy
pe

rtr
op

hy
 c

on
cu

rr
en

tly
.  

A
ga

in
, t

hi
s o

bs
er

va
tio

n 
is

 
pa

rti
cu

la
rly

 w
el

l-k
no

w
n 

ph
en

om
en

on
 in

 ro
de

nt
s b

ut
 n

ot
 in

 h
um

an
s (

se
e 

de
ta

ile
d 

di
sc

us
si

on
 

be
lo

w
) (

C
ap

en
 1

99
7;

 C
ur

ra
n 

an
d 

D
eG

ro
ot

 1
99

1)
.  

Th
er

ef
or

e,
 th

e 
ob

se
rv

ed
 in

cr
ea

se
 in

 m
ild

 to
 

m
od

er
at

e 
th

yr
oi

d 
fo

lli
cu

la
r e

pi
th

el
ia

l h
yp

er
tro

ph
y 

an
d 

hy
pe

rp
la

si
a 

in
 th

e 
10

 m
g/

kg
-d

 
tre

at
m

en
t g

ro
up

 m
al

es
 w

as
 c

on
si

st
en

t w
ith

 th
e 

in
cr

ea
se

 in
 c

en
tri

lo
bu

la
r h

ep
at

oc
el

lu
la

r 
hy

pe
rtr

op
hy

 a
ss

oc
ia

te
d 

w
ith

 e
xp

os
ur

e 
to

 P
FH

xS
.  

A
ga

in
, i

t r
ef

le
ct

ed
 th

e 
ac

tiv
at

io
n 

of
 

xe
no

se
ns

or
 n

uc
le

ar
 re

ce
pt

or
 a

ct
iv

at
io

n 
in

 ra
ts

 w
he

n 
ex

po
se

d 
to

 P
FH

xS
 (B

ijl
an

d 
et

 a
l. 

20
11

; 
B

jo
rk

 e
t a

l. 
20

11
; B

jo
rk

 a
nd

 W
al

la
ce

 2
00

9;
 C

ha
ng

 e
t a

l. 
20

18
). 

  
 R

ec
og

ni
zi

ng
 th

is
 u

nc
er

ta
in

ty
 a

s w
el

l a
s t

he
 d

iff
er

en
ce

 in
 se

ru
m

 to
xi

co
ki

ne
tic

s b
et

w
ee

n 
fe

m
al

e 
ra

ts
 a

nd
 fe

m
al

e 
m

ic
e,

 a
 se

pa
ra

te
 O

EC
D

 4
22

 st
ud

y 
w

as
 re

po
rte

d 
by

 C
ha

ng
 e

t a
l. 

(2
01

8)
 

an
d 

th
ey

 d
em

on
st

ra
te

d 
th

at
 th

yr
oi

d 
ho

rm
on

e 
st

at
us

 in
 m

ic
e 

ex
po

se
d 

to
 P

FH
xS

 (b
as

ed
 o

n 
TS

H
 

le
ve

ls
 a

nd
 th

yr
oi

d 
hi

st
op

at
ho

lo
gy

) w
as

 n
ot

 a
lte

re
d.

  I
n 

th
at

 st
ud

y,
 th

er
e 

w
as

 n
o 

ef
fe

ct
 o

f 
PF

H
xS

 o
n 

TS
H

 in
 th

e 
ad

ul
t F

0 m
ic

e 
or

 in
 th

e 
F 1

 p
up

s w
he

n 
se

ru
m

 T
SH

 w
as

 m
ea

su
re

d 
at

 
m

ul
tip

le
 ti

m
es

 d
ur

in
g 

th
ei

r d
ev

el
op

m
en

t; 
an

d,
 m

os
t i

m
po

rta
nt

ly
, t

he
re

 w
er

e 
no

 e
ff

ec
t o

n 
th

yr
oi

d 
hi

st
op

at
ho

lo
gy

.  
Th

er
ef

or
e,

 th
er

e 
is

 n
o 

ev
id

en
ce

 to
 su

gg
es

t t
ha

t P
FH

xS
 im

pa
ct

s 
th

yr
oi

d 
ho

m
eo

st
as

is
. 

 
C

. 
A

TS
D

R
 sh

ou
ld

 re
co

gn
iz

e 
ro

de
nt

-s
pe

ci
fic

 th
yr

oi
d 

ef
fe

ct
s a

nd
 th

ei
r r

el
ev

an
ce

 to
 h

um
an

s. 
 In

 
ad

di
tio

n,
 th

er
e 

ar
e 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

s e
xi

st
 in

 th
yr

oi
d 

ho
rm

on
e 

ph
ys

io
lo

gy
 b

et
w

ee
n 

ro
de

nt
s a

nd
 h

um
an

s. 
 In

 h
um

an
 a

nd
 n

on
-h

um
an

 p
rim

at
es

, c
irc

ul
at

in
g 

th
yr

oi
d 

ho
rm

on
es

 a
re

 
bo

un
d 

pr
im

ar
ily

 to
 th

yr
oi

d 
bi

nd
in

g 
gl

ob
ul

in
 (T

BG
) a

nd
 th

is
 h

ig
h-

af
fin

ity
 b

in
di

ng
 p

ro
te

in
 is

 
ab

se
nt

 in
 ro

de
nt

s (
O

pp
en

he
im

er
 e

t a
l. 

19
95

). 
 R

od
en

ts
 m

ai
nl

y 
re

ly
 o

n 
se

ru
m

 a
lb

um
in

, w
hi

ch
 

ha
s l

ow
er

 a
ff

in
ity

 th
an

 T
B

G
, a

s t
hy

ro
id

 h
or

m
on

e 
ca

rr
ie

rs
.  

Th
e 

pl
as

m
a 

th
yr

oi
d 

ho
rm

on
e 

ha
lf-

lif
e 

is
 c

on
si

de
ra

bl
y 

sh
or

te
r (

12
 –

 2
4 

ho
ur

s)
 th

an
 in

 h
um

an
s (

5 
– 

9 
da

ys
) (

C
ap

en
 1

99
7)

.  
It 

ha
s 

be
en

 w
el

l d
em

on
st

ra
te

d 
th

at
, b

et
w

ee
n 

ro
de

nt
s a

nd
 h

um
an

s, 
th

es
e 

di
ff

er
en

ce
 in

 p
la

sm
a 

ha
lf-

liv
es

 o
f t

hy
ro

id
 h

or
m

on
es

 a
nd

 b
in

di
ng

 a
ff

in
ity

 to
 c

ar
rie

r p
ro

te
in

s a
ttr

ib
ut

e 
to

 a
 g

re
at

er
 

se
ns

iti
vi

ty
 o

f r
od

en
ts

 (b
ut

 n
ot

 h
um

an
s)

 in
 d

ev
el

op
in

g 
hy

pe
rtr

op
hi

c 
an

d 
hy

pe
rp

la
st

ic
 le

si
on

s 
(C

ap
en

 1
99

7;
 C

ur
ra

n 
an

d 
D

eG
ro

ot
 1

99
1)

. 
 In

 su
m

m
ar

y,
 A

TS
D

R
 sh

ou
ld

 re
co

gn
iz

e 
th

at
 th

er
e 

ar
e 

di
st

in
ct

 d
iff

er
en

ce
s i

n 
th

yr
oi

d 
ho

rm
on

e 
re

gu
la

tio
ns

 b
et

w
ee

n 
ro

de
nt

s a
nd

 h
um

an
s;

 a
nd

 si
m

ila
r t

o 
he

pa
to

ce
llu

la
r h

yp
er

tro
ph

y 
no

te
d 

in
 

ra
ts

, t
hy

ro
id

 fi
nd

in
gs

 in
 ro

de
nt

s r
eq

ui
re

 c
ar

ef
ul

 (w
ei

gh
t-o

f-
ev

id
en

ce
) i

nt
er

pr
et

at
io

n 
w

he
n 

ex
tra

po
la

tin
g 

to
 h

um
an

 ri
sk

 a
ss

es
sm

en
t. 

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

47
 

 D
. 

H
ED

 fo
r P

FH
xS

 w
ill

 b
e 

hi
gh

er
 w

he
n 

co
ns

id
er

in
g 

fa
st

er
 h

al
f-

lif
e.

  I
n 

th
e 

M
R

L 
ca

lc
ul

at
io

ns
, 

A
TS

D
R

 c
ho

se
 to

 u
se

 th
e 

ar
ith

m
et

ic
 m

ea
n 

se
ru

m
 e

lim
in

at
io

n 
ha

lf-
lif

e 
es

tim
at

e 
fo

r P
FO

A
 

fr
om

 O
ls

en
 e

t a
l. 

(2
00

7)
 o

ve
r o

th
er

 st
ud

ie
s b

ec
au

se
 O

ls
en

 e
t a

l. 
ha

d 
a 

lo
ng

er
 fo

llo
w

 u
p 

tim
e 

an
d 

A
TS

D
R

 w
as

 c
on

ce
rn

ed
 th

at
 b

as
ed

 o
n 

a 
st

ud
y 

by
 S

ea
ls

 e
t a

l. 
(2

01
1)

, s
lo

w
er

 k
in

et
ic

s i
s 

lik
el

y 
to

 c
on

st
itu

te
 a

 la
rg

er
 c

on
tri

bu
tio

n 
to

 th
e 

te
rm

in
al

 h
al

f-
lif

e.
  F

or
 e

xa
m

pl
e,

 w
he

re
as

 
O

ls
en

 e
t a

l. 
ha

d 
an

 a
ve

ra
ge

 fo
llo

w
-u

p 
of

 5
 y

ea
rs

, B
ar

te
ll 

et
 a

l. 
ha

d 
a 

fo
llo

w
-u

p 
of

 a
 y

ea
r a

nd
 

Li
 e

t a
l. 

ha
d 

a 
fo

llo
w

-u
p 

of
 2

.3
 y

ea
rs

 a
m

on
g 

th
os

e 
st

ud
ie

s t
ha

t f
ol

lo
w

ed
 in

di
vi

du
al

s a
nd

 w
er

e 
no

t c
ro

ss
-s

ec
tio

na
l a

na
ly

se
s o

f p
op

ul
at

io
ns

.  
 H

ow
ev

er
, t

hi
s l

in
e 

of
 re

as
on

in
g 

by
 A

TS
D

R
 fo

r 
se

le
ct

io
n 

of
 th

e 
ar

ith
m

et
ic

 m
ea

n 
fr

om
 th

e 
O

ls
en

 e
t a

l. 
st

ud
y 

fa
ils

 to
 ta

ke
 in

to
 a

cc
ou

nt
 se

ve
ra

l 
fa

ct
or

s t
ha

t l
ik

el
y 

bi
as

ed
 u

pw
ar

ds
 th

e 
A

TS
D

R
 M

R
L 

es
tim

at
es

.  
Th

es
e 

in
cl

ud
e 

th
e 

fo
llo

w
in

g 
po

in
ts

. 
 1.

 
Th

e 
A

TS
D

R
 c

ho
se

 n
ot

 to
 u

se
 th

e 
ge

om
et

ric
 m

ea
n 

es
tim

at
e 

th
at

 w
as

 d
is

cu
ss

ed
 in

 th
e 

O
ls

en
 e

t a
l. 

pa
pe

r. 
 G

iv
en

 th
e 

rig
ht

 sk
ew

ne
ss

 o
f t

he
ir 

da
ta

, O
ls

en
 e

t a
l. 

w
er

e 
m

or
e 

fa
vo

ra
bl

e 
to

 u
se

 th
e 

ge
om

et
ric

 m
ea

n 
fo

r a
 m

ea
su

re
 o

f c
en

tra
l t

en
de

nc
y.

  A
TS

D
R

 p
ro

vi
de

d 
no

 e
xp

la
na

tio
n 

as
 to

 w
hy

 th
ey

 c
ho

se
 th

e 
ar

ith
m

et
ic

 m
ea

n 
vs

. t
he

 g
eo

m
et

ric
 m

ea
n 

in
 th

is
 

st
ud

y.
  T

hi
s d

ec
is

io
n 

is
 in

te
re

st
in

g 
(a

nd
 c

ur
io

us
) b

ec
au

se
 A

TS
D

R
 c

ho
se

 to
 re

po
rt 

m
ed

ia
n 

in
iti

al
 a

nd
 fi

na
l c

on
ce

nt
ra

tio
ns

 in
 T

ab
le

 A
2 

ra
th

er
 th

an
 th

e 
ar

ith
m

et
ic

 m
ea

n 
in

iti
al

 a
nd

 
fin

al
 c

on
ce

nt
ra

tio
ns

 in
 T

ab
le

 A
2.

  A
 m

ed
ia

n 
co

nc
en

tra
tio

n 
w

ou
ld

 b
e 

be
tte

r r
ep

re
se

nt
ed

 b
y 

a 
ha

lf-
lif

e 
es

tim
at

e 
ba

se
d 

on
 th

e 
ge

om
et

ric
 m

ea
n.

   
 

2.
 

Th
e 

O
ls

en
 e

t a
l. 

 2
00

7 
st

ud
y 

co
m

pr
is

ed
 2

6 
re

tir
ee

s (
en

d 
of

 st
ud

y 
av

er
ag

e 
ag

e 
= 

66
 y

ea
rs

) 
w

ho
 li

ke
ly

 w
ou

ld
 h

av
e 

ha
d 

an
 a

ve
ra

ge
 g

lo
m

er
ul

ar
 fi

ltr
at

io
n 

ra
te

 lo
w

er
 th

an
 th

os
e 

ca
lc

ul
at

ed
 fr

om
 y

ou
ng

er
 a

ge
s a

s r
ep

or
te

d 
in

 B
ar

te
ll 

et
 a

l. 
(a

ve
ra

ge
 a

ge
 5

5)
 a

nd
 L

i e
t a

l. 
(a

ge
 ra

ng
e 

15
 –

 5
5)

.  
Th

e 
av

er
ag

e 
es

tim
at

ed
 g

lo
m

er
ul

ar
 fi

ltr
at

io
n 

ra
te

 d
ec

lin
es

 w
ith

 a
ge

 a
s 

sh
ow

n 
in

 th
e 

ta
bl

e 
be

lo
w

. 
 

A
ge

 ra
ng

e 
Es

tim
at

ed
 G

FR
 

(m
l/m

in
/1

.7
3 

m
2 ) 

So
ur

ce
: 

1-
6 

m
on

th
s 

77
 

H
ei

lb
ro

n 
et

 a
l. 

19
91

 P
ed

ia
tr 

N
ep

hr
ol

. J
an

;5
(1

):5
-1

1.
 

6-
12

 m
on

th
s 

10
3 

12
-1

9 
m

on
th

s 
12

7 
2-

12
 y

ea
rs

 
12

7 
20

–2
9 

11
6 

ht
tp

s:
//w

w
w

.k
id

ne
y.

or
g/

si
te

s/
de

fa
ul

t/f
ile

s/
do

cs
/1

1-
10

-
18

13
_a

be
_p

at
br

o_
gf

r_
b.

pd
f 

30
–3

9 
10

7 
40

–4
9 

99
 

50
–5

9 
93

 
60

–6
9 

85
 

70
+ 

75
 

 
 

 
R

en
al

 c
le

ar
an

ce
 o

f p
er

flu
or

oc
ar

bo
xy

la
te

s (
an

d 
pe

rf
lu

or
os

ul
fo

na
te

s)
 is

 la
rg

el
y 

a 
su

m
 o

f 
th

re
e 

pr
oc

es
se

s i
nv

ol
vi

ng
 g

lo
m

er
ul

ar
 fi

ltr
at

io
n,

 re
na

l t
ub

ul
ar

 se
cr

et
io

n,
 a

nd
 re

na
l t

ub
ul

ar
 

re
ab

so
rp

tio
n 

(H
an

 e
t a

l. 
20

12
). 

B
ec

au
se

 P
FO

A
 a

nd
 o

th
er

 p
er

flu
or

oc
ar

bo
xy

la
te

s v
ar

y 
in

 
th

ei
r a

ff
in

iti
es

 to
 b

in
d 

pl
as

m
a 

pr
ot

ei
ns

, g
lo

m
er

ul
ar

 fi
ltr

at
io

n 
of

 p
er

flu
or

oc
ar

bo
xy

la
te

s 
(a

nd
 p

er
flu

or
os

ul
fo

na
te

s)
 is

 a
 p

ro
du

ct
 o

f t
he

 u
nb

ou
nd

 fr
ac

tio
n 

of
 th

e 
pe

rf
lu

or
oc

ar
bo

xy
la

te
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

48
 

 

an
d 

th
e 

gl
om

er
ul

ar
 fi

ltr
at

io
n 

ra
te

 (G
FR

). 
 T

hu
s, 

th
e 

hi
gh

er
 e

st
im

at
es

 o
f G

FR
 b

as
ed

 o
n 

th
e 

yo
un

ge
r a

ge
s i

n 
th

e 
ot

he
r s

tu
dy

 p
op

ul
at

io
ns

, e
sp

ec
ia

lly
 th

e 
yo

un
ge

r L
i e

t a
l. 

st
ud

y 
w

hi
ch

 
ha

d 
ap

pr
ox

im
at

el
y 

50
%

 o
f t

he
 fo

llo
w

-u
p 

tim
e 

of
 O

ls
en

 e
t a

l.,
 m

ay
 b

e 
du

e 
to

 th
e 

ag
e 

di
ff

er
en

ce
s o

f t
he

 su
bj

ec
ts

, a
nd

 n
ot

 th
e 

sh
or

te
r f

ol
lo

w
-u

p 
pe

rio
d 

co
ns

id
er

ed
 in

 th
es

e 
st

ud
ie

s. 
 T

hu
s, 

th
e 

se
ru

m
 e

lim
in

at
io

n 
ha

lf-
liv

es
 a

re
 li

ke
ly

 e
qu

al
ly

 v
al

id
 fo

r c
on

si
de

ra
tio

n 
in

 M
R

L 
ca

lc
ul

at
io

ns
. 

 
3.

 
Th

e 
O

ls
en

 e
t a

l. 
st

ud
y 

ha
d 

to
 c

on
si

de
r, 

du
rin

g 
th

e 
co

ur
se

 o
f t

he
ir 

fo
llo

w
-u

p,
 th

e 
po

ss
ib

ili
ty

 o
f r

et
ire

es
 re

en
te

rin
g 

th
e 

3M
 D

ec
at

ur
 a

nd
 C

ot
ta

ge
 G

ro
ve

 m
an

uf
ac

tu
rin

g 
pl

an
ts

.  
In

de
ed

, t
hi

s r
es

ul
te

d 
in

 O
ls

en
 e

t a
l. 

el
im

in
at

in
g 

1 
st

ud
y 

su
bj

ec
t e

nt
ire

ly
, a

nd
 

tru
nc

at
in

g 
fo

llo
w

-u
p 

tim
es

 fo
r t

w
o 

re
tir

ee
s. 

 T
hi

s w
ou

ld
 h

av
e 

bi
as

ed
 e

st
im

at
es

 u
pw

ar
ds

 
fo

r t
he

 se
ru

m
 e

lim
in

at
io

n 
ha

lf-
liv

es
 d

ue
 to

 th
e 

in
cr

ea
se

d 
ex

po
su

re
.  

It 
is

 n
ot

 li
ke

ly
 th

at
 

am
bi

en
t g

en
er

al
 p

op
ul

at
io

n 
le

ve
l c

on
ce

nt
ra

tio
ns

 w
ou

ld
 h

av
e 

bi
as

ed
 th

es
e 

re
tir

ee
’s

 
es

tim
at

es
 su

bs
ta

nt
ia

lly
 a

s d
is

cu
ss

ed
 b

y 
B

ar
te

ll 
et

 a
l. 

20
12

.  
O

n 
th

e 
ot

he
r h

an
d,

 a
lth

ou
gh

 
B

ar
te

ll 
et

 a
l. 

an
d 

Li
 e

t a
l. 

ha
d 

sh
or

te
r f

ol
lo

w
-u

p 
tim

es
, t

he
 p

rim
ar

y 
ex

po
su

re
 in

 th
es

e 
po

pu
la

tio
ns

 w
as

 th
ro

ug
h 

dr
in

ki
ng

 w
at

er
.  

In
st

al
la

tio
n 

of
 G

A
C

 fi
lte

rs
 in

 th
es

e 
po

pu
la

tio
ns

’ 
af

fe
ct

ed
 m

un
ic

ip
al

 w
at

er
 su

pp
ly

 w
ou

ld
 h

av
e 

im
m

ed
ia

te
ly

 c
ea

se
d 

th
ei

r e
xp

os
ur

e 
to

 P
FO

A
, 

PF
O

S,
 a

nd
 P

FH
xS

. 
 4.

  A
TS

D
R

 su
gg

es
ts

 th
e 

Se
al

s e
t a

l s
tu

dy
 in

di
ca

te
s a

 lo
w

er
 c

le
ar

an
ce

 ra
te

 m
ay

 o
cc

ur
 a

s 
su

bj
ec

ts
 a

re
 fo

llo
w

ed
 lo

ng
-te

rm
 p

os
t e

xp
os

ur
e;

 th
us

, t
he

 d
ec

is
io

n 
by

 A
TS

D
R

 to
 u

se
 th

e 
st

ud
y 

th
at

 h
ad

 th
e 

lo
ng

es
t f

ol
lo

w
-u

p 
tim

e 
(O

ls
en

 e
t a

l. 
20

07
). 

 H
ow

ev
er

, A
TS

D
R

 d
id

 n
ot

 
m

en
tio

n 
th

e 
m

ai
n 

lim
ita

tio
ns

 o
f t

he
 S

ea
ls

 e
t a

l. 
st

ud
y:

 1
) t

he
 c

ro
ss

-s
ec

tio
na

l n
at

ur
e 

of
 th

e 
an

al
ys

is
.  

In
di

vi
du

al
 su

bj
ec

ts
 w

er
e 

no
t f

ol
lo

w
ed

.  
 M

od
el

-b
as

ed
 e

st
im

at
es

 w
er

e 
in

st
ea

d 
ca

lc
ul

at
ed

 b
as

ed
 o

n 
th

e 
in

iti
al

 c
on

ce
nt

ra
tio

ns
; 2

) t
he

re
 w

as
 th

e 
ad

de
d 

as
su

m
pt

io
n 

th
at

 
th

er
e 

w
as

 u
ni

fo
rm

 e
xp

os
ur

e 
ba

se
d 

on
 th

e 
co

nc
en

tra
tio

n 
of

 P
FO

A
 m

ea
su

re
d 

in
 e

ac
h 

w
at

er
 

di
st

ric
t; 

an
d 

3)
 su

bj
ec

ts
 w

ith
 in

iti
al

 P
FO

A
 c

on
ce

nt
ra

tio
ns

 <
 1

5 
ng

/m
L 

w
er

e 
ex

cl
ud

ed
 

w
hi

ch
 m

ax
im

iz
ed

 th
e 

pr
ob

ab
ili

ty
 o

f a
na

ly
zi

ng
 in

di
vi

du
al

s w
ith

 su
ff

ic
ie

nt
ly

 h
ig

h 
ba

se
lin

e 
PF

O
A

 c
on

ce
nt

ra
tio

ns
 th

at
 w

ou
ld

 n
ot

 b
e 

at
 a

m
bi

en
t l

ev
el

s. 
 

 5.
 

G
iv

en
 th

e 
ab

ov
e 

ad
di

tio
na

l c
on

si
de

ra
tio

ns
 (b

ey
on

d 
th

at
 o

f A
TS

D
R

’s
 c

on
si

de
ra

tio
n 

ab
ou

t 
th

e 
le

ng
th

 o
f f

ol
lo

w
-u

p)
, t

he
 M

R
Ls

, a
ss

um
in

g 
sa

m
e 

PO
D

s f
ro

m
 th

e 
sa

m
e 

st
ud

ie
s, 

ar
e 

re
ca

lc
ul

at
ed

 in
 th

e 
ta

bl
e 

be
lo

w
 u

si
ng

 th
e 

di
ff

er
en

t s
er

um
 e

lim
in

at
io

n 
ha

lf-
lif

e 
va

lu
es

 fo
r 

PF
O

A
, P

FO
S,

 a
nd

 P
FH

xS
 th

at
 a

re
 re

po
rte

d 
in

 B
ar

te
ll 

et
 a

l.,
 L

i e
t a

l.,
 a

nd
 S

ea
ls

 e
t a

l. 
 

A
cc

or
di

ng
ly

, t
he

 p
er

ce
nt

 o
f t

he
 M

R
L 

th
at

 m
ig

ht
 b

e 
ov

er
es

tim
at

ed
 b

y 
th

e 
A

TS
D

R
 u

si
ng

 in
 

th
ei

r m
os

t c
on

se
rv

at
iv

e 
se

ru
m

 e
lim

in
at

io
n 

va
lu

e 
(a

rit
hm

et
ic

 m
ea

ns
 fr

om
 O

ls
en

 e
t a

l. 
20

07
) w

ou
ld

 th
en

 re
su

lt 
in

 a
 ra

ng
e 

of
 o

ve
re

st
im

at
io

ns
 o

f t
he

 M
R

L 
fo

r P
FH

xS
 b

et
w

ee
n 

14
 

an
d 

38
 p

er
ce

nt
.  

Th
is

 ty
pe

 o
f s

en
si

tiv
ity

 a
na

ly
si

s i
s d

ef
in

ite
ly

 n
ee

de
d 

in
 A

pp
en

di
x 

A
 fo

r 
th

e 
M

R
L 

ca
lc

ul
at

io
ns

 to
 ta

ke
 in

to
 a

cc
ou

nt
 th

e 
va

ria
tio

n 
of

 se
ru

m
 e

lim
in

at
io

n 
ha

lf-
lif

e 
es

tim
at

es
 th

at
 h

av
e 

be
en

 re
po

rte
d 

in
 th

e 
lit

er
at

ur
e 

th
at

 w
ill

 b
e,

 in
 p

ar
t, 

a 
fu

nc
tio

n 
of

 th
e 

G
FR

s f
ro

m
 th

e 
po

pu
la

tio
n 

st
ud

ie
d.

  G
iv

en
 th

e 
fa

ct
 th

at
 A

TS
D

R
 h

as
 u

se
d 

de
ve

lo
pm

en
ta

l 
st

ud
ie

s t
o 

ca
lc

ul
at

e 
th

e 
PO

D
s f

or
 th

ei
r M

R
Ls

, i
t i

s t
he

re
fo

re
 n

ot
 ju

st
ifi

ed
 to

 u
se

 th
e 

ar
ith

m
et

ic
 m

ea
n 

ha
lf-

lif
e 

es
tim

at
e 

ba
se

d 
so

le
ly

 o
n 

re
tir

ee
s, 

in
 p

ar
t, 

be
ca

us
e 

th
e 

G
FR

s o
f 

ol
de

r a
du

lts
 a

re
 m

ar
ke

dl
y 

lo
w

er
 th

an
 a

du
lts

 o
f m

uc
h 

yo
un

ge
r a

ge
 a

nd
 p

eo
pl

e 
65

 y
ea

rs
 o

f 
ag

e 
or

 o
ld

er
 re

pr
es

en
t o

nl
y 

ap
pr

ox
im

at
el

y 
15

%
 o

f t
he

 g
en

er
al

 p
op

ul
at

io
n 

  T
he

re
fo

re
 th

e 
es

tim
at

ed
 h

al
f-

liv
es

 sh
ou

ld
 re

fle
ct

 th
e 

en
tir

e 
po

pu
la

tio
n,

 n
ot

 ju
st

 th
e 

up
pe

r t
ai

l, 
w

hi
ch

 c
an

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

49
 

 

be
 a

 re
fle

ct
io

n 
of

 lo
w

er
 G

FR
s t

ha
t o

cc
ur

 w
ith

 a
ge

.  
Th

us
, c

al
cu

la
tio

n 
of

 se
ru

m
 

el
im

in
at

io
n 

ha
lf-

liv
es

 m
ay

 b
e 

ag
e,

 se
x,

 a
nd

 c
on

ce
nt

ra
tio

n-
de

pe
nd

en
t. 

 M
R

Ls
, b

as
ed

 in
 

pa
rt 

on
 h

al
f-

liv
es

, s
ho

ul
d 

re
fle

ct
 th

is
 d

iv
er

si
ty

 o
f i

np
ut

s i
n 

th
ei

r c
al

cu
la

tio
ns

. 
  

R
ef

er
en

ce
 S

tu
dy

 
Es

tim
at

ed
 H

al
f-

lif
e 

 
M

R
L 

(m
g/

kg
/d

) 
%

 M
R

L 
ov

er
 c

ur
re

nt
 

A
TS

D
R

 M
R

L 
Y

ea
rs

 
D

ay
s 

*A
TS

D
R

 E
st

im
at

e 
(a

rit
hm

et
ic

 M
ea

n 
fr

om
 O

ls
en

 e
t a

l. 
20

07
) 

8.
5 

31
00

 
1.

57
E-

05
 

--
 

O
ls

en
 e

t a
l. 

20
07

 (g
eo

m
et

ric
 m

ea
n)

 
7.

3 
26

65
 

1.
82

E-
05

 
14

 
Li

 e
 a

l. 
20

18
 

5.
3 

19
35

 
2.

51
E-

05
 

38
 

 A
s i

llu
st

ra
te

d 
ab

ov
e,

 b
ec

au
se

 H
ED

 a
nd

 M
R

L 
ar

e 
de

pe
nd

en
t o

f t
he

 c
le

ar
an

ce
 ra

te
 u

se
d,

 
th

e 
re

su
lti

ng
 M

R
L 

fo
r P

FH
xS

 c
an

 d
iff

er
 su

bs
ta

nt
ia

lly
 a

nd
 c

ou
ld

 b
e 

14
 to

 3
8%

 h
ig

he
r t

ha
n 

th
e 

cu
rr

en
t p

ro
vi

si
on

al
 M

R
L 

pr
op

os
ed

 b
y 

A
TS

D
R

. 
 

E.
 W

am
ba

ug
h 

be
nc

hm
ar

k 
do

se
 m

od
el

 u
se

d 
by

 A
TS

D
R

 w
as

 n
ot

 o
pt

im
iz

ed
.  

Si
m

ila
r t

o 
co

m
m

en
ts

 p
ro

vi
de

d 
ab

ov
e 

fo
r P

FO
S 

an
d 

PF
O

A
, t

he
 M

R
L 

is
 la

rg
el

y 
ba

se
d 

on
 u

nc
er

ta
in

ty
 

ra
th

er
 th

an
 o

n 
su

pp
or

ta
bl

e 
sc

ie
nc

e 
de

riv
ed

 fr
om

 W
am

ba
ug

h 
m

od
el

. A
ga

in
, A

TS
D

R
 re

lie
d 

on
 

an
im

al
 P

B
PK

 m
od

el
 to

 p
re

di
ct

 su
bs

eq
ue

nt
 P

O
D

 o
f M

R
L 

de
riv

at
io

n,
 b

ut
 o

n 
th

e 
ot

he
r h

an
d,

 it
 

ha
s a

ls
o 

ex
pl

ic
itl

y 
st

at
ed

 th
at

 “
A

lth
ou

gh
 p

hy
si

ol
og

ic
al

ly
 b

as
ed

 p
ha

rm
ac

ok
in

et
ic

 (P
B

PK
) 

m
od

el
s h

av
e 

be
en

 d
ev

el
op

ed
 fo

r r
od

en
ts

 a
nd

 h
um

an
s, 

th
es

e 
m

od
el

s a
re

 n
ot

 s
uf

fic
ie

nt
 to

 a
llo

w
 

fo
r c

om
pa

ris
on

s b
et

w
ee

n 
ad

m
in

is
te

re
d 

do
se

s i
n 

la
bo

ra
to

ry
 a

ni
m

al
s a

nd
 se

ru
m

 c
on

ce
nt

ra
tio

ns
 

in
 h

um
an

s”
 (c

f. 
pa

ge
 5

 o
f d

ra
ft 

pr
of

ile
). 

 T
hi

s s
ta

te
m

en
t i

nd
ic

at
ed

 a
 g

re
at

 a
m

ou
nt

 o
f 

un
ce

rta
in

ty
 a

ss
oc

ia
te

d 
w

ith
 th

e 
PB

PK
 m

od
el

 u
se

d 
he

nc
e 

A
TS

D
R

 n
ee

ds
 to

 a
ck

no
w

le
dg

e 
th

is
 

fa
ct

 in
 it

s s
um

m
ar

y.
 

 F.
 

U
nc

er
ta

in
ty

 fa
ct

or
s u

se
d 

by
 A

TS
D

R
 w

er
e 

ov
er

ly
 c

on
se

rv
at

iv
e 

an
d 

no
t s

up
po

rte
d 

by
 sc

ie
nt

ifi
c 

da
ta

.  
Th

ey
 in

cl
ud

e:
 

 
1.

 
U

se
 o

f “
3”

 fo
r a

ni
m

al
-to

-h
um

an
, i

n 
ad

di
tio

n 
to

 la
rg

e 
do

si
m

et
ric

 T
K

 a
dj

us
tm

en
t, 

is
 n

ot
 

sc
ie

nt
ifi

ca
lly

 ju
st

ifi
ed

.  
W

hi
le

 3
M

 a
gr

ee
s w

ith
 A

TS
D

R
 in

 p
rin

ci
pl

e 
to

 a
dj

us
t f

or
 

to
xi

co
ki

ne
tic

 d
iff

er
en

ce
 b

et
w

ee
n 

hu
m

an
 a

nd
 ro

de
nt

 se
ru

m
 c

le
ar

an
ce

 o
f P

FH
xS

, w
hi

ch
 

re
pr

es
en

te
d 

a 
fa

ct
or

 o
f 1

5,
50

0 
ba

se
d 

on
 A

TS
D

R
’s

 d
er

iv
at

io
n,

 3
M

 d
oe

s n
ot

 a
gr

ee
 a

n 
ad

di
tio

na
l f

ac
to

r o
f “

3”
 is

 n
ee

de
d 

to
 a

cc
ou

nt
 fo

r u
nc

er
ta

in
ty

 in
 u

si
ng

 la
bo

ra
to

ry
 a

ni
m

al
 

da
ta

 to
 d

er
iv

e 
hu

m
an

 e
xp

os
ur

e 
le

ve
ls

.  
Th

is
, i

n 
fa

ct
, r

ep
re

se
nt

s a
n 

ad
ju

st
m

en
t o

f 4
6,

00
0 

w
he

n 
ta

ki
ng

 d
os

im
et

ry
 in

to
 a

cc
ou

nt
. T

he
 u

se
 o

f a
n 

ad
di

tio
na

l f
ac

to
r o

f 3
 to

 a
cc

ou
nt

 fo
r 

ro
de

nt
-to

-h
um

an
 to

xi
co

dy
na

m
ic

 d
iff

er
en

ce
 is

 u
nn

ec
es

sa
ry

 a
nd

 n
ot

 sc
ie

nt
ifi

ca
lly

 ju
st

ifi
ed

. 
 

M
or

e 
sp

ec
ifi

ca
lly

, A
TS

D
R

 h
as

 d
er

iv
ed

 it
s p

ro
po

se
d 

M
R

L 
ba

se
d 

on
 th

e 
ro

de
nt

 
de

ve
lo

pm
en

ta
l d

at
a.

  B
ec

au
se

 h
um

an
s a

re
 c

on
si

de
ra

bl
y 

le
ss

 se
ns

iti
ve

 to
 th

e 
pl

ei
ot

ro
ph

ic
 

ef
fe

ct
s o

f x
en

os
en

so
r n

uc
le

ar
 re

ce
pt

or
s s

uc
h 

as
 P

PA
R
α,

 C
A

R
/P

X
R

 a
ct

iv
at

io
n 

co
m

pa
re

d 
to

 ro
de

nt
s (

C
or

to
n 

et
 a

l. 
20

14
; E

lc
om

be
 e

t a
l. 

20
14

;  
G

on
za

le
z 

an
d 

Sh
ah

 2
00

8;
  K

la
un

ig
 

et
 a

l. 
20

03
;  

K
la

un
ig

 e
t a

l. 
20

12
;  

La
ke

 2
00

9;
  R

os
s e

t a
l. 

20
10

), 
th

e 
qu

al
ita

tiv
e 

di
ff

er
en

ce
s b

rin
gs

 in
to

 q
ue

st
io

n 
th

e 
re

le
va

nc
e 

of
 ro

de
nt

 d
ev

el
op

m
en

ta
l e

ff
ec

ts
 w

ith
 

ex
po

su
re

 to
 P

FH
xS

 a
nd

 b
io

lo
gi

ca
l s

ig
ni

fic
an

ce
 to

 h
um

an
s. 

 T
hu

s, 
th

e 
ve

ry
 la

rg
e 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

50
 

 

do
si

m
et

ric
 a

dj
us

tm
en

t o
f 1

5,
50

0 
m

or
e 

th
an

 a
de

qu
at

el
y 

co
m

pe
ns

at
es

 fo
r t

he
 a

dd
iti

on
al

 
fa

ct
or

 o
f 3

 fo
r d

iff
er

en
ce

 b
et

w
ee

n 
ro

de
nt

s a
nd

 h
um

an
 e

xt
ra

po
la

tio
n.

  A
TS

D
R

 sh
ou

ld
 n

ot
 

ap
pl

y 
an

ot
he

r f
ac

to
r o

f 3
 fo

r a
ni

m
al

 to
 h

um
an

 w
he

n 
th

is
 u

nc
er

ta
in

ty
 is

 a
lre

ad
y 

em
be

dd
ed

 
in

 th
e 

la
rg

e 
ad

ju
st

m
en

t f
or

 th
e 

do
si

m
et

ric
 d

iff
er

en
ce

.  
 

 
2.

 
A

dd
iti

on
al

 fa
ct

or
 o

f “
10

” 
fo

r h
um

an
 v

ar
ia

bi
lit

y 
is

 o
ve

rly
 c

on
se

rv
at

iv
e.

  F
or

 th
e 

PF
H

xS
 

M
R

L,
 A

TS
D

R
 in

cl
ud

ed
 a

 fa
ct

or
 o

f 1
0 

fo
r h

um
an

 v
ar

ia
bi

lit
y.

 If
 A

TS
D

R
 c

ou
ld

 h
av

e 
de

ve
lo

pe
d 

a 
m

or
e 

ap
pr

op
ria

te
 P

B
PK

 m
od

el
 th

at
 a

cc
ou

nt
ed

 fo
r l

ife
 st

ag
e 

di
ff

er
en

ce
s i

n 
hu

m
an

s (
ra

th
er

 th
an

 re
ly

in
g 

on
 ro

de
nt

 m
od

el
), 

th
is

 fa
ct

or
 o

f 1
0 

fo
r h

um
an

 v
ar

ia
bi

lit
y 

co
ul

d 
po

te
nt

ia
lly

 b
e 

re
du

ce
d.

   
 

3.
 

Sc
ie

nt
ifi

ca
lly

 u
nj

us
tif

ie
d 

us
e 

of
 “

10
” 

fo
r c

on
ce

rn
s o

n 
da

ta
ba

se
 li

m
ita

tio
ns

, e
sp

ec
ia

lly
 o

n 
im

m
un

ot
ox

ic
ity

 a
nd

 g
en

er
al

 to
xi

ci
ty

.  
A

TS
D

R
 st

at
ed

 th
at

 th
er

e 
is

 li
m

ite
d 

to
xi

co
lo

gy
 

da
ta

ba
se

 o
n 

PF
H

xS
, e

sp
ec

ia
lly

 w
ith

 re
ga

rd
s t

o 
im

m
un

ot
ox

ic
ity

 a
nd

 g
en

er
al

 to
xi

ci
ty

.  
Th

is
 

is
 n

ot
 c

or
re

ct
. 

 
A

lb
ei

t t
he

 n
um

be
r o

f p
ub

lic
at

io
ns

 o
n 

PF
H

xS
 is

 fe
w

er
 th

an
 P

FO
S 

or
 P

FO
A

, t
he

 a
va

ila
bl

e 
st

ud
ie

s (
to

 d
at

e)
 o

n 
PF

H
xS

 h
av

e 
ad

dr
es

se
d 

m
an

y 
ke

y 
to

xi
ci

ty
 e

nd
po

in
ts

 su
ch

 a
s l

iv
er

 a
nd

 
ch

ol
es

te
ro

l u
nd

er
 re

pe
at

ed
 d

os
e 

co
nd

iti
on

s f
ol

lo
w

in
g 

co
m

pr
eh

en
si

ve
 m

ac
ro

sc
op

ic
 a

nd
 

m
ic

ro
sc

op
ic

 e
xa

m
in

at
io

ns
 (B

ijl
an

d 
et

 a
l. 

20
11

; B
ut

en
ho

ff
 e

t a
l. 

20
09

a;
 C

ha
ng

 e
t a

l. 
20

18
). 

 A
TS

D
R

 is
 in

co
rr

ec
t i

n 
st

at
in

g 
th

at
 th

er
e 

ar
e 

lim
ite

d 
“g

en
er

al
 to

xi
ci

ty
” 

in
fo

rm
at

io
n 

on
 P

FH
xS

. 
 Fu

rth
er

m
or

e,
 w

ith
 re

ga
rd

s t
o 

th
e 

im
m

un
ot

ox
ic

ity
, A

TS
D

R
 h

as
 n

ot
 ju

st
ifi

ed
 th

e 
re

le
va

nc
e 

of
 e

xi
st

in
g 

st
ud

ie
s t

o 
hu

m
an

 ri
sk

 a
ss

es
sm

en
t. 

 S
tu

di
es

 b
y 

B
ut

en
ho

ff
 e

t a
l. 

(2
00

9a
) a

nd
 

C
ha

ng
 e

t a
l. 

(2
01

8)
, r

ep
ea

te
d 

or
al

 tr
ea

tm
en

ts
 o

f P
FH

xS
 to

 e
ith

er
 a

du
lt 

m
al

e 
ra

ts
 o

r m
ic

e 
fo

r 4
2 

da
ys

, a
nd

, p
re

gn
an

t d
am

s f
ro

m
 th

e 
be

gi
nn

in
g 

of
 g

es
ta

tio
n 

to
 th

e 
en

d 
of

 la
ct

at
io

n,
 

ha
d 

no
 e

ff
ec

ts
 o

n 
th

e 
w

ei
gh

ts
 (a

bs
ol

ut
e 

or
 re

la
tiv

e)
 o

r t
he

 h
is

to
lo

gy
 o

f t
he

 p
rim

ar
y 

im
m

un
e 

or
ga

ns
, i

nc
lu

di
ng

 th
ym

us
, s

pl
ee

n,
 ly

m
ph

 n
od

es
, o

r b
on

e 
m

ar
ro

w
.  

Th
es

e 
da

ta
 

cl
ea

rly
 su

pp
or

t a
n 

ab
se

nc
e 

of
 e

ff
ec

ts
 o

n 
im

m
un

e 
fu

nc
tio

n,
 w

hi
ch

 w
as

 th
e 

co
nc

lu
si

on
 b

y 
A

TS
D

R
 (o

n 
Ta

bl
e 

2-
5 

of
 th

e 
dr

af
t p

ro
fil

e)
.  

 
 Th

er
ef

or
e,

 th
e 

de
fa

ul
t d

at
ab

as
e 

un
ce

rta
in

ty
 fa

ct
or

 o
f “

10
” 

is
 n

ot
 sc

ie
nt

ifi
ca

lly
 ju

st
ifi

ed
 

an
d 

sh
ou

ld
 b

e 
re

m
ov

ed
 b

y 
A

TS
D

R
. 

 
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

51
 

 

D
et

ai
le

d 
C

om
m

en
ts

 o
n 

Pr
eg

na
nc

y-
in

du
ce

d 
hy

pe
rt

en
si

on
 / 

 
pr

e-
ec

la
m

ps
ia

 (P
FO

A
, P

FO
S)

 
 A

T
SD

R
 P

os
iti

on
 

 
A

TS
D

R
 c

on
cl

ud
ed

 th
er

e 
is

 “
su

gg
es

tiv
e 

ep
id

em
io

lo
gi

ca
l e

vi
de

nc
e 

fo
r a

n 
as

so
ci

at
io

n 
be

tw
ee

n 
se

ru
m

 P
FO

A 
an

d 
PF

O
S 

an
d 

pr
eg

na
nc

y-
in

du
ce

d 
hy

pe
rt

en
si

on
/p

re
-e

cl
am

ps
ia

.”
 

Fo
r P

FO
A

, e
vi

de
nc

e 
w

as
 b

as
ed

 o
n 

6 
st

ud
ie

s:
 4

 c
ro

ss
-s

ec
tio

na
l (

N
ol

an
 e

t a
l. 

20
10

; S
av

itz
 

et
 a

l. 
20

12
a;

 S
av

itz
 e

t a
l. 

20
12

b;
 S

te
in

 e
t a

l. 
20

09
) 1

 p
ro

sp
ec

tiv
e 

co
ho

rt 
(D

ar
ro

w
 e

t a
l. 

20
13

) a
nd

 1
 c

as
e-

co
ho

rt 
(S

ta
rli

ng
 e

t a
l. 

20
14

). 
 F

or
 P

FO
S,

 e
vi

de
nc

e 
w

as
 b

as
ed

 o
n 

3 
st

ud
ie

s (
St

ei
n 

et
 a

l. 
20

09
; D

ar
ro

w
 e

t a
l. 

20
13

; S
ta

rli
ng

 e
t a

l. 
20

14
). 

 3M
 C

om
m

en
ts

 o
n 

Pr
ee

cl
am

ps
ia

 
 

It 
is

 u
nc

le
ar

 w
hy

 A
TS

D
R

 c
om

bi
ne

d 
pr

eg
na

nc
y-

in
du

ce
d 

hy
pe

rte
ns

io
n 

an
d 

pr
e-

ec
la

m
ps

ia
 

in
to

 a
 si

ng
le

 h
ea

lth
 o

ut
co

m
e.

 W
hi

le
 b

ot
h 

di
se

as
es

 a
re

 d
ef

in
ed

 b
y 

ne
w

 o
ns

et
 o

f 
hy

pe
rte

ns
io

n 
th

at
 d

ev
el

op
s a

fte
r t

he
 2

0th
 w

ee
k 

of
 p

re
gn

an
cy

, p
re

ec
la

m
ps

ia
 is

 a
 fa

r m
or

e 
se

rio
us

 c
om

pl
ic

at
io

n 
of

 p
re

gn
an

cy
 o

fte
n 

ch
ar

ac
te

riz
ed

 b
y 

pr
ot

ei
nu

ria
 a

nd
/o

r s
ig

ns
 o

f 
cl

in
ic

al
 p

at
ho

lo
gy

 to
 a

no
th

er
 o

rg
an

 sy
st

em
. F

ur
th

er
, t

he
 A

m
er

ic
an

 C
ol

le
ge

 o
f 

O
bs

te
tri

ci
an

s a
nd

 G
yn

ec
ol

og
is

ts
 re

co
gn

iz
es

 p
re

gn
an

cy
-in

du
ce

d 
hy

pe
rte

ns
io

n 
an

d 
pr

e-
ec

la
m

ps
ia

 a
s t

w
o 

di
st

in
ct

 ty
pe

s o
f h

yp
er

te
ns

iv
e 

di
so

rd
er

s w
ith

 d
iff

er
in

g 
di

ag
no

st
ic

 c
rit

er
ia

 
an

d 
di

se
as

e 
m

an
ag

em
en

t s
tra

te
gi

es
 (A

m
er

ic
an

 C
ol

le
ge

 o
f O

bs
te

tri
ci

an
s a

nd
 

G
yn

ec
ol

og
is

ts
 2

01
3)

.  
Th

e 
A

TS
D

R
 p

ro
vi

de
d 

no
 sc

ie
nt

ifi
c 

ju
st

ifi
ca

tio
n 

fo
r c

om
bi

ni
ng

 
th

es
e 

tw
o 

di
st

in
ct

 p
re

gn
an

cy
 o

ut
co

m
es

.  
  

 O
f t

he
 6

 st
ud

ie
s r

ef
er

en
ce

d 
by

 A
TS

D
R

, o
nl

y 
3 

sp
ec

ifi
ca

lly
 e

va
lu

at
ed

 p
re

ec
la

m
ps

ia
 in

 
re

la
tio

n 
to

 m
at

er
na

l e
xp

os
ur

e 
le

ve
ls

 o
f P

FO
A

 a
nd

/o
r P

FO
S 

(S
te

in
 e

t a
l. 

20
09

; S
av

itz
 e

t a
l. 

20
12

a;
 S

ta
rli

ng
 e

t a
l. 

20
14

). 
  T

he
se

 st
ud

ie
s d

iff
er

ed
 b

y 
se

ve
ra

l i
m

po
rta

nt
 fa

ct
or

s (
w

hi
ch

 
w

er
e 

no
t a

dd
re

ss
ed

 in
 th

e 
A

TS
D

R
 d

ra
ft 

pr
of

ile
) i

nc
lu

di
ng

 st
ud

y 
de

si
gn

, e
xp

os
ur

e 
as

se
ss

m
en

t a
nd

 p
re

ec
la

m
ps

ia
 a

ss
es

sm
en

t. 
Th

es
e 

di
ff

er
en

ce
s a

re
 d

is
cu

ss
ed

 b
el

ow
.  

 
 B

ot
h 

St
ei

n 
et

 a
l. 

(2
00

9)
 a

nd
 S

av
itz

 e
t a

l. 
(2

01
2a

) w
er

e 
cr

os
s-

se
ct

io
na

l s
tu

di
es

 o
f a

 h
ig

hl
y 

ex
po

se
d 

co
m

m
un

ity
 p

op
ul

at
io

n 
in

 th
e 

M
id

-O
hi

o 
V

al
le

y 
re

gi
on

 (C
8 

H
ea

lth
 S

tu
dy

). 
In

 
bo

th
 st

ud
ie

s, 
se

lf-
re

po
rte

d 
pr

ee
cl

am
ps

ia
 w

as
 o

bt
ai

ne
d 

vi
a 

qu
es

tio
nn

ai
re

. T
hi

s w
as

 a
 m

aj
or

 
de

fic
ie

nc
y 

of
 th

es
e 

st
ud

ie
s g

iv
en

 th
at

 se
lf-

re
po

rte
d 

pr
ee

cl
am

ps
ia

 h
as

 a
 lo

w
 p

os
iti

ve
 

pr
ed

ic
tiv

e 
va

lu
e 

(~
50

-6
0%

) w
he

n 
va

lid
at

ed
 a

ga
in

st
 m

ed
ic

al
 re

co
rd

s (
St

ua
rt 

et
 a

l. 
20

13
). 

 
Fu

rth
er

, s
tu

dy
 p

ar
tic

ip
an

ts
 w

er
e 

aw
ar

e 
of

 th
ei

r e
xp

os
ur

e 
st

at
us

 (i
.e

. P
FO

A
 a

nd
 P

FO
S 

le
ve

ls
), 

w
hi

ch
 li

ke
ly

 in
tro

du
ce

d 
so

m
e 

le
ve

l o
f r

ec
al

l b
ia

s. 
In

 a
dd

iti
on

, S
te

in
 e

t a
l. 

(2
00

9)
 

ob
ta

in
ed

 se
lf-

re
po

rte
d 

pr
ee

cl
am

ps
ia

 o
ut

co
m

es
 b

et
w

ee
n 

20
00

-2
00

6,
 w

hi
ch

 p
re

ce
de

d 
PF

O
A

, a
nd

 P
FO

S 
se

ru
m

 m
ea

su
re

m
en

ts
 b

y 
ap

pr
ox

im
at

el
y 

5 
ye

ar
s (

i.e
., 

te
m

po
ra

lit
y 

w
ou

ld
 

be
 d

iff
ic

ul
t t

o 
es

ta
bl

is
h)

.  
Sa

vi
tz

 e
t a

l. 
(2

01
2a

), 
on

 th
e 

ot
he

r h
an

d,
 e

xa
m

in
ed

 p
re

gn
an

cy
 

ou
tc

om
es

 fr
om

 1
99

0 
to

 2
00

4 
in

 re
la

tio
n 

to
 m

od
el

ed
 P

FO
A

 e
xp

os
ur

e.
 T

he
 m

od
el

 w
as

 
ba

se
d 

on
 se

ru
m

 P
FO

A
 m

ea
su

re
m

en
ts

 in
 2

00
5,

 re
si

de
nt

ia
l h

is
to

rie
s, 

hi
st

or
ic

al
 in

fo
rm

at
io

n 
on

 P
FO

A
 re

le
as

es
, e

nv
iro

nm
en

ta
l d

is
tri

bu
tio

n 
an

d 
ph

ar
m

ac
ok

in
et

ic
 m

od
el

in
g.

 T
he

 
au

th
or

s r
ep

or
te

d 
an

 o
ve

ra
ll 

co
rr

el
at

io
n 

of
 0

.6
7 

be
tw

ee
n 

pr
ed

ic
te

d 
(m

od
el

ed
) a

nd
 o

bs
er

ve
d 

se
ru

m
 P

FO
A

 le
ve

ls
 m

ea
su

re
d 

in
 2

00
5-

20
06

 a
nd

 st
at

ed
 th

at
 “

ou
r e

st
im

at
es

 u
nd

ou
bt

ed
ly

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

52
 

 

in
tro

du
ce

d 
so

m
e 

m
is

cl
as

si
fic

at
io

n”
 (S

av
itz

 e
t a

l. 
20

12
a)

. T
hi

s s
tu

dy
 o

bs
er

ve
d 

a 
si

gn
ifi

ca
nt

 p
os

iti
ve

 a
ss

oc
ia

tio
n 

fo
r r

is
k 

of
 p

re
ec

la
m

ps
ia

 w
he

n 
m

od
el

ed
 P

FO
A

 w
as

 
an

al
yz

ed
 p

er
 1

00
 n

g/
m

L 
in

cr
ea

se
 (O

R
 =

 1
.0

8,
 9

5%
C

I: 
1.

01
-1

.1
5)

; h
ow

ev
er

, n
o 

si
gn

ifi
ca

nt
 fi

nd
in

gs
 w

er
e 

ob
se

rv
ed

 w
he

n 
es

tim
at

ed
 se

ru
m

 P
FO

A
 c

on
ce

nt
ra

tio
ns

 w
er

e 
ev

al
ua

te
d 

in
 q

ui
nt

ile
s (

i.e
., 

no
 d

os
e-

re
sp

on
se

) o
r p

er
 in

te
rq

ua
rti

le
 in

cr
ea

se
 in

 th
e 

lo
g 

tra
ns

fo
rm

ed
 e

st
im

at
es

. (
N

ot
e:

 T
he

 A
TS

D
R

 d
id

 n
ot

 c
ite

 th
es

e 
nu

ll 
fin

di
ng

s i
n 

th
e 

dr
af

t 
pr

of
ile

). 
A

dd
iti

on
al

ly
, S

te
in

 e
t a

l. 
(2

00
9)

 re
po

rte
d 

no
 si

gn
ifi

ca
nt

 a
ss

oc
ia

tio
n 

be
tw

ee
n 

se
lf-

re
po

rte
d 

pr
ee

cl
am

ps
ia

 a
nd

 m
ea

su
re

d 
PF

O
A

 le
ve

ls
. P

re
ec

la
m

ps
ia

 w
as

, h
ow

ev
er

, 
si

gn
ifi

ca
nt

ly
 a

ss
oc

ia
te

d 
w

ith
 P

FO
S 

le
ve

ls
 a

bo
ve

 th
e 

m
ed

ia
n 

(O
R

 =
 1

.3
, 9

5%
C

I: 
1.

1-
1.

7)
 

an
d 

le
ve

ls
 a

bo
ve

 th
e 

90
th

 p
er

ce
nt

ile
 (O

R
 =

 1
.6

: 9
5%

C
I: 

1.
2-

2.
3)

, b
ut

 n
ot

 fo
r l

ev
el

s b
el

ow
 

th
e 

90
th

 p
er

ce
nt

ile
 o

r w
he

n 
PF

O
S 

w
as

 e
xa

m
in

ed
 p

er
 in

cr
ea

se
 fr

om
 th

e 
25

th
 to

 th
e 

75
th

 
pe

rc
en

til
e.

  (
N

ot
e:

 A
ga

in
, A

TS
D

R
 fa

ile
d 

to
 c

ite
 th

es
e 

fin
di

ng
s i

n 
th

e 
dr

af
t p

ro
fil

e)
.  

 Th
e 

m
os

t r
ec

en
t s

tu
dy

 (S
ta

rli
ng

 e
t a

l. 
20

14
) t

o 
ex

am
in

e 
th

e 
po

te
nt

ia
l a

ss
oc

ia
tio

n 
be

tw
ee

n 
pr

ee
cl

am
ps

ia
 a

nd
 P

FA
S 

le
ve

ls
 w

as
 a

 c
as

e-
co

ho
rt 

st
ud

y 
of

 9
76

 w
om

en
 e

nr
ol

le
d 

in
 th

e 
N

or
w

eg
ia

n 
M

ot
he

r a
nd

 C
hi

ld
 C

oh
or

t. 
U

nl
ik

e 
st

ud
ie

s b
y 

St
ei

n 
et

 a
l. 

(2
00

9)
 a

nd
 S

av
itz

 e
t 

al
. (

20
12

a)
, S

ta
rli

ng
 e

t a
l. 

(2
01

4)
 w

as
 th

e 
on

ly
 st

ud
y 

to
 m

ea
su

re
 m

at
er

na
l p

la
sm

a 
PF

O
A

 
le

ve
ls

 d
ur

in
g 

m
id

 p
re

gn
an

cy
. F

ur
th

er
m

or
e,

 it
 w

as
 th

e 
on

ly
 st

ud
y 

to
 u

se
 m

ed
ic

al
ly

 
va

lid
at

ed
 p

re
ec

la
m

ps
ia

 c
as

es
 (4

66
 c

as
es

 a
nd

 5
10

 n
on

-c
as

es
) a

nd
 in

cl
ud

e 
nu

lli
pa

ro
us

 
w

om
en

. S
in

ce
 p

ar
ity

 is
 a

n 
im

po
rta

nt
 ri

sk
 fa

ct
or

 fo
r p

re
ec

la
m

ps
ia

, t
he

 e
xc

lu
si

on
 o

f p
ar

ou
s 

w
om

en
 w

as
 a

 n
ot

ab
le

 st
re

ng
th

 o
f t

he
 st

ud
y.

 M
or

eo
ve

r, 
th

e 
in

cl
us

io
n 

of
 n

ul
lip

ar
ou

s 
w

om
en

 e
ns

ur
ed

 th
at

 m
ea

su
re

d 
PF

A
S 

le
ve

ls
 w

er
e 

no
t a

ff
ec

te
d 

by
 re

ce
nt

 d
ec

lin
es

 in
 b

od
y 

bu
rd

en
 d

ue
 to

 p
rio

r p
re

gn
an

ci
es

 a
nd

 la
ct

at
io

n 
(S

ta
rli

ng
 e

t a
l. 

20
14

). 
 T

hi
s s

tu
dy

 re
po

rte
d 

no
 si

gn
ifi

ca
nt

 a
ss

oc
ia

tio
ns

 b
et

w
ee

n 
ris

k 
of

 p
re

ec
la

m
ps

ia
 a

nd
 m

ea
su

re
d 

PF
O

A
 a

nd
 P

FO
S 

w
he

n 
an

al
yz

ed
 in

 q
ua

rti
le

s a
nd

 a
s a

 c
on

tin
uo

us
 v

ar
ia

bl
e.

 It
 is

 im
po

rta
nt

 to
 n

ot
e 

th
at

 w
hi

le
 

PF
O

A
 a

nd
 P

FO
S 

le
ve

ls
 in

 th
is

 st
ud

y 
re

pr
es

en
te

d 
ge

ne
ra

l p
op

ul
at

io
n 

le
ve

ls
, t

he
 m

ed
ia

n 
PF

O
S 

co
nc

en
tra

tio
n 

w
as

 a
pp

ro
xi

m
at

el
y 

eq
ua

l t
o 

th
e 

M
id

-O
hi

o 
R

iv
er

 V
al

le
y 

le
ve

ls
 

re
po

rte
d 

by
 S

te
in

 e
t a

l (
20

09
). 

  
 3M

 C
on

cl
us

io
n 

on
 p

re
ec

la
m

ps
ia

   
 

Th
e 

ev
id

en
ce

 fo
r a

n 
as

so
ci

at
io

n 
be

tw
ee

n 
pr

ee
cl

am
ps

ia
 a

nd
 P

FO
A

 a
nd

 P
FO

S 
ex

po
su

re
 is

 
lim

ite
d 

to
 3

 e
pi

de
m

io
lo

gi
c 

st
ud

ie
s w

ith
 in

co
ns

is
te

nt
 fi

nd
in

gs
. W

he
n 

co
ns

id
er

in
g 

th
e 

im
po

rta
nt

 li
m

ita
tio

ns
 o

f 2
 st

ud
ie

s (
St

ei
n 

et
 a

l. 
20

09
; S

av
itz

 e
t a

l. 
20

12
a)

, a
nd

 th
e 

nu
ll 

fin
di

ng
s o

f t
he

 m
et

ho
do

lo
gi

ca
lly

 st
ro

ng
es

t s
tu

dy
 (S

ta
rli

ng
 e

t a
l. 

20
14

), 
th

er
e 

is
 

in
su

ff
ic

ie
nt

 e
vi

de
nc

e 
of

 a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

pr
ee

cl
am

ps
ia

 a
nd

 P
FO

A
 a

nd
 P

FO
S 

ex
po

su
re

.  
 

3M
 C

om
m

en
ts

 o
n 

pr
eg

na
nc

y-
in

du
ce

d 
hy

pe
rt

en
si

on
 

 
Li

ke
 th

e 
pr

ee
cl

am
ps

ia
 st

ud
ie

s, 
on

ly
 3

 st
ud

ie
s s

pe
ci

fic
al

ly
 e

xa
m

in
ed

 th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

pr
eg

na
nc

y-
in

du
ce

d 
hy

pe
rte

ns
io

n 
(P

IH
) a

nd
 P

FO
A

 a
nd

 P
FO

S 
le

ve
ls

: 2
 c

ro
ss

-
se

ct
io

na
l s

tu
di

es
 (N

ol
an

 e
t a

l. 
20

10
; S

av
itz

 e
t a

l. 
20

12
b)

 a
nd

 o
ne

 p
ro

sp
ec

tiv
e 

co
ho

rt,
 w

ith
 

so
m

e 
cr

os
s-

se
ct

io
na

l a
na

ly
si

s (
D

ar
ro

w
 e

t a
l. 

20
13

). 
A

ll 
th

re
e 

st
ud

ie
s e

xa
m

in
ed

 a
 h

ig
hl

y 
ex

po
se

d 
co

m
m

un
ity

 p
op

ul
at

io
n 

in
 th

e 
M

id
-O

hi
o 

V
al

le
y 

re
gi

on
. A

ga
in

, t
he

 A
TS

D
R

 d
ra

ft 
pr

of
ile

 fa
ile

d 
to

 a
ck

no
w

le
dg

e 
no

ta
bl

e 
lim

ita
tio

ns
 (o

r s
tre

ng
th

s)
 o

f t
he

se
 st

ud
ie

s a
nd

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

53
 

 

pr
ov

id
ed

 n
o 

in
te

rp
re

ta
tio

n 
of

 th
e 

re
su

lts
. A

s s
uc

h,
 st

ud
y 

lim
ita

tio
ns

 a
nd

 o
ve

ra
ll 

fin
di

ng
s 

ar
e 

br
ie

fly
 d

is
cu

ss
ed

 b
el

ow
.  

 
 N

ol
an

 e
t a

l. 
(2

00
9)

 e
xa

m
in

ed
 th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
PI

H
 a

nd
 re

si
de

nt
ia

l d
rin

ki
ng

 w
at

er
 

w
ith

 e
le

va
te

d 
PF

O
A

 le
ve

ls
 fr

om
 th

e 
Li

ttl
e 

H
oc

ki
ng

 W
at

er
 A

ss
oc

ia
tio

n 
(L

H
W

A
). 

W
hi

le
 

th
is

 st
ud

y 
w

as
 st

re
ng

th
en

ed
 b

y 
us

e 
of

 m
ed

ic
al

ly
 v

al
id

at
ed

 c
as

es
 o

f P
IH

, i
t w

as
 se

ve
re

ly
 

lim
ite

d 
by

 la
ck

 o
f i

nd
iv

id
ua

l P
FO

A
 e

xp
os

ur
e 

m
ea

su
re

m
en

ts
. R

at
he

r, 
w

at
er

 se
rv

ic
e 

ca
te

go
ry

 (L
H

W
A

 o
nl

y 
ve

rs
us

 p
ar

tia
l L

H
W

A
) s

er
ve

d 
as

 a
 p

ro
xy

 fo
r h

ig
h 

ve
rs

us
 lo

w
 

PF
O

A
 e

xp
os

ur
e.

 T
he

 st
ud

y 
re

po
rte

d 
a 

no
ns

ig
ni

fic
an

t u
na

dj
us

te
d 

O
R

 =
 1

.2
, 9

5%
 C

I: 
0.

7-
2.

0 
an

d 
co

nc
lu

de
d 

th
at

 P
FO

A
 w

as
 n

ot
 a

ss
oc

ia
te

d 
w

ith
 a

n 
in

cr
ea

se
d 

ris
k 

of
 m

at
er

na
l r

is
k 

fa
ct

or
s (

N
ol

an
 e

t a
l. 

20
09

). 
 Sa

vi
tz

 e
t a

l. 
(2

01
2b

) e
xa

m
in

ed
 th

e 
po

te
nt

ia
l r

el
at

io
ns

hi
p 

be
tw

ee
n 

m
od

el
ed

 se
ru

m
 P

FO
A

 
es

tim
at

es
 a

nd
 P

IH
 o

bt
ai

ne
d 

fr
om

 b
irt

h 
re

co
rd

s i
n 

tw
o 

se
pa

ra
te

 a
na

ly
se

s. 
B

ot
h 

an
al

ys
es

 
us

ed
 m

od
el

ed
 se

ru
m

 P
FO

A
 o

f t
he

 m
ot

he
r a

t 4
 m

on
th

s o
f g

es
ta

tio
n.

 A
s s

ta
te

d 
pr

ev
io

us
ly

, 
th

e 
st

ud
y 

au
th

or
s a

ck
no

w
le

dg
ed

 th
at

 th
is

 m
od

el
in

g 
ap

pr
oa

ch
 “

un
do

ub
te

dl
y 

in
tro

du
ce

d 
so

m
e 

m
is

cl
as

si
fic

at
io

n”
 o

f P
FO

A
 e

xp
os

ur
e 

(S
av

itz
 e

t a
l. 

20
12

a)
. I

n 
th

e 
fir

st
 a

na
ly

si
s 

(S
tu

dy
 1

), 
m

od
el

s w
er

e 
ba

se
d 

ex
cl

us
iv

el
y 

on
 th

e 
re

si
de

nt
ia

l a
dd

re
ss

 li
st

ed
 o

n 
bi

rth
 

ce
rti

fic
at

es
. I

n 
th

e 
se

co
nd

 a
na

ly
si

s (
St

ud
y 

2)
, b

irt
h 

re
co

rd
s w

er
e 

lin
ke

d 
w

ith
 li

fe
tim

e 
re

si
de

nt
ia

l h
is

to
ry

 b
as

ed
 o

n 
se

lf-
re

po
rte

d 
su

rv
ey

 d
at

a.
 In

 S
tu

dy
 1

, t
he

 a
ut

ho
rs

 re
po

rte
d 

“n
o 

co
ns

is
te

nt
 e

vi
de

nc
e 

of
 a

n 
as

so
ci

at
io

n 
be

tw
ee

n 
es

tim
at

ed
 P

FO
A

 e
xp

os
ur

e 
an

d 
st

ill
 

bi
rth

, p
re

gn
an

cy
-in

du
ce

d 
hy

pe
rte

ns
io

n,
 p

re
te

rm
 b

irt
h,

 o
r i

nd
ic

es
 o

f f
et

al
 g

ro
w

th
” 

an
d 

in
 

St
ud

y 
2,

 th
e 

au
th

or
s r

ep
or

te
d 

th
at

 “
PF

O
A

 w
as

 u
nr

el
at

ed
 to

 p
re

gn
an

cy
-in

du
ce

d 
hy

pe
rte

ns
io

n”
 (S

av
itz

 e
t a

l. 
20

12
b)

.  
 

 D
ar

ro
w

 e
t a

l. 
(2

00
9)

 w
as

 a
 p

ro
sp

ec
tiv

e 
an

al
ys

is
 o

f m
ea

su
re

d 
m

at
er

na
l P

FO
A

 a
nd

 P
FO

S 
se

ru
m

 le
ve

ls
 (2

00
5-

20
06

) a
nd

 P
IH

 c
as

es
 (n

=1
06

) a
sc

er
ta

in
ed

 fr
om

 b
irt

h 
re

co
rd

s b
et

w
ee

n 
20

05
 a

nd
 2

01
0)

. I
t i

s i
m

po
rta

nt
 to

 n
ot

e,
 h

ow
ev

er
, t

ha
t 2

5%
 o

f t
he

 b
irt

hs
 p

re
ce

de
d 

PF
O

A
 

an
d 

PF
O

S 
se

ru
m

 m
ea

su
re

m
en

ts
. F

ur
th

er
m

or
e,

 P
FA

S 
le

ve
ls

 m
ea

su
re

d 
in

 2
00

5-
20

06
 m

ay
 

no
t h

av
e 

re
fle

ct
ed

 P
FA

S 
le

ve
ls

 a
t t

he
 ti

m
e 

of
 fo

llo
w

-u
p 

(2
00

8-
20

11
), 

es
pe

ci
al

ly
 a

m
on

g 
w

om
en

 w
ith

 re
du

ce
d 

PF
A

S 
bo

dy
 b

ur
de

n 
du

e 
to

 m
ul

tip
le

 p
re

gn
an

ci
es

 a
nd

 la
ct

at
io

n.
 

PF
O

A
 a

nd
 P

FO
S 

w
er

e 
an

al
yz

ed
 a

s c
on

tin
uo

us
 v

ar
ia

bl
es

 (p
er

 u
ni

t i
nc

re
as

e 
an

d 
pe

r 
in

te
rq

ua
rti

le
 in

cr
ea

se
), 

an
d 

as
 q

ui
nt

ile
s a

m
on

g 
al

l b
irt

hs
 a

nd
 se

pa
ra

te
ly

 fo
r t

he
 fi

rs
t 

pr
eg

na
nc

y 
co

nc
ei

ve
d 

af
te

r s
er

um
 m

ea
su

re
m

en
t a

m
on

g 
no

np
re

gn
an

t w
om

en
. F

or
 P

FO
A

, 
am

on
g 

al
l b

irt
hs

, s
ig

ni
fic

an
t a

ss
oc

ia
tio

ns
 w

er
e 

ob
se

rv
ed

 b
et

w
ee

n 
PI

H
 a

nd
 P

FO
A

 
an

al
yz

ed
 a

s p
er

 in
 u

ni
t i

nc
re

as
e 

an
d 

as
 q

ui
nt

ile
s (

w
ith

 a
 si

gn
ifi

ca
nt

 d
os

e-
re

sp
on

se
). 

N
o 

as
so

ci
at

io
ns

 w
er

e 
ob

se
rv

ed
 w

he
n 

PF
O

A
 w

as
 a

na
ly

ze
d 

as
 p

er
 in

te
rq

ua
rti

le
 in

cr
ea

se
. M

or
e 

im
po

rta
nt

ly
, n

o 
si

gn
ifi

ca
nt

 a
ss

oc
ia

tio
ns

 w
er

e 
ob

se
rv

ed
 fo

r a
ny

 P
FO

A
 m

et
ric

 a
m

on
g 

fir
st

 
pr

eg
na

nc
ie

s c
on

ce
iv

ed
 a

fte
r s

er
um

 m
ea

su
re

m
en

t. 
(N

ot
e:

 th
is

 in
fo

rm
at

io
n 

w
as

 n
ot

 c
ite

d 
in

 
th

e 
A

TS
D

R
 d

ra
ft 

pr
of

ile
). 

Fo
r P

FO
S,

 a
m

on
g 

al
l b

irt
hs

, s
ig

ni
fic

an
t a

ss
oc

ia
tio

ns
 w

er
e 

ob
se

rv
ed

 b
et

w
ee

n 
PI

H
 a

nd
 P

FO
S 

an
al

yz
ed

 a
s p

er
 in

 u
ni

t i
nc

re
as

e 
an

d 
as

 q
ui

nt
ile

s (
w

ith
 

no
 si

gn
ifi

ca
nt

 d
os

e-
re

sp
on

se
), 

bu
t n

ot
 w

he
n 

PF
O

S 
w

as
 m

ea
su

re
d 

as
 p

er
 in

te
rq

ua
rti

le
 

in
cr

ea
se

. A
m

on
g 

fir
st

 p
re

gn
an

ci
es

 c
on

ce
iv

ed
 a

fte
r s

er
um

 m
ea

su
re

m
en

t, 
si

gn
ifi

ca
nt

 
as

so
ci

at
io

ns
 w

er
e 

ob
se

rv
ed

 fo
r b

ot
h 

co
nt

in
uo

us
 v

ar
ia

bl
es

 a
nd

 fo
r q

ui
nt

ile
 3

 o
nl

y 
w

ith
 n

o 
si

gn
ifi

ca
nt

 tr
en

d.
 O

ve
ra

ll,
 in

co
ns

is
te

nt
 re

su
lts

 w
er

e 
ob

se
rv

ed
 w

ith
in

 th
e 

st
ud

y 
an

d 
no

 
ev

id
en

ce
 o

f a
 m

on
ot

on
ic

 in
cr

ea
se

 in
 ri

sk
 w

as
 re

po
rte

d.
 T

he
 a

ut
ho

rs
 c

on
cl

ud
ed

 th
at

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

54
 

 

“r
es

ul
ts

 p
ro

vi
de

 so
m

e 
ev

id
en

ce
 o

f p
os

iti
ve

 a
ss

oc
ia

tio
ns

 b
et

w
ee

n 
m

ea
su

re
d 

se
ru

m
 

pe
rf

lu
or

in
at

ed
 c

om
po

un
ds

 a
nd

 p
re

gn
an

cy
-in

du
ce

d 
hy

pe
rt

en
si

on
” 

bu
t a

ls
o 

ac
kn

ow
le

dg
e 

th
at

 “
m

or
e 

re
fin

ed
 o

ut
co

m
e 

cl
as

si
fic

at
io

n 
is

 w
ar

ra
nt

ed
”.

  
 3M

 C
on

cl
us

io
n 

on
 P

re
gn

an
cy

-in
du

ce
d 

H
yp

er
te

ns
io

n 
  

 O
nl

y 
th

re
e 

st
ud

ie
s h

av
e 

ex
am

in
ed

 th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

PF
O

A
 e

xp
os

ur
e 

an
d 

PI
H

 a
nd

 
ha

ve
 re

po
rte

d 
m

ix
ed

 re
su

lts
. A

lth
ou

gh
 D

ar
ro

w
 e

t a
l. 

(2
01

3)
 o

bs
er

ve
d 

si
gn

ifi
ca

nt
 p

os
iti

ve
 

as
so

ci
at

io
ns

, t
he

 o
th

er
 tw

o 
st

ud
ie

s (
N

ol
an

 e
t a

l. 
20

09
; S

av
itz

 e
t a

l. 
20

12
b)

 d
id

 n
ot

.  
G

iv
en

 
th

e 
in

co
ns

is
te

nc
y 

in
 fi

nd
in

gs
 w

ith
in

 th
e 

D
ar

ro
w

 e
t a

l. 
(2

01
3)

 st
ud

y 
an

d 
ac

ro
ss

 a
ll 

3 
st

ud
ie

s, 
an

d 
th

e 
fa

ct
 th

at
 n

o 
in

de
pe

nd
en

t c
on

fir
m

at
io

n 
of

 th
es

e 
fin

di
ng

s o
ut

si
de

 th
e 

co
m

m
un

ity
 p

op
ul

at
io

n 
in

 th
e 

M
id

-O
hi

o 
V

al
le

y 
re

gi
on

 e
xi

st
s, 

th
e 

ev
id

en
ce

 o
f a

n 
as

so
ci

at
io

n 
be

tw
ee

n 
PI

H
 a

nd
 P

FO
A

 e
xp

os
ur

e 
is

 li
m

ite
d.

  F
ur

th
er

, g
iv

en
 th

at
 D

ar
ro

w
 e

t a
l. 

(2
01

3)
 is

 th
e 

on
ly

 st
ud

y 
to

 h
av

e 
ex

am
in

ed
 P

IH
 in

 re
la

tio
n 

to
 P

FO
S 

ex
po

su
re

 a
nd

 re
po

rte
d 

m
ix

ed
 fi

nd
in

gs
 w

ith
 n

o 
si

gn
ifi

ca
nt

 tr
en

d,
 th

er
ef

or
e 

th
er

e 
is

 in
su

ff
ic

ie
nt

 e
vi

de
nc

e 
of

 a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

PI
H

 a
nd

 P
FO

S 
ex

po
su

re
.  

 
 

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

55
 

 

D
et

ai
le

d 
C

om
m

en
ts

 o
n 

H
ep

at
ic

 E
nz

ym
es

  
(a

la
ni

ne
 a

m
in

ot
ra

ns
fe

ra
se

, A
L

T
) 

 A
T

SD
R

 p
os

iti
on

.  
 

 O
n 

pa
ge

 5
, A

TS
D

R
 w

ro
te

, “
A

lth
ou

gh
 a

 la
rg

e 
nu

m
be

r o
f e

pi
de

m
io

lo
gy

 st
ud

ie
s h

av
e 

ex
am

in
ed

 th
e 

po
te

nt
ia

l o
f p

er
flu

or
oa

lk
yl

 c
om

po
un

ds
 to

 in
du

ce
 a

dv
er

se
 h

ea
lth

 e
ff

ec
ts

, 
m

os
t o

f t
he

 st
ud

ie
s a

re
 c

ro
ss

-s
ec

tio
na

l i
n 

de
si

gn
 a

nd
 d

o 
no

t e
st

ab
lis

h 
ca

us
at

io
n.

  B
as

ed
 o

n 
a 

nu
m

be
r o

f f
ac

to
rs

 in
cl

ud
in

g 
th

e 
co

ns
is

te
nc

y 
of

 fi
nd

in
gs

 a
cr

os
s s

tu
di

es
, t

he
 a

va
ila

bl
e 

ep
id

em
io

lo
gy

 st
ud

ie
s s

ug
ge

st
 a

ss
oc

ia
tio

ns
 b

et
w

ee
n 

pe
rf

lu
or

oa
lk

yl
 e

xp
os

ur
e 

an
d 

se
ve

ra
l 

he
al

th
 o

ut
co

m
es

.”
   

 
 A

cc
or

di
ng

 to
 th

e 
A

TS
D

R
, t

hi
s i

nc
lu

de
s “

liv
er

 d
am

ag
e,

 a
s e

vi
de

nc
ed

 b
y 

in
cr

ea
se

s i
n 

se
ru

m
 e

nz
ym

es
 a

nd
 d

ec
re

as
es

 in
 se

ru
m

 b
ili

ru
bi

n 
le

ve
ls

 (P
FO

A
, P

FO
S,

 P
FH

xS
).”

  N
ot

ed
 

on
 p

ag
e 

14
7,

 A
TS

D
R

 w
ro

te
, “

O
cc

up
at

io
na

l e
xp

os
ur

e 
an

d 
co

m
m

un
ity

 st
ud

ie
s d

id
 n

ot
 fi

nd
 

in
cr

ea
se

d 
ris

k 
of

 li
ve

r d
is

ea
se

 a
ss

oc
ia

te
d 

w
ith

 P
FO

A
 o

r P
FO

S.
  A

s a
ss

es
se

d 
by

 se
ru

m
 

en
zy

m
e 

an
d 

bi
lir

ub
in

 le
ve

ls
, t

he
 e

pi
de

m
io

lo
gy

 st
ud

ie
s p

ro
vi

de
 su

gg
es

tiv
e 

ev
id

en
ce

 o
f 

liv
er

 d
am

ag
e.

  I
nc

re
as

es
 in

 a
sp

ar
ta

te
 a

m
in

ot
ra

ns
fe

ra
se

 (A
ST

), 
al

an
in

e 
am

in
ot

ra
ns

fe
ra

se
 

(A
LT

), 
an

d 
ga

m
m

a-
gl

ut
am

yl
 tr

an
sf

er
as

e 
(G

G
T)

 le
ve

ls
 a

nd
 d

ec
re

as
es

 in
 se

ru
m

 b
ili

ru
bi

n 
le

ve
ls

 h
av

e 
be

en
 re

po
rte

d 
in

 o
cc

up
at

io
na

l, 
co

m
m

un
ity

 a
nd

/o
r g

en
er

al
 p

op
ul

at
io

n 
st

ud
ie

s. 
 

A
lth

ou
gh

 th
er

e 
is

 c
on

si
de

ra
bl

e 
va

ria
bi

lit
y 

ac
ro

ss
 st

ud
ie

s, 
th

e 
ev

id
en

ce
 is

 a
de

qu
at

e 
fo

r 
PF

O
A

, P
FO

S,
 a

nd
 P

FH
xS

, p
ar

tic
ul

ar
ly

 fo
r A

LT
 le

ve
ls

.”
 P

re
se

nt
ed

 o
n 

pa
ge

s 1
48

-1
49

 is
 

Ta
bl

e 
2-

10
, w

hi
ch

 d
is

pl
ay

s a
 su

m
m

ar
y 

of
 li

ve
r d

is
ea

se
 in

 h
um

an
s. 

 O
n 

pa
ge

s 1
50

-1
56

 is
 a

 
su

m
m

ar
y 

of
 a

lte
ra

tio
ns

 in
 se

ru
m

 h
ep

at
ic

 e
nz

ym
es

 a
nd

 b
ili

ru
bi

n 
le

ve
ls

 in
 h

um
an

s. 
 T

he
re

 
w

er
e 

13
 c

ro
ss

-s
ec

tio
na

l s
tu

di
es

 (n
ot

 c
ou

nt
in

g 
du

pl
ic

at
e 

re
fe

re
nc

es
) a

nd
 3

 lo
ng

itu
di

na
l 

st
ud

ie
s. 

 [N
ot

e:
 S

om
e 

of
 th

es
e 

st
ud

ie
s a

re
 m

is
la

be
le

d 
as

 c
oh

or
t s

tu
di

es
 in

 th
e 

dr
af

t 
Su

pp
or

tin
g 

D
oc

um
en

t f
or

 E
pi

de
m

io
lo

gi
ca

l S
tu

di
es

 w
he

n 
th

ey
 a

re
, i

n 
fa

ct
, c

ro
ss

-s
ec

tio
na

l 
st

ud
ie

s. 
 S

ee
 T

ab
le

 7
 (G

ill
ila

nd
 a

nd
 M

an
de

l 1
99

6;
 M

un
dt

 e
t a

l. 
20

07
; O

ls
en

 e
t a

l. 
20

00
, 

20
03

; O
ls

en
 e

t a
l. 

19
99

) (
bo

th
 c

ro
ss

-s
ec

tio
na

l a
nd

 c
oh

or
t).

] L
iv

er
 d

is
ea

se
 a

nd
 h

ep
at

ic
 

en
zy

m
e 

fin
di

ng
s a

re
 d

is
cu

ss
ed

 fo
r P

FO
A

 o
n 

pa
ge

s 1
70

-1
72

 w
ith

 su
m

m
ar

y 
on

 p
ag

e 
18

6 
w

he
re

 A
TS

D
R

 w
ro

te
, “

Ex
po

su
re

 to
 P

FO
A

 d
oe

s n
ot

 a
pp

ea
r t

o 
be

 a
ss

oc
ia

te
d 

w
ith

 
in

cr
ea

se
d 

ris
ks

 o
f l

iv
er

 d
is

ea
se

 in
 w

or
ke

rs
 o

r h
ig

hl
y 

ex
po

se
d 

co
m

m
un

ity
 m

em
be

rs
.  

Th
e 

ep
id

em
io

lo
gy

 st
ud

ie
s h

av
e 

fo
un

d 
as

so
ci

at
io

ns
 b

et
w

ee
n 

se
ru

m
 P

FO
A

 le
ve

ls
 a

nd
 in

cr
ea

se
s 

in
 se

ru
m

 A
LT

, A
ST

, a
nd

 G
G

T 
en

zy
m

e 
le

ve
ls

 a
nd

 d
ec

re
as

es
 in

 se
ru

m
 b

ili
ru

bi
n 

le
ve

ls
.  

H
ow

ev
er

, t
he

 re
su

lts
 h

av
e 

no
t b

ee
n 

co
ns

is
te

nt
ly

 fo
un

d,
 a

nd
 se

ru
m

 e
nz

ym
e 

le
ve

ls
 w

er
e 

ty
pi

ca
lly

 w
ith

in
 n

or
m

al
 ra

ng
e.

 F
ou

r s
tu

di
es

 e
xa

m
in

ed
 th

e 
ris

k 
of

 se
ru

m
 e

nz
ym

e 
le

ve
ls

 
ou

ts
id

e 
of

 th
e 

no
rm

al
 ra

ng
e;

 th
e 

re
su

lts
 w

er
e 

m
ix

ed
 fo

r t
he

 ri
sk

 o
f e

le
va

te
d 

A
LT

, w
ith

 
tw

o 
st

ud
ie

s f
in

di
ng

 a
nd

 in
cr

ea
se

d 
ris

k 
an

d 
tw

o 
st

ud
ie

s f
in

di
ng

 n
o 

as
so

ci
at

io
n.

” 
Fo

r P
FO

S,
 

th
e 

di
sc

us
si

on
 o

f l
iv

er
 d

is
ea

se
 a

nd
 h

ep
at

ic
 se

ru
m

 e
nz

ym
es

 a
nd

 b
ili

ru
bi

n 
is

 fo
un

d 
on

 p
ag

es
 

18
7-

18
8 

w
ith

 th
e 

A
TS

D
R

 su
m

m
ar

y 
on

 p
ag

e 
19

6 
w

he
re

 A
TS

D
R

 w
ro

te
, “

Th
e 

av
ai

la
bl

e 
oc

cu
pa

tio
na

l e
xp

os
ur

e 
st

ud
ie

s o
r g

en
er

al
 p

op
ul

at
io

n 
st

ud
ie

s d
o 

no
t c

on
si

st
en

tly
 su

gg
es

t 
an

 a
ss

oc
ia

tio
n 

be
tw

ee
n 

PF
O

S 
ex

po
su

re
 a

nd
 in

cr
ea

se
s i

n 
th

e 
ris

k 
of

 li
ve

r d
is

ea
se

 o
r b

ili
ar

y 
tra

ct
 d

is
or

de
rs

.  
A

 sm
al

l n
um

be
r o

f o
cc

up
at

io
na

l e
xp

os
ur

e 
st

ud
ie

s h
av

e 
no

t f
ou

nd
 

as
so

ci
at

io
ns

 b
et

w
ee

n 
se

ru
m

 P
FO

S 
le

ve
ls

 a
nd

 in
cr

ea
se

s i
n 

A
LT

, A
ST

, o
r G

G
T 

le
ve

ls
.”

  
Th

e 
on

ly
 m

en
tio

n 
of

 P
FH

xS
 is

 o
n 

pa
ge

 1
97

 w
er

e 
A

TS
D

R
 c

ite
d 

th
e 

Li
n 

et
 a

l. 
(L

in
 e

t a
l. 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

56
 

 

20
10

) s
tu

dy
 a

nd
 th

at
 th

ey
 d

id
 n

ot
 fi

nd
 a

ss
oc

ia
tio

ns
 b

et
w

ee
n 

A
LT

 a
nd

 G
G

T 
le

ve
ls

 w
ith

 
PF

H
xS

 le
ve

ls
 in

 th
e 

N
H

A
N

ES
 d

at
a 

se
t t

ha
t t

he
y 

an
al

yz
ed

. 
 3M

 C
om

m
en

ts
 

 A
TS

D
R

 m
is

ch
ar

ac
te

riz
ed

 th
e 

ep
id

em
io

lo
gi

ca
l d

at
a 

as
 it

 re
la

te
s t

o 
A

LT
 a

nd
 P

FO
A

 a
nd

 it
s 

us
e 

of
 th

e 
ph

ra
se

 “
liv

er
 d

am
ag

e”
.  

A
LT

 is
 a

 “
le

ak
ag

e”
 e

nz
ym

e 
an

d 
m

ay
 b

e 
in

cr
ea

se
d 

du
e 

to
 n

ec
ro

si
s, 

in
ju

ry
 o

r r
ep

ai
r (

C
at

tle
y 

an
d 

C
ul

le
n 

20
13

). 
 In

cr
ea

se
s o

f t
w

o-
 to

 fo
ur

-f
ol

d 
in

 
ro

de
nt

s, 
ca

ni
ne

s, 
no

n-
hu

m
an

 p
rim

at
es

, a
nd

 h
um

an
s i

nd
ic

at
e 

he
pa

tic
 in

ju
ry

.  
A

s d
ef

in
ed

 
by

 (H
al

l e
t a

l. 
20

12
),”

B
as

ed
 o

n 
th

e 
re

co
m

m
en

da
tio

ns
 o

f r
eg

ul
at

or
y 

au
th

or
iti

es
, (

EM
EA

 
20

10
; F

D
A

 2
00

9;
 H

ED
 2

00
2)

 in
cr

ea
se

s i
n 

A
LT

 a
ct

iv
ity

 o
f t

w
o-

to
 th

re
ef

ol
d 

sh
ou

ld
 b

e 
co

ns
id

er
ed

 a
s i

nd
ic

at
ed

 o
f ’

he
pa

to
ce

llu
la

r d
am

ag
e.

’  
A

s w
ill

 b
e 

di
sc

us
se

d 
be

lo
w

, t
ho

se
 

st
ud

ie
s t

ha
t h

av
e 

su
gg

es
tio

n 
of

 a
n 

el
ev

at
io

n 
of

 A
LT

 re
m

ai
n 

w
el

l-w
ith

in
 th

e 
ex

pe
ct

ed
 

ph
ys

io
lo

gi
c 

ra
ng

e 
of

 m
ea

su
re

d 
A

LT
. U

si
ng

 th
e 

te
rm

 ‘d
am

ag
e’

 in
 th

is
 c

on
te

xt
 is

 th
er

ef
or

e 
hi

gh
ly

 m
is

le
ad

in
g.

 It
 is

 a
ls

o 
po

ss
ib

le
 to

 h
av

e 
qu

ite
 m

od
es

t b
ut

 st
at

is
tic

al
ly

 si
gn

ifi
ca

nt
 

in
cr

ea
se

s i
n 

A
LT

 th
at

 a
re

 n
ot

 to
xi

co
lo

gi
ca

lly
 re

le
va

nt
 (C

at
tle

y 
an

d 
C

ul
le

n,
 2

01
3)

.  
It 

sh
ou

ld
 b

e 
no

te
d 

th
at

 th
e 

hu
m

an
 h

al
f-

lif
e 

of
 A

LT
 is

 a
pp

ro
xi

m
at

el
y 

47
 h

ou
rs

 w
ith

 
si

gn
ifi

ca
nt

 v
ar

ia
tio

n 
of

 1
0 

– 
30

%
 o

n 
a 

da
y-

to
-d

ay
 b

as
is

 w
ith

 si
gn

ifi
ca

nt
 c

irc
ad

ia
n 

va
ria

tio
n 

(C
or

do
ba

 e
t a

l. 
19

99
; K

im
 e

t a
l. 

20
08

). 
 A

TS
D

R
 fa

ile
d 

to
 m

en
tio

n 
th

is
 w

he
n 

co
ho

rt 
st

ud
ie

s a
re

 c
on

du
ct

ed
 e

xa
m

in
in

g 
es

tim
at

ed
 se

ru
m

 P
FO

A
 c

on
ce

nt
ra

tio
ns

 o
ve

r t
im

e 
w

he
n 

th
er

e 
is

 o
nl

y 
a 

si
ng

le
 A

LT
 v

al
ue

 re
po

rte
d.

  F
in

al
ly

, i
t s

ho
ul

d 
be

 n
ot

ed
 th

at
 

no
na

lc
oh

ol
ic

 fa
tty

 li
ve

r d
is

ea
se

 is
 th

e 
m

os
t c

om
m

on
 c

au
se

 o
f m

ild
 e

le
va

tio
ns

 o
f l

iv
er

 
en

zy
m

es
 (G

ia
nn

in
i e

t a
l. 

20
05

). 
  

 Se
ve

ra
l s

tu
di

es
 a

re
 w

or
th

y 
of

 c
ar

ef
ul

 e
va

lu
at

io
n 

in
 th

is
 A

TS
D

R
 T

ox
ic

ol
og

ic
al

 P
ro

fil
e 

as
 

it 
re

la
te

s t
o 

A
LT

 a
nd

 P
FO

A
 e

ith
er

 b
ec

au
se

: 1
) t

he
 si

ze
 o

f t
he

 p
op

ul
at

io
n 

st
ud

ie
d 

th
at

 w
as

 
ex

po
se

d 
to

 P
FO

A
 v

ia
 th

e 
dr

in
ki

ng
 w

at
er

, 2
) t

he
 st

ud
y 

co
nc

er
ne

d 
oc

cu
pa

tio
na

l 
po

pu
la

tio
ns

, o
r 3

) t
he

 st
ud

y 
w

as
 e

xp
er

im
en

ta
l a

nd
 b

as
ed

 o
n 

a 
ph

as
e 

1 
cl

in
ic

al
 tr

ia
l i

n 
hu

m
an

s d
es

ig
ne

d 
to

 a
sc

er
ta

in
 th

e 
m

ax
im

um
 to

le
ra

te
d 

do
se

 o
f P

FO
A

 (a
m

m
on

iu
m

 sa
lt)

.  
Th

re
e 

st
ud

ie
s c

on
ce

rn
in

g 
ex

po
su

re
 to

 P
FO

A
 v

ia
 d

rin
ki

ng
 w

at
er

 w
er

e 
fr

om
 th

e 
C

8 
Sc

ie
nc

e 
Pa

ne
l (

on
e 

cr
os

s-
se

ct
io

na
l (

G
al

lo
 e

t a
l. 

20
12

), 
an

d 
th

e 
ot

he
r t

w
o 

w
er

e 
cr

os
s-

se
ct

io
na

l a
nd

 
lo

ng
itu

di
na

l b
as

ed
 o

n 
an

 e
st

im
at

ed
 c

um
ul

at
iv

e 
se

ru
m

 (n
g/

m
L-

ye
ar

) m
od

el
 (D

ar
ro

w
 e

t a
l. 

20
16

). 
 F

ou
r s

tu
di

es
 w

er
e 

oc
cu

pa
tio

na
l s

tu
di

es
 in

cl
ud

in
g 

tw
o 

cr
os

s-
se

ct
io

na
l s

tu
di

es
 

(O
ls

en
 a

nd
 Z

ob
el

 2
00

7;
 S

ak
r e

t a
l. 

20
07

a)
 a

nd
 tw

o 
lo

ng
itu

di
na

l s
tu

di
es

 (O
ls

en
 e

t a
l. 

20
12

; 
Sa

kr
 e

t a
l. 

20
07

b)
.  

O
ne

 st
ud

y 
w

as
 a

n 
ex

pe
rim

en
ta

l p
ha

se
 1

 c
lin

ic
al

 tr
ia

l (
C

on
ve

rti
no

 e
t 

al
. 2

01
8)

.  
C

ol
le

ct
iv

el
y,

 th
es

e 
st

ud
ie

s d
o 

no
t s

ug
ge

st
 “

liv
er

 d
am

ag
e”

 (s
ee

 a
bo

ve
 2

 to
 4

- 
fo

ld
 in

cr
ea

se
) a

s m
ea

su
re

d 
by

 A
LT

 a
ss

oc
ia

te
d 

w
ith

 in
cr

ea
si

ng
 se

ru
m

 c
on

ce
nt

ra
tio

ns
 o

f 
PF

O
A

.  
A

lth
ou

gh
 so

m
e 

st
ud

ie
s’

 re
gr

es
si

on
 c

oe
ff

ic
ie

nt
s f

or
 P

FO
A

 m
ay

 b
e 

st
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

, t
he

 p
er

ce
nt

 v
ar

ia
tio

n 
ex

pl
ai

ne
d 

of
 A

LT
 b

y 
PF

O
A

 is
 m

in
im

al
, a

t b
es

t, 
an

d 
th

e 
el

ev
at

io
n 

of
 A

LT
 v

er
y 

m
od

es
t (

ge
ne

ra
lly

 a
n 

in
cr

ea
se

 o
f 1

 to
 3

 IU
 A

LT
). 

 N
or

 is
 th

er
e 

an
y 

ev
id

en
ce

 o
f i

nc
re

as
ed

 m
or

ta
lit

y 
fr

om
 in

cr
ea

se
d 

liv
er

 d
is

ea
se

 in
 e

pi
de

m
io

lo
gi

c 
an

al
ys

es
 o

f 
co

m
m

un
ity

-b
as

ed
 e

xp
os

ur
e 

to
 P

FO
A

 (D
ar

ro
w

 e
t a

. 2
01

6)
 o

r i
n 

oc
cu

pa
tio

na
l c

oh
or

t 
m

or
ta

lit
y 

st
ud

ie
s (

St
ee

nl
an

d 
an

d 
W

os
ki

e 
20

12
); 

(R
al

ei
gh

 e
t a

l. 
20

14
). 

  
   



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

57
 

 

Se
ve

ra
l t

yp
es

 o
f s

tu
di

es
 a

re
 d

is
cu

ss
ed

 b
el

ow
. 

 Co
m

m
un

ity
 st

ud
ie

s (
n 

= 
2)

 
 

G
al

lo
 e

t a
l. 

(2
01

2)
.  

G
al

lo
 e

t a
l. 

re
po

rte
d 

on
 th

e 
C

8 
H

ea
lth

 P
ro

je
ct

 c
ro

ss
-s

ec
tio

na
l 

da
ta

 c
ol

le
ct

ed
 in

 2
00

5-
20

06
.  

Th
ey

 fo
un

d 
a 

po
si

tiv
e 

as
so

ci
at

io
n 

be
tw

ee
n 

PF
O

A
 

an
d 

se
ru

m
 A

LT
.  

B
as

ed
 o

n 
3 

di
ff

er
en

t r
eg

re
ss

io
n 

m
od

el
s, 

G
al

lo
 e

t a
l. 

re
po

rte
d 

st
at

is
tic

al
ly

 si
gn

ifi
ca

nt
 ln

-P
FO

A
 (n

g/
m

L)
 b

et
a 

co
ef

fic
ie

nt
s i

n 
m

od
el

s w
he

re
 

ln
A

LT
 w

as
 th

e 
in

de
pe

nd
en

t v
ar

ia
bl

e.
  W

ha
t i

s m
os

t i
m

po
rta

nt
 to

 n
ot

e 
is

 th
at

 th
es

e 
th

re
e 

m
od

el
s h

ad
 a

n 
in

cr
ea

si
ng

 n
um

be
r o

f c
ov

ar
ia

te
s (

2,
 7

, a
nd

 1
1)

 b
es

id
es

 P
FO

A
 

in
 e

ac
h 

m
od

el
.  

Th
e 

R
2  o

f t
he

se
 th

re
e 

m
od

el
s w

er
e 

0.
17

0,
 0

.1
74

, a
nd

 0
.2

65
, 

re
sp

ec
tiv

el
y.

  H
ow

ev
er

, t
he

 p
ar

tia
l R

2  fo
r P

FO
A

 (d
iff

er
en

ce
 b

et
w

ee
n 

R
2  in

cl
ud

in
g 

an
d 

ex
cl

ud
in

g 
PF

O
A

) r
em

ai
ne

d 
0.

00
2,

 0
.0

01
, a

nd
 0

.0
02

 fo
r t

he
se

 th
re

e 
m

od
el

s, 
re

sp
ec

tiv
el

y.
  T

hi
s c

le
ar

ly
 d

oe
s n

ot
 su

gg
es

t t
ha

t P
FO

A
 w

as
 a

 su
bs

ta
nt

iv
e 

co
nt

rib
ut

or
 to

 th
e 

in
cr

ea
se

 o
f l

n 
A

LT
 a

s i
t o

nl
y 

ex
pl

ai
ne

d 
be

tw
ee

n 
0.

1 
an

d 
0.

2 
pe

rc
en

t o
f t

he
 v

ar
ia

nc
e 

of
 ln

 A
LT

, a
lth

ou
gh

 th
e 

co
ef

fic
ie

nt
 w

as
 st

at
is

tic
al

ly
 

si
gn

ifi
ca

nt
 b

ec
au

se
 o

f t
he

 st
ud

y 
sa

m
pl

e 
si

ze
 (N

 =
 4

7,
09

2)
.  

Th
e 

A
TS

D
R

 fa
ile

d 
to

 
m

en
tio

n 
th

is
 v

er
y 

lo
w

 p
ar

tia
l R

2  in
 th

e 
re

gr
es

si
on

 m
od

el
in

g 
th

at
 w

as
 d

on
e 

by
 

G
al

lo
 e

t a
l. 

 B
as

ed
 o

n 
th

ei
r f

itt
in

g 
va

lu
es

 o
f A

LT
 b

y 
de

ci
le

s o
f P

FO
A

 (g
iv

en
 th

e 
m

ea
n 

va
lu

es
 o

f t
he

 c
ov

ar
ia

te
s)

, G
al

lo
 e

t a
l. 

sh
ow

ed
 a

 m
ea

n 
(u

nt
ra

ns
fo

rm
ed

) A
LT

 
of

 a
pp

ro
xi

m
at

el
y 

20
.9

 IU
/L

 re
po

rte
d 

at
 6

 n
g/

m
L 

PF
O

A
 th

at
 in

cr
ea

se
d 

to
 

ap
pr

ox
im

at
el

y 
an

 A
LT

 o
f 2

2.
2 

IU
/L

 a
t 3

0 
ng

/m
L 

PF
O

A
 (+

1.
3 

IU
/L

 in
cr

ea
se

 in
 

A
LT

) b
ut

 p
la

te
au

ed
 th

er
ea

fte
r. 

 T
he

 h
ig

he
st

 d
ec

ile
 w

as
 2

3 
IU

/L
 A

LT
 a

ss
oc

ia
te

d 
w

ith
 a

pp
ro

xi
m

at
el

y 
32

0 
ng

/m
l P

FO
A

.  
It 

sh
ou

ld
 b

e 
no

te
d 

th
at

 th
e 

up
pe

r r
ef

er
en

ce
 

ra
ng

e 
(d

ep
en

di
ng

 o
n 

la
bo

ra
to

ry
) f

or
 A

LT
 is

 a
pp

ro
xi

m
at

el
y 

45
 IU

/L
.  

 
 D

ar
ro

w
 e

t a
l. 

(2
01

6)
.  

In
 th

ei
r c

ro
ss

-s
ec

tio
na

l a
na

ly
si

s, 
th

ey
 su

gg
es

te
d 

th
e 

re
su

lts
 

of
 th

e 
C

8 
Sc

ie
nc

e 
Pa

ne
l’s

 c
om

m
un

ity
 w

or
ke

r c
oh

or
t s

tu
dy

 w
er

e 
co

ns
is

te
nt

 w
ith

 
th

e 
G

al
lo

 e
t a

l. 
(a

bo
ve

) s
ho

w
in

g 
an

 in
cr

ea
si

ng
 tr

en
d 

in
 th

e 
β 

co
ef

fic
ie

nt
s a

cr
os

s 
qu

in
til

es
 w

he
re

 e
st

im
at

ed
 se

ru
m

 P
FO

A
 in

 2
00

5-
20

06
 w

as
 Q

ui
nt

ile
 1

 (2
.6

-<
5.

8 
ng

/m
L 

PF
O

A
; Q

ui
nt

ile
 2

 5
.8

-<
11

.4
 n

g/
m

L;
 Q

ui
nt

ile
 3

 1
1.

4-
<2

6.
7 

ng
/m

L 
PF

O
A

; 
Q

4 
26

.7
-<

81
.5

 n
g/

m
L 

PF
O

A
; a

nd
 Q

5 
81

.5
-3

55
8.

8 
ng

/m
l P

FO
A

.  
Th

er
e 

w
er

e 
up

 
to

 1
1 

co
va

ria
te

s i
n 

th
es

e 
m

od
el

s, 
w

hi
ch

 w
er

e 
th

e 
sa

m
e 

as
 m

od
el

 3
 in

 G
al

lo
 e

t a
l. 

 
D

ar
ro

w
 e

t a
l. 

di
d 

no
t p

ro
vi

de
 R

2  o
r p

ar
tia

l R
2  v

al
ue

s i
n 

th
es

e 
cr

os
s-

se
ct

io
na

l 
an

al
ys

es
. 

 In
 th

ei
r a

na
ly

si
s o

f e
st

im
at

ed
 c

um
ul

at
iv

e 
ex

po
su

re
 o

f P
FO

A
 in

 th
e 

C
8 

Sc
ie

nc
e 

Pa
ne

l’s
 c

om
m

un
ity

 a
nd

 w
or

ke
r s

tu
dy

 o
n 

liv
er

 fu
nc

tio
n 

an
d 

di
se

as
e 

(D
ar

ro
w

 e
t a

l. 
20

16
), 

Ta
bl

e 
S1

 (s
ee

 su
pp

le
m

en
t) 

of
 D

ar
ro

w
 e

t a
l. 

pr
ov

id
ed

 th
e 

lin
ea

r r
eg

re
ss

io
n 

co
ef

fic
ie

nt
s f

or
 ln

-tr
an

sf
or

m
ed

 A
LT

 p
er

 ln
 P

FO
A

.  
Th

es
e 

co
ef

fic
ie

nt
s f

or
 P

FO
A

 
fo

r t
he

 3
 m

od
el

s w
er

e 
M

od
el

 1
 (β

 =
 0

.0
03

); 
M

od
el

 2
 (β

 =
0.

01
2)

; a
nd

 M
od

el
 3

 (β
 =

 
0.

01
1)

 a
dj

us
te

d 
fo

r t
he

 sa
m

e 
nu

m
be

r o
f c

ov
ar

ia
te

s i
n 

ad
di

tio
n 

to
 P

FO
A

 (2
, 7

, a
nd

 
11

). 
 T

he
 R

2  fo
r t

he
se

 3
 m

od
el

s w
er

e 
0.

15
, 0

.2
32

, a
nd

 0
.2

35
 re

sp
ec

tiv
el

y,
 si

m
ila

r 
in

 m
ag

ni
tu

de
 to

 G
al

lo
 e

t a
l. 

(s
ee

 a
bo

ve
 p

ar
ag

ra
ph

) o
f 0

.1
70

, 0
.1

74
, a

nd
 0

.2
65

 fo
r 

th
e 

sa
m

e 
m

od
el

s a
dj

us
te

d 
fo

r t
he

 c
ov

ar
ia

te
s i

n 
th

ei
r c

ro
ss

-s
ec

tio
na

l a
na

ly
si

s, 
al

th
ou

gh
 P

FO
A

 in
 D

ar
ro

w
 w

as
 a

n 
es

tim
at

ed
 c

um
ul

at
iv

e 
ng

/m
L-

ye
ar

 m
et

ric
 v

er
su

s 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

58
 

 

m
ea

su
re

d 
(n

g/
m

L)
.  

H
ow

ev
er

, u
nl

ik
e 

G
al

lo
 e

t a
l.,

 D
ar

ro
w

 d
id

 n
ot

 sh
ow

 th
e 

pa
rti

al
 

R
2  fo

r P
FO

A
.  

B
ec

au
se

 th
e 

co
ef

fic
ie

nt
s o

f d
et

er
m

in
at

io
n 

fo
r t

he
 D

ar
ro

w
 e

t a
l. 

m
od

el
s 1

, 2
, a

nd
 3

 a
re

 v
er

y 
si

m
ila

r t
o 

G
al

lo
 e

t a
l. 

(d
es

pi
te

 a
 d

iff
er

en
t m

et
ric

 fo
r 

PF
O

A
), 

it 
is

 h
ig

hl
y 

lik
el

y 
th

e 
pa

rti
al

 R
2  fo

r P
FO

A
 in

 th
e 

D
ar

ro
w

 e
t a

l. 
st

ud
y 

al
so

 
re

m
ai

ne
d 

in
 th

e 
ex

tre
m

el
y 

lo
w

 ra
ng

e 
of

 0
.0

01
 (0

.1
%

) t
o 

0.
00

2 
(0

.2
%

), 
th

us
 ln

 
PF

O
A

 (n
g/

m
l-y

ea
rs

) p
ro

ba
bl

y 
ex

pl
ai

ne
d 

ve
ry

 li
ttl

e 
of

 th
e 

va
ria

nc
e 

of
 ln

 A
LT

 in
 

th
e 

D
ar

ro
w

 e
t a

l. 
pa

pe
r i

n 
Ta

bl
e 

S1
. 

 D
ar

ro
w

 e
t a

l. 
al

so
 e

st
im

at
ed

, v
ia

 m
od

el
in

g,
 th

e 
es

tim
at

ed
 c

um
ul

at
iv

e 
se

ru
m

 P
FO

A
 

co
nc

en
tra

tio
n 

(ln
 n

g/
m

L-
ye

ar
) a

nd
 re

po
rte

d 
(c

om
pa

re
d 

to
 th

e 
re

fe
re

nc
e 

qu
in

til
e)

 
th

e 
fo

llo
w

in
g 

pe
rc

en
t c

ha
ng

e 
in

 A
LT

 p
er

 in
cr

ea
se

d 
qu

in
til

es
 o

f e
st

im
at

ed
 

cu
m

ul
at

iv
e 

PF
O

A
 w

he
re

:  
Q

ui
nt

ile
 1

 (r
ef

er
en

ce
); 

Q
ui

nt
ile

 2
 (1

91
.2

-<
31

1.
3 

ng
/m

L-
ye

ar
s P

FO
A

) 2
.3

%
; Q

ui
nt

ile
 3

 (3
11

.3
-<

79
4.

1 
ng

/m
L-

ye
ar

s P
FO

A
) 3

.6
%

; 
Q

ui
nt

ile
 4

 (7
91

.4
-<

39
97

.6
 n

g/
m

L-
ye

ar
s P

FO
A

) 4
.0

%
; a

nd
 Q

ui
nt

ile
 5

 (3
99

7.
6-

20
56

67
.3

 n
g/

m
L-

ye
ar

s P
FO

A
 6

%
.  

In
 o

th
er

 w
or

ds
, a

t l
ea

st
 a

 1
0X

 (o
ne

 o
rd

er
 o

f 
m

ag
ni

tu
de

 o
r h

ig
he

r)
 in

cr
ea

se
 in

 e
st

im
at

ed
 c

um
ul

at
iv

e 
PF

O
A

 in
 th

is
 C

8 
Sc

ie
nc

e 
Pa

ne
l’s

 c
om

m
un

ity
 w

or
ke

rs
 c

oh
or

t s
tu

dy
 re

su
lte

d 
in

 a
 6

%
 in

cr
ea

se
 (9

5%
 C

I 4
%

 to
 

7.
9%

) i
n 

th
e 

A
LT

.  
Fo

r e
xa

m
pl

e,
 if

 Q
ui

nt
ile

 1
 re

fe
re

nc
e 

ha
d 

an
 A

LT
 v

al
ue

 o
f 2

5 
IU

/L
, t

he
 A

LT
 v

al
ue

 fo
r Q

ui
nt

ile
 5

 w
ou

ld
 b

e 
26

.5
 IU

/L
, a

dj
us

te
d 

fo
r t

he
 1

1 
co

va
ria

te
s. 

 If
 th

e 
A

LT
 v

al
ue

 w
ou

ld
 h

av
e 

be
en

 4
5 

IU
/L

 (u
pp

er
 e

nd
 o

f n
or

m
al

) f
or

 
A

LT
 fo

r Q
ui

nt
ile

 1
 a

dj
us

te
d 

fo
r t

he
 1

1 
co

va
ria

te
s, 

th
e 

co
rr

es
po

nd
in

g 
A

LT
 v

al
ue

 
fo

r Q
ui

nt
ile

 5
 (a

t l
ea

st
 a

n 
or

de
r o

f m
ag

ni
tu

de
 h

ig
he

r i
n 

cu
m

ul
at

iv
e 

PF
O

A
 

co
nc

en
tra

tio
n)

 w
ou

ld
 b

e 
47

.7
 IU

/L
.  

G
iv

en
 th

e 
ve

ry
 sl

ig
ht

 c
ha

ng
e 

in
 th

es
e 

A
LT

 
va

lu
es

 o
ve

r a
 la

rg
e 

ra
ng

e 
(a

t l
ea

st
 1

0X
) o

f e
st

im
at

ed
 c

um
ul

at
iv

e 
se

ru
m

 P
FO

A
 

co
nc

en
tra

tio
ns

, a
 c

ha
ng

e 
of

 ju
st

 6
%

 in
 a

n 
A

LT
 w

ou
ld

 b
e,

 fo
r a

ll 
pu

rp
os

es
, 

co
ns

id
er

ed
 c

lin
ic

al
ly

 in
si

gn
ifi

ca
nt

.  
Th

is
 p

oi
nt

 sh
ou

ld
 b

e 
em

ph
as

iz
ed

 b
y 

A
TS

D
R

 
be

ca
us

e 
D

ar
ro

w
 e

t a
l. 

di
d 

no
t r

ep
or

t a
ny

 in
cr

ea
se

d 
ris

k 
fo

r a
ny

 li
ve

r d
is

ea
se

 o
r t

he
 

su
bc

at
eg

or
y 

of
 e

nl
ar

ge
d 

liv
er

, f
at

ty
 li

ve
r o

r c
irr

ho
si

s a
s r

el
at

ed
 to

 P
FO

A
 in

 th
is

 
co

m
m

un
ity

 w
or

ke
r c

oh
or

t s
tu

dy
. B

as
ed

 o
n 

a 
10

-y
ea

r l
ag

ge
d 

ex
po

su
re

, t
he

 h
az

ar
d 

ra
tio

s (
95

%
 C

I) 
fo

r t
he

se
 th

re
e 

liv
er

 d
is

ea
se

s w
er

e 
Q

ui
nt

ile
 1

 (r
ef

er
en

ce
); 

Q
ui

nt
ile

 
2:

 1
.0

4 
(0

.8
2,

 1
.5

0)
; Q

ui
nt

ile
 3

: 0
.9

1 
(0

.6
4,

 1
.3

1)
; Q

ui
nt

ile
 4

: 0
.8

4 
(0

.5
9,

 1
.2

1)
; 

an
d 

qu
in

til
e 

5:
 0

.8
7 

(0
.6

1,
 1

.2
5)

. T
he

 h
az

ar
d 

ra
tio

 fo
r t

ho
se

 p
ro

sp
ec

tiv
el

y 
fo

llo
w

ed
 

si
nc

e 
20

06
 w

er
e 

Q
ui

nt
ile

 1
 (r

ef
er

en
ce

); 
Q

ui
nt

ile
 2

 (1
.1

9 
(0

.7
5,

 1
.8

8)
; Q

ui
nt

ile
 3

: 
1.

02
 (0

65
, 1

.6
1)

, Q
ui

nt
ile

 4
 (0

.9
4 

(0
.6

0,
 1

.4
8)

, a
nd

 Q
ui

nt
ile

 5
: 0

.9
2 

(0
.5

8,
 1

.4
7)

.  
  

 Th
us

, i
t w

ou
ld

 b
e 

hi
gh

ly
 in

ap
pr

op
ria

te
 fo

r A
TS

D
R

 to
 c

on
tin

ue
 to

 su
gg

es
t t

ha
t t

he
 

en
zy

m
e 

fin
di

ng
s f

ro
m

 th
e 

D
ar

ro
w

 e
t a

l. 
(o

r G
al

lo
 e

t a
l.)

  s
ug

ge
st

 “
liv

er
 d

am
ag

e”
 is

 
as

so
ci

at
ed

 w
ith

 P
FO

A
.  

In
 fa

ct
, t

he
 C

8 
Sc

ie
nc

e 
Pa

ne
l (

20
12

) s
ta

te
d 

th
e 

ob
vi

ou
s a

s 
th

ey
 in

te
rp

re
te

d 
th

ei
r o

w
n 

re
se

ar
ch

, 
 

“F
ro

m
 o

ur
 st

ud
ie

s o
f p

at
te

rn
s o

f d
ia

gn
os

ed
 li

ve
r d

is
ea

se
 th

er
e 

is
 n

o 
ev

id
en

ce
 o

f a
ny

 in
cr

ea
se

d 
ri

sk
 o

f l
iv

er
 d

is
ea

se
 in

 re
la

tio
n 

to
 P

FO
A 

ex
po

su
re

.  
Ba

se
d 

on
 o

ur
 st

ud
ie

s o
f l

iv
er

 e
nz

ym
es

 a
nd

 in
co

ns
is

te
nt

 fi
nd

in
gs

 
in

 re
po

rt
ed

 li
te

ra
tu

re
 th

er
e 

is
 so

m
e 

ev
id

en
ce

 o
f s

m
al

l s
hi

fts
 in

 li
ve

r 
fu

nc
tio

n,
 m

ai
nl

y 
w

ith
in

 th
e 

no
rm

al
 p

hy
si

ol
og

ic
 ra

ng
e,

 b
ei

ng
 a

ss
oc

ia
te

d 
w

ith
 in

cr
ea

si
ng

 P
FO

A 
ex

po
su

re
.  

It 
is

 u
nc

er
ta

in
 if

 P
FO

A 
is

 th
e 

ca
us

e 
of

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

59
 

 

th
e 

as
so

ci
at

io
n,

 b
ut

 if
 so

 th
er

e 
is

 n
o 

ev
id

en
ce

 th
at

 th
is

 is
 re

fle
ct

ed
 in

 a
ny

 
in

cr
ea

se
 in

 o
ve

ra
ll 

in
ci

de
nc

e 
of

 d
ia

gn
os

ed
 li

ve
r d

is
ea

se
.  

Th
er

ef
or

e,
 th

e 
Sc

ie
nc

e 
Pa

ne
l d

oe
s n

ot
 fi

nd
 a

 p
ro

ba
bl

e 
lin

k 
be

tw
ee

n 
ex

po
su

re
 to

 P
FO

A 
an

d 
liv

er
 d

is
ea

se
.”

   
 

Fu
rth

er
m

or
e,

 th
is

 li
ne

 o
f r

ea
so

ni
ng

 b
y 

th
e 

C
8 

Sc
ie

nc
e 

Pa
ne

l i
s i

n 
ag

re
em

en
t w

ith
 

th
e 

A
TS

D
R

 T
ox

ic
ol

og
ic

al
 P

ro
fil

e 
(p

ag
e 

24
), 

w
hi

ch
 st

at
ed

,  
 

“I
t s

ho
ul

d 
be

 n
ot

ed
 th

at
 a

lth
ou

gh
 th

e 
da

ta
 m

ay
 p

ro
vi

de
 st

ro
ng

 e
vi

de
nc

e 
of

 
an

 a
ss

oc
ia

tio
n,

 it
 d

oe
s n

ot
 im

pl
y 

th
at

 th
e 

ob
se

rv
ed

 e
ffe

ct
 is

 b
io

lo
gi

ca
lly

 
re

le
va

nt
 b

ec
au

se
 th

e 
m

ag
ni

tu
de

 o
f t

he
 c

ha
nc

e 
m

ay
 b

e 
w

ith
in

 th
e 

no
rm

al
 

lim
its

 o
r n

ot
 in

di
ca

tiv
e 

of
 a

n 
ad

ve
rs

e 
he

al
th

 o
ut

co
m

e.
” 

 
[N

O
TE

:  
Th

e 
C

8 
Sc

ie
nc

e 
Pa

ne
l f

in
di

ng
s w

er
e 

ba
se

d 
on

 “
pr

ob
ab

le
 li

nk
” 

as
se

ss
m

en
ts

 th
at

 w
er

e 
de

fin
ed

 a
s p

ar
t o

f a
 se

ttl
em

en
t a

gr
ee

m
en

t a
nd

 d
o 

no
t 

in
di

ca
te

 c
au

sa
tio

n 
(S

te
en

la
nd

 e
t a

l. 
20

14
)]

 
  O

cc
up

at
io

na
l S

tu
di

es
 (n

 =
 4

) 
 

Sa
kr

 e
t a

l. 
(2

00
7a

) c
on

du
ct

ed
 a

 c
ro

ss
-s

ec
tio

na
l a

na
ly

si
s o

f 1
,0

25
 a

ct
iv

e 
w

or
ke

rs
 a

t 
th

e 
D

uP
on

t W
as

hi
ng

to
n 

W
or

ks
 p

la
nt

.  
  M

ed
ia

n 
se

ru
m

 P
FO

A
 c

on
ce

nt
ra

tio
ns

 
am

on
g 

25
9 

of
 th

e 
w

or
ke

rs
 a

ss
ig

ne
d 

in
 P

FO
A

 (a
m

m
on

iu
m

 sa
lt)

 p
ro

du
ct

io
n 

ar
ea

s 
w

as
 4

94
 n

g/
m

L 
(r

an
ge

 1
7 

– 
9,

55
0)

.  
Le

ss
er

 e
xp

os
ed

 g
ro

up
s w

ith
 m

or
e 

in
te

rm
itt

en
t 

or
 p

as
t e

xp
os

ur
es

 h
ad

 m
ed

ia
n 

PF
O

A
 c

on
ce

nt
ra

tio
ns

 ra
ng

in
g 

fr
om

 1
14

 to
 1

95
 

ng
/m

L.
  B

as
ed

 o
n 

a 
lin

ea
r r

eg
re

ss
io

n 
an

al
ys

is
 w

ith
 6

 o
th

er
 c

ov
ar

ia
te

s (
m

od
el

 R
2 

= 
0.

27
6)

, t
he

 re
gr

es
si

on
 c

oe
ff

ic
ie

nt
 fo

r A
LT

 w
as

 n
ot

 st
at

is
tic

al
ly

 si
gn

ifi
ca

nt
 (β

= 
0.

02
3,

 p
 =

 0
.1

24
). 

 E
xa

m
in

in
g 

on
ly

 th
os

e 
w

or
ke

rs
 n

ot
 ta

ki
ng

 c
ho

le
st

er
ol

 lo
w

er
in

g 
m

ed
ic

at
io

ns
 (n

 =
 8

40
), 

th
e 

re
gr

es
si

on
 c

oe
ff

ic
ie

nt
 b

ec
am

e 
β 

= 
0.

03
1,

 p
 =

 0
.0

71
.  

 
 Sa

kr
 e

t a
l. 

(2
00

7b
) a

ls
o 

co
nd

uc
te

d 
a 

lo
ng

itu
di

na
l a

na
ly

si
s o

f A
LT

 a
nd

 P
FO

A
 th

at
 

in
vo

lv
ed

 2
31

 w
or

ke
rs

 a
nd

 th
ei

r m
ea

su
re

d 
A

LT
.  

Th
e 

re
gr

es
si

on
 c

oe
ff

ic
ie

nt
 fo

r 
PF

O
A

 w
as

 n
ot

 st
at

is
tic

al
ly

 si
gn

ifi
ca

nt
 (β

= 
0.

54
, 9

5%
 C

I -
0.

46
, 1

.5
4)

. 
 O

ls
en

 a
nd

 Z
ob

el
 (2

00
7)

 re
po

rte
d 

on
 a

 c
ro

ss
-s

ec
tio

na
l s

tu
dy

 o
f 5

06
 m

al
e 

3M
 

w
or

ke
rs

, n
ot

 ta
ki

ng
 c

ho
le

st
er

ol
 lo

w
er

in
g 

m
ed

ic
at

io
ns

, w
or

ki
ng

 a
t 3

 d
iff

er
en

t 
pr

od
uc

tio
n 

si
te

s. 
 A

na
ly

ze
d 

by
 d

ec
ile

s, 
th

ey
 re

po
rte

d 
th

e 
ad

ju
st

ed
 m

ea
n 

of
 th

e 
1st

 
de

ci
le

 w
as

 2
9 

IU
/L

 (9
5%

 C
I 2

5 
– 

33
) c

om
pa

re
d 

to
 th

e 
m

ea
n 

of
 th

e 
10

th
 d

ec
ile

 
(9

5%
 C

I 3
0 

– 
38

). 
 T

he
se

 m
ea

ns
 w

er
e 

no
t s

ta
tis

tic
al

ly
 si

gn
ifi

ca
nt

ly
 d

iff
er

en
t. 

 T
he

 
m

ed
ia

n 
PF

O
A

 c
on

ce
nt

ra
tio

ns
 w

er
e 

60
 n

g/
m

L 
(r

an
ge

 7
 –

 1
30

) i
n 

th
e 

fir
st

 d
ec

ile
 

co
m

pa
re

d 
to

 4
,9

40
 (r

an
ge

 3
,7

10
 –

 9
2,

03
0)

 in
 th

e 
10

th
 d

ec
ile

.  
A

n 
ad

ju
st

ed
 (a

ge
, 

B
M

I, 
al

co
ho

l) 
re

gr
es

si
on

 a
na

ly
si

s t
ha

t e
xa

m
in

ed
 ln

 A
LT

 a
nd

 ln
 P

FO
A

 re
su

lte
d 

in
 

a 
co

ef
fic

ie
nt

 fo
r l

n 
PF

O
A

 o
f 0

.0
24

9 
(p

-v
al

ue
 0

.0
6)

.  
A

 d
iff

er
en

t a
na

ly
si

s t
ha

t 
su

bs
tit

ut
ed

 tr
ig

ly
ce

rid
es

 fo
r B

M
I r

es
ul

te
d 

in
 a

n 
ad

ju
st

ed
 c

oe
ff

ic
ie

nt
 o

f 0
.0

11
5 

(p
-

va
lu

e 
0.

40
). 

 T
he

 la
tte

r w
as

 e
xa

m
in

ed
 b

ec
au

se
 A

LT
 c

an
 a

ls
o 

be
 e

le
va

te
d 

du
e 

to
 

dy
sl

ip
id

em
ia

 (s
ee

 b
el

ow
 d

is
cu

ss
io

n)
. 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

60
 

 

 O
ls

en
 e

t a
l. 

(2
01

2)
 c

on
du

ct
ed

 a
 lo

ng
itu

di
na

l a
na

ly
si

s o
f w

or
ke

rs
 w

ho
 w

er
e 

en
ga

ge
d 

in
 th

e 
de

co
m

m
is

si
on

in
g,

 d
em

ol
iti

on
 a

nd
 re

m
ov

al
 o

f p
ro

du
ct

io
n 

bu
ild

in
gs

 
th

at
 w

er
e 

in
vo

lv
ed

 w
ith

 th
e 

pr
od

uc
tio

n 
of

 p
er

flu
or

oc
ta

ne
su

lfo
ny

l f
lu

or
id

e 
(P

O
SF

) 
an

d 
PF

O
A

.  
Th

is
 re

m
ed

ia
tio

n 
w

or
k 

oc
cu

rr
ed

 o
ve

r a
 2

-y
ea

r t
im

e 
pe

rio
d 

al
th

ou
gh

 
no

t a
ll 

w
or

ke
rs

 w
er

e 
en

ga
ge

d 
fo

r t
ha

t p
er

io
d 

of
 ti

m
e.

  B
as

el
in

e 
cl

in
ic

al
 

ch
em

is
tri

es
 a

nd
 p

er
flu

or
oa

lk
yl

 m
ea

su
re

m
en

ts
 w

er
e 

ta
ke

n 
be

fo
re

 a
 w

or
ke

r b
ec

am
e 

in
vo

lv
ed

 w
ith

 th
e 

pr
oj

ec
t, 

w
hi

ch
 w

as
 fo

llo
w

ed
 b

y 
si

m
ila

r e
nd

-o
f-

pr
oj

ec
t 

m
ea

su
re

m
en

ts
.  

O
f 1

20
 w

or
ke

rs
 w

ith
 b

as
el

in
e 

co
nc

en
tra

tio
ns

 <
 1

5 
ng

/m
L 

PF
O

A
 

an
d 

< 
50

 n
g/

m
L 

PF
O

S,
 th

ei
r m

ed
ia

n 
in

cr
ea

se
 a

t e
nd

-o
f-

pr
oj

ec
t w

as
 5

.3
 n

g/
m

L 
(m

ea
n 

44
.2

 n
g/

m
L)

 (p
 <

 0
.0

00
1)

 a
nd

 0
.7

 n
g/

m
L 

PF
O

S 
(m

ed
ia

n 
4.

2 
ng

/m
L)

 
(p

<0
.0

00
1)

.  
G

iv
en

 th
es

e 
m

od
es

t i
nc

re
as

es
 in

 se
ru

m
 P

FO
A

 o
r P

FO
S 

co
nc

en
tra

tio
ns

, t
he

re
 w

as
 n

o 
ch

an
ge

 in
 m

ed
ia

n 
A

LT
 a

nd
 th

e 
m

ea
n 

A
LT

 c
ha

ng
e 

w
as

 -0
.7

 IL
/L

 (p
 =

 0
.5

3)
. 

 Ex
pe

rim
en

ta
l s

tu
dy

 (n
 =

 1
) 

 
C

on
ve

rti
no

 e
t a

l (
20

18
). 

 A
 6

-w
ee

k 
ph

as
e 

on
e 

cl
in

ic
al

 tr
ia

l w
as

 c
on

du
ct

ed
 in

 
Sc

ot
la

nd
 to

 d
et

er
m

in
e 

th
e 

m
ax

im
um

 to
le

ra
te

d 
do

se
 th

at
 c

ou
ld

 b
e 

pr
ov

id
ed

 w
ith

 
th

e 
w

ee
kl

y 
or

al
 a

dm
in

is
tra

tio
n 

of
 P

FO
A

 (a
m

m
on

iu
m

 sa
lt)

 fo
r u

lti
m

at
el

y 
ev

al
ua

tin
g 

th
e 

ch
em

ot
he

ra
pe

ut
ic

 p
ot

en
tia

l o
f P

FO
A

 in
 so

lid
 tu

m
or

s (
C

on
ve

rti
no

 e
t 

al
. 2

01
8)

.  
Th

e 
st

ud
y 

w
as

 a
 st

an
da

rd
 3

+3
 d

os
e 

es
ca

la
tio

n 
ph

as
e 

1 
st

ud
y.

  F
or

ty
-

ni
ne

 su
bj

ec
ts

 p
ar

tic
ip

at
ed

.  
Su

bj
ec

ts
 re

ce
iv

ed
 P

FO
A

 (a
m

m
on

iu
m

 sa
lt)

 o
n 

a 
si

ng
le

 
w

ee
kl

y 
do

se
 a

s h
ig

h 
as

 1
20

0 
m

g 
w

ee
k.

  M
on

ito
rin

g 
of

 c
lin

ic
al

 c
he

m
is

tri
es

, 
in

cl
ud

in
g 

A
LT

, A
ST

, G
G

T,
 a

lk
al

in
e 

ph
os

ph
at

as
e 

an
d 

to
ta

l b
ili

ru
bi

n 
w

er
e 

do
ne

.  
B

as
ed

 o
n 

an
al

ys
is

 o
f t

he
 p

ro
ba

bi
lit

y 
di

st
rib

ut
io

n 
fu

nc
tio

ns
, A

LT
 w

as
 u

nc
ha

ng
ed

 
fo

r a
ny

 c
at

eg
or

iz
at

io
n 

w
ith

 th
e 

hi
gh

es
t P

FO
A

 c
at

eg
or

y 
at

 8
70

 –
 1

53
0 
μM

 
(~

36
0,

00
0 

– 
~6

32
,0

00
 n

g/
m

L)
 w

he
re

 a
 re

du
ct

io
n 

of
 se

ru
m

 c
ho

le
st

er
ol

 c
on

si
st

en
t 

w
ith

 a
 p

ha
rm

ac
od

yn
am

ic
 e

ff
ec

t w
as

 e
vi

de
nt

.  
G

iv
en

 th
e 

st
ud

y 
co

nd
iti

on
s, 

th
es

e 
au

th
or

s c
on

cl
ud

ed
 li

ve
r e

nz
ym

es
 w

er
e 

no
t a

lte
re

d 
at

 P
FO

A
 c

on
ce

nt
ra

tio
ns

 th
at

 a
re

 
5 

or
de

rs
 o

f m
ag

ni
tu

de
 g

re
at

er
 th

an
 th

e 
ge

ne
ra

l p
op

ul
at

io
n 

m
ea

su
re

m
en

ts
 o

f 
PF

O
A

. 
 G

en
er

al
 P

op
ul

at
io

n 
(N

H
AN

ES
) s

tu
di

es
   

 
It 

sh
ou

ld
 b

e 
no

te
d 

th
at

 se
ve

ra
l o

f t
he

 st
ud

ie
s r

ep
or

te
d 

by
 A

TD
SR

 a
na

ly
ze

d 
N

H
A

N
ES

 d
at

a.
  T

he
 c

ha
lle

ng
es

 o
f u

si
ng

 N
H

A
N

ES
 b

io
m

on
ito

rin
g 

da
ta

 to
 

in
co

rp
or

at
e 

in
to

 a
ny

 fo
rm

 o
f r

is
k 

as
se

ss
m

en
ts

 h
as

 b
ee

n 
w

el
l-d

es
cr

ib
ed

 b
y 

So
bu

s e
t 

al
. (

20
15

). 
 In

 th
is

 re
ga

rd
, b

ot
h 

Li
n 

et
 a

l. 
(2

01
0)

 a
nd

 G
le

as
on

 e
t a

l. 
(2

01
5)

 h
av

e 
an

al
yz

ed
 m

ul
tip

le
 2

-y
ea

r c
yc

le
 N

H
A

N
ES

 c
ro

ss
-s

ec
tio

na
l d

at
a 

w
ith

 li
ve

r e
nz

ym
es

 
an

d 
PF

O
A

 o
r P

FO
S.

 D
ue

 to
 it

s s
tu

dy
 d

es
ig

n,
 A

TS
D

R
 is

 w
el

l-a
w

ar
e 

th
at

 
te

m
po

ra
lit

y 
ca

nn
ot

 b
e 

de
te

rm
in

ed
 in

 th
es

e 
N

H
A

N
ES

 c
ro

ss
-s

ec
tio

na
l s

tu
di

es
.  

H
ow

ev
er

, a
n 

eq
ua

lly
 im

po
rta

nt
 m

et
ho

do
lo

gi
ca

l l
im

ita
tio

n 
th

at
 h

as
 n

ot
 b

ee
n 

ad
dr

es
se

d 
by

 e
ith

er
 L

in
 e

t a
l. 

or
 G

le
as

on
 e

t a
l. 

w
ith

 th
ei

r a
na

ly
si

s o
f N

H
A

N
ES

 
da

ta
, o

r t
hi

s A
TS

D
R

 T
ox

ic
ol

og
ic

al
 P

ro
fil

e,
 re

la
te

s t
o 

th
e 

an
al

ys
is

 o
f l

iv
er

 e
nz

ym
e 

da
ta

 in
 re

la
tio

n 
w

ith
 se

ru
m

 li
pi

ds
.  

A
s s

ho
w

n 
by

 D
eb

 e
t a

l. 
(2

01
8)

, i
n 

th
ei

r 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

61
 

 

an
al

ys
is

 o
f N

H
A

N
ES

 d
at

a 
fr

om
 1

99
9-

20
12

 th
er

e 
is

 a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

m
ea

su
re

d 
liv

er
 e

nz
ym

es
 a

nd
 li

pi
d 

le
ve

ls
.  

D
eb

 e
t a

l. 
re

po
rte

d 
th

at
 L

D
L 

w
as

 
as

so
ci

at
ed

 w
ith

 a
 2

-f
ol

d 
in

cr
ea

se
 in

 o
dd

s o
f a

n 
el

ev
at

ed
 A

LT
 a

nd
 A

ST
 

m
ea

su
re

m
en

ts
.  

Th
us

, a
ny

 a
ss

oc
ia

tio
n 

be
tw

ee
n 

pe
rf

lu
or

oa
lk

yl
s m

ea
su

re
m

en
ts

 a
nd

 
liv

er
 e

nz
ym

es
 sh

ou
ld

 c
on

si
de

r a
t l

ea
st

 a
dj

us
tin

g 
fo

r a
ge

, s
ex

, r
ac

e/
et

hn
ic

ity
, a

nd
 

lip
id

s. 
 If

 li
pi

ds
 a

re
 a

ss
oc

ia
te

d 
w

ith
 li

ve
r e

nz
ym

es
 th

en
 li

pi
ds

 m
ig

ht
 b

e 
a 

co
nf

ou
nd

er
 in

 st
ud

yi
ng

 th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

pe
rf

lu
or

oa
lk

yl
s a

nd
 li

ve
r 

en
zy

m
es

.  
H

ow
ev

er
, s

om
e 

m
ay

 su
gg

es
t P

FO
A

 m
ay

 b
e 

as
so

ci
at

ed
 w

ith
 li

pi
ds

 (a
t 

lo
w

er
 P

FO
A

 c
on

ce
nt

ra
tio

ns
). 

 T
he

re
fo

re
, l

ip
id

s, 
at

 lo
w

 c
on

ce
nt

ra
tio

ns
, m

ig
ht

 b
e 

on
 th

e 
ca

us
al

 p
at

h 
be

tw
ee

n 
th

e 
ex

po
su

re
 (p

er
flu

or
oa

lk
yl

s)
 a

nd
 in

cr
ea

se
d 

liv
er

 
en

zy
m

es
. O

n 
th

e 
ot

he
r h

an
d,

 th
er

e 
is

 le
ss

 e
vi

de
nc

e 
to

 su
gg

es
t t

hi
s p

at
h 

(h
ig

he
r 

lip
id

s)
 e

xi
st

s a
t s

ub
st

an
tiv

el
y 

hi
gh

er
 p

er
flu

or
oa

lk
yl

 c
on

ce
nt

ra
tio

ns
 (s

ee
 

C
on

ve
rti

no
 e

t a
l. 

20
18

). 
 T

hu
s, 

th
e 

in
te

rm
ed

ia
te

 p
at

h 
of

 se
ru

m
 li

pi
ds

 m
ig

ht
 n

ee
d 

to
 

be
 c

on
si

de
re

d 
in

 st
ud

yi
ng

 th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

pe
rf

lu
or

oa
lk

yl
s a

nd
 li

ve
r 

en
zy

m
es

. A
TS

D
R

 o
ff

er
ed

 n
o 

in
si

gh
ts

 in
to

 th
is

 is
su

e 
be

tw
ee

n 
pe

rf
lu

or
oa

lk
yl

s, 
lip

id
s, 

an
d 

liv
er

 e
nz

ym
es

.  
W

ha
t i

s c
er

ta
in

, h
ow

ev
er

, i
s t

he
re

 h
as

 n
ot

 b
ee

n 
re

po
rte

d 
to

 b
e 

an
 in

cr
ea

se
d 

ris
k 

of
 se

lf-
re

po
rte

d 
liv

er
 d

is
ea

se
 in

 N
H

A
N

ES
 d

at
a 

(M
el

ze
r e

t 
al

. 2
01

0)
, i

n 
th

e 
C

an
ad

ia
n 

H
ea

lth
 M

ea
su

re
s S

ur
ve

y 
(F

is
he

r e
t a

l. 
20

13
) a

s w
el

l a
s 

w
ith

 m
ed

ic
al

ly
 v

al
id

at
ed

 li
ve

r d
is

ea
se

 w
ith

 e
xp

os
ur

e 
to

 P
FO

A
 in

 th
e 

C
8 

H
ea

lth
 

Pa
ne

l s
tu

dy
 (D

ar
ro

w
 e

t a
l. 

20
16

), 
in

cl
ud

in
g 

fa
tty

 li
ve

r d
is

ea
se

.  
In

 th
is

 re
ga

rd
, w

ith
 

a 
la

ck
 o

f a
ny

 in
cr

ea
se

d 
ris

k 
fo

r l
iv

er
 d

is
ea

se
, i

t i
s i

na
pp

ro
pr

ia
te

 to
 in

fe
r v

er
y 

w
ea

k 
as

so
ci

at
io

ns
 w

ith
 A

LT
 a

nd
 m

ea
su

re
d 

pe
rf

lu
or

oa
lk

yl
s i

n 
po

pu
la

tio
ns

 w
ho

se
 se

ru
m

 
PF

A
S 

co
nc

en
tra

tio
ns

 c
an

 b
e 

or
de

rs
 o

f m
ag

ni
tu

de
 d

iff
er

en
t. 

 T
hu

s, 
nu

m
er

ou
s 

co
nf

ou
nd

in
g 

fa
ct

or
s m

us
t b

e 
co

ns
id

er
ed

 in
 a

na
ly

se
s o

f A
LT

, i
nc

lu
di

ng
 a

ge
, s

ex
, 

bo
dy

 m
as

s i
nd

ex
 (p

re
fe

ra
bl

y 
w

ai
st

-to
-h

ip
 ra

tio
 a

s a
 m

ea
su

re
 o

f a
bd

om
in

al
 

ob
es

ity
), 

tri
gl

yc
er

id
e 

le
ve

l, 
to

ta
l c

ho
le

st
er

ol
, a

lc
oh

ol
, g

lu
co

se
 (w

om
en

), 
ph

ys
ic

al
 

ac
tiv

ity
, a

nd
 sm

ok
in

g 
(th

e 
la

tte
r t

w
o 

ar
e 

ne
ga

tiv
el

y 
co

rr
el

at
ed

) (
K

im
 e

t a
l. 

20
08

). 
  

 
3M

 C
on

cl
us

io
n 

 
 Th

er
e 

is
 n

o 
as

so
ci

at
io

n 
be

tw
ee

n 
ei

th
er

 P
FO

A
 o

r P
FO

S 
an

d 
liv

er
 d

is
ea

se
 in

cl
ud

in
g 

en
la

rg
ed

 li
ve

r, 
fa

tty
 li

ve
r, 

or
 c

irr
ho

si
s. 

 S
m

al
l p

er
ce

nt
ag

e 
ch

an
ge

s i
n 

A
LT

 h
av

e 
be

en
 

re
po

rte
d,

 a
lb

ei
t i

nc
on

si
st

en
tly

 in
 e

pi
de

m
io

lo
gy

 st
ud

ie
s a

cr
os

s v
as

tly
 d

iff
er

en
t 

pe
rf

lu
or

oa
lk

yl
 c

on
ce

nt
ra

tio
ns

, b
ut

 a
re

 w
ith

in
 n

or
m

al
 p

hy
si

ol
og

ic
al

 ra
ng

es
.  

Th
is

 sm
al

l 
m

ag
ni

tu
de

 o
f c

ha
ng

e,
 if

 it
 is

 e
ve

n 
pr

es
en

t, 
do

es
 n

ot
 in

di
ca

te
 li

ve
r d

am
ag

e 
by

 a
ny

 st
an

da
rd

 
cl

in
ic

al
 p

ra
ct

ic
e 

of
 m

ed
ic

in
e.

  C
on

fo
un

di
ng

 c
an

no
t b

e 
ru

le
d 

ou
t a

s a
 p

os
si

bl
e 

ex
pl

an
at

io
n 

fo
r t

hi
s o

bs
er

va
tio

n 
du

e 
to

 th
e 

m
an

y 
fa

ct
or

s t
ha

t c
an

 in
flu

en
ce

 A
LT

.  
Th

us
, t

he
re

 is
 

in
su

ff
ic

ie
nt

 e
vi

de
nc

e 
of

 a
n 

as
so

ci
at

io
n 

w
ith

 A
LT

.  
 

 
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

62
 

 

D
et

ai
le

d 
C

om
m

en
ts

 o
n 

C
ho

le
st

er
ol

 
 A

T
SD

R
 p

os
iti

on
 o

n 
PF

O
A

 a
nd

 c
ho

le
st

er
ol

 
 O

n 
pa

ge
 5

, t
he

 A
TS

D
R

 w
ro

te
, “

A
lth

ou
gh

 a
 la

rg
e 

nu
m

be
r o

f e
pi

de
m

io
lo

gy
 st

ud
ie

s h
av

e 
ex

am
in

ed
 th

e 
po

te
nt

ia
l o

f p
er

flu
or

oa
lk

yl
 c

om
po

un
ds

 to
 in

du
ce

 a
dv

er
se

 h
ea

lth
 e

ff
ec

ts
, 

m
os

t o
f t

he
 st

ud
ie

s a
re

 c
ro

ss
-s

ec
tio

na
l i

n 
de

si
gn

 a
nd

 d
o 

no
t e

st
ab

lis
h 

ca
us

at
io

n.
  B

as
ed

 o
n 

a 
nu

m
be

r o
f f

ac
to

rs
 in

cl
ud

in
g 

th
e 

co
ns

is
te

nc
y 

of
 fi

nd
in

gs
 a

cr
os

s s
tu

di
es

, t
he

 a
va

ila
bl

e 
ep

id
em

io
lo

gy
 st

ud
ie

s s
ug

ge
st

 a
ss

oc
ia

tio
ns

 b
et

w
ee

n 
pe

rf
lu

or
oa

lk
yl

 e
xp

os
ur

e 
an

d 
se

ve
ra

l 
he

al
th

 o
ut

co
m

es
.”

  A
cc

or
di

ng
 to

 A
TS

D
R

, t
hi

s i
nc

lu
de

d 
“i

nc
re

as
es

 in
 se

ru
m

 li
pi

ds
, 

pa
rti

cu
la

rly
 to

ta
l c

ho
le

st
er

ol
 a

nd
 lo

w
-d

en
si

ty
 li

po
pr

ot
ei

n 
(L

D
L)

 c
ho

le
st

er
ol

 (P
FO

A
, 

PF
O

S,
 P

FN
A

, P
FD

eA
).”

  O
n 

pa
ge

s 1
56

-1
69

 is
 T

ab
le

 2
-1

2,
 w

hi
ch

 p
ro

vi
de

s a
 su

m
m

ar
y 

of
 

se
ru

m
 li

pi
d 

ou
tc

om
es

 in
 h

um
an

s. 
 F

or
 v

ar
io

us
 st

ud
ie

s:
 F

ig
ur

e 
2-

9 
is

 a
 g

ra
ph

 o
f p

er
ce

nt
 

ch
an

ge
 in

 to
ta

l c
ho

le
st

er
ol

 re
la

tiv
e 

to
 P

FO
A

 le
ve

ls
; F

ig
ur

e 
2-

10
 p

ro
vi

de
s e

le
va

te
d 

ch
ol

es
te

ro
l a

dj
us

te
d 

ris
k 

re
la

tiv
e 

to
 P

FO
A

; F
ig

ur
e 

2-
11

 is
 a

 g
ra

ph
 o

f p
er

ce
nt

 c
ha

ng
e 

in
 

LD
L 

re
la

tiv
e 

to
 P

FO
A

 le
ve

ls
; F

ig
ur

e 
2-

12
 p

ro
vi

de
s e

le
va

te
d 

LD
L 

ad
ju

st
ed

 ri
sk

 re
la

tiv
e 

to
 

PF
O

A
.  

B
as

ed
 o

n 
th

es
e 

fig
ur

es
 a

nd
 st

ud
ie

s p
re

se
nt

ed
 in

 th
e 

A
TS

D
R

 te
xt

 (p
ag

es
 1

72
, 1

77
-

18
2)

, A
TS

D
R

 c
on

cl
ud

ed
 (p

ag
e 

18
6)

, “
st

ud
ie

s e
xa

m
in

in
g 

th
e 

ch
an

ge
 in

 c
ho

le
st

er
ol

 p
er

 
ch

an
ge

 in
 se

ru
m

 P
FO

A
 le

ve
ls

 h
av

e 
fo

un
d 

gr
ea

te
r i

nc
re

as
es

 in
 se

ru
m

 c
ho

le
st

er
ol

 le
ve

ls
 

as
so

ci
at

ed
 w

ith
 se

ru
m

 P
FO

A
 le

ve
ls

 a
t t

he
 lo

w
er

 ra
ng

e 
of

 P
FO

A
 le

ve
ls

 a
nd

 th
e 

do
se

-
re

sp
on

se
 c

ur
ve

 su
gg

es
ts

 a
 b

ip
ha

si
c 

re
la

tio
ns

hi
p.

 P
os

iti
ve

 a
ss

oc
ia

tio
ns

 h
av

e 
al

so
 b

ee
n 

ob
se

rv
ed

 fo
r L

D
L 

ch
ol

es
te

ro
l, 

al
th

ou
gh

 a
ss

oc
ia

tio
ns

 h
av

e 
no

t b
ee

n 
co

ns
is

te
nt

ly
 fo

un
d.

  I
n 

ge
ne

ra
l, 

no
 c

on
si

st
en

t a
ss

oc
ia

tio
ns

 w
er

e 
fo

un
d 

be
tw

ee
n 

se
ru

m
 P

FO
A

 a
nd

 H
D

L 
ch

ol
es

te
ro

l o
r t

rig
ly

ce
rid

e 
le

ve
ls

.”
 O

n 
pa

ge
 1

87
, A

TS
D

R
 re

co
gn

iz
ed

 “
In

 c
on

tra
st

 to
 th

e 
re

su
lts

 o
bs

er
ve

d 
in

 e
pi

de
m

io
lo

gy
 st

ud
ie

s, 
an

 e
xp

er
im

en
ta

l s
tu

dy
 in

 h
um

an
s e

xp
os

ed
 to

 
PF

O
A

 (M
ac

Ph
er

so
n 

et
 a

l. 
20

11
) a

nd
 h

um
an

 e
xp

os
ur

e 
to

 o
th

er
 P

PA
R
α 

ag
on

is
ts

, s
uc

h 
as

 
fib

ra
te

s (
R

oy
 a

nd
 P

ah
an

 2
00

9)
, s

ug
ge

st
 th

at
 h

yp
ol

ip
id

em
ic

 e
ff

ec
ts

, s
im

ila
r t

o 
th

os
e 

ob
se

rv
ed

 in
 ro

de
nt

s, 
m

ay
 o

cc
ur

 in
 h

um
an

s e
xp

os
ed

 to
 P

FO
A

, a
lth

ou
gh

 h
um

an
s m

ay
 n

ot
 

be
 a

s s
en

si
tiv

e 
as

 ro
de

nt
s.”

 
 3M

 C
om

m
en

ts
 o

n 
PF

O
A

 a
nd

 C
ho

le
st

er
ol

 
 Th

e 
A

TS
D

R
 re

co
gn

iz
ed

 (p
ag

es
 1

81
, 1

87
) t

he
 p

re
lim

in
ar

y 
re

su
lts

 o
f a

 p
ha

se
 1

 c
lin

ic
al

 
tri

al
 o

f P
FO

A
 (a

m
m

on
iu

m
 sa

lt)
 th

at
 w

as
 p

ub
lis

he
d 

in
 2

01
0 

as
 a

n 
ab

st
ra

ct
 b

y 
M

ac
Ph

er
so

n 
et

 a
l. 

(2
01

1)
 in

 th
e 

J C
lin

ic
al

 O
nc

ol
og

y.
  T

he
 a

bs
tra

ct
 st

at
ed

 “
R

ed
uc

tio
ns

 in
 L

D
L-

ch
ol

es
te

ro
l c

on
si

st
en

t w
ith

 a
 P

D
 e

ff
ec

t w
er

e 
ob

se
rv

ed
.”

  T
he

 p
ha

se
 1

 tr
ia

l w
as

 a
 d

os
e 

es
ca

la
tio

n 
st

ud
y 

w
ith

 th
e 

hi
gh

es
t w

ee
kl

y 
do

se
 a

dm
in

is
te

re
d 

at
 1

20
0 

m
g 

PF
O

A
 (r

an
ge

 
50

m
g 

– 
12

00
 m

g)
.  

A
TS

D
R

 w
as

 n
ot

 c
er

ta
in

 w
he

th
er

 th
is

 e
ff

ec
t o

cc
ur

re
d 

at
 a

ll 
do

se
 le

ve
ls

 
as

 su
ch

 c
la

rif
ic

at
io

n 
w

as
 n

ot
 p

re
se

nt
 in

 th
e 

ab
st

ra
ct

.  
 A

TS
D

R
 w

as
 n

ot
 a

w
ar

e 
th

at
 th

e 
re

su
lts

 fr
om

 th
e 

cl
in

ic
al

 c
he

m
is

try
 a

ss
es

sm
en

t f
ro

m
 th

is
 p

ha
se

 1
 tr

ia
l h

av
e 

be
en

 a
va

ila
bl

e 
vi

a 
A

dv
an

ce
 A

cc
es

s a
nd

 p
ub

lis
he

d 
on

 F
eb

ru
ar

y 
16

, 2
01

8 
in

 T
ox

ic
ol

og
ic

al
 S

ci
en

ce
s w

ith
 

ha
rd

co
py

 p
ub

lic
at

io
n 

in
 th

e 
M

ay
 2

01
8 

is
su

e,
 (C

on
ve

rti
no

 e
t a

l. 
20

18
). 

  A
TS

D
R

 is
 

st
ro

ng
ly

 e
nc

ou
ra

ge
d 

to
 c

ar
ef

ul
ly

 c
on

si
de

r t
he

 C
on

ve
rti

no
 e

t a
l. 

(2
01

8)
 p

ub
lic

at
io

n 
an

d 
its

 
ra

m
ifi

ca
tio

n(
s)

 in
 A

TS
D

R
’s

 w
ei

gh
t o

f e
vi

de
nc

e 
re

vi
ew

 fo
r P

FO
A

 a
s r

el
at

ed
 to

 li
pi

ds
 (a

s 
w

el
l a

s l
iv

er
 e

nz
ym

es
 a

nd
 th

yr
oi

d 
ho

rm
on

es
). 

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

63
 

 

A
cc

or
di

ng
 to

 C
on

ve
rti

no
 e

t a
l. 

(2
01

8)
, t

hi
s p

ha
se

 1
 d

os
e-

es
ca

la
tio

n 
st

ud
y 

as
se

ss
ed

 th
e 

ch
em

ot
he

ra
pe

ut
ic

 p
ot

en
tia

l o
f p

er
flu

or
oo

ct
an

oa
te

 (a
m

m
on

iu
m

 sa
lt)

.  
Th

er
e 

w
er

e 
49

 
pr

im
ar

ily
 so

lid
-tu

m
or

 c
an

ce
r p

at
ie

nt
s w

ho
 fa

ile
d 

st
an

da
rd

 th
er

ap
y 

th
at

 re
ce

iv
ed

 w
ee

kl
y 

do
se

s o
f P

FO
A

 (5
0 

– 
12

00
 m

g)
 fo

r 6
 w

ee
ks

.  
Th

e 
pr

im
ar

y 
pu

rp
os

e 
of

 th
is

 st
ud

y 
w

as
 to

 
de

te
rm

in
e 

th
e 

do
se

 li
m

iti
ng

 to
xi

ci
ty

 o
f P

FO
A

.  
H

ow
ev

er
, n

o 
m

or
e 

th
an

 o
ne

 su
bj

ec
t 

de
m

on
st

ra
te

d 
a 

do
se

 li
m

iti
ng

 to
xi

ci
ty

 a
t a

ny
 d

os
e 

le
ve

l s
o 

a 
m

ax
im

um
 to

le
ra

te
d 

do
se

 w
as

 
no

t r
ea

ch
ed

.  
Th

e 
10

00
 m

g 
w

ee
kl

y 
do

se
 w

as
 th

e 
re

co
m

m
en

de
d 

ph
as

e 
2 

do
se

 b
as

ed
 o

n 
to

le
ra

bi
lit

y.
  S

ta
nd

ar
d 

cl
in

ic
al

 c
he

m
is

try
 m

ea
su

re
m

en
ts

 w
er

e 
pe

rf
or

m
ed

 a
t b

as
el

in
e 

ex
am

in
at

io
n 

an
d 

w
ee

kl
y 

th
er

ea
fte

r. 
 N

ot
 a

ll 
su

bj
ec

ts
 to

ok
 th

e 
w

ee
kl

y 
do

se
 so

 m
ea

su
re

d 
se

ru
m

 P
FO

A
 c

on
ce

nt
ra

tio
n,

 in
te

rn
al

 d
os

im
et

ry
, n

ot
 d

os
e 

ad
m

in
is

te
re

d,
 w

as
 c

on
si

de
re

d 
th

e 
m

et
ric

 o
f c

ho
ic

e.
  S

ta
tis

tic
al

 a
na

ly
se

s i
nc

lu
de

d 
ge

ne
ra

liz
ed

 e
st

im
at

in
g 

eq
ua

tio
ns

 a
 

pr
ob

ab
ili

st
ic

 a
na

ly
si

s u
si

ng
 p

ro
ba

bi
lit

y 
di

st
rib

ut
io

n 
fu

nc
tio

ns
 a

t v
ar

io
us

 P
FO

A
 

co
nc

en
tra

tio
ns

, a
nd

 a
 2

-c
om

pa
rtm

en
t p

ha
rm

ac
ok

in
et

ic
/p

ha
rm

ac
od

yn
am

ic
 m

od
el

. 
A

cc
or

di
ng

 to
 C

on
ve

rti
no

 e
t a

l.,
 to

ta
l c

ho
le

st
er

ol
 (a

nd
 fr

ee
 T

4 
– 

se
e 

un
de

r t
hy

ro
id

) s
ho

w
ed

 
a 

ne
ga

tiv
e 

tre
nd

 w
ith

 in
cr

ea
se

d 
se

ru
m

 P
FO

A
 c

on
ce

nt
ra

tio
ns

 w
ith

 a
 c

le
ar

 tr
an

si
tio

n 
in

 
sh

ap
e 

an
d 

ra
ng

e 
of

 th
e 

pr
ob

ab
ili

ty
 d

is
tri

bu
tio

n 
fu

nc
tio

ns
 fo

r a
 d

ec
re

as
e 

in
 to

ta
l c

ho
le

st
er

ol
 

at
 a

pp
ro

xi
m

at
el

y 
42

0 
an

d 
56

5 
μM

 P
FO

A
 (a

pp
ro

xi
m

at
el

y 
17

5,
00

0 
– 

23
0,

00
0 

ng
/m

L 
PF

O
A

). 
 T

he
 e

ff
ec

t o
bs

er
ve

d 
in

vo
lv

ed
 L

D
L,

 n
ot

 H
D

L,
 a

nd
 is

 c
on

si
st

en
t w

ith
 th

e 
to

xi
co

lo
gi

ca
l e

vi
de

nc
e 

in
 ro

de
nt

s o
bs

er
ve

d 
at

 a
pp

ro
xi

m
at

el
y 

an
 o

rd
er

 o
f m

ag
ni

tu
de

 lo
w

er
 

co
nc

en
tra

tio
n.

  T
he

 P
FO

A
 c

on
ce

nt
ra

tio
ns

, h
ow

ev
er

, r
ep

or
te

d 
by

 C
on

ve
rti

no
 e

t a
l. 

in
 th

e 
ph

as
e 

1 
cl

in
al

 tr
ia

l a
re

 se
ve

ra
l o

rd
er

s o
f m

ag
ni

tu
de

 h
ig

he
r t

ha
n 

th
os

e 
re

po
rte

d 
to

 o
cc

ur
 in

 
w

or
ke

rs
, a

n 
ex

po
se

d 
W

es
t V

irg
in

ia
 c

om
m

un
ity

, a
nd

 th
e 

ge
ne

ra
l p

op
ul

at
io

n.
  

 B
as

ed
 o

n 
th

e 
st

ud
y 

ab
st

ra
ct

 th
at

 w
as

 a
va

ila
bl

e 
to

 A
TS

D
R

 (M
ac

ph
er

so
n 

et
 a

l. 
20

10
), 

A
TS

D
R

 sp
ec

ul
at

ed
 a

bo
ut

 th
e 

po
ss

ib
ili

ty
 o

f a
 b

ip
ha

si
c 

re
sp

on
se

 in
 th

e 
hu

m
an

 w
ith

 
de

cr
ea

se
d 

ch
ol

es
te

ro
l r

ep
or

te
d 

at
 h

ig
he

r P
FO

A
 c

on
ce

nt
ra

tio
ns

 a
nd

 e
le

va
te

d 
ch

ol
es

te
ro

l a
t 

m
ar

ke
dl

y 
lo

w
er

 le
ve

ls
.  

H
ow

ev
er

, t
he

 A
TS

D
R

 d
id

 n
ot

 o
ff

er
 a

ny
 p

os
si

bl
e 

m
od

es
 o

f a
ct

io
n 

ex
pl

an
at

io
n 

fo
r a

 b
ip

ha
si

c 
re

sp
on

se
 w

he
re

as
 C

on
ve

rti
no

 e
t a

l. 
di

d.
  T

he
 A

TS
D

R
 sh

ou
ld

 
of

fe
r t

he
ir 

ex
pl

an
at

io
ns

 fo
r a

 b
ip

ha
si

c 
re

sp
on

se
.  

A
t t

he
 h

ig
h 

co
nc

en
tra

tio
ns

 o
f P

FO
A

 
ad

m
in

is
te

re
d 

an
d 

m
ea

su
re

d 
w

he
re

 th
e 

de
cr

ea
se

 b
ec

am
e 

cl
ea

r w
ith

 to
ta

l c
ho

le
st

er
ol

, 
C

on
ve

rti
no

 e
t a

l. 
su

gg
es

te
d 

th
is

 h
yp

ol
ip

id
em

ic
 re

sp
on

se
 w

as
 c

on
si

st
en

t w
ith

 a
 x

en
os

en
so

r 
nu

cl
ea

r r
ec

ep
to

r P
PA

R
α-

m
ed

ia
te

d 
m

od
e 

of
 a

ct
io

n.
  T

he
y 

th
en

 su
gg

es
te

d 
th

e 
in

co
ns

is
te

nc
y 

w
ith

 th
e 

ob
se

rv
at

io
na

l e
pi

de
m

io
lo

gi
ca

l s
tu

di
es

 sh
ow

in
g 

po
si

tiv
e 

as
so

ci
at

io
ns

 b
et

w
ee

n 
ch

ol
es

te
ro

l a
nd

 m
ar

ke
dl

y 
lo

w
er

 P
FO

A
 c

on
ce

nt
ra

tio
ns

 a
re

 li
ke

ly
 th

e 
co

ns
eq

ue
nc

e 
of

 o
ne

 o
r m

or
e 

no
nc

au
sa

l b
io

lo
gi

ca
l e

xp
la

na
tio

ns
.  

Th
es

e 
w

ou
ld

 in
cl

ud
e 

th
e 

in
he

re
nt

 v
ar

ia
bi

lit
y 

in
 th

e 
gl

om
er

ul
ar

 fi
ltr

at
io

n 
ra

te
 w

hi
ch

 c
on

fo
un

ds
 o

th
er

 a
ss

oc
ia

tio
ns

 
th

at
 h

av
e 

be
en

 re
po

rte
d 

w
ith

 P
FO

A
 in

cl
ud

in
g 

lo
w

er
 b

irt
hw

ei
gh

t a
nd

 c
hr

on
ic

 k
id

ne
y 

di
se

as
e;

 o
rg

an
ic

 tr
an

sp
or

te
rs

 in
 th

e 
ga

st
ro

in
te

st
in

al
 tr

ac
t t

ha
t m

ay
 sh

ar
e 

bi
nd

in
g 

af
fin

ity
 

w
ith

 li
pi

ds
 a

nd
 P

FO
A

; s
at

ur
at

io
n 

of
 a

n 
un

de
rli

ng
 p

hy
si

ol
og

ic
 m

ec
ha

ni
sm

 g
iv

en
 th

e 
no

nl
in

ea
r a

ss
oc

ia
tio

n 
ob

se
rv

ed
 n

 b
et

w
ee

n 
PF

O
A

 a
nd

 c
ho

le
st

er
ol

 re
po

rte
d 

by
 S

te
en

la
nd

 e
t 

al
. (

20
09

) a
nd

 F
ris

be
e 

et
 a

l. 
(2

01
0)

 th
at

 w
as

 a
ls

o 
m

en
tio

ne
d 

by
 th

e 
A

TS
D

R
 (p

ag
e 

18
1)

; 
an

d 
PF

O
A

 b
in

di
ng

 to
 li

po
pr

ot
ei

ns
 (a

ls
o 

m
en

tio
ne

d 
by

 A
TS

D
R

 o
n 

pa
ge

 1
81

). 
 C

on
ve

rti
no

 
et

 a
l. 

ca
ut

io
ne

d 
th

at
 th

e 
la

tte
r m

ay
 n

ot
 h

av
e 

be
en

 th
or

ou
gh

ly
 e

xa
m

in
ed

 a
s B

ut
en

ho
ff

 e
t a

l. 
 

(2
01

2d
) h

ad
 a

n 
ex

tre
m

el
y 

lo
w

 sa
m

pl
e 

si
ze

 (n
 =

 1
) a

nd
 sh

ou
ld

 b
e 

re
pl

ic
at

ed
 in

 m
uc

h 
la

rg
er

 
nu

m
be

rs
.  

C
on

ve
rti

no
 e

t a
l. 

al
so

 u
rg

ed
 e

xa
m

in
at

io
n 

of
 p

la
us

ib
le

 b
io

lo
gi

c 
m

od
es

 o
f a

ct
io

n 
th

at
 c

ou
ld

 su
pp

or
t t

he
 h

yp
er

ch
ol

es
te

ro
le

m
ia

 p
os

iti
ve

 a
ss

oc
ia

tio
n 

re
po

rte
d 

at
 lo

w
 n

g/
m

L 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

64
 

 

PF
O

A
.  

Th
ey

 w
ro

te
, “

th
es

e 
ob

se
rv

at
io

na
l s

tu
di

es
 h

av
e 

re
po

rte
d 

co
nt

ra
ry

 a
ss

oc
ia

tio
ns

, b
ut

 
cu

rr
en

tly
 u

nd
er

st
oo

d 
bi

ol
og

y 
do

es
 n

ot
 su

pp
or

t t
he

 e
xi

st
en

ce
 o

f s
uc

h 
co

nf
lic

tin
g 

ef
fe

ct
s.”

  
A

nd
, i

n 
fa

ct
, m

an
y 

of
 th

e 
au

th
or

s o
f t

he
 p

ap
er

s c
ite

d 
in

 F
ig

ur
es

 2
-9

 th
ro

ug
h 

2-
12

 
di

sc
ou

nt
ed

 th
e 

co
nt

ra
ry

 a
ni

m
al

 d
at

a 
as

 n
ot

 b
ei

ng
 re

le
va

nt
 to

 h
um

an
s. 

 T
hi

s c
an

 n
o 

lo
ng

er
 

be
 a

cc
ep

te
d 

pr
ac

tic
e 

in
 th

e 
lit

er
at

ur
e 

gi
ve

n 
th

e 
pu

bl
ic

at
io

n 
of

 C
on

ve
rti

no
 e

t a
l. 

(2
01

8)
.  

C
le

ar
ly

, m
or

e 
cr

os
s-

se
ct

io
na

l s
tu

di
es

 a
re

 h
ig

hl
y 

un
lik

el
y 

to
 b

e 
en

lig
ht

en
in

g 
to

 a
ny

 
sc

ie
nt

ifi
c 

un
de

rs
ta

nd
in

g.
  A

TS
D

R
 a

gr
ee

s w
ith

 th
is

 re
co

m
m

en
da

tio
n 

w
he

n 
th

ey
 w

ro
te

 o
n 

pa
ge

 6
35

, “
In

te
rp

re
ta

tio
n 

of
 th

e 
hu

m
an

 d
at

a 
is

 li
m

ite
d 

by
 th

e 
re

lia
nc

e 
of

 c
ro

ss
-s

ec
tio

na
l 

st
ud

ie
s, 

w
hi

ch
 d

o 
no

t e
st

ab
lis

h 
ca

us
al

ity
, a

nd
 th

e 
la

ck
 o

f e
xp

os
ur

e 
da

ta
.”

   
 A

TS
D

R
 a

ls
o 

w
ro

te
 o

n 
pa

ge
 6

35
, “

St
ud

ie
s o

f s
er

um
 li

pi
ds

 su
gg

es
t t

ha
t t

he
 d

os
e-

re
sp

on
se

 
cu

rv
e 

is
 st

ee
pe

r a
t l

ow
er

 c
on

ce
nt

ra
tio

ns
 a

nd
 fl

at
te

ns
 o

ut
 a

t h
ig

he
r s

er
um

 p
er

flu
or

oa
lk

yl
 

co
nc

en
tra

tio
ns

 (S
te

en
la

nd
 e

t a
l. 

20
10

), 
ad

di
tio

na
l s

tu
di

es
 th

at
 c

ou
ld

 b
e 

us
ed

 to
 e

st
ab

lis
h 

do
se

-r
es

po
ns

e 
re

la
tio

ns
hi

ps
 w

ou
ld

 b
e 

va
lu

ab
le

.  
M

ec
ha

ni
st

ic
 st

ud
ie

s e
xa

m
in

in
g 

th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

pe
rf

lu
or

oa
lk

yl
 e

xp
os

ur
e 

an
d 

se
ru

m
 li

pi
d 

le
ve

l w
ou

ld
 a

ls
o 

pr
ov

id
e 

in
si

gh
t.”

 T
he

re
fo

re
, A

TS
D

R
 a

nd
 th

e 
sc

ie
nt

ifi
c 

co
m

m
un

ity
 (b

ot
h 

to
xi

co
lo

gi
st

s a
nd

 
ep

id
em

io
lo

gi
st

s)
 a

re
 u

rg
ed

 to
 re

as
se

ss
 th

e 
do

se
 re

sp
on

se
 c

ur
ve

 in
 h

um
an

s b
as

ed
 o

n 
th

e 
on

e 
an

d 
on

ly
 e

xp
er

im
en

ta
l s

tu
dy

 d
on

e 
in

 h
um

an
s (

C
on

ve
rti

no
 e

t a
l. 

20
18

). 
  

 In
 th

is
 re

ga
rd

, A
TS

D
R

 sh
ou

ld
 c

on
si

de
r w

he
th

er
 th

e 
as

so
ci

at
io

ns
 o

bs
er

ve
d 

in
 m

an
y 

ep
id

em
io

lo
gi

c 
st

ud
ie

s (
pr

im
ar

ily
 c

ro
ss

-s
ec

tio
na

l) 
at

 th
e 

m
uc

h 
lo

w
er

 g
en

er
al

 p
op

ul
at

io
n 

an
d 

co
m

m
un

ity
 le

ve
ls

 fo
r P

FO
A

 m
ay

 a
ct

ua
lly

 b
e 

a 
re

fle
ct

io
n 

of
 u

nd
er

ly
in

g,
 y

et
-to

-b
e 

id
en

tif
ie

d,
 p

hy
si

ol
og

ic
al

 p
ro

ce
ss

es
 th

at
 re

su
lt 

in
 a

 n
on

ca
us

al
 li

pi
d/

PF
O

A
 b

io
lo

gi
ca

l 
as

so
ci

at
io

ns
.  

Th
is

 in
cl

ud
es

 A
TS

D
R

’s
 d

es
ire

, s
o 

st
at

ed
 a

bo
ve

, t
o 

de
sc

rib
e 

th
e 

m
od

e 
of

 
ac

tio
n 

lik
el

y 
at

 th
es

e 
lo

w
 d

os
es

 th
at

 re
su

lts
 in

 th
e 

as
so

ci
at

io
n 

w
ith

 h
ig

he
r c

ho
le

st
er

ol
 th

at
 

is
 e

nt
ire

ly
 in

co
ns

is
te

nt
 w

ith
 th

e 
an

im
al

 a
nd

 h
um

an
 to

xi
co

lo
gi

ca
l e

vi
de

nc
e 

th
at

 h
as

 
de

m
on

st
ra

te
d 

at
 su

ff
ic

ie
nt

ly
 h

ig
h 

co
nc

en
tra

tio
ns

 o
f P

FO
A

 re
su

lts
 in

 h
yp

ol
ip

id
em

ia
. 

C
on

ve
rti

no
 e

t a
l. 

of
fe

re
d 

se
ve

ra
l p

os
si

bl
e 

no
nc

au
sa

l e
xp

la
na

tio
ns

 (s
ee

 a
bo

ve
) b

ut
 o

th
er

 
po

ss
ib

ili
tie

s a
re

 a
ls

o 
w

or
th

y 
of

 in
ve

st
ig

at
io

n.
  F

or
 e

xa
m

pl
e,

 n
ot

 st
at

ed
 b

y 
C

on
ve

rti
no

 e
t 

al
., 

is
 th

e 
fa

ct
 th

at
 th

yr
oi

d 
di

se
as

e 
an

d 
ch

ro
ni

c 
ki

dn
ey

 d
is

ea
se

 c
an

 b
ot

h 
af

fe
ct

 G
FR

.  
B

ot
h 

of
 th

es
e 

co
nd

iti
on

s a
re

 a
ls

o 
as

so
ci

at
ed

 w
ith

 d
ys

lip
id

em
ia

. A
ll 

th
re

e 
m

ay
 a

ff
ec

t t
he

 
gl

om
er

ul
ar

 fi
ltr

at
io

n 
ra

te
.  

D
ys

lip
id

em
ia

, i
ts

el
f, 

ha
s a

ls
o 

be
en

 a
ss

oc
ia

te
d 

w
ith

 a
lte

re
d 

G
FR

.  
Th

er
ef

or
e,

 a
 lo

w
er

ed
 G

FR
 m

ay
 m

ai
nt

ai
n 

a 
hi

gh
er

 a
m

ou
nt

 o
f P

FO
A

 –
 c

re
at

in
g 

th
e 

as
so

ci
at

io
n 

ob
se

rv
ed

 in
 so

m
e 

ep
id

em
io

lo
gy

 st
ud

ie
s. 

 In
 su

m
m

ar
y,

 g
iv

en
 th

e 
re

ce
nt

 p
ub

lic
at

io
n 

of
 C

on
ve

rti
no

 e
t a

l.,
 th

e 
A

TS
D

R
 s

ho
ul

d 
ac

kn
ow

le
dg

e 
th

e 
co

ns
is

te
nc

y 
of

 p
ha

rm
ac

od
yn

am
ic

 e
ff

ec
ts

 (d
ec

re
as

ed
 c

ho
le

st
er

ol
 a

nd
 

LD
L)

 in
 b

ot
h 

an
im

al
s a

nd
 h

um
an

s w
ith

 h
ig

h 
ex

po
su

re
 to

 P
FO

A
.  

It 
is

 th
er

ef
or

e 
in

ac
cu

ra
te

 
to

 h
av

e 
w

rit
te

n 
w

ha
t A

TS
D

R
 p

ro
vi

de
d 

on
 p

ag
e 

63
4 

w
he

n 
st

at
ed

, “
Th

e 
ef

fe
ct

s o
bs

er
ve

d 
in

 
ro

de
nt

s d
iff

er
 fr

om
 th

os
e 

ob
se

rv
ed

 in
 h

um
an

s. 
 In

 h
um

an
s, 

ex
po

su
re

 to
 P

FO
A

, P
FO

S,
 

PF
N

A
, a

nd
 P

FD
eA

 a
pp

ea
r t

o 
re

su
lt 

in
 in

cr
ea

se
s i

n 
se

ru
m

 li
pi

d 
le

ve
ls

, p
ar

tic
ul

ar
ly

 to
ta

l 
ch

ol
es

te
ro

l l
ev

el
s.”

   
    



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

65
 

 3M
 C

on
cl

us
io

n 
on

 P
FO

A
 a

nd
 c

ho
le

st
er

ol
   

 Th
er

e 
is

 n
o 

as
so

ci
at

io
n 

be
tw

ee
n 

PF
O

A
 a

nd
 c

or
on

ar
y 

ar
te

ry
 d

is
ea

se
, c

er
eb

ro
va

sc
ul

ar
 

di
se

as
e 

(s
tro

ke
), 

an
d 

hy
pe

rte
ns

io
n.

  V
er

y 
hi

gh
 c

on
ce

nt
ra

tio
ns

 o
f P

FO
A

 w
ill

 
un

eq
ui

vo
ca

lly
 re

su
lt 

in
 lo

w
er

ed
 se

ru
m

 to
ta

l c
ho

le
st

er
ol

 in
vo

lv
in

g 
LD

L,
 n

ot
 H

D
L 

ch
ol

es
te

ro
l i

n 
ex

pe
rim

en
ta

l s
tu

di
es

 in
 b

ot
h 

an
im

al
s a

nd
 h

um
an

s. 
 T

he
 m

od
e 

of
 a

ct
io

n 
is

 
lik

el
y 

vi
a 

PF
O

A
 a

ct
in

g 
on

 x
en

os
en

so
r n

uc
le

ar
 re

ce
pt

or
s, 

in
cl

ud
in

g 
PP

A
R
α,

 w
hi

ch
 is

 
co

m
m

on
 to

 m
an

y 
sp

ec
ie

s, 
in

cl
ud

in
g 

hu
m

an
s. 

 F
ib

ra
te

 p
ha

rm
ac

eu
tic

al
s t

ha
t l

ow
er

 se
ru

m
 

ch
ol

es
te

ro
l i

n 
hu

m
an

s a
ls

o 
bi

nd
 to

 th
is

 sa
m

e 
nu

cl
ea

r r
ec

ep
to

r f
am

ily
.  

 T
he

 c
on

tra
ry

 
as

so
ci

at
io

n 
of

 h
ig

he
r c

ho
le

st
er

ol
 a

ss
oc

ia
te

d 
w

ith
 lo

w
 P

FO
A

 c
on

ce
nt

ra
tio

ns
, a

s r
ep

or
te

d 
in

 
se

ve
ra

l b
ut

 n
ot

 a
ll 

ob
se

rv
at

io
na

l e
pi

de
m

io
lo

gy
 st

ud
ie

s, 
re

m
ai

ns
 y

et
 to

 b
e 

un
de

rs
to

od
 a

s t
o 

its
 b

io
lo

gi
ca

l (
ca

us
al

 o
r n

on
ca

us
al

) p
la

us
ib

ili
ty

.  
 

 A
T

SD
R

 p
os

iti
on

 o
n 

PF
O

S 
an

d 
ch

ol
es

te
ro

l 
 A

TS
D

R
 p

re
se

nt
ed

 in
fo

rm
at

io
n 

on
 P

FO
S 

an
d 

ch
ol

es
te

ro
l o

n 
pa

ge
s 1

88
-1

96
, w

ith
 fi

gu
re

s 
pr

es
en

te
d 

on
 to

ta
l c

ho
le

st
er

ol
 c

ha
ng

e 
(%

) r
el

at
iv

e 
to

 se
ru

m
 P

FO
S 

le
ve

l i
n 

Fi
gu

re
 2

-1
3,

 
ris

k 
of

 a
bn

or
m

al
 c

ho
le

st
er

ol
 w

ith
 P

FO
S 

le
ve

ls
 in

 F
ig

ur
e 

2-
14

, a
nd

 L
D

L 
ch

ol
es

te
ro

l 
ch

an
ge

 (%
) r

el
at

iv
e 

to
 se

ru
m

 P
FO

S 
le

ve
l i

n 
Fi

gu
re

 2
-1

4.
 U

nl
ik

e 
PF

O
A

, t
he

re
 a

re
 fe

w
er

 
st

ud
ie

s p
re

se
nt

ed
 in

 th
es

e 
fig

ur
es

 fo
r P

FO
S.

  N
ei

th
er

 th
e 

oc
cu

pa
tio

na
l s

tu
di

es
 n

or
 th

e 
co

m
m

un
ity

 st
ud

y 
(w

hi
ch

 w
as

 n
ot

 e
xp

os
ed

 to
 P

FO
S 

in
 th

e 
dr

in
ki

ng
 w

at
er

) a
re

 p
re

se
nt

ed
 

in
 th

es
e 

fig
ur

es
.  

Th
e 

A
TS

D
R

 w
ro

te
 th

er
e 

w
er

e 
po

si
tiv

e 
as

so
ci

at
io

ns
 re

po
rte

d 
be

tw
ee

n 
PF

O
S 

an
d 

ch
ol

es
te

ro
l w

ith
 th

e 
oc

cu
pa

tio
na

l (
pa

ge
 1

88
) a

nd
 c

om
m

un
ity

 (p
ag

e 
18

8-
18

9)
 

st
ud

ie
s b

ut
 th

e 
re

su
lts

 w
er

e 
m

ix
ed

 in
 th

e 
ge

ne
ra

l p
op

ul
at

io
n 

st
ud

ie
s (

pa
ge

 1
93

-1
94

). 
  

 3M
 C

om
m

en
ts

 o
n 

PF
O

S 
an

d 
C

ho
le

st
er

ol
 

 A
TS

D
R

 c
ite

d 
th

e 
O

ls
en

 e
t a

l. 
20

03
a 

st
ud

y 
as

 w
el

l a
s S

te
en

la
nd

 e
t a

l. 
20

09
 st

ud
y 

as
 

ev
id

en
ce

 fo
r p

os
iti

ve
 a

ss
oc

ia
tio

ns
 re

po
rte

d 
be

tw
ee

n 
PF

O
S 

an
d 

ch
ol

es
te

ro
l. 

 N
ot

 d
is

cu
ss

ed
 

by
 th

e 
A

TS
D

R
 w

as
 th

e 
co

nc
er

n 
ex

pr
es

se
d 

by
 b

ot
h 

in
ve

st
ig

at
or

s t
ha

t a
lth

ou
gh

 P
FO

S 
m

ay
 

ha
ve

 b
ee

n 
si

gn
ifi

ca
nt

 p
re

di
ct

or
s o

f l
ip

id
 le

ve
ls

, P
FO

S 
di

d 
co

nt
rib

ut
e 

m
uc

h 
to

 th
e 

va
ria

nc
e 

of
 th

e 
pr

ed
ic

tio
n.

  F
or

 e
xa

m
pl

e,
 S

te
en

la
nd

 e
t a

l. 
w

ro
te

, “
It 

sh
ou

ld
 b

e 
no

te
d 

th
at

 a
lth

ou
gh

 
PF

O
A

 a
nd

 P
FO

S 
ar

e 
hi

gh
ly

 si
gn

ifi
ca

nt
 p

re
di

ct
or

s o
f l

ip
id

 le
ve

ls
 (o

ur
 st

ud
y 

ha
d 

hi
gh

 
po

w
er

 to
 d

et
ec

t s
ta

tis
tic

al
ly

 si
gn

ifi
ca

nt
 d

iff
er

en
ce

s c
om

pa
re

d 
w

ith
 p

rio
r s

m
al

le
r s

tu
di

es
), 

th
e 

pe
rf

lu
or

in
at

ed
 c

om
po

un
ds

 th
em

se
lv

es
 d

id
 n

ot
 e

xp
la

in
 a

 la
rg

e 
po

rti
on

 o
f t

he
 v

ar
ia

nc
e 

in
 li

pi
ds

.”
  F

or
 to

ta
l c

ho
le

st
er

ol
, t

he
 m

os
t i

m
po

rta
nt

 p
re

di
ct

or
s w

er
e 

ag
e,

 g
en

de
r, 

an
d 

bo
dy

 m
as

s i
nd

ex
, n

ot
 se

ru
m

 le
ve

ls
 o

f P
FO

S.
  O

ls
en

 e
t a

l. 
st

at
ed

 fo
r t

he
ir 

m
od

el
 o

f 
ch

ol
es

te
ro

l w
he

re
 th

e 
R

2  =
 0

.0
6,

 th
e 

pa
rti

al
 R

2  fo
r P

FO
S 

w
as

 <
 0

.0
1.

   
 

 Si
m

ila
r t

o 
th

e 
PF

O
A

 p
ha

se
 1

 c
lin

ic
al

 tr
ia

l d
is

cu
ss

ed
 a

bo
ve

, t
he

 A
TS

D
R

 sh
ou

ld
 re

co
gn

iz
e 

(w
hi

ch
 it

 h
as

 n
ot

) t
he

 fi
nd

in
gs

 fr
om

 C
ha

ng
 e

t a
l. 

(2
01

7)
 re

ga
rd

in
g 

a 
no

n-
hu

m
an

 p
rim

at
e 

st
ud

y 
w

he
re

 a
 sl

ig
ht

 re
du

ct
io

n 
in

 se
ru

m
 c

ho
le

st
er

ol
 (p

rim
ar

ily
 H

D
L)

 w
as

 re
po

rte
d 

w
ith

 
ad

m
in

is
tra

tio
n 

of
 P

FO
S 

(p
ot

as
si

um
 sa

lt)
 in

 a
 6

-m
on

th
 st

ud
y 

of
 n

on
-h

um
an

 p
rim

at
es

.  
Th

e 
co

rr
es

po
nd

in
g 

lo
w

er
 b

ou
nd

 5
th

 p
er

ce
nt

ile
 b

en
ch

m
ar

k 
co

nc
en

tra
tio

n 
w

as
 7

4,
00

0 
an

d 
86

,0
00

 n
g/

m
L 

fo
r t

he
se

 m
al

e 
an

d 
fe

m
al

e 
m

on
ke

ys
 (c

yn
om

ol
gu

s)
, r

es
pe

ct
iv

el
y.

  T
hi

s 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

66
 

 

fin
di

ng
 w

ou
ld

 su
gg

es
t t

ha
t a

t s
uf

fic
ie

nt
ly

 h
ig

h 
co

nc
en

tra
tio

ns
, P

FO
S 

is
 li

ke
ly

 to
 re

su
lt 

in
 

lo
w

er
 (H

D
L,

 n
ot

 L
D

L)
 se

ru
m

 c
ho

le
st

er
ol

 c
on

ce
nt

ra
tio

ns
 in

 h
um

an
s. 

 3M
 C

on
cl

us
io

n 
on

 P
FO

S 
an

d 
ch

ol
es

te
ro

l 
 Th

er
e 

is
 in

su
ff

ic
ie

nt
 e

vi
de

nc
e 

to
 c

on
cl

ud
e 

an
 a

ss
oc

ia
tio

n 
ex

is
ts

 b
et

w
ee

n 
PF

O
S 

an
d 

lip
id

s 
in

 th
e 

ep
id

em
io

lo
gy

 li
te

ra
tu

re
.  

 
 

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

67
 

 

D
et

ai
le

d 
C

om
m

en
ts

 o
n 

T
hy

ro
id

 D
is

ea
se

 
 A

T
SD

R
 p

os
iti

on
 

 
O

n 
pa

ge
 5

 a
nd

 6
, A

TS
D

R
 w

ro
te

, “
A

lth
ou

gh
 a

 la
rg

e 
nu

m
be

r o
f e

pi
de

m
io

lo
gy

 st
ud

ie
s h

av
e 

ex
am

in
ed

 th
e 

po
te

nt
ia

l o
f p

er
flu

or
oa

lk
yl

 c
om

po
un

ds
 to

 in
du

ce
 a

dv
er

se
 h

ea
lth

 e
ff

ec
ts

, 
m

os
t o

f t
he

 st
ud

ie
s a

re
 c

ro
ss

-s
ec

tio
na

l i
n 

de
si

gn
 a

nd
 d

o 
no

t e
st

ab
lis

h 
ca

us
at

io
n.

  B
as

ed
 o

n 
a 

nu
m

be
r o

f f
ac

to
rs

 in
cl

ud
in

g 
th

e 
co

ns
is

te
nc

y 
of

 fi
nd

in
gs

 a
cr

os
s s

tu
di

es
, t

he
 a

va
ila

bl
e 

ep
id

em
io

lo
gy

 st
ud

ie
s s

ug
ge

st
 a

ss
oc

ia
tio

ns
 b

et
w

ee
n 

pe
rf

lu
or

oa
lk

yl
 e

xp
os

ur
e 

an
d 

se
ve

ra
l 

he
al

th
 o

ut
co

m
es

.”
   

A
cc

or
di

ng
 to

 th
e 

A
TS

D
R

, t
hi

s i
nc

lu
de

s “
in

cr
ea

se
d 

ris
k 

fo
r t

hy
ro

id
 

di
so

rd
er

s. 
 (P

FO
A

, P
FO

S)
”.

  S
im

ila
r s

ta
te

m
en

t w
as

 p
ro

vi
de

d 
on

 p
ag

e 
25

.  
A

TS
D

R
 

pr
ov

id
es

 T
ab

le
 2

-1
5 

(p
ag

es
 2

23
-2

37
) a

s a
 su

m
m

ar
y 

of
 th

yr
oi

d 
ou

tc
om

es
 in

 h
um

an
s. 

 T
hi

s 
ta

bl
e 

co
nt

ai
ns

 b
ot

h 
st

ud
ie

s t
ha

t r
ep

or
te

d 
bo

th
 th

yr
oi

d 
ho

rm
on

es
 a

s w
el

l a
s t

hy
ro

id
 d

is
ea

se
 

(s
el

f-
re

po
rte

d 
as

 w
el

l a
s m

ed
ic

al
ly

 v
al

id
at

ed
) i

n 
oc

cu
pa

tio
na

l, 
co

m
m

un
ity

-b
as

ed
 a

nd
 

ge
ne

ra
l p

op
ul

at
io

ns
.  

St
ud

y 
de

si
gn

s a
re

 n
ot

 li
st

ed
 in

 th
es

e 
ta

bl
es

 a
nd

 th
e 

re
ad

er
 is

 re
fe

rr
ed

 
to

 th
e 

su
pp

or
tin

g 
in

fo
rm

at
io

n.
  F

or
 P

FO
A

 (c
or

re
ct

in
g 

fo
r t

he
 st

ud
y 

de
si

gn
 

m
is

id
en

tif
ic

at
io

n 
di

sc
us

se
d 

ea
rli

er
 in

 th
e 

su
pp

or
tin

g 
in

fo
rm

at
io

n)
, i

t a
pp

ea
rs

 th
at

 o
f t

he
 2

1 
st

ud
ie

s l
is

te
d 

in
 T

ab
le

 2
-1

5,
 2

0 
ar

e 
cr

os
s-

se
ct

io
na

l w
ith

 o
ne

 st
ud

y 
a 

co
ho

rt.
  F

or
 P

FO
S,

 1
8 

st
ud

ie
s i

n 
Ta

bl
e 

2-
15

 w
er

e 
cr

os
s-

se
ct

io
na

l a
nd

 1
 st

ud
y 

ha
d 

a 
co

ho
rt 

co
m

po
ne

nt
. A

TS
D

R
 

di
d 

no
t c

om
m

en
t o

n 
th

is
 p

re
po

nd
er

an
ce

 o
f c

ro
ss

-s
ec

tio
na

l s
tu

di
es

 a
s t

he
y 

di
sc

us
se

d 
th

yr
oi

d.
 T

he
 te

xt
 p

re
se

nt
s a

 m
ix

tu
re

 o
f f

in
di

ng
s b

ut
 n

o 
ra

tio
na

le
 o

f u
nd

er
st

an
di

ng
 

pr
ov

id
ed

 b
y 

A
TS

D
R

.  
U

nl
ik

e 
ot

he
r s

ec
tio

ns
, t

he
re

 a
re

 n
o 

su
m

m
ar

y 
st

at
em

en
ts

 in
 th

e 
th

yr
oi

d 
se

ct
io

n 
fo

r e
ith

er
 P

FO
A

 o
r P

FO
S.

 
 3M

 C
om

m
en

ts
  

 A
TS

D
R

’s
 re

vi
ew

 o
f t

he
 th

yr
oi

d 
is

 d
is

jo
in

te
d 

an
d 

di
d 

no
t e

xp
la

in
 h

ow
 it

 d
ec

id
ed

 th
at

 a
n 

“a
ss

oc
ia

tio
n”

 e
xi

st
s b

et
w

ee
n 

PF
O

A
/P

FO
S 

an
d 

an
 in

cr
ea

se
d 

ris
k 

of
 th

yr
oi

d 
di

se
as

e.
  T

hi
s 

co
nf

us
io

n 
is

 c
au

se
d,

 in
 p

ar
t, 

by
 th

e 
in

co
ns

is
te

nt
 e

vi
de

nc
e 

pr
es

en
te

d 
in

 th
e 

sc
ie

nt
ifi

c 
lit

er
at

ur
e.

  T
he

 la
ck

 o
f a

 su
m

m
ar

y 
st

at
em

en
t b

y 
A

TS
D

R
 in

di
ca

te
 th

e 
la

ck
 o

f s
ci

en
tif

ic
 

su
pp

or
t f

or
 th

e 
co

nc
lu

si
on

 th
at

 A
TS

D
R

 m
ak

es
.  

 Pr
im

ar
y 

hy
po

th
yr

oi
di

sm
 is

 c
lin

ic
al

ly
 c

ha
ra

ct
er

iz
ed

 b
y 

a 
hi

gh
 se

ru
m

 th
yr

ot
ro

pi
n 

(T
SH

) 
co

nc
en

tra
tio

n 
an

d 
a 

lo
w

 se
ru

m
 fr

ee
 th

yr
ox

in
e 

fT
4 

co
nc

en
tra

tio
n.

  S
ub

cl
in

ic
al

 
hy

po
th

yr
oi

di
sm

 is
 g

en
er

al
ly

 d
ef

in
ed

 a
s a

 n
or

m
al

 F
t4

 in
 th

e 
pr

es
en

ce
 o

f a
n 

el
ev

at
ed

 T
SH

.  
H

yp
er

th
yr

oi
di

sm
 is

 d
ef

in
ed

 a
s a

 d
ec

re
as

ed
 T

SH
 le

ve
l a

nd
 e

le
va

te
d 

fr
ee

 T
4 

an
d 

fr
ee

 T
3 

le
ve

ls
. M

ea
su

rin
g 

sp
ec

ifi
c 

an
tib

od
ie

s, 
su

ch
 a

s a
nt

i-T
SH

-r
ec

ep
to

r a
nt

ib
od

ie
s i

n 
G

ra
ve

s' 
di

se
as

e,
 o

r a
nt

i-t
hy

ro
id

 p
er

ox
id

as
e 

in
 H

as
hi

m
ot

o'
s t

hy
ro

id
iti

s —
 a

 c
om

m
on

 c
au

se
 o

f 
hy

po
th

yr
oi

di
sm

 —
 m

ay
 a

ls
o 

co
nt

rib
ut

e 
to

 th
e 

di
ag

no
si

s. 
 

 A
s A

TS
D

R
 w

ro
te

 (p
ag

e 
23

8)
, t

he
re

 w
er

e 
“n

o 
as

so
ci

at
io

ns
 b

et
w

ee
n 

se
ru

m
 P

FO
A

 a
nd

 
TS

H
 o

r T
4 

le
ve

ls
 fo

un
d 

in
 th

e 
ge

ne
ra

l p
op

ul
at

io
n 

st
ud

ie
s e

xc
ep

t f
or

 L
ew

is
 e

t a
l. 

(2
01

5)
.  

O
n 

pa
ge

 2
22

, A
TS

D
R

 a
ls

o 
w

ro
te

, “
th

e 
oc

cu
pa

tio
na

l e
xp

os
ur

es
 d

o 
no

t s
ug

ge
st

 a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

se
ru

m
 P

FO
A

 a
nd

 a
lte

ra
tio

ns
 in

 th
yr

oi
d 

ho
rm

on
e 

le
ve

ls
.”

  F
ur

th
er

, 
A

TS
D

R
 c

on
ce

de
d 

th
at

 a
lth

ou
gh

 T
SH

, T
3 

or
 T

4 
ha

ve
 b

ee
n 

re
po

rte
d,

 “
th

e 
re

su
lts

 a
re

 n
ot

 
co

ns
is

te
nt

 a
cr

os
s s

tu
di

es
 (p

ag
e 

22
2)

.”
  T

hu
s, 

on
 a

 p
op

ul
at

io
n 

an
al

ys
is

 b
as

is
, t

re
nd

s i
n 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

68
 

 

th
yr

oi
d 

ho
rm

on
e 

le
ve

ls
, i

n 
pa

rti
cu

la
r T

SH
 (t

he
 p

rim
ar

y 
cl

in
ic

al
 d

ia
gn

os
tic

 in
di

ca
to

r t
o 

di
ag

no
se

 h
yp

o-
or

 h
yp

er
th

yr
oi

di
sm

), 
is

 la
ck

in
g 

w
ith

 e
xp

os
ur

e 
to

 P
FO

A
 o

r P
FO

S.
 

   In
 th

e 
ab

ov
em

en
tio

ne
d 

ph
as

e 
1 

cl
in

ic
al

 tr
ia

l o
f P

FO
A

 (a
m

m
on

iu
m

 sa
lt)

 (C
on

ve
rti

no
 e

t a
l. 

20
18

), 
th

e 
ph

ys
ic

ia
ns

 e
xa

m
in

ed
 fo

r T
SH

 a
nd

 fr
ee

 T
4,

 th
e 

us
ua

l t
w

o 
th

yr
oi

d 
te

st
s d

on
e 

fo
r 

cl
in

ic
al

 th
yr

oi
d 

as
se

ss
m

en
t. 

 T
he

 p
ha

se
 1

 tr
ia

l s
tu

dy
 is

 d
es

cr
ib

ed
 a

bo
ve

 in
 th

e 
lip

id
s 

se
ct

io
n.

  B
as

ed
 o

n 
th

e 
pr

ob
ab

ili
ty

 d
is

tri
bu

tio
n 

fu
nc

tio
ns

, t
he

re
 w

as
 n

o 
ch

an
ge

 in
 T

SH
 

ev
en

 a
t t

he
 h

ig
he

st
 c

on
ce

nt
ra

tio
ns

 o
f P

FO
A

 m
ea

su
re

d 
(h

ig
he

st
 c

at
eg

or
y 

ra
ng

e 
w

as
 8

70
 

μM
 - 

15
30

 μ
M

 (μ
M

 (~
36

0,
00

0 
ng

/m
L 

– 
~6

32
,0

00
 n

g/
m

L)
 P

FO
A

. T
he

re
 a

pp
ea

re
d 

to
 b

e 
an

 in
cr

ea
se

 in
 fr

ee
 T

4 
(f

T4
) a

t a
 h

ig
he

r P
FO

A
 tr

an
si

tio
n 

po
in

t t
ha

n 
re

po
rte

d 
fo

r 
ch

ol
es

te
ro

l. 
 T

hi
s i

nc
re

as
e 

w
ith

 n
o 

ap
pa

re
nt

 e
ff

ec
t o

n 
TS

H
 su

gg
es

te
d 

to
 C

on
ve

rti
no

 e
t a

l. 
th

at
 th

e 
in

cr
ea

se
 in

 fT
4 

w
as

 n
ot

 c
lin

ic
al

ly
 si

gn
ifi

ca
nt

 b
ut

 m
ay

 b
e 

du
e 

to
 d

is
pl

ac
em

en
t o

f 
th

e 
th

yr
oi

d 
bo

un
d 

ho
rm

on
e 

by
 P

FO
A

.  
Su

ch
 a

n 
ef

fe
ct

 is
 re

po
rte

d 
fo

r P
FO

S 
in

 ra
ts

 w
he

re
 

di
sp

la
ce

d 
th

yr
ox

in
e 

fr
om

 b
in

di
ng

 p
ro

te
in

s t
ra

ns
ie

nt
ly

 in
cr

ea
se

s f
re

e 
th

yr
ox

in
e 

w
ith

ou
t 

al
te

rin
g 

ov
er

al
l t

hy
ro

id
 h

or
m

on
e 

ho
m

eo
st

as
is

 (C
ha

ng
 e

t a
l. 

20
07

,2
00

08
; W

ei
ss

 e
t a

l. 
20

09
). 

 
 In

 th
ei

r a
na

ly
si

s o
f N

H
A

N
ES

 d
at

a,
 M

el
ze

r e
t a

l. 
(2

01
0)

 re
po

rte
d 

as
so

ci
at

io
ns

 fo
r f

em
al

es
 

ca
te

go
riz

ed
 a

s h
av

in
g 

“c
ur

re
nt

 th
yr

oi
d 

di
se

as
e 

w
ith

 th
yr

oi
d 

m
ed

ic
at

io
n”

.  
H

ow
ev

er
, t

he
y 

di
d 

no
t d

el
in

ea
te

 b
y 

ty
pe

 o
f t

hy
ro

id
 d

is
or

de
r (

hy
po

th
yr

oi
di

sm
, h

yp
er

th
yr

oi
di

sm
). 

 G
iv

en
 

th
e 

hi
gh

 p
re

va
le

nc
e 

of
 h

yp
ot

hy
ro

id
is

m
 in

 fe
m

al
es

, i
t c

an
 b

e 
pr

es
um

ed
 th

e 
m

aj
or

ity
 o

f 
th

es
e 

pr
ev

al
en

t f
em

al
e 

ca
se

s w
er

e 
hy

po
th

yr
oi

d.
  T

hi
s f

in
di

ng
 w

as
 n

ot
 su

pp
or

te
d 

by
 

W
in

qu
is

t a
nd

 S
te

en
la

nd
 (2

01
4)

 in
 th

ei
r a

na
ly

si
s o

f t
he

 m
id

-O
hi

o 
riv

er
 v

al
le

y 
po

pu
la

tio
n 

w
ho

 w
er

e 
ex

po
se

d 
to

 d
rin

ki
ng

 w
at

er
 th

at
 c

on
ta

in
ed

 P
FO

A
.  

W
in

qu
is

t a
nd

 S
te

en
la

nd
 

(2
01

4)
 w

ro
te

 in
 th

ei
r s

tu
dy

 A
bs

tra
ct

: 
 

“A
ss

oc
ia

tio
ns

 w
er

e 
ob

se
rv

ed
 fo

r h
yp

er
th

yr
oi

di
sm

 a
nd

 h
yp

ot
hy

ro
id

is
m

 a
m

on
g 

w
om

en
.”

 
 H

ow
ev

er
, t

hi
s w

as
 n

ot
 su

pp
or

te
d 

by
 th

ei
r D

is
cu

ss
io

n 
se

ct
io

n 
w

he
re

 th
ey

 w
ro

te
:  

 “W
e 

fo
un

d 
ev

id
en

ce
 o

f a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

PF
O

A 
ex

po
su

re
 a

nd
 fu

nc
tio

na
l 

th
yr

oi
d 

di
se

as
e,

 e
sp

ec
ia

lly
 fo

r h
yp

er
th

yr
oi

di
sm

 a
m

on
g 

w
om

en
 (i

n 
re

tr
os

pe
ct

iv
e 

an
al

ys
es

) a
nd

 fo
r h

yp
ot

hy
ro

id
is

m
 a

m
on

g 
m

en
 (i

n 
pr

os
pe

ct
iv

e 
an

al
ys

es
).”

  
 Th

is
 q

uo
te

, h
ow

ev
er

, i
s n

ot
 su

pp
or

te
d 

by
 th

e 
A

TS
D

R
 re

vi
ew

 o
f W

in
qu

is
t a

nd
 S

te
en

la
nd

 
(2

01
4)

 w
he

re
 th

e 
A

TS
D

R
 w

ro
te

 o
n 

pa
ge

 2
38

, “
N

o 
as

so
ci

at
io

ns
 b

et
w

ee
n 

cu
m

ul
at

iv
e 

se
ru

m
 P

FO
A 

an
d 

hy
pe

rt
hy

ro
id

is
m

 o
r h

yp
ot

hy
ro

id
is

m
 w

er
e 

fo
un

d 
in

 re
tr

os
pe

ct
iv

e 
an

al
ys

is
 (W

in
qu

is
t a

nd
 S

te
en

la
nd

 2
01

4b
). 

 H
ow

ev
er

, i
n 

pr
os

pe
ct

iv
e 

an
al

ys
is

, a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

cu
m

ul
at

iv
e 

se
ru

m
 P

FO
A 

an
d 

hy
po

th
yr

oi
di

sm
 w

as
 fo

un
d 

in
 m

en
 

(W
in

qu
is

t a
nd

 S
te

en
la

nd
 2

01
4b

).”
 

 In
de

ed
, a

na
ly

si
s o

f t
he

 W
in

qu
is

t a
nd

 S
te

en
la

nd
 2

01
4 

su
pp

or
tin

g 
in

fo
rm

at
io

n 
ta

bl
es

 (s
ee

 
th

e 
eT

ab
le

 1
 th

ro
ug

h 
eT

ab
le

 6
 in

 W
in

qu
is

t a
nd

 S
te

en
la

nd
 2

01
4)

 re
po

rte
d 

no
 st

at
is

tic
al

ly
 

si
gn

ifi
ca

nt
 tr

en
ds

 (P
 <

 0
.0

5)
 fo

r h
yp

ot
hy

ro
id

is
m

 in
 w

om
en

 in
 e

ith
er

 th
ei

r r
et

ro
sp

ec
tiv

e,
 

re
tro

sp
ec

tiv
e 

qu
al

ify
in

g 
ye

ar
, o

r p
ro

sp
ec

tiv
e 

an
al

ys
es

. (
Th

is
 w

ou
ld

 b
e 

in
 d

ire
ct

 c
on

fli
ct

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

69
 

 

w
ith

 th
e 

fin
di

ng
s f

ro
m

 M
el

ze
r e

t a
l.)

.  
A

lto
ge

th
er

, t
he

re
 w

er
e 

12
 tr

en
d 

te
st

 a
na

ly
se

s 
co

nd
uc

te
d 

(lo
g 

lin
ea

r m
od

el
 tr

en
d 

te
st

 p
-v

al
ue

s)
 in

 th
es

e 
su

pp
or

tin
g 

ta
bl

es
.  

Fo
r 

hy
po

th
yr

oi
di

sm
, t

he
re

 w
er

e 
0 

tre
nd

 te
st

s a
m

on
g 

w
om

en
 w

ith
 p

-v
al

ue
s <

 0
.0

5;
 1

 tr
en

d 
te

st
 

w
ith

 a
 p

-v
al

ue
 >

= 
0.

05
 a

nd
 <

 0
.1

; 3
 tr

en
d 

te
st

s w
ith

 a
 p

-v
al

ue
 b

et
w

ee
n 

>=
 0

.1
 a

nd
 <

 0
.2

; 
an

d 
8 

tre
nd

 te
st

s w
ith

 a
 p

-v
al

ue
 >

= 
0.

2.
  T

he
se

 o
bs

er
va

tio
ns

 d
o 

no
t s

up
po

rt 
an

 a
ss

oc
ia

tio
n 

be
tw

ee
n 

PF
O

A
 a

nd
 h

yp
ot

hy
ro

id
is

m
 a

m
on

g 
w

om
en

.  
 

 O
n 

th
e 

ot
he

r h
an

d,
 fo

r h
yp

er
th

yr
oi

di
sm

 a
m

on
g 

w
om

en
, t

he
re

 w
er

e 
4 

tre
nd

 te
st

s w
ith

 a
 p

- 
va

lu
e 

< 
0.

05
; 2

 tr
en

d 
te

st
s w

ith
 a

 p
-v

al
ue

 b
et

w
ee

n 
>=

 0
.0

5 
an

d 
< 

0.
1;

 4
 tr

en
d 

te
st

s w
ith

 a
 

p-
va

lu
e 

be
tw

ee
n 

0.
1 

an
d 

< 
0.

2;
 a

nd
 2

 tr
en

d 
te

sts
 w

ith
 a

 p
-v

al
ue

 >
= 

0.
2.

  A
m

on
g 

m
al

es
, 

th
er

e 
w

er
e 

4 
tre

nd
 te

st
s w

ith
 a

 p
-v

al
ue

 <
 0

.0
5 

fo
r h

yp
ot

hy
ro

id
is

m
 b

ut
 n

on
e 

fo
r 

hy
pe

rth
yr

oi
di

sm
.  

 
 A

TS
D

R
 a

ls
o 

re
po

rte
d 

(s
ee

 p
ag

e 
22

2)
 th

at
 in

 a
 st

ud
y 

pu
bl

is
he

d 
in

 2
01

5,
 S

te
en

la
nd

 e
t a

l. 
“d

id
 n

ot
 fi

nd
 a

n 
as

so
ci

at
io

n 
be

tw
ee

n 
se

ru
m

 P
FO

A
 a

nd
 th

e 
ris

k 
of

 th
yr

oi
d 

di
se

as
e 

in
 m

al
e 

or
 fe

m
al

e 
w

or
ke

rs
 a

t t
he

 W
as

hi
ng

to
n 

W
or

ks
 fa

ci
lit

y,
” 

 In
 fa

ct
, w

ha
t S

te
en

la
nd

 e
t a

l. 
w

ro
te

, w
as

 “
th

er
e 

w
as

 a
 p

os
iti

ve
 n

on
-s

ig
ni

fic
an

t t
re

nd
 fo

r m
al

e 
hy

po
th

yr
oi

di
sm

“ 
 w

he
re

 
th

e 
10

 y
ea

r l
ag

 tr
en

ds
 in

 re
la

tiv
e 

ris
k 

w
er

e 
1.

00
 re

fe
re

nc
e,

 1
.6

4,
 1

.1
3,

 2
.1

6 
(p

 v
al

ue
 tr

en
d 

vi
a 

ca
te

go
rie

s p
 =

 0
.0

6)
, h

ow
ev

er
, t

he
ir 

ta
bl

e 
pr

es
en

te
d 

th
is

 in
fo

rm
at

io
n 

as
 “

th
yr

oi
d 

di
se

as
e”

 n
ot

 d
iff

er
en

tia
te

d 
to

 th
e 

ty
pe

.  
N

ot
 d

is
cu

ss
ed

 b
y 

St
ee

nl
an

d 
et

 a
l. 

or
 b

y 
A

TS
D

R
, i

s 
th

e 
fa

ct
 th

at
 th

er
e 

w
as

 a
n 

eq
ua

lly
 n

eg
at

iv
e 

tre
nd

 (n
ot

 si
gn

ifi
ca

nt
) i

n 
w

om
en

 fo
r t

hy
ro

id
 

di
se

as
e 

w
he

re
 th

e 
10

-y
ea

r l
ag

 tr
en

ds
 in

 re
la

tiv
e 

w
er

e 
1.

0 
re

fe
re

nc
e,

 0
.7

9,
 0

.8
7,

 a
nd

 0
.2

3;
 p

 
va

lu
e 

tre
nd

 v
ia

 c
at

eg
or

ie
s p

 =
 0

.1
3)

.  
 

3M
 C

on
cl

us
io

n 
on

 th
yr

oi
d 

di
se

as
e 

 
G

iv
en

 th
e 

in
co

ns
is

te
nc

ie
s i

n 
th

e 
lit

er
at

ur
e 

re
ga

rd
in

g 
as

so
ci

at
io

ns
 o

f t
hy

ro
id

 h
or

m
on

es
 a

nd
 

th
yr

oi
d 

di
se

as
e,

 th
er

e 
is

 in
su

ff
ic

ie
nt

 e
vi

de
nc

e 
to

 c
on

cl
ud

e 
an

 a
ss

oc
ia

tio
n 

ex
is

ts
 a

s r
el

at
ed

 
to

 e
xp

os
ur

e 
to

 P
FO

A
 o

r P
FO

S.
 

  
 

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

70
 

  
D

et
ai

le
d 

C
om

m
en

ts
 o

n 
D

ec
re

as
ed

 A
nt

ib
od

y 
R

es
po

ns
e 

to
 V

ac
ci

ne
s 

(P
FO

A
, P

FO
S,

 P
FH

xS
, P

FD
eA

) 
  A

T
SD

R
 P

os
iti

on
 

 
Th

e 
A

TS
D

R
 d

ra
ft 

do
cu

m
en

t c
on

cl
ud

ed
 th

at
 “

ev
id

en
ce

 is
 su

gg
es

tiv
e 

of
 a

 li
nk

 b
et

w
ee

n 
se

ru
m

 P
FO

A,
 P

FO
S,

 P
FH

xS
, a

nd
 P

FD
eA

 le
ve

ls
 a

nd
 d

ec
re

as
ed

 a
nt

ib
od

y 
re

sp
on

se
s t

o 
va

cc
in

es
”.

  E
vi

de
nc

e 
fo

r t
hi

s c
on

cl
us

io
n 

co
m

es
 fr

om
 8

 e
pi

de
m

io
lo

gi
c 

st
ud

ie
s (

4 
cr

os
s-

se
ct

io
na

l a
nd

 4
 p

ro
sp

ec
tiv

e 
co

ho
rt)

 in
 w

hi
ch

 a
nt

ib
od

y 
tit

er
s t

o 
va

cc
in

at
io

ns
 w

er
e 

qu
an

tif
ie

d 
in

 c
om

bi
na

tio
n 

w
ith

 m
ea

su
re

m
en

ts
 o

f s
er

um
 P

FO
A

, P
FO

S 
an

d 
ot

he
r P

FA
S 

le
ve

ls
, c

ou
pl

ed
 w

ith
 su

pp
or

tiv
e 

an
im

al
 st

ud
ie

s. 
 A

m
on

g 
th

e 
ep

id
em

io
lo

gi
c 

st
ud

ie
s, 

an
tib

od
y 

re
sp

on
se

s t
o 

8 
di

st
in

ct
 v

ac
ci

ne
s (

i.e
., 

di
ph

th
er

ia
, t

et
an

us
, m

um
ps

, m
ea

sl
es

, 
ru

be
lla

, i
nf

lu
en

za
 A

/H
1N

1,
 in

flu
en

za
 A

/H
3N

2 
an

d 
in

flu
en

za
 B

) w
er

e 
m

ea
su

re
d.

 T
he

 
m

os
t c

om
m

on
ly

 st
ud

ie
d 

va
cc

in
e 

re
sp

on
se

 w
as

 to
 th

e 
te

ta
nu

s v
ac

ci
ne

 w
ith

 5
 st

ud
ie

s 
(G

ra
nd

je
an

 e
t a

l. 
20

12
; G

ra
nd

je
an

 e
t a

l. 
20

17
; G

ra
nu

m
 e

t a
l. 

20
13

; K
ie

ls
en

 e
t a

l. 
20

16
; 

M
og

en
se

n 
et

 a
l. 

20
15

) f
ol

lo
w

ed
 b

y 
4 

di
ph

th
er

ia
 st

ud
ie

s (
G

ra
nd

je
an

 e
t a

l. 
20

12
; M

og
en

se
n 

et
 a

l. 
20

15
; K

ie
ls

en
 e

t a
l. 

20
16

; G
ra

nd
je

an
 e

t a
l. 

20
17

), 
tw

o 
ru

be
lla

 a
nd

 m
ea

sl
es

 st
ud

ie
s 

(G
ra

nu
m

 e
t a

l. 
20

13
; S

te
in

 e
t a

l. 
20

16
b)

 a
nd

 tw
o 

in
flu

en
za

 A
/H

3N
2 

st
ud

ie
s  

(L
oo

ke
r e

t a
l. 

20
14

; S
te

in
 e

t a
l. 

20
16

a)
). 

A
nt

ib
od

y 
re

sp
on

se
s t

o 
m

um
ps

 (S
te

in
 e

t a
l.,

 2
01

6b
), 

H
. 

in
flu

en
za

 (G
ra

nu
m

 e
t a

l.,
 2

01
3)

, i
nf

lu
en

za
 B

 a
nd

 in
flu

en
za

 A
/H

1N
1 

(L
oo

ke
r e

t a
l.,

 2
01

4)
 

w
er

e 
ea

ch
 e

xa
m

in
ed

 in
 o

nl
y 

1 
st

ud
y.

   
 3M

 C
om

m
en

ts
 

 
It 

is
 in

ap
pr

op
ria

te
 fo

r A
TS

D
R

 to
 in

te
rp

re
t a

nt
ib

od
y 

re
sp

on
se

s t
o 

th
es

e 
8 

di
st

in
ct

 v
ac

ci
ne

s 
as

 a
 si

ng
le

 h
ea

lth
 o

ut
co

m
e 

(i.
e.

, “
de

cr
ea

se
d 

an
tib

od
y 

re
sp

on
se

s t
o 

va
cc

in
es

”)
. 

C
om

m
er

ci
al

ly
 a

va
ila

bl
e 

va
cc

in
es

 d
iff

er
 d

ep
en

di
ng

 o
n 

th
e 

na
tu

re
 o

f t
he

 v
ac

ci
ne

 a
nt

ig
en

. 
Te

ta
nu

s a
nd

 d
ip

ht
he

ria
, f

or
 e

xa
m

pl
e,

 a
re

 to
xo

id
 v

ac
ci

ne
s w

he
re

as
 m

ea
sl

es
, m

um
ps

 a
nd

 
ru

be
lla

 a
re

 li
ve

 a
tte

nu
at

ed
 v

ac
ci

ne
s. 

In
flu

en
za

 v
ac

ci
ne

s a
re

 in
ac

tiv
at

ed
 (k

ill
ed

), 
co

nj
ug

at
e 

or
 li

ve
 a

tte
nu

at
ed

 d
ep

en
di

ng
 o

n 
th

e 
st

ra
in

 a
nd

 m
et

ho
d 

of
 a

dm
in

is
tra

tio
n 

(e
.g

., 
in

tra
na

sa
l, 

in
je

ct
ab

le
). 

C
on

se
qu

en
tly

, e
ac

h 
va

cc
in

e 
ty

pe
 e

lic
its

 a
n 

im
m

un
e 

re
sp

on
se

 th
ro

ug
h 

va
rio

us
 

m
ol

ec
ul

ar
 a

nd
 c

el
lu

la
r m

ec
ha

ni
sm

s o
f t

he
 im

m
un

e 
sy

st
em

. A
dd

iti
on

al
ly

, a
ll 

va
cc

in
es

 
co

nt
ai

n 
va

rio
us

 e
xc

ip
ie

nt
s i

nc
lu

di
ng

 a
dj

uv
an

ts
 to

 im
pr

ov
e 

th
e 

an
tib

od
y 

re
sp

on
se

, 
pr

es
er

va
tiv

es
, s

ta
bi

liz
er

s, 
an

d 
ve

hi
cl

es
 fo

r d
el

iv
er

in
g 

th
e 

va
cc

in
e 

w
hi

ch
 m

ay
 d

iff
er

 
su

bs
ta

nt
ia

lly
 d

ep
en

di
ng

 o
n 

th
e 

va
cc

in
e 

(B
ax

te
r 2

00
7)

.  
 

 Th
e 

N
at

io
na

l T
ox

ic
ol

og
y 

Pr
og

ra
m

 a
ck

no
w

le
dg

ed
 th

e 
di

ff
er

en
ce

s i
n 

im
m

un
e 

re
sp

on
se

 
ac

ro
ss

 v
ac

ci
ne

s, 
an

d 
st

at
ed

 th
at

 “
Th

e 
st

re
ng

th
 o

f a
n 

an
tib

od
y 

re
sp

on
se

 in
 te

rm
s o

f 
an

tib
od

y 
le

ve
l a

nd
 le

ng
th

 o
f t

im
e 

th
at

 a
n 

el
ev

at
ed

/e
ffe

ct
iv

e 
an

tib
od

y 
re

sp
on

se
 is

 
m

ai
nt

ai
ne

d 
is

 k
no

w
n 

to
 d

iff
er

 a
cr

os
s v

ac
ci

ne
s”

 (N
TP

 2
01

6)
.  

G
ra

nu
m

 e
t a

l (
20

13
), 

a 
st

ud
y 

ci
te

d 
in

 th
e 

A
TS

D
R

 d
ra

ft 
pr

of
ile

, a
ls

o 
co

nc
lu

de
d 

th
at

 “
di

ffe
re

nt
 v

ac
ci

ne
s m

ay
 

st
im

ul
at

e 
di

ffe
re

nt
 c

om
po

ne
nt

s o
f t

he
 im

m
un

e 
sy

st
em

, w
hi

ch
 c

an
 e

xp
la

in
 th

e 
va

cc
in

e-
de

pe
nd

en
t d

iff
er

en
ce

s i
n 

th
e 

ef
fe

ct
 o

f P
FA

S 
ex

po
su

re
”.

 T
he

re
fo

re
, o

bs
er

ve
d 

ch
an

ge
s i

n 
an

tib
od

y 
re

sp
on

se
 to

 a
 p

ar
tic

ul
ar

 v
ac

ci
ne

 sh
ou

ld
 n

ot
 b

e 
in

te
rp

re
te

d 
as

 c
on

si
st

en
t w

ith
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

71
 

 

ch
an

ge
s i

n 
th

e 
an

tib
od

y 
re

sp
on

se
 to

 a
no

th
er

 v
ac

ci
ne

.  
T

he
 A

T
SD

R
 d

ra
ft

 d
oc

um
en

t 
sh

ou
ld

 c
on

si
de

r 
im

m
un

e 
re

sp
on

se
s t

o 
in

di
vi

du
al

 v
ac

ci
ne

s a
s d

is
tin

ct
 h

ea
lth

 
ou

tc
om

es
.  

 Th
e 

A
TS

D
R

 d
ra

ft 
pr

of
ile

 g
ra

ph
ic

al
ly

 p
re

se
nt

s e
pi

de
m

io
lo

gi
c 

st
ud

y 
fin

di
ng

s (
i.e

., 
th

e 
ch

an
ge

s i
n 

an
tib

od
y 

le
ve

ls
 re

la
tiv

e 
to

 se
ru

m
 P

FA
S 

le
ve

ls
) i

n 
Fi

gu
re

s 2
-1

9 
(P

FO
A

), 
2-

21
 

(P
FO

S)
, 2

-2
3 

(P
FH

xS
), 

2-
25

 (P
FN

A
) a

nd
 2

-2
7 

(P
FD

eA
). 

 T
he

se
 fi

gu
re

s c
le

ar
ly

 il
lu

st
ra

te
 

th
e 

he
te

ro
ge

ne
ity

 in
 re

su
lts

 b
ot

h 
w

ith
in

 a
nd

 a
cr

os
s t

he
 8

 st
ud

ie
s r

ev
ie

w
ed

 b
y 

A
TS

D
R

. F
or

 
ex

am
pl

e,
 F

ig
ur

e 
2-

19
 (b

el
ow

), 
sh

ow
s t

ha
t o

f t
he

 5
 st

ud
ie

s t
ha

t e
xa

m
in

ed
 a

nt
ib

od
y 

re
sp

on
se

s t
o 

th
e 

te
ta

nu
s v

ac
ci

ne
 re

la
tiv

e 
to

 se
ru

m
 P

FO
A

 le
ve

ls
, o

nl
y 

on
e 

st
ud

y 
re

po
rte

d 
a 

si
gn

ifi
ca

nt
 d

ec
re

as
e 

in
 a

nt
ib

od
y 

le
ve

ls
 (G

ra
nd

je
an

 e
t a

l.,
 2

01
2)

. T
he

 o
th

er
 4

 st
ud

ie
s, 

in
cl

ud
in

g 
a 

fo
llo

w
-u

p 
st

ud
y 

of
 G

ra
nd

je
an

 e
t a

l.,
 2

01
2,

 d
id

 n
ot

 o
bs

er
ve

 a
 si

gn
ifi

ca
nt

 
de

cr
ea

se
 in

 te
ta

nu
s a

nt
ib

od
y 

le
ve

ls
 (G

ra
nd

je
an

 e
t a

l.,
 2

01
7)

.  
 

 
 (N

ot
e:

 N
ot

 in
cl

ud
ed

 in
 F

ig
ur

e 
2-

19
 a

re
 re

su
lts

 fr
om

 tw
o 

in
flu

en
za

 st
ud

ie
s w

ith
 m

os
tly

 
nu

ll 
fin

di
ng

s (
Lo

ok
er

 e
t a

l. 
20

14
; S

te
in

 e
t a

l. 
20

16
b)

. W
hi

le
 b

ot
h 

st
ud

ie
s a

re
 c

ite
d 

in
 th

e 
dr

af
t p

ro
fil

e,
 A

TS
D

R
 sh

ou
ld

 a
ck

no
w

le
dg

e 
th

at
 re

su
lts

 fr
om

 th
es

e 
tw

o 
st

ud
ie

s w
er

e 
om

itt
ed

 fr
om

 th
e 

Fi
gu

re
 a

nd
 p

ro
vi

de
 re

as
on

s f
or

 th
ei

r o
m

is
si

on
.) 

 
 Si

m
ila

r t
o 

th
e 

re
su

lts
 o

bs
er

ve
d 

fo
r P

FO
A

, i
nc

on
si

st
en

t r
es

ul
ts

 w
er

e 
al

so
 o

bs
er

ve
d 

fo
r 

PF
O

S,
 P

FH
xS

 a
nd

 P
FD

eA
.  

N
on

e 
of

 th
e 

5 
st

ud
ie

s r
ep

or
te

d 
a 

si
gn

ifi
ca

nt
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
te

ta
nu

s a
nt

ib
od

y 
le

ve
ls

 a
nd

 P
FN

A
.  

In
 a

dd
iti

on
, f

in
di

ng
s a

cr
os

s a
ll 

va
cc

in
e 

ty
pe

s 
w

er
e 

al
so

 in
co

ns
is

te
nt

.  
 A

s p
re

se
nt

ed
 in

 F
ig

ur
e 

2-
19

, f
or

 e
xa

m
pl

e,
 o

nl
y 

5 
of

 th
e 

18
 

as
so

ci
at

io
ns

 b
et

w
ee

n 
PF

O
A

 a
nd

 a
 c

ha
ng

e 
in

 a
nt

ib
od

y 
le

ve
ls

 w
er

e 
st

at
is

tic
al

ly
 si

gn
ifi

ca
nt

.  
 

Si
m

ila
r i

nc
on

si
st

en
ci

es
 a

cr
os

s a
ll 

va
cc

in
e 

ty
pe

s a
re

 a
ls

o 
ap

pa
re

nt
 fo

r P
FO

S,
 P

FH
xS

, 
PF

N
A

, a
nd

 P
FD

eA
. C

on
si

de
rin

g 
th

e 
in

co
ns

is
te

nt
 (a

nd
 m

os
tly

 n
on

-s
ig

ni
fic

an
t) 

fin
di

ng
s 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

72
 

 

ac
ro

ss
 th

e 
8 

pu
bl

is
he

d 
st

ud
ie

s, 
th

e 
av

ai
la

bl
e 

ep
id

em
io

lo
gi

c 
ev

id
en

ce
 o

f a
n 

ef
fe

ct
 o

f 
PF

O
A

, P
FO

S,
 P

FH
xS

 a
nd

 P
FD

eA
 o

n 
an

tib
od

y 
re

sp
on

se
 to

 v
ac

ci
ne

s i
s w

ea
k 

at
 b

es
t. 

 
M

or
eo

ve
r, 

A
TS

D
R

 fa
ile

d 
to

 re
co

gn
iz

e 
th

at
 sm

al
l c

ha
ng

es
 in

 a
nt

ib
od

y 
re

sp
on

se
 d

o 
no

t 
ne

ce
ss

ar
ily

 tr
an

sl
at

e 
to

 a
n 

in
cr

ea
se

d 
ris

k 
of

 in
fe

ct
io

us
 d

is
ea

se
. S

ix
 e

pi
de

m
io

lo
gi

c 
st

ud
ie

s 
((

D
al

sa
ge

r e
t a

l. 
20

16
; F

ei
 e

t a
l. 

20
10

a;
 L

eo
na

rd
 e

t a
l. 

20
08

; L
oo

ke
r e

t a
l. 

20
14

; O
ka

da
 e

t 
al

. 2
01

4)
 h

av
e 

ex
am

in
ed

 P
FA

S 
le

ve
ls

 a
nd

 in
fe

ct
io

us
 d

is
ea

se
 o

ut
co

m
es

 (i
.e

., 
oc

cu
rr

en
ce

 o
f 

co
m

m
on

 c
ol

ds
 a

nd
 o

tit
is

 m
ed

ia
, m

or
ta

lit
y 

fr
om

 in
fe

ct
io

us
 a

nd
 p

ar
as

iti
c 

di
se

as
es

, a
nd

 
ho

sp
ita

liz
at

io
ns

 fr
om

 in
fe

ct
io

us
 d

is
ea

se
s)

. M
os

t o
f t

he
se

 st
ud

ie
s r

ep
or

te
d 

no
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
PF

A
S 

le
ve

ls
 a

nd
 in

cr
ea

se
d 

ris
k 

of
 in

fe
ct

io
us

 d
is

ea
se

 o
ut

co
m

es
.  

A
s n

ot
ed

 in
 th

e 
A

TS
D

R
 d

ra
ft 

pr
of

ile
 (p

ag
e 

26
8)

, t
he

 N
TP

 (2
01

6)
 c

on
cl

ud
ed

 th
at

 th
er

e 
is

 lo
w

 c
on

fid
en

ce
 

th
at

 e
xp

os
ur

e 
to

 P
FO

A
 a

nd
 P

FO
S 

is
 a

ss
oc

ia
te

d 
w

ith
 in

cr
ea

se
d 

in
ci

de
nc

e 
of

 in
fe

ct
io

us
 

di
se

as
e 

(o
r l

ow
er

 a
bi

lit
y 

to
 re

si
st

 o
r r

es
po

nd
 to

 in
fe

ct
io

us
 d

is
ea

se
). 

O
th

er
 re

gu
la

to
ry

 
bo

di
es

 h
av

e 
re

ac
he

d 
si

m
ila

r c
on

cl
us

io
ns

 (F
SA

N
Z 

20
17

; U
SE

PA
 2

01
6a

, b
). 

G
iv

en
 th

e 
ab

se
nc

e 
of

 in
cr

ea
se

d 
in

fe
ct

io
us

 d
is

ea
se

 su
sc

ep
tib

ili
ty

, i
t i

s q
ue

st
io

na
bl

e 
w

he
th

er
 th

e 
ob

se
rv

ed
 d

ec
re

as
es

 in
 a

nt
ib

od
y 

re
sp

on
se

 a
re

 c
lin

ic
al

ly
 re

le
va

nt
.  

 Fi
na

lly
, t

he
 A

TS
D

R
 d

id
 n

ot
 p

ro
vi

de
 a

n 
in

te
rp

re
ta

tio
n 

of
 th

e 
ep

id
em

io
lo

gi
c 

ev
id

en
ce

 o
r a

 
co

nc
lu

si
on

 re
ga

rd
in

g 
th

e 
po

te
nt

ia
l a

ss
oc

ia
tio

n 
be

tw
ee

n 
PF

A
S 

le
ve

ls
 a

nd
 d

ec
re

as
ed

 
an

tib
od

y 
re

sp
on

se
 to

 v
ac

ci
ne

s. 
In

st
ea

d,
 A

TS
D

R
 q

uo
te

d 
th

e 
20

16
 N

TP
 c

on
cl

us
io

n 
(p

ag
e 

26
8)

 th
at

 “
ex

po
su

re
 to

 P
FO

A 
or

 P
FO

S 
is

 p
re

su
m

ed
 to

 b
e 

an
 im

m
un

e 
ha

za
rd

 to
 h

um
an

s”
 

w
hi

le
 ig

no
rin

g 
co

nc
lu

si
on

s f
ro

m
 o

th
er

 re
gu

la
to

ry
 b

od
ie

s a
nd

 e
xp

er
t h

ea
lth

 p
an

el
s. 

 T
he

se
 

co
nc

lu
si

on
s (

pr
ov

id
ed

 b
el

ow
) s

ho
ul

d 
be

 in
cl

ud
ed

 in
 th

e 
A

TS
D

R
 d

ra
ft 

pr
of

ile
 to

 p
ro

vi
de

 
re

ad
er

s w
ith

 a
 m

or
e 

ba
la

nc
ed

 a
nd

 th
or

ou
gh

 in
te

rp
re

ta
tio

n 
of

 th
e 

ep
id

em
io

lo
gi

c 
ev

id
en

ce
.  

It 
is

 in
ap

pr
op

ria
te

 fo
r A

TS
D

R
 to

 c
ite

 a
 si

ng
le

 c
on

cl
us

io
n 

fr
om

 o
ne

 re
gu

la
to

ry
 b

od
y 

an
d 

no
t c

ite
 o

th
er

s w
ith

 d
iv

er
ge

nt
 c

on
cl

us
io

ns
.  

  
 O

th
er

 re
gu

la
to

ry
 h

av
e 

m
ad

e 
th

e 
fo

llo
w

in
g 

co
nc

lu
si

on
s r

eg
ar

di
ng

 P
FA

S 
an

d 
im

m
un

ot
ox

ic
ity

: 
 A

us
tra

lia
 E

xp
er

t H
ea

lth
 P

an
el

 (2
01

8)
: 

“T
he

 st
ro

ng
es

t e
vi

de
nc

e 
fo

r a
 li

nk
 b

et
w

ee
n 

PF
AS

 a
nd

 c
lin

ic
al

ly
 im

po
rt

an
t i

m
m

un
ol

og
ic

al
 

ef
fe

ct
s i

s f
or

 im
pa

ir
ed

 v
ac

ci
ne

 re
sp

on
se

. H
ow

ev
er

, t
he

 h
um

an
 d

os
e-

re
sp

on
se

/th
re

sh
ol

d 
fo

r p
ot

en
tia

l i
m

m
un

e 
ef

fe
ct

s i
s v

er
y 

po
or

ly
 c

ha
ra

ct
er

iz
ed

, a
nd

 th
e 

ov
er

al
l h

um
an

 e
vi

de
nc

e 
is

 w
ea

k.
” 

 Fo
od

 S
ta

nd
ar

ds
 A

us
tra

lia
 N

ew
 Z

ea
la

nd
, F

SA
N

Z 
(2

01
6)

: 
A

 li
te

ra
tu

re
 re

vi
ew

 c
om

m
is

si
on

ed
 b

y 
FS

A
N

Z 
co

nc
lu

de
d 

th
at

 “
th

er
e 

ar
e 

bo
th

 p
os

iti
ve

 a
nd

 
ne

ga
tiv

e 
st

ud
ie

s s
ho

w
in

g 
as

so
ci

at
io

ns
 fo

r i
nc

re
as

in
g 

PF
O

S 
an

d 
PF

O
A 

co
nc

en
tr

at
io

ns
 to

 
co

m
pr

om
is

e 
an

tib
od

y 
pr

od
uc

tio
n 

in
 h

um
an

s. 
H

ow
ev

er
, t

o 
da

te
 th

er
e 

is
 n

o 
co

nv
in

ci
ng

 
ev

id
en

ce
 fo

r i
nc

re
as

ed
 in

ci
de

nc
e 

of
 in

fe
ct

iv
e 

di
se

as
e 

as
so

ci
at

ed
 w

ith
 P

FO
S 

or
 P

FO
A 

ef
fe

ct
s o

n 
hu

m
an

 im
m

un
e 

fu
nc

tio
n”

. 
 H

ea
lth

 C
an

ad
a 

(2
01

7a
): 

“S
tu

di
es

 in
 e

nv
ir

on
m

en
ta

lly
-e

xp
os

ed
 p

op
ul

at
io

ns
 h

av
e 

id
en

tif
ie

d 
as

so
ci

at
io

ns
 b

et
w

ee
n 

PF
O

S 
le

ve
ls

 a
nd

 d
ec

re
as

ed
 a

nt
ib

od
ie

s a
ga

in
st

 v
ar

io
us

 il
ln

es
se

s, 
bu

t t
he

 in
flu

en
ce

 o
f 

PF
O

S 
ex

po
su

re
 o

n 
cl

in
ic

al
 im

m
un

os
up

pr
es

si
on

 (i
.e

., 
in

ci
de

nc
e 

of
 il

ln
es

se
s)

 a
pp

ea
rs

 to
 b

e 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

73
 

 

m
or

e 
te

nu
ou

s.”
  H

ea
lth

 C
an

ad
a 

fu
rth

er
 c

om
m

en
te

d 
th

at
 “

a 
lo

w
 le

ve
l o

f c
on

si
st

en
cy

 w
as

 
ob

se
rv

ed
 a

cr
os

s s
tu

di
es

, w
ith

 v
ar

ia
tio

ns
 b

et
w

ee
n 

ge
nd

er
s, 

sp
ec

ifi
c 

m
ic

ro
bi

al
 

im
m

un
og

lo
bi

ns
, i

nf
ec

tio
ns

, m
ot

he
r v

s. 
ch

ild
 e

xp
os

ur
e,

 a
nd

 c
hi

ld
 y

ea
rs

, a
m

on
gs

t o
th

er
 

ch
ar

ac
te

ri
st

ic
s. 

M
or

eo
ve

r, 
th

e 
ri

sk
 o

f r
es

id
ua

l c
on

fo
un

di
ng

, b
ia

s, 
an

d 
ch

an
ce

 c
an

no
t b

e 
di

sc
ar

de
d.

 T
he

se
 fl

aw
s i

m
pe

de
 c

on
cl

ud
in

g 
on

 a
 c

au
sa

tiv
e 

m
ec

ha
ni

sm
, a

nd
 th

e 
na

tu
re

 o
f 

th
e 

as
so

ci
at

io
n 

re
m

ai
ns

 u
nc

le
ar

.”
 H

ea
lth

 C
an

ad
a 

re
ac

he
d 

si
m

ila
r c

on
cl

us
io

ns
 re

ga
rd

in
g 

PF
O

A
 (H

ea
lth

 C
an

ad
a,

 2
01

7b
). 

 
 N

at
io

na
l I

ns
tit

ut
e 

fo
r P

ub
lic

 H
ea

lth
 a

nd
 th

e 
En

vi
ro

nm
en

t (
R

IV
M

, 2
01

6)
: 

R
IV

M
 c

on
cl

ud
ed

 th
at

 “
as

so
ci

at
io

ns
 h

av
e 

be
en

 fo
un

d 
be

tw
ee

n 
ex

po
su

re
 to

 P
FO

A 
an

d 
a 

de
cr

ea
se

d 
va

cc
in

at
io

n 
re

sp
on

se
”,

 b
ut

 th
e 

“e
vi

de
nc

e 
is

 u
nc

le
ar

”.
   

 
 N

ew
 Je

rs
ey

 D
rin

ki
ng

 W
at

er
 Q

ua
lit

y 
In

st
itu

te
 (D

W
Q

I, 
20

17
): 

“R
ev

ie
w

 o
f e

pi
de

m
io

lo
gi

c 
st

ud
ie

s p
ro

vi
de

s e
vi

de
nc

e 
of

 c
on

si
st

en
t f

in
di

ng
s a

m
on

g 
st

ud
ie

s 
of

 d
ec

re
as

ed
 a

nt
ib

od
y 

co
nc

en
tr

at
io

ns
 fo

llo
w

in
g 

va
cc

in
at

io
n 

an
d 

PF
O

A.
 T

he
re

 is
 

ep
id

em
io

lo
gi

c 
ev

id
en

ce
 o

f t
em

po
ra

lit
y.

 H
ow

ev
er

, t
he

re
 a

re
 a

 li
m

ite
d 

nu
m

be
r o

f 
co

m
pa

ri
so

ns
 a

cr
os

s t
he

 sa
m

e 
va

cc
in

at
io

n 
ty

pe
s, 

m
ak

in
g 

co
ns

is
te

nc
y/

sp
ec

ifi
ci

ty
 d

iff
ic

ul
t t

o 
ev

al
ua

te
.”

 
 3M

 C
on

cl
us

io
n 

on
 d

ec
re

as
ed

 a
nt

ib
od

y 
re

sp
on

se
s t

o 
va

cc
in

es
   

 
Th

e 
in

co
ns

is
te

nt
 fi

nd
in

gs
 b

ot
h 

w
ith

in
 a

nd
 a

cr
os

s s
tu

di
es

, a
lo

ng
 w

ith
 th

e 
ab

se
nc

e 
of

 
cl

in
ic

al
 im

m
un

os
up

pr
es

si
on

, d
o 

no
t s

up
po

rt 
th

e 
A

TS
D

R
 c

on
cl

us
io

n 
“s

ug
ge

st
iv

e 
of

 a
 li

nk
 

be
tw

ee
n 

se
ru

m
 P

FO
A,

 P
FO

S,
 P

fH
xS

, a
nd

 P
FD

eA
 le

ve
ls

 a
nd

 d
ec

re
as

ed
 a

nt
ib

od
y 

re
sp

on
se

s t
o 

va
cc

in
es

”.
  



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

74
 

 D
et

ai
le

d 
C

om
m

en
ts

 o
n 

In
cr

ea
se

d 
R

is
k 

of
 A

st
hm

a 
D

ia
gn

os
is

 
(P

FO
A

) 
 A

T
SD

R
 P

os
iti

on
 

 
Th

e 
A

TS
D

R
 d

ra
ft 

pr
of

ile
 c

on
cl

ud
ed

 th
er

e 
is

 a
 “

po
ss

ib
le

 li
nk

 b
et

w
ee

n 
se

ru
m

 P
FO

A 
le

ve
ls

 
an

d 
an

 in
cr

ea
se

d 
ri

sk
 o

f a
st

hm
a 

di
ag

no
si

s”
.  

Th
e 

dr
af

t p
ro

fil
e 

ci
te

s 8
 e

pi
de

m
io

lo
gi

c 
st

ud
ie

s (
2 

pr
os

pe
ct

iv
e 

co
ho

rt 
st

ud
ie

s, 
2 

ca
se

-c
on

tro
l s

tu
di

es
 a

nd
 4

 c
ro

ss
-s

ec
tio

na
l s

tu
di

es
) 

th
at

 e
xa

m
in

ed
 th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
PF

O
A

 e
xp

os
ur

e 
an

d 
se

lf-
re

po
rte

d 
as

th
m

a.
 

A
TS

D
R

 p
ro

vi
de

d 
no

 in
te

rp
re

ta
tio

n 
of

 th
e 

ep
id

em
io

lo
gi

c 
ev

id
en

ce
 o

r r
at

io
na

le
 fo

r t
he

ir 
co

nc
lu

si
on

 o
f a

 “
po

ss
ib

le
 li

nk
”.

 In
 fa

ct
, t

he
 o

nl
y 

co
nc

lu
si

on
 A

TS
D

R
 p

ro
vi

de
d 

in
 th

e 
do

cu
m

en
t i

s t
he

 fo
llo

w
in

g 
st

at
em

en
t: 

“I
n 

te
st

s o
f h

yp
er

se
ns

iti
vi

ty
, t

he
re

 is
 so

m
e 

ev
id

en
ce

 
of

 a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

se
ru

m
 P

FO
A 

an
d 

as
th

m
a 

di
ag

no
si

s i
n 

ch
ild

re
n 

an
d 

ad
ul

ts
, 

al
th

ou
gh

 th
is

 fi
nd

in
g 

w
as

 n
ot

 c
on

si
st

en
t a

cr
os

s s
tu

di
es

; i
nc

re
as

ed
 ri

sk
 o

f a
lle

rg
y 

or
 

al
le

rg
ic

 se
ns

iti
za

tio
n 

do
es

 n
ot

 a
pp

ea
r t

o 
be

 a
ss

oc
ia

te
d 

w
ith

 se
ru

m
 P

FO
A 

(p
ag

e 
27

6)
.”

   
 

 3M
 C

om
m

en
ts

 
 

Th
e 

A
TS

D
R

 d
ra

ft 
pr

of
ile

 c
ite

d 
th

e 
N

TP
 (2

01
6)

 c
on

cl
us

io
n 

th
at

 “
th

er
e 

is
 lo

w
 c

on
fid

en
ce

 
th

at
 e

xp
os

ur
e 

to
 P

FO
A 

du
ri

ng
 c

hi
ld

ho
od

 is
 a

ss
oc

ia
te

d 
w

ith
 in

cr
ea

se
d 

hy
pe

rs
en

si
tiv

ity
 

re
sp

on
se

s b
as

ed
 o

n 
th

e 
av

ai
la

bl
e 

st
ud

ie
s”

 (p
ag

e 
27

9)
. T

he
 A

TS
D

R
 d

ra
ft 

pr
of

ile
, 

ho
w

ev
er

, d
oe

s n
ot

 in
cl

ud
e 

N
TP

’s
 st

at
ed

 ra
tio

na
le

 fo
r t

he
 c

on
cl

us
io

n 
of

 “
lo

w
 c

on
fid

en
ce

” 
w

hi
ch

 w
as

 “
pr

im
ar

ily
 d

ue
 to

 th
e 

cr
os

s-
se

ct
io

na
l n

at
ur

e 
of

 th
e 

st
ud

ie
s a

nd
 u

nc
er

ta
in

ty
 a

s 
to

 w
he

th
er

 e
xp

os
ur

e 
le

ve
ls

 re
fle

ct
 e

xp
os

ur
e 

pr
io

r t
o 

th
e 

de
ve

lo
pm

en
t o

f h
yp

er
se

ns
iti

vi
ty

. 
(N

TP
, 2

01
6)

”.
  T

he
 A

TS
D

R
 fa

ile
d 

to
 re

co
gn

iz
e 

th
es

e 
im

po
rta

nt
 li

m
ita

tio
ns

 o
r o

th
er

 
m

et
ho

do
lo

gi
ca

l i
ss

ue
s i

n 
th

e 
dr

af
t d

oc
um

en
t. 

Th
e 

fo
llo

w
in

g 
co

m
m

en
ts

 a
re

 p
ro

vi
de

d 
to

 
of

fe
r t

hi
s i

ns
ig

ht
. 

 Fi
ve

 o
f t

he
 8

 re
fe

re
nc

ed
 e

pi
de

m
io

lo
gi

c 
st

ud
ie

s u
se

d 
se

lf-
re

po
rte

d 
as

th
m

a 
(A

nd
er

so
n-

M
ah

on
ey

 e
t a

l. 
20

08
; G

ra
nu

m
 e

t a
l. 

20
13

; H
um

bl
et

 e
t a

l. 
20

14
; S

m
it 

et
 a

l. 
20

15
; S

te
in

 e
t 

al
. 2

01
6b

). 
Th

e 
va

lid
ity

 o
f s

el
f-

re
po

rte
d 

as
th

m
a 

is
 la

rg
el

y 
un

kn
ow

n.
 H

ow
ev

er
, a

 re
vi

ew
 

of
 a

st
hm

a 
qu

es
tio

nn
ai

re
s r

ep
or

te
d 

a 
m

ea
n 

se
ns

iti
vi

ty
 o

f 6
8%

 a
nd

 sp
ec

ifi
ci

ty
 o

f 9
4%

 fo
r 

se
lf-

re
po

rte
d 

as
th

m
a 

w
he

n 
co

m
pa

re
d 

w
ith

 a
 c

lin
ic

al
 d

ia
gn

os
is

 o
f a

st
hm

a 
(T

or
en

 e
t a

l. 
19

93
). 

C
on

se
qu

en
tly

, s
tu

di
es

 u
si

ng
 se

lf-
re

po
rte

d 
as

th
m

a 
di

ag
no

si
s a

re
 su

bj
ec

t t
o 

so
m

e 
de

gr
ee

 o
f m

ea
su

re
m

en
t e

rr
or

, w
hi

ch
 m

ay
 b

ia
s t

he
 st

ud
y 

re
su

lts
.  

 
 A

st
hm

a 
di

ag
no

si
s w

as
 m

ed
ic

al
ly

 v
al

id
at

ed
 in

 3
 st

ud
ie

s (
(D

on
g 

et
 a

l. 
20

13
); 

(S
te

en
la

nd
 e

t 
al

. 2
01

5)
; (

Zh
u 

et
 a

l. 
20

16
))

.  
It 

is
 im

po
rta

nt
 to

 n
ot

e 
th

at
 2

 o
f t

he
se

 st
ud

ie
s (

D
on

g 
et

 a
l. 

20
13

; Z
hu

 e
t a

l. 
20

16
) e

ac
h 

re
po

rte
d 

on
 re

su
lts

 fr
om

 a
 si

ng
le

 c
as

e-
co

nt
ro

l s
tu

dy
 o

f t
he

 
sa

m
e 

po
pu

la
tio

n 
(4

56
 T

ai
w

an
es

e 
ch

ild
re

n 
en

ro
lle

d 
in

 th
e 

G
en

et
ic

 a
nd

 B
io

m
ar

ke
rs

 st
ud

y 
of

 C
hi

ld
ho

od
 A

st
hm

a 
(G

B
C

A
) s

tu
dy

). 
W

hi
le

, t
he

 A
TS

D
R

 d
oc

um
en

t a
ck

no
w

le
dg

ed
 in

 
Ta

bl
e 

2-
16

 th
at

 th
e 

sa
m

e 
gr

ou
p 

of
 c

hi
ld

re
n 

(2
31

 a
st

hm
at

ic
 a

nd
 2

25
 n

on
-a

st
hm

at
ic

) w
er

e 
ev

al
ua

te
d 

by
 b

ot
h 

au
th

or
s, 

th
e 

A
TS

D
R

 d
id

 n
ot

 a
dd

re
ss

 th
is

 in
 th

e 
te

xt
 o

r i
n 

Fi
gu

re
 2

-2
0 

(b
el

ow
). 

Th
is

 g
iv

es
 re

ad
er

s t
he

 fa
ls

e 
im

pr
es

si
on

 th
at

 th
es

e 
ar

e 
tw

o 
di

st
in

ct
 st

ud
ie

s w
ith

 
co

ns
is

te
nt

 fi
nd

in
gs

.  



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

75
 

 

 
 D

on
g 

et
 a

l. 
(2

01
3)

 re
po

rte
d 

a 
si

gn
ifi

ca
nt

 a
ss

oc
ia

tio
n 

an
d 

ex
po

su
re

 tr
en

d 
be

tw
ee

n 
se

ru
m

 
PF

O
A

 le
ve

ls
 a

nd
 a

st
hm

a 
di

ag
no

se
d 

in
 th

e 
la

st
 1

2 
m

on
th

s a
m

on
g 

ch
ild

re
n 

ag
ed

 1
0-

15
 

ye
ar

s (
O

R
 fo

r h
ig

he
st

 v
er

su
s l

ow
es

t q
ua

rti
le

 o
f s

er
um

 P
FO

A
 =

 4
.0

5,
 9

5%
 C

I: 
2.

21
, 7

.4
2,

 
P t

re
nd

 =
 <

0.
00

1)
. H

ow
ev

er
, n

o 
si

gn
ifi

ca
nt

 a
ss

oc
ia

tio
n 

be
tw

ee
n 

se
ru

m
 P

FO
A

 le
ve

ls
 a

nd
 

as
th

m
a 

se
ve

rit
y 

sc
or

e 
w

as
 re

po
rte

d 
(p

=0
.1

19
). 

Zh
u 

et
 a

l. 
(2

01
6)

, o
bs

er
ve

d 
si

gn
ifi

ca
nt

 
as

so
ci

at
io

ns
 a

nd
 e

xp
os

ur
e 

tre
nd

s i
n 

bo
th

 m
al

es
 a

nd
 fe

m
al

es
 in

 a
 st

ra
tif

ie
d 

an
al

ys
is

 o
f t

he
 

sa
m

e 
st

ud
y 

po
pu

la
tio

n.
 A

n 
im

po
rta

nt
 li

m
ita

tio
n 

in
 th

e 
st

ud
y 

by
 D

on
g 

et
 a

l (
20

13
) a

nd
 

Zh
u 

et
 a

l (
20

16
), 

no
t m

en
tio

ne
d 

in
 th

e 
A

TS
D

R
 d

ra
ft 

pr
of

ile
, i

s t
ha

t a
st

hm
a 

di
ag

no
si

s 
pr

ec
ed

ed
 se

ru
m

 P
FO

A
 m

ea
su

re
m

en
ts

. T
he

 th
ird

 st
ud

y 
(S

te
en

la
nd

 e
t a

l. 
20

15
), 

ex
am

in
ed

 
th

e 
po

te
nt

ia
l a

ss
oc

ia
tio

n 
be

tw
ee

n 
oc

cu
pa

tio
na

l e
xp

os
ur

e 
to

 P
FO

A
 a

nd
 v

al
id

at
ed

 a
st

hm
a 

w
ith

 re
po

rte
d 

cu
rr

en
t m

ed
ic

at
io

n.
  H

ow
ev

er
, o

nl
y 

st
ud

y 
pa

rti
ci

pa
nt

s w
ho

 se
lf-

re
po

rte
d 

ha
vi

ng
 a

st
hm

a 
w

er
e 

as
ke

d 
to

 g
iv

e 
co

ns
en

t f
or

 m
ed

ic
al

 re
co

rd
s r

ev
ie

w
 to

 v
al

id
at

e 
ca

se
s. 

O
f t

he
 1

38
 se

lf-
re

po
rte

d 
as

th
m

a 
ca

se
s, 

10
8 

(7
8%

) p
ro

vi
de

d 
co

ns
en

t f
or

 m
ed

ic
al

 re
co

rd
s 

re
vi

ew
; 8

2 
ca

se
s w

er
e 

va
lid

at
ed

 a
nd

 in
cl

ud
ed

 in
 th

e 
st

at
is

tic
al

 a
na

ly
si

s. 
Th

er
ef

or
e,

 a
st

hm
a 

di
ag

no
si

s w
as

 v
al

id
at

ed
 o

nl
y 

am
on

g 
st

ud
y 

pa
rti

ci
pa

nt
s w

ho
 se

lf-
re

po
rte

d 
ha

vi
ng

 a
st

hm
a 

an
d 

no
t f

or
 p

ar
tic

ip
an

ts
 w

ho
se

 m
ed

ic
al

 re
co

rd
s w

er
e 

no
t r

ev
ie

w
ed

.  
In

 c
on

tra
st

 to
 fi

nd
in

gs
 

re
po

rte
d 

by
 D

on
g 

et
 a

l (
20

13
) a

nd
 Z

hu
 e

t a
l (

20
16

), 
St

ee
nl

an
d 

et
 a

l.(
20

15
) o

bs
er

ve
d 

no
 

si
gn

ifi
ca

nt
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
PF

O
A

 e
xp

os
ur

e 
an

d 
ris

k 
of

 m
ed

ic
at

ed
 a

st
hm

a.
.  

 
   Tw

o 
ad

di
tio

na
l s

tu
di

es
, p

ub
lis

he
d 

si
nc

e 
20

16
, s

ho
ul

d 
be

 in
cl

ud
ed

 in
 th

e 
A

TS
D

R
 d

ra
ft 

pr
of

ile
 ((

Im
pi

ne
n 

et
 a

l. 
20

18
; T

im
m

er
m

an
n 

et
 a

l. 
20

17
). 

St
ud

y 
by

 T
im

m
er

m
an

 e
t a

l. 
us

ed
 

a 
cr

os
s-

se
ct

io
na

l d
es

ig
n 

to
 e

xa
m

in
e 

th
e 

po
te

nt
ia

l a
ss

oc
ia

tio
n 

be
tw

ee
n 

pr
e-

 a
nd

 p
os

tn
at

al
 

PF
A

S 
ex

po
su

re
 a

nd
 se

lf-
re

po
rte

d 
ch

ild
ho

od
 a

st
hm

a 
in

 a
 c

oh
or

t o
f F

ar
oe

se
 c

hi
ld

re
n.

 
A

m
on

g 
22

 M
M

R
-u

nv
ac

ci
na

te
d 

ch
ild

re
n,

 a
 d

ou
bl

in
g 

of
 se

ru
m

 P
FO

A
 le

ve
ls

 (m
ea

su
re

d 
at

 
ag

e 
5)

 w
as

 si
gn

ifi
ca

nt
ly

 a
ss

oc
ia

te
d 

w
ith

 in
cr

ea
se

d 
od

ds
 o

f a
st

hm
a 

at
 a

ge
 5

 (O
R

 =
 1

0.
37

, 
95

%
C

I: 
1.

06
, 1

01
.9

3)
 a

nd
 1

3 
(O

R
 =

 9
.9

2,
 9

5%
C

I: 
1.

06
, 9

3.
22

). 
 N

o 
si

gn
ifi

ca
nt

 
as

so
ci

at
io

ns
 w

er
e 

ob
se

rv
ed

 a
m

on
g 

M
M

R
-v

ac
ci

na
te

d 
ch

ild
re

n.
  A

dd
iti

on
al

ly
, n

o 
as

so
ci

at
io

ns
 w

er
e 

ob
se

rv
ed

 b
et

w
ee

n 
m

at
er

na
l P

FO
A

 e
xp

os
ur

e 
an

d 
ch

ild
ho

od
 a

st
hm

a 
at

 
ag

e 
5 

an
d 

13
 y

ea
rs

. D
ue

 to
 th

e 
sm

al
l s

am
pl

e 
si

ze
, p

re
ci

si
on

 o
f t

he
 e

st
im

at
es

 w
as

 p
oo

r a
s 

ev
id

en
t b

y 
th

e 
w

id
e 

co
nf

id
en

ce
 in

te
rv

al
s. 

St
ud

y 
by

 Im
pi

ne
n 

et
 a

l. 
w

as
 a

 w
el

l-d
es

ig
ne

d 
pr

os
pe

ct
iv

e 
co

ho
rt 

st
ud

y 
of

 6
41

 c
hi

ld
re

n 
en

ro
lle

d 
in

 th
e 

N
or

w
eg

ia
n 

En
vi

ro
nm

en
t a

nd
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

76
 

 

C
hi

ld
ho

od
 A

st
hm

a 
(E

C
A

) b
irt

h 
co

ho
rt 

w
hi

ch
 e

xa
m

in
ed

 th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

PF
A

S 
m

ea
su

re
m

en
t f

ro
m

 c
or

d 
bl

oo
d 

an
d 

m
ed

ic
al

ly
 v

al
id

at
ed

 a
st

hm
a 

di
ag

no
si

s i
n 

ch
ild

re
n 

2 
an

d 
10

 y
ea

rs
 o

f a
ge

. I
nv

es
tig

at
or

s f
ou

nd
 n

o 
si

gn
ifi

ca
nt

 a
ss

oc
ia

tio
ns

 b
et

w
ee

n 
pr

en
at

al
 

ex
po

su
re

 to
 P

FO
A

 a
nd

 a
st

hm
a 

re
la

te
d 

ou
tc

om
es

.  
Th

is
 st

ud
y 

w
as

 st
re

ng
th

en
ed

 b
y 

its
 

pr
os

pe
ct

iv
e 

ex
po

su
re

 a
ss

es
sm

en
t a

nd
 v

al
id

at
ed

 a
st

hm
a 

di
ag

no
si

s. 
 

 3M
 C

on
cl

us
io

n 
on

 in
cr

ea
se

d 
ri

sk
 o

f a
st

hm
a 

di
ag

no
si

s 
 

Pr
os

pe
ct

iv
e 

co
ho

rt 
st

ud
ie

s h
av

e 
co

ns
is

te
nt

ly
 re

po
rte

d 
no

 a
ss

oc
ia

tio
n 

be
tw

ee
n 

PF
O

A
 a

nd
 

as
th

m
a.

 C
on

ve
rs

el
y,

 c
ro

ss
-s

ec
tio

na
l a

nd
 c

as
e-

co
ho

rt 
st

ud
ie

s a
re

 li
m

ite
d 

by
 te

m
po

ra
l 

am
bi

gu
ity

, l
ac

k 
of

 c
on

si
st

en
t f

in
di

ng
s, 

an
d 

un
va

lid
at

ed
 o

ut
co

m
e 

as
se

ss
m

en
t. 

 
C

ol
le

ct
iv

el
y,

 th
e 

ex
is

tin
g 

ep
id

em
io

lo
gi

c 
ev

id
en

ce
 d

oe
s n

ot
 su

pp
or

t a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

PF
O

A
 e

xp
os

ur
e 

an
d 

as
th

m
a 

ris
k.

  
  

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

77
 

 D
et

ai
le

d 
C

om
m

en
ts

 o
n 

In
cr

ea
se

d 
R

is
k 

of
 D

ec
re

as
ed

 F
er

til
ity

 
 A

T
SD

R
 p

os
iti

on
  

 O
n 

pa
ge

 5
 a

nd
 6

, A
TS

D
R

 w
ro

te
, “

A
lth

ou
gh

 a
 la

rg
e 

nu
m

be
r o

f e
pi

de
m

io
lo

gy
 st

ud
ie

s h
av

e 
ex

am
in

ed
 th

e 
po

te
nt

ia
l o

f p
er

flu
or

oa
lk

yl
 c

om
po

un
ds

 to
 in

du
ce

 a
dv

er
se

 h
ea

lth
 e

ff
ec

ts
, 

m
os

t o
f t

he
 st

ud
ie

s a
re

 c
ro

ss
-s

ec
tio

na
l i

n 
de

si
gn

 a
nd

 d
o 

no
t e

st
ab

lis
h 

ca
us

at
io

n.
  B

as
ed

 o
n 

a 
nu

m
be

r o
f f

ac
to

rs
 in

cl
ud

in
g 

th
e 

co
ns

is
te

nc
y 

of
 fi

nd
in

gs
 a

cr
os

s s
tu

di
es

, t
he

 a
va

ila
bl

e 
ep

id
em

io
lo

gy
 st

ud
ie

s s
ug

ge
st

 a
ss

oc
ia

tio
ns

 b
et

w
ee

n 
pe

rf
lu

or
oa

lk
yl

 e
xp

os
ur

e 
an

d 
se

ve
ra

l 
he

al
th

 o
ut

co
m

es
.”

   
A

cc
or

di
ng

 to
 th

e 
A

TS
D

R
, t

hi
s i

nc
lu

de
d 

in
cr

ea
se

d 
ris

k 
of

 d
ec

re
as

ed
 

fe
rti

lit
y 

(P
FO

A
, P

FO
S)

. T
hi

s w
as

 re
ite

ra
te

d 
on

 p
ag

e 
24

 w
he

re
 A

TS
D

R
 w

ro
te

, “
A

 
su

gg
es

tiv
e 

lin
k 

be
tw

ee
n 

se
ru

m
 P

FO
A

 a
nd

 P
FO

S 
le

ve
ls

 a
nd

 a
n 

in
cr

ea
se

d 
ris

k 
of

 d
ec

re
as

ed
 

fe
rti

lit
y 

ha
s b

ee
n 

fo
un

d.
” 

 T
ab

le
 2

-2
1 

(p
ag

es
 3

18
-3

20
) p

ro
vi

de
d 

po
in

t e
st

im
at

es
 fo

r 
se

le
ct

ed
 c

at
eg

or
ic

al
ly

-d
ef

in
ed

 P
FO

A
 o

r P
FO

S 
se

ru
m

 c
on

ce
nt

ra
tio

ns
 th

at
 a

re
 so

m
et

im
es

 
st

ra
tif

ie
d 

by
 th

e 
su

bg
ro

up
s p

ar
ou

s o
r n

ul
lip

ar
ou

s. 
Pa

ge
 3

25
-3

26
 is

 A
TS

D
R

’s
 w

rit
te

n 
de

sc
rip

tio
n 

of
 th

e 
ep

id
em

io
lo

gy
 st

ud
ie

s t
ha

t d
es

cr
ib

e 
ef

fe
ct

s o
n 

fe
rti

lit
y 

as
 re

la
te

d 
to

 
PF

O
A

.  
O

n 
pa

ge
 3

26
 is

 F
ig

ur
e 

2-
29

.  
Th

is
 fi

gu
re

 p
ro

vi
de

s a
dj

us
te

d 
fe

cu
nd

ab
ili

ty
 ra

tio
s 

(9
5%

 C
I) 

fo
rm

 P
FO

A
 fo

r 1
3 

re
fe

re
nc

es
.  

Th
es

e 
ra

tio
s w

er
e 

st
ra

tif
ie

d 
by

 p
ar

ity
 st

at
us

.  
O

n 
pa

ge
 3

27
 is

 F
ig

ur
e 

2-
30

. T
hi

s f
ig

ur
e 

pr
ov

id
es

 in
fe

rti
lit

y 
(9

5%
 C

I) 
re

la
tiv

e 
to

 P
FO

A
 fo

r 1
6 

re
fe

re
nc

es
.  

Th
is

 w
as

 st
ra

tif
ie

d 
by

 p
ar

ity
 st

at
us

. O
n 

pa
ge

 3
32

, p
ar

ag
ra

ph
 3

.  
A

TS
D

R
 

pr
ov

id
es

 it
s w

rit
te

n 
de

sc
rip

tio
n 

of
 th

e 
ep

id
em

io
lo

gy
 st

ud
ie

s t
ha

t d
es

cr
ib

e 
ef

fe
ct

s o
n 

fe
rti

lit
y 

as
 re

la
te

d 
to

 P
FO

S.
 O

n 
pa

ge
 3

33
 is

 F
ig

ur
e 

2-
31

.  
Th

is
 fi

gu
re

 p
ro

vi
de

s a
dj

us
te

d 
fe

cu
nd

ab
ili

ty
 ra

tio
s (

95
%

 C
I) 

fr
om

 P
FO

S 
fo

r 1
3 

re
fe

re
nc

es
.  

Th
es

e 
ra

tio
s w

er
e 

st
ra

tif
ie

d 
by

 p
ar

ity
 st

at
us

.  
O

n 
pa

ge
 3

34
 is

 F
ig

ur
e 

2-
32

. T
hi

s f
ig

ur
e 

pr
ov

id
es

 in
fe

rti
lit

y 
(9

5%
 C

I) 
re

la
tiv

e 
to

 P
FO

S 
fo

r 1
6 

re
fe

re
nc

es
.  

Th
is

 fi
gu

re
 w

as
 st

ra
tif

ie
d 

by
 p

ar
ity

 st
at

us
.  

W
ith

in
 th

e 
fr

am
ew

or
k 

of
 th

e 
te

xt
 o

n 
pa

ge
s 3

25
-3

26
 fo

r P
FO

A
 o

r p
ag

e 
33

2 
fo

r P
FO

S,
 th

er
e 

is
 n

o 
di

sc
us

si
on

 o
n 

ho
w

 A
TS

D
R

 e
va

lu
at

ed
 th

e 
w

ei
gh

t o
f t

he
 e

vi
de

nc
e 

to
 a

rr
iv

e 
at

 it
s 

co
nc

lu
si

on
 th

at
 th

er
e 

w
as

 a
n 

as
so

ci
at

io
n 

w
ith

 “
in

cr
ea

se
d 

ris
k 

of
 d

ec
re

as
ed

 fe
rti

lit
y 

(P
FO

A
, P

FO
S)

.”
  

 3M
 C

om
m

en
ts

  
 A

TS
D

R
 fa

ile
d 

to
 o

ff
er

 a
 c

rit
ic

al
 a

ss
es

sm
en

t o
f t

he
 e

pi
de

m
io

lo
gy

 li
te

ra
tu

re
 a

nd
 th

e 
st

ud
y 

m
et

ho
ds

 u
se

d 
re

la
te

d 
to

 fe
rti

lit
y 

an
d 

ex
po

su
re

 to
 P

FO
A

 a
nd

 P
FO

S.
  A

TS
D

R
 n

eg
le

ct
ed

 to
 

di
sc

us
s t

he
 v

er
y 

im
po

rta
nt

 m
et

ho
do

lo
gi

ca
l i

ss
ue

s s
ur

ro
un

di
ng

 th
e 

m
et

ric
 ti

m
e 

to
 

pr
eg

na
nc

y 
an

d 
w

he
n 

m
ea

su
re

d 
se

ru
m

 p
er

flu
or

oa
lk

yl
 c

on
ce

nt
ra

tio
ns

 a
re

 ta
ke

n 
in

 
nu

lli
pa

ro
us

 a
nd

 p
ar

ou
s w

om
en

.  
Th

is
 h

as
 b

ee
n 

a 
to

pi
c 

of
 c

on
si

de
ra

bl
e 

in
te

re
st

 a
nd

 
co

nt
ro

ve
rs

y 
as

 e
xt

en
si

ve
ly

 d
is

cu
ss

ed
 in

 th
e 

pe
rf

lu
or

oa
lk

yl
 li

te
ra

tu
re

 si
nc

e 
20

09
.  

In
 th

is
 

re
ga

rd
, A

TS
D

R
 n

ev
er

 e
xp

la
in

ed
 w

hy
 th

e 
st

ud
ie

s d
is

cu
ss

ed
 o

n 
pa

ge
s 3

25
-3

26
 (P

FO
A

), 
pa

ge
 3

32
 (P

FO
S)

, a
nd

 th
ei

r a
ss

oc
ia

te
d 

fig
ur

es
 a

nd
 ta

bl
es

, a
re

 st
ra

tif
ie

d 
by

 n
ul

lip
ar

ou
s o

r 
pa

ro
us

 st
at

us
.  

Th
is

 re
fle

ct
s A

TS
D

R
’s

 fa
ilu

re
 to

 p
ro

pe
rly

 a
ss

es
s t

he
 re

pr
od

uc
tiv

e 
ep

id
em

io
lo

gy
 li

te
ra

tu
re

 a
nd

 it
s m

et
ho

ds
 re

ga
rd

in
g 

PF
O

A
 a

nd
 P

FO
S,

 w
hi

ch
 p

re
cl

ud
e 

a 
co

nc
lu

si
on

 fo
r f

in
di

ng
 a

n 
as

so
ci

at
io

n 
be

tw
ee

n 
an

 in
cr

ea
se

d 
ris

k 
of

 d
ec

re
as

ed
 fe

rti
lit

y 
w

ith
 

ex
po

su
re

s t
o 

PF
O

A
 a

nd
 P

FO
S.

 
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

78
 

 

W
hi

le
 F

ei
 e

t a
l. 

(2
00

9)
 re

po
rte

d 
an

 a
ss

oc
ia

tio
n 

(th
e 

fir
st

 to
 d

o 
so

) b
et

w
ee

n 
PF

O
A

 a
nd

 a
 

de
cr

ea
se

 in
 fe

cu
nd

ab
ili

ty
 a

nd
 a

n 
in

cr
ea

se
 in

 in
fe

rti
lit

y 
w

ith
 w

om
en

 in
 th

e 
D

an
is

h 
N

at
io

na
l 

B
irt

h 
C

oh
or

t (
pa

ge
 3

30
), 

th
ey

 d
id

 n
ot

 st
ra

tif
y 

th
ei

r d
at

a 
by

 p
ar

ity
.  

Th
is

 st
ra

tif
ie

d 
an

al
ys

is
 

w
as

 p
ub

lis
he

d 
3 

ye
ar

s l
at

er
 (s

ee
 (F

ei
 e

t a
l. 

20
12

). 
C

om
m

en
ta

ry
.  

Pe
rf

lu
or

in
at

ed
 c

he
m

ic
al

s 
an

d 
tim

e 
to

 p
re

gn
an

cy
: A

 li
nk

 b
as

ed
 o

n 
re

ve
rs

e 
ca

us
at

io
n?

  E
pi

de
m

io
lo

gy
 2

3:
26

4-
26

6)
.  

Th
is

 st
ra

tif
ie

d 
an

al
ys

is
 w

as
 p

ro
m

pt
ed

 b
y 

a 
re

vi
ew

 o
f t

he
 o

rig
in

al
 F

ei
 e

t a
l. 

20
09

 
pu

bl
ic

at
io

n 
by

 (O
ls

en
 e

t a
l. 

20
09

) (
N

ot
e:

 O
ls

en
 e

t a
l. 

20
09

 w
as

 n
ev

er
 c

ite
d 

by
 A

TS
D

R
.  

Fo
r O

ls
en

 e
t a

l. 
20

09
 se

e 
Pe

rf
lu

or
oa

lk
yl

 c
he

m
ic

al
s a

nd
 h

um
an

 fe
ta

l d
ev

el
op

m
en

t: 
A

n 
ep

id
em

io
lo

gi
c 

re
vi

ew
 w

ith
 c

lin
ic

al
 a

nd
 to

xi
co

lo
gi

ca
l p

er
sp

ec
tiv

es
.  

R
ep

ro
d 

To
xi

co
l 

27
:2

12
-2

30
). 

  O
ls

en
 e

t a
l. 

w
ro

te
 (s

ee
 p

ag
e 

22
8 

of
 th

ei
r p

ap
er

.) 
th

e 
fo

llo
w

in
g 

de
sc

rib
in

g 
th

ei
r s

us
pe

ct
ed

 m
et

ho
do

lo
gi

ca
l q

ue
st

io
n 

of
 F

ei
 e

t a
l. 

20
09

: 
 

 “
An

ot
he

r t
ro

ub
lin

g 
is

su
e 

de
pi

ct
ed

 in
 F

ig
. 6

 (s
ee

 o
bt

ai
ne

d 
co

py
ri

gh
t f

ig
ur

e 
be

lo
w

) 
is

 th
at

 p
ar

ity
 is

 b
ot

h 
an

 o
ut

co
m

e 
of

 fe
cu

nd
ity

 a
nd

 a
 c

au
se

 o
f P

FC
 c

on
ce

nt
ra

tio
n:

 
th

is
 in

du
ce

s a
 c

yc
lic

 c
ha

ng
e 

th
at

 v
io

la
te

s t
he

 c
on

di
tio

ns
 o

f c
au

sa
l i

nf
er

en
ce

.  
Al

th
ou

gh
 th

is
 is

 a
n 

ar
tif

ic
ia

l c
yc

le
 th

at
 a

ri
se

s f
ro

m
 n

ot
 e

xp
lic

itl
y 

re
pr

es
en

tin
g 

th
e 

va
ri

at
io

n 
of

 P
FC

 le
ve

l o
ve

r t
im

e,
 it

 h
ig

hl
ig

ht
s t

he
 c

on
un

dr
um

 o
f t

ry
in

g 
to

 m
ak

e 
do

 
w

ith
 a

 c
ur

re
nt

 P
FC

 le
ve

l, 
w

he
n 

th
e 

ac
tu

al
 le

ve
l m

ay
 b

e 
an

 e
ar

lie
r a

nd
 so

m
ew

ha
t 

di
ffe

re
nt

 le
ve

l, 
ev

en
 w

ith
 c

om
po

un
ds

 th
at

 m
ay

 h
av

e 
lo

ng
 se

ru
m

 e
lim

in
at

io
n 

ha
lf-

liv
es

 su
ch

 a
s P

FO
S 

or
 P

FO
A.

  F
or

 e
xa

m
pl

e,
 u

nd
er

 th
e 

re
as

on
ab

le
 a

ss
um

pt
io

n 
th

at
 P

FC
 le

ve
ls

 w
ill

 b
e 

lo
w

er
 a

fte
r a

 p
re

gn
an

cy
, a

 lo
ng

er
 in

te
rv

al
 b

et
w

ee
n 

bi
rt

hs
 

w
ou

ld
 re

su
lt 

in
 m

or
e 

tim
e 

fo
r a

 w
om

an
 to

 a
bs

or
b 

PF
C

s t
ha

t c
ou

ld
 re

pl
ac

e 
th

e 
lo

ss
 

in
cu

rr
ed

 fr
om

 th
e 

bi
rt

h.
  W

om
en

 w
ho

 b
eg

in
 w

ith
 c

om
pa

ra
bl

e 
PF

C
 c

on
ce

nt
ra

tio
ns

 
an

d 
eq

ua
l p

ar
ity

 m
ay

 h
av

e 
di

ffe
re

nt
 P

FC
 c

on
ce

nt
ra

tio
ns

 a
t t

he
ir

 n
ex

t b
ir

th
 b

as
ed

 
on

 th
e 

tim
e 

th
at

 p
as

se
d 

be
tw

ee
n 

bi
rt

hs
.  

Al
l e

ls
e 

be
in

g 
eq

ua
l, 

th
os

e 
w

om
en

 w
ith

 
lo

ng
er

 T
TP

 w
ill

 h
av

e 
lo

ng
er

 in
te

rv
al

s o
f t

im
e 

be
tw

ee
n 

bi
rt

hs
 a

nd
 so

 m
ay

 h
av

e 
hi

gh
er

 P
FC

 le
ve

ls
 p

ri
or

 to
 th

e 
ne

xt
 p

re
gn

an
cy

.  
Th

is
 w

ou
ld

 re
su

lt 
in

 lo
ng

er
 T

TP
 

m
ea

su
re

m
en

ts
 a

ss
oc

ia
te

d 
w

ith
 P

FC
 le

ve
ls

, b
ut

 th
e 

di
re

ct
io

n 
of

 th
e 

ca
us

al
ity

 w
ou

ld
 

be
 b

ac
kw

ar
ds

: i
t w

ou
ld

 b
e 

th
e 

lo
ng

er
 ti

m
e 

be
tw

ee
n 

bi
rt

hs
 (i

nc
lu

di
ng

 th
e 

TP
) t

ha
t 

re
su

lte
d 

in
 h

ig
he

r P
FC

 c
on

ce
nt

ra
tio

ns
.  

Th
is

 il
lu

str
at

es
 th

e 
co

m
pl

ex
ity

 o
f s

itu
at

io
n 

th
at

 c
ou

ld
 b

e 
en

co
un

te
re

d 
w

he
n 

a 
ca

us
al

 m
od

el
 (F

ig
 6

) h
as

 a
n 

un
el

ab
or

at
ed

 ti
m

e-
de

pe
nd

en
t c

yc
lic

 c
ha

in
.”

  



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

79
 

    
   

   
   

   
   

   
   

   
  

   
 F

ro
m

 O
ls

en
 e

t a
l. 

20
09

.  
R

ep
ro

d 
To

xi
co

l 2
7:

21
2-

23
0.

 
 

G
iv

en
 th

is
 m

et
ho

do
lo

gi
ca

l i
nt

er
pr

et
at

io
n 

an
d 

qu
es

tio
n 

ra
is

ed
 b

y 
O

ls
en

 e
t a

l. 
(2

00
9)

, 
W

hi
tw

or
th

 e
t a

l. 
(2

01
2)

 e
xa

m
in

ed
 th

is
 is

su
e 

on
 fe

cu
nd

ab
ili

ty
 a

nd
 in

fe
rti

lit
y 

w
ith

 th
ei

r u
se

 
of

 th
e 

N
or

w
eg

ia
n 

M
ot

he
r a

nd
 C

hi
ld

 C
oh

or
t S

tu
dy

 (M
O

B
A

) d
at

ab
as

e.
  W

hi
le

 W
hi

tw
or

th
 

et
 a

l. 
 a

ls
o 

fo
un

d 
an

 a
ss

oc
ia

tio
n 

w
ith

 d
ec

re
as

e 
fe

cu
nd

ab
ili

ty
 a

nd
 e

xp
os

ur
e 

to
 P

FO
A

 a
nd

 
PF

O
S;

 h
ow

ev
er

, w
he

n 
th

ey
 st

ra
tif

ie
d 

th
ei

r d
at

a 
by

 p
ar

ity
 (n

ul
lip

ar
ou

s, 
pa

ro
us

), 
th

e 
as

so
ci

at
io

n 
w

as
 o

nl
y 

ob
se

rv
ed

 a
m

on
g 

pa
ro

us
 w

om
en

.  
W

hi
tw

or
th

 e
t a

l. 
w

ro
te

 th
e 

fo
llo

w
in

g 
in

 th
ei

r d
is

cu
ss

io
n:

  
 

“T
he

 d
is

cr
ep

an
t r

es
ul

ts
 w

e 
ob

se
rv

ed
 a

m
on

g 
pa

ro
us

 a
nd

 n
ul

lip
ar

ou
s w

om
en

 m
ay

 
be

 e
xp

la
in

ed
 b

y 
fa

ct
or

s r
el

at
ed

 to
 p

re
gn

an
cy

 h
is

to
ry

.  
As

 n
ot

ed
 e

ar
lie

r, 
th

er
e 

is
 a

 
co

m
pl

ex
 re

la
tio

n 
be

tw
ee

n 
a 

w
om

an
’s

 p
re

gn
an

cy
 h

is
to

ry
 a

nd
 c

ur
re

nt
 le

ve
ls

 o
f 

en
vi

ro
nm

en
ta

l t
ox

ic
an

ts
, p

ar
tic

ul
ar

ly
 w

he
n 

ex
po

su
re

s t
o 

th
e 

to
xi

ca
nt

 v
ar

y 
ov

er
 

tim
e.

  D
ue

 to
 th

e 
ph

ar
m

ac
ok

in
et

ic
s o

f P
FC

s d
ur

in
g 

pr
eg

na
nc

y 
an

d 
la

ct
at

io
n,

 a
n 

ap
pa

re
nt

 a
ss

oc
ia

tio
n 

be
tw

ee
n 

PF
C

s a
nd

 su
bf

ec
un

di
ty

 m
ay

 b
e 

pr
od

uc
ed

 e
ve

n 
w

he
n 

a 
ca

us
al

 a
ss

oc
ia

tio
n 

do
es

 n
ot

 e
xi

st
.  

It 
is

 p
os

si
bl

e 
th

at
 fo

llo
w

in
g 

th
e 

de
cr

ea
se

 in
 m

at
er

na
l P

FC
 le

ve
ls

 o
bs

er
ve

d 
du

ri
ng

 p
re

gn
an

cy
, d

el
iv

er
, a

nd
 

la
ct

at
io

n,
 th

e 
le

ve
ls

 a
ga

in
 in

cr
ea

se
 to

 b
as

el
in

e.
  T

he
re

fo
re

, a
s m

en
tio

ne
d 

ea
rl

ie
r, 

a 
lo

ng
 in

te
rv

al
 b

et
w

ee
n 

th
e 

bi
rt

h 
of

 th
e 

pr
ev

io
us

 c
hi

ld
 a

nd
 th

e 
st

ar
t o

f t
he

 n
ex

t 
pr

eg
na

nc
y 

at
te

m
pt

 w
ill

 a
llo

w
 fo

r a
 lo

ng
er

 ti
m

e 
du

ri
ng

 w
hi

ch
 le

ve
ls

 c
an

 in
cr

ea
se

-
po

te
nt

ia
l r

es
ul

tin
g 

in
 a

 n
on

ca
us

al
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
su

bf
ec

un
di

ty
 a

nd
 P

FC
 

le
ve

ls
.  

Re
su

lts
 fr

om
 w

om
en

 w
ith

 n
o 

pr
ev

io
us

 p
re

gn
an

ci
es

 m
ay

 b
e 

m
or

e 
in

fo
rm

at
iv

e 
re

ga
rd

in
g 

to
xi

c 
ef

fe
ct

s o
f t

he
se

 c
om

po
un

ds
.  

Ba
se

d 
on

 th
e 

nu
lli

pa
ro

us
 

w
om

en
 in

 o
ur

 st
ud

y,
 w

e 
fo

un
d 

no
 e

vi
de

nc
e 

of
 a

n 
ad

ve
rs

e 
ef

fe
ct

 o
n 

su
bf

ec
un

di
ty

 a
t 

th
e 

PF
C

 le
ve

ls
 in

 o
ur

 p
op

ul
at

io
n.

” 
 In

 2
01

2,
 F

ei
 e

t a
l. 

pu
bl

is
he

d 
th

ei
r s

tra
tif

ie
d 

an
al

ys
is

 b
y 

pr
eg

na
nc

y 
hi

st
or

y 
of

 th
ei

r 2
00

9 
pa

pe
r b

ec
au

se
 o

f t
he

 q
ue

st
io

n 
ra

is
ed

 b
y 

O
ls

en
 e

t a
l. 

20
09

) a
nd

 re
ga

rd
in

g 
th

e 
tim

in
g 

of
 th

e 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

80
 

 

m
ea

su
re

m
en

t o
f p

er
flu

or
in

at
ed

 c
om

po
un

ds
.  

Fe
i e

t a
l. 

(2
01

2)
 w

ro
te

 in
 th

ei
r I

nt
ro

du
ct

io
n 

th
e 

fo
llo

w
in

g:
   

 “I
n 

20
08

, w
e 

re
po

rt
ed

 th
at

 h
ig

h 
m

at
er

na
l l

ev
el

s o
f p

er
flu

or
oo

ct
at

no
at

e 
(P

O
FA

) 
an

d 
pe

rf
lu

or
oo

ct
an

e 
su

lfo
na

te
 (P

FO
S)

 w
er

e 
as

so
ci

at
ed

 w
ith

 lo
ng

er
 ti

m
e 

to
 

pr
eg

na
nc

y 
(T

TP
) i

n 
th

e 
D

an
is

h 
N

at
io

na
l B

ir
th

 C
oh

or
t. 

 R
ev

er
se

 c
au

sa
lit

y 
is

 a
 

po
ss

ib
le

 e
xp

la
na

tio
n 

fo
r t

he
 a

ss
oc

ia
tio

n,
 a

s h
as

 b
ee

n 
po

in
te

d 
ou

t b
y 

O
ls

en
 a

nd
 

co
lle

ag
ue

s. 
 E

ve
n 

w
ith

 a
ge

 a
dj

us
tm

en
t, 

pa
st

 p
re

gn
an

ci
es

 a
nd

 d
el

iv
er

ie
s m

ay
 se

rv
e 

to
 lo

w
er

 st
or

ed
 le

ve
ls

 o
f P

FO
A 

an
d 

PF
O

S.
  O

n 
av

er
ag

e,
 w

om
en

 w
ith

 lo
ng

er
 T

TP
 

w
ill

 h
av

e 
ha

d 
m

or
e 

tim
e 

to
 re

ac
cu

m
ul

at
e 

pe
rf

lu
or

in
at

ed
 c

he
m

ic
al

s (
PF

C
s)

. “
 

 Fu
rth

er
m

or
e,

 F
ei

 e
t a

l. 
(2

01
2)

 w
ro

te
, 

 “A
 d

ir
ec

te
d 

ac
yl

ic
 g

ra
ph

 (D
AG

) r
ep

re
se

nt
in

g 
th

e 
re

la
tio

ns
hi

ps
 a

m
on

g 
th

es
e 

fa
ct

or
s i

s s
ho

w
n 

in
 th

e 
Fi

gu
re

. (
pr

ov
id

ed
 b

y 
Fe

i e
t. 

al
 2

01
2)

.  
Pr

es
en

t a
nd

 p
as

t 
fe

cu
nd

ab
ili

ty
 sh

ar
e 

co
m

m
on

 d
et

er
m

in
an

ts
, a

nd
 th

os
e 

de
te

rm
in

an
ts

 c
on

fo
un

d 
th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
PF

O
A/

PF
O

S 
an

d 
pr

es
en

t f
ec

un
da

bi
lit

y.
  A

dj
us

tin
g 

fo
r p

ar
ity

 
sh

ou
ld

 se
rv

e 
to

 b
lo

ck
 th

at
 p

at
hw

ay
 a

nd
 h

en
ce

 c
on

tr
ol

 c
on

fo
un

di
ng

.  
H

ow
ev

er
, a

 
su

bt
le

ty
 n

ot
 c

ap
tu

re
 b

y 
th

e 
D

AG
 is

 th
at

 P
FO

A/
PF

O
S 

w
er

e 
no

t m
ea

su
re

d 
at

 th
e 

be
gi

nn
in

g 
of

 th
e 

at
te

m
pt

 a
t c

on
ce

pt
io

n 
(w

hi
ch

 w
ou

ld
 h

av
e 

be
en

 id
ea

l),
 b

ut
 a

t t
he

 
en

d,
 a

fte
r a

 p
re

gn
an

cy
 h

ad
 b

ee
n 

ac
hi

ev
ed

.  
Th

us
, i

n 
th

e 
av

ai
la

bl
e 

da
ta

, t
he

 
m

ea
su

re
m

en
t o

f P
FO

A/
PF

O
S 

ca
n 

po
te

nt
ia

lly
 b

e 
in

flu
en

ce
d 

by
 T

TP
 fo

r p
ar

ou
s 

w
om

en
 th

ro
ug

h 
re

ac
cu

m
ul

at
io

n 
of

 th
e 

ch
em

ic
al

s. 
 S

uc
h 

in
flu

en
ce

 p
ro

du
ce

s a
 

cy
cl

e 
in

 th
e 

gr
ap

h 
th

ro
ug

h 
th

e 
ar

ro
w

 fr
om

 T
TP

 to
 th

e 
m

ea
su

re
d 

PF
O

A/
PF

O
S.

  
H

ow
ev

er
, f

or
 n

ul
lip

ar
ou

s w
om

en
, t

ha
t a

rr
ow

 d
oe

s n
ot

 e
xi

st
 in

 a
 m

od
el

 th
at

 
ad

ju
st

s f
or

 a
ge

.”
 

 A
s t

he
 A

TS
D

R
 (p

ag
e 

32
5)

 d
is

pl
ay

ed
 in

 th
ei

r s
ub

se
qu

en
t f

ig
ur

es
, w

he
n 

th
e 

w
om

en
 w

er
e 

th
en

 c
at

eg
or

iz
ed

 b
y 

pa
rit

y,
 d

ec
re

as
ed

 fe
cu

nd
ab

ili
ty

 O
R

 a
nd

 in
cr

ea
se

d 
in

fe
rti

lit
y 

O
R

s w
er

e 
m

or
e 

of
te

n 
fo

un
d 

in
 th

e 
pa

ro
us

 w
om

en
 a

nd
 th

es
e 

ris
ks

 a
tte

nu
at

ed
 m

or
e 

to
w

ar
ds

 th
e 

nu
ll 

am
on

g 
nu

lli
pa

ro
us

 w
om

en
.  

[N
ot

e:
 th

e 
as

so
ci

at
io

n 
re

m
ai

ne
d 

af
te

r s
tra

tif
ic

at
io

n 
fo

r p
ar

ity
 

w
ith

 P
FO

S 
in

 th
e 

Fe
i e

t a
l. 

20
12

 st
ud

y.
]  

 F
ei

 e
t a

l. 
su

rm
is

ed
 th

ei
r s

tu
dy

 sh
ow

ed
 li

m
ite

d 
ev

id
en

ce
 fo

r r
ev

er
se

 c
au

sa
tio

n 
as

 a
n 

ex
pl

an
at

io
n 

fo
r t

he
ir 

re
su

lts
 a

nd
 w

el
co

m
ed

 fu
rth

er
 

st
ud

ie
s. 

  
 A

TS
D

R
 w

as
 c

or
re

ct
 th

at
 th

er
e 

w
er

e 
ad

di
tio

na
l a

na
ly

se
s o

f t
hi

s p
ar

tic
ul

ar
 D

an
is

h 
N

at
io

na
l 

B
irt

h 
C

oh
or

t b
y 

B
ac

h 
et

 a
l. 

(2
01

5)
.  

Th
er

e 
w

as
 a

n 
up

da
te

d 
an

al
ys

is
 o

f t
he

 o
rig

in
al

 sa
m

pl
e 

n 
= 

11
61

 a
s w

el
l a

s a
n 

ad
di

tio
na

l 4
40

 w
om

en
 in

cl
ud

ed
.  

B
ac

h 
et

 a
l. 

w
ro

te
 “

th
e 

po
ol

ed
 

an
al

ys
es

 (b
ot

h 
sa

m
pl

es
) w

er
e 

dr
iv

en
 b

y 
th

e 
la

rg
er

 o
ld

 sa
m

pl
e,

 b
ut

 w
e 

di
d 

no
t c

or
ro

bo
ra

te
 

ou
r p

re
vi

ou
s f

in
di

ng
 o

f a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

hi
gh

 P
FO

S 
an

d 
lo

ng
er

 T
TP

 in
 th

e 
ne

w
 

sa
m

pl
e.

  T
he

 te
nd

en
cy

 to
w

ar
ds

 a
n 

as
so

ci
at

io
n 

fo
r P

FO
A 

an
d 

TT
P 

in
 p

ar
ou

s w
om

en
 m

ay
 

be
 d

ue
 to

 re
ve

rs
e 

ca
us

at
io

n.
” 

 In
 A

TD
SR

’s
 d

is
cu

ss
io

n 
(s

ee
 p

ag
e 

32
5)

, A
TS

D
R

 fa
ile

d 
to

 
re

co
gn

iz
e 

th
is

 is
su

e 
of

 ‘r
ev

er
se

 c
au

sa
tio

n’
 a

m
on

g 
pa

ro
us

 w
om

en
 w

ith
 T

TP
 a

nd
 P

FO
A

. 
 A

dd
iti

on
al

 st
ud

ie
s w

er
e 

fo
rth

co
m

in
g 

in
cl

ud
in

g,
 a

s A
TS

D
R

 n
ot

es
 (p

ag
e 

32
8)

, s
tu

di
es

 b
y,

 
(J

or
ge

ns
en

 e
t a

l. 
20

14
) a

nd
 (V

es
te

rg
aa

rd
 e

t a
l. 

20
12

)th
at

 re
po

rte
d 

no
 a

ss
oc

ia
tio

ns
.  



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

81
 

 

A
TS

D
R

 d
id

 n
ot

 in
cl

ud
e 

th
e 

pr
ep

la
nn

er
 st

ud
y 

by
 B

uc
k 

Lo
ui

s e
t a

l (
20

13
) w

hi
ch

 sh
ow

ed
 

no
 a

ss
oc

ia
tio

n 
w

ith
 fe

cu
nd

ab
ili

ty
 fo

r P
FO

A
 (a

dj
us

te
d 

od
ds

 ra
tio

 0
.9

4,
 9

5%
 C

I 0
.8

1 
– 

1.
10

) o
r P

FO
S 

(a
dj

us
te

d 
od

ds
 ra

tio
 0

.9
9 

(9
5 

C
I 0

.8
5 

– 
1.

17
). 

B
uc

k 
Lo

ui
s e

t a
l. 

di
d 

sh
ow

 
an

 a
ss

oc
ia

tio
n 

w
ith

 P
FO

SA
 (t

he
 p

rim
ar

y 
am

id
e 

of
 P

FO
S)

 b
ut

 th
is

 fi
nd

in
g 

w
as

 d
iff

ic
ul

t t
o 

in
te

rp
re

t b
ec

au
se

 9
0%

 o
f t

he
 m

ea
su

re
m

en
ts

 fo
r P

FO
SA

 w
er

e 
be

lo
w

 th
e 

lim
it 

of
 d

et
ec

tio
n.

  
A

no
th

er
 st

ud
y 

by
 W

hi
tw

or
th

 (2
01

6)
 o

nl
y 

re
po

rte
d 

a 
w

ea
k 

de
cr

ea
se

d 
fe

cu
nd

ab
ili

ty
 o

dd
s 

ra
tio

 w
ith

 P
FO

SA
 (i

nt
er

qu
ar

til
e 

di
st

an
ce

 w
as

 0
.9

1 
(9

5%
 C

I 0
.7

1 
– 

1.
17

) a
m

on
g 

pr
im

ip
ar

ou
s w

om
en

.  
 N

ei
th

er
 o

f t
he

se
 st

ud
ie

s (
B

uc
k 

Lo
ui

s 2
01

3 
or

 W
hi

tm
or

e 
20

16
) 

w
er

e 
ci

te
d 

in
 th

e 
dr

af
t A

TS
D

R
 2

01
8 

do
cu

m
en

t. 
 Fi

na
lly

, V
él

ez
 e

t a
l. 

(2
01

5)
 c

on
cl

ud
ed

 th
er

e 
w

as
 re

du
ce

d 
fe

cu
nd

ity
 w

ith
 P

FO
A

 (n
ot

 
PF

O
S)

 in
 th

e 
M

IR
EC

 st
ud

y.
  U

nl
ik

e 
m

an
y 

ot
he

r s
tu

di
es

 d
is

cu
ss

ed
 a

bo
ve

, h
ow

ev
er

, V
él

ez
 

et
 a

l. 
ch

os
e 

no
t t

o 
ad

ju
st

 o
r s

tra
tif

y 
th

ei
r a

na
ly

se
s f

or
 p

ar
ity

 w
he

n 
st

ud
yi

ng
 th

e 
po

te
nt

ia
l 

ad
ve

rs
e 

re
pr

od
uc

tiv
e 

ef
fe

ct
s (

de
cr

ea
se

d 
fe

cu
nd

ab
ili

ty
, i

nf
er

til
ity

) a
s t

he
y 

re
as

on
ed

 th
at

 
co

nd
iti

on
in

g 
on

 p
ar

ity
 w

ou
ld

 in
tro

du
ce

 o
ve

r a
dj

us
tm

en
t t

hr
ou

gh
 c

ol
lid

er
 st

ra
tif

ic
at

io
n 

bi
as

. V
él

ez
 e

t a
l. 

m
ai

nt
ai

ne
d 

th
is

 a
rg

um
en

t i
n 

a 
le

tte
r t

o 
th

e 
ed

ito
r (

no
t c

ite
d 

by
 A

TS
D

R
) 

w
he

n 
th

ey
 c

rit
ic

iz
ed

 B
ac

h 
et

 a
l. 

(2
01

5)
 b

y 
ha

vi
ng

 re
st

ric
te

d 
th

ei
r a

na
ly

se
s o

f s
er

um
 

pe
rf

lu
or

oa
lk

yl
 a

ci
ds

 a
nd

 T
TP

 to
 1

,3
72

 w
om

en
 fr

om
 th

e 
A

ar
hu

s B
irt

h 
C

oh
or

t. 
 In

 th
is

 
st

ud
y,

 B
ac

h 
et

 a
l. 

re
po

rte
d 

th
er

e 
w

as
 n

o 
ev

id
en

ce
 o

f a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

TT
P 

an
d 

se
ru

m
 le

ve
ls

 o
f P

FO
A

 (o
dd

s r
at

io
 1

.1
0;

 9
5%

 C
I 0

.9
3-

1.
30

) a
nd

 P
FO

S 
(o

dd
s r

at
io

 1
.0

9;
 

95
%

 C
I -

0.
95

-1
.2

9)
.  

B
ac

h 
et

 a
l. 

(2
01

6)
 (n

ot
 c

ite
d 

by
 A

TS
D

R
) a

rg
ue

d 
th

at
 if

 p
ar

ity
 is

 n
ot

 
co

nd
iti

on
ed

 o
n,

 re
ve

rs
e 

ca
us

al
ity

 m
ay

 st
ill

 b
e 

a 
sp

ur
io

us
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
PF

A
S 

le
ve

ls
 

an
d 

TT
P 

in
 p

ar
ou

s w
om

en
 d

ue
 to

 re
ac

cu
m

ul
at

io
n 

is
su

es
 a

dd
re

ss
ed

 a
bo

ve
.  

Su
bs

eq
ue

nt
ly

, 
B

ac
h 

et
 a

l. 
(2

01
6b

) (
no

t c
ite

d 
by

 A
TS

D
R

) c
on

du
ct

ed
 a

 sy
st

em
at

ic
 re

vi
ew

 o
f P

FA
S 

an
d 

m
ea

su
re

s o
f h

um
an

 fe
rti

lit
y,

 in
cl

ud
in

g 
fe

cu
nd

ab
ili

ty
 a

nd
 in

fe
rti

lit
y.

  T
he

y 
re

po
rte

d 
8 

st
ud

ie
s t

ha
t e

xa
m

in
ed

 th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

PF
A

S 
an

d 
TT

P.
  O

nl
y 

on
e 

st
ud

y 
fo

un
d 

an
 

as
so

ci
at

io
n 

w
he

n 
re

st
ric

te
d 

to
 n

ul
lip

ar
ou

s w
om

en
; 4

 st
ud

ie
s r

ep
or

te
d 

an
 a

ss
oc

ia
tio

n 
w

ith
 

pa
ro

us
 w

om
en

.  
B

ac
h 

et
 a

l. 
co

nc
lu

de
d 

th
e 

la
tte

r w
as

 li
ke

ly
 n

ot
 c

au
sa

l b
ut

 a
 re

su
lt 

of
 

re
ve

rs
e 

ca
us

at
io

n 
an

d 
un

m
ea

su
re

d 
co

nf
ou

nd
in

g 
re

la
te

d 
to

 p
rio

r p
re

gn
an

ci
es

 a
nd

 
ch

ild
bi

rth
s t

ha
t c

ou
ld

 in
flu

en
ce

 th
e 

m
ea

su
re

m
en

t o
f P

FA
S.

   
 G

iv
en

 th
e 

ab
ov

e 
di

sc
us

si
on

 in
 th

e 
lit

er
at

ur
e 

an
d 

th
e 

om
is

si
on

 b
y 

A
TS

D
R

 o
f d

is
cu

ss
io

n 
of

 
th

es
e 

ab
ov

e 
m

et
ho

do
lo

gi
ca

l i
ss

ue
s, 

A
TS

D
R

 d
oe

s n
ot

 a
pp

ea
r t

o 
ha

ve
 d

oc
um

en
te

d 
or

 
co

nd
uc

te
d 

an
 a

pp
ro

pr
ia

te
 w

ei
gh

t-o
f-

th
e-

ev
id

en
ce

 a
ss

es
sm

en
t. 

 T
he

se
 m

et
ho

do
lo

gi
ca

l 
is

su
es

, a
na

ly
se

s a
nd

 in
si

gh
ts

 h
av

e 
be

en
 e

xt
en

si
ve

ly
 d

is
cu

ss
ed

 si
nc

e 
20

09
.  

A
TS

D
R

 sh
ou

ld
 

re
co

ns
id

er
 it

s a
ss

es
sm

en
t a

s t
he

re
 is

 a
n 

in
su

ff
ic

ie
nt

 b
as

is
 to

 c
on

cl
ud

e 
th

at
 th

er
e 

is
 a

n 
“i

nc
re

as
ed

 ri
sk

 o
f d

ec
re

as
ed

 fe
rti

lit
y 

(P
FO

A
, P

FO
S)

” 
ba

se
d 

on
 a

 th
or

ou
gh

 e
xa

m
in

at
io

n 
of

 
th

is
 p

ub
lis

he
d 

ep
id

em
io

lo
gy

 li
te

ra
tu

re
. 

 3M
 C

on
cl

us
io

n 
on

 in
cr

ea
se

d 
ri

sk
 o

f d
ec

re
as

ed
 fe

rt
ili

ty
 

 Th
er

e 
is

 n
o 

as
so

ci
at

io
n 

of
 a

n 
in

cr
ea

se
 in

 d
ec

re
as

ed
 fe

rti
lit

y,
 w

he
n 

an
al

yz
ed

 a
s t

he
 m

et
ric

 
tim

e 
to

 p
re

gn
an

cy
, i

n 
nu

lli
pa

ro
us

 w
om

en
 fo

r P
FO

A
 o

r P
FO

S 
ex

po
su

re
.  

A
 lo

ng
er

 ti
m

e 
pe

rio
d 

be
tw

ee
n 

th
e 

bi
rth

 o
f t

he
 p

re
vi

ou
s c

hi
ld

 a
nd

 th
e 

st
ar

t o
f t

he
 n

ex
t p

re
gn

an
cy

 a
tte

m
pt

 
w

ill
 a

llo
w

 fo
r a

 g
re

at
er

 p
ot

en
tia

l f
or

 re
ac

cu
m

ul
at

io
n 

of
 P

FO
A

 o
r P

FO
S.

  T
hi

s c
ou

ld
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

82
 

 

po
te

nt
ia

lly
 re

su
lt 

in
 n

on
ca

us
al

 a
ss

oc
ia

tio
ns

 o
bs

er
ve

d 
in

 p
ar

ou
s w

om
en

 w
he

n 
as

se
ss

in
g 

su
bf

ec
un

di
ty

 b
y 

th
e 

m
et

ric
 o

f t
im

e 
to

 p
re

gn
an

cy
 w

ith
 P

FO
A

 o
r P

FO
S.

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

83
 

 

D
et

ai
le

d 
C

om
m

en
ts

 o
n 

L
ow

er
 B

ir
th

 W
ei

gh
t 

 A
T

SD
R

 p
os

iti
on

  
 O

n 
pa

ge
 5

 a
nd

 6
, A

TS
D

R
 w

ro
te

, “
A

lth
ou

gh
 a

 la
rg

e 
nu

m
be

r o
f e

pi
de

m
io

lo
gy

 st
ud

ie
s h

av
e 

ex
am

in
ed

 th
e 

po
te

nt
ia

l o
f p

er
flu

or
oa

lk
yl

 c
om

po
un

ds
 to

 in
du

ce
 a

dv
er

se
 h

ea
lth

 e
ff

ec
ts

, 
m

os
t o

f t
he

 st
ud

ie
s a

re
 c

ro
ss

-s
ec

tio
na

l i
n 

de
si

gn
 a

nd
 d

o 
no

t e
st

ab
lis

h 
ca

us
at

io
n.

  B
as

ed
 o

n 
a 

nu
m

be
r o

f f
ac

to
rs

 in
cl

ud
in

g 
th

e 
co

ns
is

te
nc

y 
of

 fi
nd

in
gs

 a
cr

os
s s

tu
di

es
, t

he
 a

va
ila

bl
e 

ep
id

em
io

lo
gy

 st
ud

ie
s s

ug
ge

st
 a

ss
oc

ia
tio

ns
 b

et
w

ee
n 

pe
rf

lu
or

oa
lk

yl
 e

xp
os

ur
e 

an
d 

se
ve

ra
l 

he
al

th
 o

ut
co

m
es

.”
   

A
cc

or
di

ng
 to

 th
e 

A
TS

D
R

, t
hi

s i
nc

lu
de

s “
sm

al
l (

<2
0 

g 
or

 0
.7

 o
un

ce
s 

pe
r 1

 n
g/

m
L 

in
cr

ea
se

 in
 b

lo
od

 p
er

flu
or

oa
lk

yl
 le

ve
l) 

de
cr

ea
se

s i
n 

bi
rth

 w
ei

gh
t (

PF
O

A
, 

PF
O

S)
.”

  S
im

ila
r s

ta
te

m
en

t w
as

 p
ro

vi
de

d 
on

 p
ag

e 
25

.  
Ta

bl
e 

2-
23

 p
ro

vi
de

s a
 su

m
m

ar
y 

of
 

ep
id

em
io

lo
gi

c 
st

ud
ie

s t
ha

t e
va

lu
at

ed
 b

irt
h 

ou
tc

om
es

 in
 h

um
an

s. 
 O

n 
pa

ge
 3

77
, A

TS
D

R
 

st
at

es
, “

m
ix

ed
 re

su
lts

 h
av

e 
be

en
 fo

un
d 

fo
r b

irt
h 

ou
tc

om
es

, p
ar

tic
ul

ar
ly

 b
irt

h 
w

ei
gh

t. 
 

So
m

e 
ep

id
em

io
lo

gy
 st

ud
ie

s h
av

e 
fo

un
d 

as
so

ci
at

io
ns

 b
et

w
ee

n 
m

at
er

na
l P

FO
A

 o
r P

FO
S 

ex
po

su
re

 a
nd

 d
ec

re
as

es
 in

 b
irt

h 
w

ei
gh

t, 
an

d 
m

et
a-

an
al

ys
es

 o
f t

he
se

 d
at

a 
ha

ve
 fo

un
d 

th
at

 
in

cr
ea

se
s i

n 
m

at
er

na
l P

FO
A

 o
r P

FO
S 

w
er

e 
as

so
ci

at
ed

 w
ith

 1
5-

19
 g

 o
r 5

 g
 d

ec
re

as
es

 in
 

bi
rth

 w
ei

gh
t, 

re
sp

ec
tiv

el
y;

 a
cc

ou
nt

in
g 

fo
r m

at
er

na
l g

lo
m

er
ul

ar
 fi

ltr
at

io
n 

ra
te

 a
tte

nu
at

ed
 

th
es

e 
re

su
lts

 b
y 

ab
ou

t 5
0%

.”
  O

n 
pa

ge
 3

81
, A

TS
D

R
 b

rie
fly

 d
is

cu
ss

ed
 th

e 
m

et
a-

an
al

ys
es

 
of

 Jo
hn

so
n 

et
 a

l. 
(2

01
4)

 fo
r P

FO
A

 a
nd

 V
er

ne
r e

t a
l. 

(2
01

5)
 fo

r P
FO

A
 a

nd
 P

FO
S.

   
In

 th
e 

Jo
hn

so
n 

et
 a

l. 
m

et
a-

an
al

ys
is

, t
he

y 
re

po
rte

d 
an

 e
st

im
at

e 
of

 -1
8.

9 
g 

(9
5%

 C
C

 -2
9.

8,
 -7

.9
) 

ch
an

ge
 in

 b
irt

h 
w

ei
gh

t p
er

 1
 n

g/
m

L 
in

cr
ea

se
 in

 se
ru

m
 o

r p
la

sm
a 

PF
O

A
. U

si
ng

 n
ot

 q
ui

te
 

th
e 

sa
m

e 
nu

m
be

r o
f s

tu
di

es
, V

er
ne

r e
t a

l. 
pr

ov
id

ed
 a

n 
es

tim
at

e 
of

 a
 -1

4.
72

 g
 c

ha
ng

e 
in

 
bi

rth
 w

ei
gh

t (
95

%
 C

I -
21

.6
6,

 - 
7.

78
) p

er
 n

g/
m

L 
PF

O
A

.  
Th

ro
ug

h 
PB

PK
 m

od
el

 
si

m
ul

at
io

ns
, t

he
y 

es
tim

at
ed

 th
at

 ta
ki

ng
 in

to
 a

cc
ou

nt
 th

e 
m

at
er

na
l g

lo
m

er
ul

ar
 fi

ltr
at

io
n 

ra
te

 
w

ou
ld

 re
du

ce
 th

is
 e

st
im

at
e 

to
 -7

.9
2 

g 
ch

an
ge

 (9
5%

 C
I -

9.
42

, -
6.

43
) p

er
 n

g/
m

L 
PF

O
A

 
m

ea
su

re
d 

at
 d

el
iv

er
y 

an
d 

-7
.1

3 
g 

ch
an

ge
 (9

5%
 C

I -
8.

46
, -

5.
80

) p
er

 n
g/

m
L 

PF
O

A
 

m
ea

su
re

d 
in

 c
or

d 
bl

oo
d.

  F
or

 P
FO

S,
 Jo

hn
so

n 
di

d 
no

t p
ro

vi
de

 a
 m

et
a-

an
al

ys
is

 e
st

im
at

e 
bu

t 
V

er
ne

r e
t a

l. 
di

d 
at

 -5
.0

0 
g 

ch
an

ge
 (9

5%
 C

I -
8.

92
, -

1.
09

) p
er

 n
g/

m
L 

PF
O

S 
th

at
 w

ou
ld

 
at

te
nu

at
e 

to
 -1

.4
6 

g 
ch

an
ge

 (-
18

1,
 -1

.1
1)

 p
er

 n
g/

m
L 

PF
O

S 
m

ea
su

re
d 

at
 d

el
iv

er
y 

an
d 

-2
.7

2 
g 

ch
an

ge
 (9

5%
 C

I -
3.

40
, -

2.
04

) p
er

 n
g/

m
L 

PF
O

S 
m

ea
su

re
d 

in
 c

or
d 

bl
oo

d.
 

 3M
 C

om
m

en
ts

   
 A

TS
D

R
 b

rie
fly

 d
is

cu
ss

ed
 tw

o 
m

et
a-

an
al

ys
es

 c
on

du
ct

ed
 b

y 
Jo

hn
so

n 
et

 a
l. 

(2
01

4)
 a

nd
 

V
er

ne
r e

t a
l. 

(2
01

5)
.  

 A
TS

D
R

 p
ro

vi
de

d 
no

 h
is

to
ric

al
 c

on
te

xt
 to

 th
es

e 
tw

o 
st

ud
ie

s. 
 

U
nf

or
tu

na
te

ly
, s

ev
er

al
 im

po
rta

nt
 is

su
es

 w
er

e 
no

t d
is

cu
ss

ed
 b

y 
A

TS
D

R
 th

at
 a

re
 c

rit
ic

al
 to

 
de

ci
di

ng
 w

he
th

er
 su

ff
ic

ie
nt

 in
fo

rm
at

io
n 

ex
is

ts
 to

 e
ve

n 
de

sc
rib

e 
w

he
th

er
 a

n 
as

so
ci

at
io

n 
ex

is
ts

.  
In

 a
dd

iti
on

, t
w

o 
ad

di
tio

na
l m

et
a-

an
al

ys
es

 w
er

e 
no

t c
on

si
de

re
d 

by
 A

TS
D

R
 ((

N
eg

ri 
et

 a
l. 

20
17

; S
te

en
la

nd
 e

t a
l. 

20
18

). 
 T

he
 la

tte
r w

as
 re

ce
nt

ly
 re

le
as

ed
 in

 a
bs

tra
ct

 fo
rm

 in
 th

e 
jo

ur
na

l E
pi

de
m

io
lo

gy
 a

nd
 is

 c
rit

ic
al

 to
 u

nd
er

st
an

di
ng

 w
he

th
er

 a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

lo
w

er
 b

irt
h 

w
ei

gh
t a

nd
 P

FO
A

 is
 li

ke
ly

 to
 e

ve
n 

ex
is

t, 
le

t a
lo

ne
 b

e 
bi

ol
og

ic
al

ly
 re

le
va

nt
 

(s
ee

 A
TS

D
R

 T
ox

ic
ol

og
ic

al
 P

ro
fil

e,
 p

ag
e 

57
3.

 
 Fi

rs
t, 

as
 a

 m
in

or
 p

oi
nt

, A
TS

D
R

 st
at

ed
 th

er
e 

w
er

e 
7 

pa
pe

rs
 in

cl
ud

ed
 in

 th
e 

m
et

a-
an

al
ys

is
 

by
 Jo

hn
so

n 
et

 a
l. 

(2
01

4)
 w

he
re

as
 th

er
e 

w
er

e 
9 

pa
pe

rs
.  

N
ot

 c
ite

d 
by

 A
TS

D
R

 w
er

e 
th

e 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

84
 

 

W
as

hi
no

 e
t a

l. 
(2

00
9)

 a
nd

 W
hi

tw
or

th
 e

t a
l. 

(2
01

2)
 p

ub
lic

at
io

ns
 c

on
si

de
re

d 
by

 Jo
hn

so
n 

et
 

al
.  

Th
us

, t
he

 o
nl

y 
di

ff
er

en
ce

 b
et

w
ee

n 
Jo

hn
so

n 
et

 a
l. 

(2
01

4)
 a

nd
 V

er
ne

r e
t a

l. 
(2

01
5)

 m
et

a 
an

al
ys

es
 w

er
e 

th
e 

in
cl

us
io

n 
of

 th
e 

Fr
om

m
e 

et
 a

l. 
(2

01
0)

 a
nd

 K
im

 e
t a

l. 
(2

01
1)

 p
ap

er
s b

y 
Jo

hn
so

n 
bu

t n
ot

 b
y 

V
er

ne
r e

t a
l. 

(2
01

5)
.  

Fr
om

m
e 

et
 a

l. 
(2

01
0)

 a
nd

 K
im

 e
t a

l. 
(2

01
1)

 w
er

e 
sm

al
l s

tu
di

es
 w

ho
se

 p
oi

nt
 e

st
im

at
es

 fo
r r

ep
or

te
d 

bi
rth

 w
ei

gh
ts

 w
er

e 
la

rg
e 

bu
t h

ig
hl

y 
im

pr
ec

is
e 

(s
ee

 F
ig

ur
e 

5 
in

 Jo
hn

so
n 

et
 a

l.)
.  

 V
er

ne
r e

t a
l. 

di
d 

no
t c

on
si

de
r t

he
se

 tw
o 

pa
pe

rs
 a

nd
 su

bs
eq

ue
nt

ly
 V

er
ne

r r
ep

or
te

d 
a 

lo
w

er
 m

et
a-

an
al

ys
is

 p
oi

nt
 e

st
im

at
e 

of
 1

4.
7 

gm
 

(9
5%

 C
I -

21
.6

6,
 -7

.7
8)

 b
irt

h 
pe

r n
g/

m
L 

PF
O

A
 in

 th
ei

r m
et

a-
an

al
ys

is
 th

an
 d

id
 Jo

hn
so

n 
et

 
al

. w
ho

 re
po

rte
d 

-1
8.

91
 (9

5%
 C

I -
29

.8
 to

 -7
.9

) b
irt

h 
pe

r n
g/

m
L 

PF
O

A
. 

 A
 m

or
e 

cr
iti

ca
lly

 im
po

rta
nt

 d
iff

er
en

ce
 b

et
w

ee
n 

th
e 

Jo
hn

so
n 

et
 a

l. 
an

d 
V

er
ne

r e
t a

l. 
pa

pe
rs

 
w

as
 th

e 
fa

ct
 th

at
 Jo

hn
so

n 
et

 a
l. 

(s
ee

 a
ls

o 
(L

am
 e

t a
l. 

20
14

))
 st

at
ed

 th
ey

 fo
un

d 
“l

im
ite

d 
an

d 
in

co
ns

is
te

nt
 d

at
a 

th
at

 w
er

e 
in

ad
eq

ua
te

 to
 d

ra
w

 c
on

cl
us

io
ns

 o
n 

th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

fe
ta

l g
ro

w
th

 a
nd

 g
lo

m
er

ul
ar

 fi
ltr

at
io

n 
ra

te
 (G

FR
).”

  A
TS

D
R

 sh
ou

ld
 a

ls
o 

in
cl

ud
e 

th
e 

La
m

 
et

 a
l. 

(2
01

4)
 p

ap
er

 fo
r t

he
 b

ac
kg

ro
un

d 
th

at
 le

d 
to

 th
is

 c
on

cl
us

io
n 

as
 w

el
l a

s t
he

ir 
sy

st
em

at
ic

 re
vi

ew
 o

f f
et

al
 g

ro
w

th
 a

nd
 m

at
er

na
l G

FR
 b

y 
V

es
te

rin
en

 e
t a

l. 
(2

01
5)

 (w
hi

ch
 

in
cl

ud
ed

 m
os

t o
f t

he
 a

ut
ho

rs
 o

f J
oh

ns
on

 e
t a

l (
20

14
) a

nd
 L

am
 e

t a
l. 

(2
01

4)
.  

Th
e 

hy
po

th
es

is
 (d

is
cu

ss
ed

 b
y 

bo
th

 Jo
hn

so
n 

et
 a

l. 
an

d 
V

er
ne

r e
t a

l.)
 w

as
 th

at
 th

e 
in

cr
ea

se
 in

 
pl

as
m

a 
vo

lu
m

e 
ex

pa
ns

io
n 

th
at

 o
cc

ur
s i

n 
ea

rly
 to

 fi
rs

t t
rim

es
te

r w
ill

 re
su

lt 
in

 a
n 

in
cr

ea
se

 
in

 th
e 

m
at

er
na

l g
lo

m
er

ul
ar

 fi
ltr

at
io

n 
ra

te
, b

ut
 le

ss
 so

 in
 m

ot
he

rs
 o

f l
ow

er
 w

ei
gh

t b
irt

hs
 

(c
om

pa
re

d 
to

 m
ot

he
rs

 o
f h

ig
he

r w
ei

gh
t b

irt
hs

 d
ur

in
g 

th
ei

r p
re

gn
an

cy
). 

 A
s a

 re
su

lt,
 th

e 
fo

rm
er

 w
ou

ld
 h

av
e 

hi
gh

er
 P

FA
S 

co
nc

en
tra

tio
ns

 re
ta

in
ed

 d
ue

 to
 le

ss
 P

FA
S 

el
im

in
at

ed
 v

ia
 

th
e 

ki
dn

ey
 b

ec
au

se
 o

f t
he

 c
om

pa
ra

bl
y 

lo
w

er
 m

at
er

na
l G

FR
.  

 
 Th

us
, G

FR
 w

ou
ld

 b
e 

an
 im

po
rta

nt
 c

on
fo

un
de

r t
ha

t c
ou

ld
 in

flu
en

ce
 th

e 
as

so
ci

at
io

n 
be

tw
ee

n 
bi

rth
 w

ei
gh

t a
nd

 m
ea

su
re

d 
PF

O
A

 o
r P

FO
S 

in
 m

at
er

na
l o

r c
or

d 
bl

oo
d.

 In
 th

ei
r 

sy
st

em
at

ic
 re

vi
ew

 o
f f

et
al

 g
ro

w
th

 a
nd

 m
at

er
na

l G
FR

, V
es

te
rin

en
 e

t a
l. 

di
d 

no
t i

nc
lu

de
 th

e 
la

rg
es

t p
ub

lis
he

d 
st

ud
y 

(M
or

ke
n 

et
 a

l. 
20

14
) t

o 
ex

am
in

e 
th

is
 re

la
tio

ns
hi

p 
be

ca
us

e 
it 

w
as

 
pu

bl
is

he
d 

af
te

r t
he

ir 
re

vi
ew

.  
M

or
ke

n 
et

 a
l. 

ex
am

in
ed

 a
 su

bc
oh

or
t o

f 9
53

 se
le

ct
ed

 w
om

en
 

(4
70

 w
om

en
 w

ith
 a

nd
 4

83
 w

om
en

 w
ith

ou
t p

re
ec

la
m

ps
ia

 in
 th

e 
N

or
w

eg
ia

n 
M

ot
he

r C
hi

ld
 

C
oh

or
t s

tu
dy

) a
nd

 re
po

rte
d 

an
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
m

at
er

na
l G

FR
 d

ur
in

g 
pr

eg
na

nc
y 

an
d 

in
fa

nt
 b

irt
h 

w
ei

gh
t t

hu
s s

ho
w

in
g 

G
FR

 c
ou

ld
, i

nd
ee

d,
 c

on
fo

un
d 

se
le

ct
ed

 e
pi

de
m

io
lo

gi
c 

as
so

ci
at

io
ns

.  
[N

ot
e:

 th
is

 o
ne

 st
ud

y 
by

 M
or

ke
n 

et
 a

l. 
eq

ua
le

d 
th

e 
en

tir
e 

si
ze

 o
f t

he
 

da
ta

ba
se

 th
at

 V
es

te
rin

en
 e

t a
l. 

re
vi

ew
ed

 in
 th

ei
r m

et
a-

an
al

ys
is

 o
f 1

6 
ve

ry
 sm

al
l s

tu
di

es
 

th
at

 w
er

e 
pu

bl
is

he
d 

in
 th

e 
sc

ie
nt

ifi
c 

lit
er

at
ur

e 
on

 fe
ta

l g
ro

w
th

 a
nd

 m
at

er
na

l G
FR

.  
A

s w
ith

 
ve

ry
 sm

al
l s

tu
di

es
, t

he
y 

la
ck

ed
 st

at
is

tic
al

 p
ow

er
.] 

 B
ec

au
se

 th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

fe
ta

l g
ro

w
th

 a
nd

 m
at

er
na

l G
FR

 w
as

 sh
ow

n 
in

 M
or

ke
n 

et
 

al
., 

V
er

ne
r e

t a
l. 

th
en

 u
til

iz
ed

 a
n 

es
ta

bl
is

he
d 

PB
PK

 m
od

el
 to

 e
xa

m
in

e 
th

e 
in

flu
en

ce
 th

at
 

G
FR

 m
ay

 h
av

e 
on

 si
m

ul
at

ed
 m

at
er

na
l s

er
um

 c
on

ce
nt

ra
tio

ns
 b

as
ed

 o
n 

th
e 

ep
id

em
io

lo
gi

c 
da

ta
.  

Th
ey

 su
bs

eq
ue

nt
ly

 re
po

rte
d 

th
at

 th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

si
m

ul
at

ed
 m

at
er

na
l a

nd
 

co
rd

 p
la

sm
a 

PF
O

A
 le

ve
ls

 a
nd

 b
irt

h 
w

ei
gh

t w
as

 d
ep

en
de

nt
 o

n 
th

e 
tim

e 
el

ap
se

d 
af

te
r 

co
nc

ep
tio

n.
 T

hi
s c

rit
ic

al
 is

su
e 

w
as

 n
ot

 m
en

tio
ne

d 
by

 th
e 

A
TS

D
R

.  
Th

e 
as

so
ci

at
io

n 
w

as
 

no
t s

ee
n 

w
ith

 P
FO

A
 m

ea
su

re
d 

in
 th

e 
fir

st
 tr

im
es

te
r a

nd
 st

ro
ng

es
t a

t t
er

m
 w

he
re

 th
ey

 
re

po
rte

d 
an

 -7
.9

2 
g 

(9
5%

 C
I -

9.
42

, -
6.

43
) r

ed
uc

tio
n 

in
 b

irt
hw

ei
gh

t p
er

 n
g/

m
L 

PF
O

A
 

m
ea

su
re

d 
at

 d
el

iv
er

y.
  A

s s
ta

te
d 

ab
ov

e,
 si

m
ul

at
io

n 
of

 m
ea

su
re

d 
co

rd
 b

lo
od

 P
FA

S 
re

su
lte

d 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

85
 

 

in
 a

 -7
.1

3 
g 

bi
rth

 w
ei

gh
t p

er
 n

g/
m

l P
FO

A
.  

V
er

ne
r e

t a
l. 

co
nc

lu
de

d 
a 

“s
ub

st
an

tia
l 

pr
op

or
tio

n 
of

 th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

pr
en

at
al

 P
FA

S 
an

d 
bi

rth
 w

ei
gh

t m
ay

 b
e 

at
tri

bu
ta

bl
e 

to
 c

on
fo

un
di

ng
 b

y 
G

FR
 w

hi
ch

 w
ou

ld
 b

e 
m

or
e 

im
po

rta
nt

 to
 e

xa
m

in
e 

in
 th

os
e 

st
ud

ie
s w

ith
 

sa
m

pl
e 

co
lle

ct
io

n 
la

te
r i

n 
pr

eg
na

nc
y”

.  
 

 B
as

ed
 o

n 
th

e 
an

al
ys

es
 b

y 
V

er
ne

r e
t a

l. 
sh

ow
in

g 
m

at
er

na
l G

FR
 m

ay
 su

bs
ta

nt
ia

lly
 

co
nf

ou
nd

 a
ny

 a
ss

oc
ia

tio
n 

be
tw

ee
n 

PF
O

A
 o

r P
FO

S 
an

d 
fe

ta
l g

ro
w

th
 (m

ea
su

re
d 

as
 b

irt
h 

w
ei

gh
t),

 th
e 

av
ai

la
bl

e 
da

ta
 d

o 
no

t p
er

m
it 

A
TS

D
R

 to
 c

on
cl

ud
e 

th
at

 th
er

e 
is

 a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

PF
O

A
 o

r P
FO

S 
an

d 
lo

w
er

 b
irt

h 
w

ei
gh

t i
n 

th
is

 re
ga

rd
, e

sp
ec

ia
lly

 w
ith

ou
t l

is
tin

g 
th

e 
ca

ve
at

s (
co

nf
ou

nd
in

g)
 k

no
w

n 
to

 d
at

e,
 le

t a
lo

ne
 th

e 
un

kn
ow

n 
m

ul
tit

ud
e 

of
 o

th
er

 
ph

ys
io

lo
gi

c 
ch

an
ge

s o
cc

ur
rin

g 
du

rin
g 

th
e 

co
ur

se
 o

f a
 p

re
gn

an
cy

 th
at

 h
av

e 
ye

t t
o 

be
 

ac
co

un
te

d 
fo

r i
n 

an
y 

ep
id

em
io

lo
gi

c 
an

al
ys

es
.  

 Th
e 

ne
xt

 m
os

t r
ec

en
t m

et
a-

an
al

ys
is

 p
er

fo
rm

ed
 w

as
 p

ub
lis

he
d 

in
 2

01
7 

by
 N

eg
ri 

et
 a

l. 
 

Th
ey

 in
cl

ud
ed

 1
6 

st
ud

ie
s i

n 
th

ei
r m

et
a-

an
al

ys
is

.  
Th

e 
ad

di
tio

na
l s

tu
di

es
 n

ot
 c

on
si

de
re

d 
by

 
Jo

hn
so

n 
et

 a
l. 

(2
01

4)
 in

cl
ud

ed
 th

e 
pu

bl
ic

at
io

ns
 b

y 
W

u 
et

 a
l. 

(2
01

2)
, D

ar
ro

w
 e

t a
l. 

(2
01

3)
, 

B
ac

h 
et

 a
l. 

(2
01

6a
))

, L
en

te
rs

 e
t a

l. 
(2

01
6)

, R
ob

le
do

 e
t a

l. 
(2

01
5)

), 
an

d 
Le

e 
et

 a
l. 

(2
01

6)
.  

 
 Th

e 
N

eg
ri 

et
 a

l m
et

a-
an

al
ys

es
 u

se
d 

bo
th

 th
e 

un
tra

ns
fo

rm
ed

 a
nd

 n
at

ur
al

 lo
g 

tra
ns

fo
rm

at
io

ns
 o

f P
FO

A
 a

nd
 P

FO
S.

  F
or

 P
FO

A
, t

he
y 

re
po

rte
d 

a 
-1

2.
8 

g 
un

tra
ns

fo
rm

ed
 

bi
rth

w
ei

gh
t (

95
%

 C
I -

23
.2

1,
 -2

.3
8)

 a
nd

 -2
7.

12
 (9

5 
%

 C
I -

50
.6

4,
 -3

.6
) g

 (n
at

ur
al

 lo
g 

tra
ns

fo
rm

ed
) c

ha
ng

e 
pe

r n
g/

m
L 

PF
O

A
.  

Fo
r P

FO
S,

 th
ey

 re
po

rte
d 

a 
-0

.9
2 

g 
un

tra
ns

fo
rm

ed
 

bi
rth

w
ei

gh
t (

95
%

 C
I -

3.
43

, 1
.6

0)
 a

nd
 -4

6.
09

 g
 (n

at
ur

al
 lo

g 
tra

ns
fo

rm
ed

) (
95

%
 C

I -
80

.3
3,

 
-1

1.
85

) p
er

 n
g/

m
L 

PF
O

S.
  B

as
ed

 o
n 

th
ei

r s
en

si
tiv

ity
 a

na
ly

se
s, 

th
er

e 
w

er
e 

st
ro

ng
er

 
as

so
ci

at
io

ns
 fr

om
 st

ud
ie

s c
on

du
ct

ed
 in

 A
si

a 
an

d 
si

gn
ifi

ca
nt

 h
et

er
og

en
ei

ty
 w

as
 o

bs
er

ve
d 

w
he

n 
th

e 
m

ea
su

re
m

en
t o

f P
FO

A
/P

FO
S 

w
as

 d
on

e 
la

te
r i

n 
th

e 
pr

eg
na

nc
y 

or
 u

si
ng

 c
or

d 
bl

oo
d.

  T
he

 la
tte

r i
s c

on
si

st
en

t w
ith

 th
e 

si
m

ul
at

io
n 

PB
PK

 m
od

el
in

g 
do

ne
 b

y 
V

er
ne

r e
t a

l. 
(2

01
5)

 a
s i

t r
el

at
es

 to
 th

e 
po

te
nt

ia
l c

on
fo

un
di

ng
 in

flu
en

ce
 o

f m
at

er
na

l G
FR

 w
ith

 th
e 

tim
in

g 
of

 w
he

n 
PF

O
A

 is
 m

ea
su

re
d 

du
rin

g 
pr

eg
na

nc
y.

  N
eg

ri 
et

 a
l. 

al
so

 e
xa

m
in

ed
 th

e 
la

bo
ra

to
ry

 a
ni

m
al

 d
at

a 
(r

es
ul

ts
 n

ot
 re

po
rte

d 
he

re
) a

nd
 c

on
cl

ud
ed

 th
e 

an
im

al
 d

at
a 

sh
ow

ed
 

si
m

ila
r d

os
e-

re
sp

on
se

 tr
en

ds
 b

ut
 th

e 
ef

fe
ct

iv
e 

se
ru

m
 c

on
ce

nt
ra

tio
ns

 in
 ro

de
nt

s w
er

e 
10

0 
to

 1
00

0 
tim

es
 h

ig
he

r t
ha

n 
in

 h
um

an
s b

as
ed

 o
n 

th
e 

ep
id

em
io

lo
gi

ca
l e

vi
de

nc
e.

  T
hi

s l
ed

 
N

eg
ri 

et
 a

l. 
to

 in
cr

ea
se

 th
ei

r d
eg

re
e 

of
 u

nc
er

ta
in

ty
 a

s t
o 

th
e 

bi
ol

og
ic

al
 p

la
us

ib
ili

ty
 o

f a
 

ca
us

al
 re

la
tio

ns
hi

p 
be

tw
ee

n 
PF

O
A

 o
r P

FO
S 

ex
po

su
re

 a
nd

 lo
w

er
 b

irt
hw

ei
gh

t i
n 

hu
m

an
s. 

Th
is

 d
ou

bt
 le

d 
th

es
e 

au
th

or
s t

o 
su

gg
es

t t
he

re
 m

ig
ht

 b
e 

so
m

e,
 n

ot
 y

et
 id

en
tif

ie
d,

 
co

nf
ou

nd
in

g 
fa

ct
or

s t
ha

t l
ea

d 
to

 th
is

 sp
ur

io
us

 a
ss

oc
ia

tio
n 

of
 lo

w
er

 b
irt

h 
w

ei
gh

t a
nd

 
pe

rf
lu

or
oa

lk
yl

 m
ea

su
re

m
en

ts
 in

 h
um

an
s. 

 F
or

 re
as

on
s n

ot
 e

xp
la

in
ed

, N
eg

ri 
et

 a
l. 

ch
os

e 
no

t t
o 

re
fe

re
nc

e 
th

e 
V

er
ne

r e
t a

l. 
(2

01
5)

 P
B

PK
 si

m
ul

at
io

n 
st

ud
y 

w
ho

 a
pt

ly
 d

em
on

st
ra

te
d 

th
e 

po
te

nt
ia

l c
on

fo
un

di
ng

 o
f m

at
er

na
l G

FR
, t

he
 ti

m
in

g 
of

 m
ea

su
re

m
en

t o
f P

FO
A

/P
FO

S 
du

rin
g 

an
d 

th
ro

ug
h 

pr
eg

na
nc

y,
 a

nd
 re

po
rte

d 
bi

rth
 w

ei
gh

t. 
 Pu

bl
is

he
d 

in
 a

bs
tra

ct
 fo

rm
 in

 A
ug

us
t 2

01
8 

is
 a

 fo
ur

th
 m

et
a-

an
al

ys
is

 a
ut

ho
re

d 
by

 
St

ee
nl

an
d 

et
 a

l. 
(E

pi
de

m
io

lo
gy

 2
01

8)
.  

It 
is

 a
nt

ic
ip

at
ed

 th
e 

fu
ll 

st
ud

y 
w

ill
 b

e 
av

ai
la

bl
e 

on
-

lin
e 

in
 6

0 
to

 9
0 

da
ys

.  
 T

he
se

 in
ve

st
ig

at
or

s c
on

du
ct

ed
 a

 m
et

a-
an

al
ys

is
 o

f 2
4 

st
ud

ie
s, 

w
hi

ch
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

86
 

 

ex
am

in
ed

 th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

lo
w

er
 b

irt
h 

w
ei

gh
t a

nd
 P

FO
A

.  
 (P

FO
S 

w
as

 n
ot

 p
ar

t o
f 

th
is

 m
et

a-
an

al
ys

is
.) 

 T
he

 a
dd

iti
on

al
 n

in
e 

ne
w

 st
ud

ie
s (

no
t i

de
nt

ifi
ed

 in
 th

e 
ab

st
ra

ct
) a

dd
ed

 
60

19
 b

irt
hs

 to
 th

e 
69

37
 b

irt
hs

 e
xa

m
in

ed
 b

y 
N

eg
ri 

et
 a

l. 
in

 th
ei

r m
et

a-
an

al
ys

is
. T

he
y 

in
cl

ud
ed

 a
no

th
er

 la
rg

e 
st

ud
y 

(n
ot

 id
en

tif
ie

d 
in

 a
bs

tra
ct

) t
ha

t w
as

 e
xc

lu
de

d 
fr

om
 p

re
vi

ou
s 

an
al

ys
es

, i
n 

a 
se

ns
iti

vi
ty

 a
na

ly
si

s. 
 O

ve
ra

ll,
 th

ey
 fo

un
d 

a 
ch

an
ge

 o
f b

irt
hw

ei
gh

t o
f -

10
.5

 
gr

am
s (

95
%

 C
I -

16
.7

, -
4.

4)
 p

er
 n

g/
m

l P
FO

A
 in

 m
at

er
na

l o
r c

or
d 

bl
oo

d.
 A

fte
r a

dd
in

g 
th

e 
on

e 
pr

ev
io

us
ly

 e
xc

lu
de

d 
la

rg
e 

st
ud

y,
 S

te
en

la
nd

 e
t a

l. 
fo

un
d 

“l
itt

le
” 

ev
id

en
ce

 o
f a

n 
as

so
ci

at
io

n 
(-

1.
0 

gr
am

s, 
95

%
 C

I -
2.

4,
 0

.4
) p

er
 n

g/
m

L 
PF

O
A

. R
es

tri
ct

in
g 

to
 th

e 
st

ud
ie

s 
w

he
re

 b
lo

od
 w

as
 sa

m
pl

ed
 fr

om
 m

ot
he

rs
 e

ar
ly

 in
 th

e 
pr

eg
na

nc
y 

or
 sh

or
tly

 b
ef

or
e 

co
nc

ep
tio

n 
(5

39
3 

bi
rth

s)
, t

he
y 

re
po

rte
d 

“l
itt

le
” 

as
so

ci
at

io
n 

of
 P

FO
A

 w
ith

 b
irt

hw
ei

gh
t (

-
3.

3 
gr

am
s (

95
%

 C
I -

9.
6,

 3
.0

))
. I

n 
st

ud
ie

s w
he

re
 b

lo
od

 w
as

 sa
m

pl
ed

 la
te

 in
 th

e 
pr

eg
na

nc
y 

(7
56

3 
pr

eg
na

nc
ie

s)
, l

ow
er

 b
irt

hw
ei

gh
t w

as
 a

ss
oc

ia
te

d 
w

ith
 P

FO
A

 (-
17

.8
 g

 (9
5%

 C
I -

25
.0

, 
-1

0.
6)

/ n
g/

m
L 

PF
O

A
. S

te
en

la
nd

 e
t a

l. 
co

nc
lu

de
d 

th
e 

pr
es

en
t h

um
an

 e
vi

de
nc

e 
pr

ov
id

es
 

on
ly

 m
od

es
t s

up
po

rt 
fo

r d
ec

re
as

ed
 b

irt
hw

ei
gh

t w
ith

 in
cr

ea
si

ng
 P

FO
A

.  
C

rit
ic

al
ly

 
im

po
rta

nt
 to

 u
nd

er
st

an
d 

is
 th

e 
tim

e 
in

te
rv

al
 w

he
n 

pe
rf

lu
or

oa
lk

yl
s w

er
e 

m
ea

su
re

d.
   

 St
ee

nl
an

d 
et

 a
l. 

co
nc

lu
de

d 
“s

tu
di

es
 w

ith
 a

 w
id

e 
ra

ng
e 

of
 e

xp
os

ur
e 

an
d 

st
ud

ie
s w

ith
 b

lo
od

 
sa

m
pl

ed
 e

ar
ly

 in
 p

re
gn

an
cy

 sh
ow

ed
 li

ttl
e 

or
 n

o 
as

so
ci

at
io

n 
of

 P
FO

A 
w

ith
 b

ir
th

w
ei

gh
t. 

 
Th

es
e 

ar
e 

th
e 

st
ud

ie
s i

n 
w

hi
ch

 c
on

fo
un

di
ng

 a
nd

 re
ve

rs
e 

ca
us

al
ity

 w
ou

ld
 b

e 
of

 le
ss

 
co

nc
er

n.
” 

Th
is

 c
on

cl
us

io
n 

is
 c

on
si

st
en

t w
ith

 th
e 

fin
di

ng
s f

ro
m

 V
er

ne
r e

t a
l. 

  [
N

ot
e:

 
A

TS
D

R
 a

ls
o 

co
nc

lu
de

d 
in

 it
s d

ra
ft 

To
xi

co
lo

gi
ca

l P
ro

fil
e 

on
 p

ag
e 

51
7 

(w
ith

ou
t c

iti
ng

 
N

eg
ri 

et
 a

l. 
or

 S
te

en
la

nd
 e

t a
l. 

m
et

a-
an

al
ys

es
) t

ha
t “

th
e 

de
cr

ea
se

s i
n 

bi
rth

 w
ei

gh
t w

er
e 

sm
al

l a
nd

 n
ot

 li
ke

ly
 b

io
lo

gi
ca

lly
 re

le
va

nt
.”

] 
 3M

 C
on

cl
us

io
n 

on
 lo

w
er

 b
ir

th
 w

ei
gh

t 
 Th

er
e 

is
 n

o 
as

so
ci

at
io

n 
be

tw
ee

n 
lo

w
 b

irt
h 

w
ei

gh
t (

<2
50

0 
g)

 in
 h

um
an

s a
nd

 e
xp

os
ur

e 
to

 
PF

O
A

 o
r P

FO
S.

  T
ak

in
g 

in
to

 a
cc

ou
nt

 1
) c

on
fo

un
di

ng
 b

y 
th

e 
in

cr
ea

se
d 

m
at

er
na

l 
gl

om
er

ul
ar

 fi
ltr

at
io

n 
ra

te
 th

at
 in

cr
ea

se
s d

ur
in

g 
ea

rly
 p

re
gn

an
cy

, 2
) t

he
 ti

m
e 

pe
rio

d 
w

he
n 

PF
O

A
/P

FO
S 

ar
e 

m
ea

su
re

d 
be

fo
re

, d
ur

in
g 

or
 a

fte
r p

re
gn

an
cy

, a
nd

 3
) t

he
 p

os
si

bi
lit

y 
of

 
re

ve
rs

e 
ca

us
at

io
n,

 th
er

e 
is

 in
su

ff
ic

ie
nt

 e
pi

de
m

io
lo

gi
c 

ev
id

en
ce

 to
 c

on
cl

ud
e 

an
 a

ss
oc

ia
tio

n 
ex

is
ts

 b
et

w
ee

n 
lo

w
er

 b
irt

h 
w

ei
gh

t (
i.e

., 
se

ve
ra

l g
ra

m
s)

 a
nd

 P
FO

A
 o

r P
FO

S 
co

nc
en

tra
tio

n 
(p

er
 n

g/
m

l).
   

  

  
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

87
 

 

A
dd

iti
on

al
 C

om
m

en
ts

 
G

en
er

al
 n

ot
e:

 

Th
er

e 
is

 n
o 

au
th

or
sh

ip
 b

y 
ch

ap
te

rs
 o

r s
ec

tio
ns

 w
ith

in
 c

ha
pt

er
s. 

Pa
ge

 v
.  

 

 
Th

e 
ro

le
 o

f S
R

C
, I

nc
. a

s i
t r

el
at

es
 to

 th
is

 T
ox

ic
ol

og
ic

al
 P

ro
fil

e 
ne

ed
s t

o 
be

 d
es

cr
ib

ed
 o

n 
th

is
 p

ag
e 

un
de

r C
he

m
ic

al
 M

an
ag

er
 T

ea
m

.  
 

 
 h

as
 se

rv
ed

 a
s a

 p
ee

r r
ev

ie
w

er
 se

le
ct

ed
 b

y 
A

TS
D

R
 o

n 
th

e 
20

09
, 2

01
5,

 a
nd

 
no

w
 2

01
8 

dr
af

t T
ox

ic
ol

og
ic

al
 P

ro
fil

es
 fo

r P
er

flu
or

oa
lk

yl
s. 

 
 ro

le
 a

s a
 

pe
er

 re
vi

ew
er

 o
n 

th
e 

dr
af

t 2
00

9 
To

xi
co

lo
gi

ca
l P

ro
fil

e 
sh

ou
ld

 b
e 

ac
kn

ow
le

dg
ed

 a
s w

el
l a

s 
A

TS
D

R
’s

 re
qu

es
t t

ha
t 

 p
ro

vi
de

 p
ub

lic
ly

 a
va

ila
bl

e 
co

m
m

en
ts

 o
n 

th
e 

dr
af

t 2
01

5 
A

TS
D

R
 T

ox
ic

ol
og

ic
al

 P
ro

fil
e.

  
 h

as
 se

rv
ed

 a
s:

 1
) 

 o
f t

he
 

20
05

 U
.S

. E
nv

iro
nm

en
ta

l P
ro

te
ct

io
n 

A
ge

nc
y 

Sc
ie

nc
e 

A
dv

is
or

y 
B

oa
rd

 P
er

flu
or

oo
ct

an
oi

c 
A

ci
d 

(P
FO

A
) R

is
k 

A
ss

es
sm

en
t R

ev
ie

w
 P

an
el

; 2
) a

 p
ee

r r
ev

ie
w

er
 (a

nd
 th

e 
ch

ai
rp

er
so

n)
 

on
 th

e 
U

.S
. E

PA
 d

ra
ft 

20
14

 h
ea

lth
 e

ff
ec

ts
 d

oc
um

en
t f

or
 P

FO
A

; 3
) a

 p
ee

r r
ev

ie
w

er
 (a

nd
 

th
e 

ch
ai

rp
er

so
n)

 o
n 

th
e 

U
.S

. E
PA

 d
ra

ft 
20

14
 h

ea
lth

 e
ff

ec
ts

 d
oc

um
en

t f
or

 P
FO

S;
 4

) a
 p

ee
r-

re
vi

ew
er

 o
f t

he
 d

ra
ft 

20
15

 A
TS

D
R

 T
ox

ic
ol

og
ic

al
 P

ro
fil

es
 o

n 
Pe

rf
lu

or
oa

lk
yl

s;
 a

nd
 5

) a
 

pe
er

-r
ev

ie
w

er
 o

f t
he

 d
ra

ft 
20

18
 A

TS
D

R
 T

ox
ic

ol
og

ic
al

 P
ro

fil
es

 o
n 

Pe
rf

lu
or

oa
lk

yl
s.

  
 

w
as

 o
ne

 o
f 2

0 
m

em
be

rs
 o

f t
he

 2
01

4 
IA

R
C

 W
or

ks
ho

p 
th

at
 re

vi
ew

ed
 P

FO
A

; a
 p

ee
r 

re
vi

ew
er

 o
n 

th
e 

U
.S

. E
PA

 d
ra

ft 
20

14
 h

ea
lth

 e
ff

ec
ts

 d
oc

um
en

t f
or

 P
FO

A
; a

nd
 a

 p
ee

r 
re

vi
ew

er
 o

n 
th

e 
U

.S
. E

PA
 d

ra
ft 

20
14

 h
ea

lth
 e

ff
ec

ts
 d

oc
um

en
t f

or
 P

FO
S.

   
   

 To
 h

av
e 

re
pe

at
ed

ly
 se

le
ct

ed
 th

es
e 

re
vi

ew
er

s m
in

im
iz

es
 th

e 
pe

er
-r

ev
ie

w
 p

ro
ce

ss
 o

f 
re

ce
iv

in
g 

co
m

m
en

ts
 th

at
 c

ou
ld

 h
av

e 
be

en
 m

ad
e 

av
ai

la
bl

e 
to

 A
TS

D
R

.  
 

 
 

 w
as

 p
ai

d 
by

 p
la

in
tif

f a
tto

rn
ey

s i
n 

th
e 

ca
se

 o
f S

ta
te

 o
f M

in
ne

so
ta

 v
s. 

3M
.  

Th
is

 fi
na

nc
ia

l c
on

fli
ct

 o
f i

nt
er

es
t w

ith
 a

no
th

er
 g

ov
er

nm
en

ta
l a

ge
nc

y 
sh

ou
ld

 b
e 

no
te

d 
in

 th
is

 d
ra

ft 
20

18
 A

TS
D

R
 T

ox
ic

ol
og

ic
al

 P
ro

fil
e.

  
 sh

ou
ld

 n
ot

 h
av

e 
be

en
 

ch
os

en
 a

s a
 p

ee
r r

ev
ie

w
er

 to
 a

 fe
de

ra
l g

ov
er

nm
en

t a
ge

nc
y 

gi
ve

n 
th

is
 p

ai
d 

fin
an

ci
al

 
co

nf
lic

t o
f i

nt
er

es
t r

eg
ar

di
ng

 a
no

th
er

 g
ov

er
nm

en
ta

l a
ge

nc
y.

 A
ny

 o
th

er
 fi

na
nc

ia
l c

on
fli

ct
s 

of
 in

te
re

st
 b

y 
 sh

ou
ld

 a
ls

o 
be

 li
st

ed
 a

s t
o 

he
r f

un
de

d 
ro

le
 in

 a
ny

 li
tig

at
io

n 
ef

fo
rt,

 to
 th

e 
pr

es
en

t d
at

e,
 re

ga
rd

in
g 

pe
rf

lu
or

oa
lk

yl
s. 

 

 Pa
ge

 1
: 

 
A

TS
D

R
 u

se
d 

th
e 

te
rm

 “
pe

rf
lu

or
oa

lk
yl

s”
 fo

r t
he

 1
4 

co
m

po
un

ds
 th

at
 it

 h
as

 e
va

lu
at

ed
.  

W
hi

le
 it

 is
 a

cc
ep

ta
bl

e 
to

 u
se

 th
is

 g
en

er
al

 n
om

en
cl

at
ur

e 
in

 so
m

e 
pa

rts
 o

f t
he

 d
is

cu
ss

io
n,

 it
 

is
 n

ot
 a

pp
lic

ab
le

 fo
r t

op
ic

s s
uc

h 
as

 m
aj

or
 a

pp
lic

at
io

ns
 li

st
ed

 u
nd

er
 se

ct
io

n 
1.

1.
  



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

88
 

 

 
Fo

r c
la

rit
y 

m
os

t o
f t

he
 1

4 
pe

rf
lu

or
oa

lk
yl

 su
bs

ta
nc

es
 th

at
 a

re
 th

e 
fo

cu
s o

f t
hi

s r
ep

or
t h

av
e 

lim
ite

d 
co

m
m

er
ci

al
 u

til
ity

. P
FO

S,
 P

FO
A

 a
nd

 P
FO

A
 p

re
-c

ur
so

rs
 h

av
e 

be
en

 u
se

d 
ex

te
ns

iv
el

y.
 

 
O

n 
a 

te
ch

ni
ca

l d
ef

in
iti

on
, A

TS
D

R
 sh

ou
ld

 m
ak

e 
no

te
 to

 d
iff

er
en

tia
te

 th
at

 th
e 

fo
llo

w
in

g 
tw

o 
co

m
po

un
ds

 (a
m

on
g 

th
e 

14
 e

va
lu

at
ed

) a
re

 p
ol

yf
lu

or
oa

lk
yl

s, 
no

t p
er

flu
or

oa
lk

yl
s.

 
o 

2-
(N

-M
et

hy
l-p

er
flu

or
oo

ct
an

e 
su

lfo
na

m
id

e)
 a

ce
tic

 a
ci

d 
(M

e-
PF

O
SA

-A
cO

H
) 

o 
2-

(N
-E

th
yl

-p
er

flu
or

oo
ct

an
e 

su
lfo

na
m

id
e)

 a
ce

tic
 a

ci
d 

(E
t-P

FO
SA

-A
cO

H
) 

 
Th

e 
A

TS
D

R
 d

ra
ft 

pr
of

ile
 c

ite
s a

 2
00

3-
20

04
 N

H
A

N
ES

 st
ud

y 
(C

al
af

at
 e

t a
l, 

20
07

). 
M

or
e 

re
ce

nt
 N

H
A

N
ES

 b
io

m
on

ito
rin

g 
da

ta
 w

as
 p

ub
lis

he
d 

in
 th

e 
C

D
C

’s
 “

Fo
ur

th
 N

at
io

na
l 

R
ep

or
t o

n 
H

um
an

 E
xp

os
ur

e 
to

 E
nv

iro
nm

en
ta

l C
he

m
ic

al
s”

 in
 2

01
8.

  
 Pa

ge
 2

: 

 
Th

e 
A

TS
D

R
 d

ra
ft 

pr
of

ile
 re

co
gn

iz
ed

 th
at

 se
ru

m
 le

ve
ls

 o
f P

FO
A

 a
nd

 P
FO

S 
in

 th
e 

U
.S

. 
ge

ne
ra

l p
op

ul
at

io
n 

ha
ve

 “
de

cr
ea

se
d 

dr
am

at
ic

al
ly

 in
 re

ce
nt

 y
ea

rs
”.

 F
or

 fu
rth

er
 

cl
ar

ifi
ca

tio
n,

 fr
om

 1
99

9-
20

00
 to

 2
01

3-
20

14
 m

ea
n 

bl
oo

d 
le

ve
ls

 o
f P

FO
S 

an
d 

PF
O

A
 h

av
e 

de
cr

ea
se

d 
by

 a
pp

ro
xi

m
at

el
y 

84
%

 a
nd

 6
3%

, r
es

pe
ct

iv
el

y,
 b

as
ed

 o
n 

N
H

A
N

ES
 d

at
a.

 A
 

m
or

e 
re

ce
nt

 st
ud

y,
 u

si
ng

 d
at

a 
fr

om
 th

e 
A

m
er

ic
an

 R
ed

 C
ro

ss
, r

ep
or

te
d 

an
 8

8%
 a

nd
 7

7%
 

de
cl

in
e 

in
 se

ru
m

 P
FO

S 
an

d 
PF

O
A

 le
ve

ls
, r

es
pe

ct
iv

el
y,

 fr
om

 2
00

0-
20

01
 to

 2
01

5 
(O

ls
en

 e
t 

al
., 

20
17

). 
Th

es
e 

re
du

ct
io

ns
 a

re
 la

rg
el

y 
at

tri
bu

te
d 

to
 th

e 
co

nc
er

te
d 

ef
fo

rts
 b

y 
in

du
st

ry
 a

nd
 

th
e 

U
.S

. E
PA

 to
 d

ec
re

as
e 

th
e 

us
e 

of
 th

es
e 

ch
em

ic
al

s i
n 

m
an

uf
ac

tu
rin

g 
an

d 
re

le
as

es
 to

 th
e 

en
vi

ro
nm

en
t. 

 
 

A
TS

D
R

 sh
ou

ld
 re

vi
se

 th
e 

la
st

 p
ar

ag
ra

ph
 o

n 
th

is
 p

ag
e.

  C
on

ta
m

in
at

ed
 d

rin
ki

ng
 w

at
er

 n
ea

r 
flu

or
op

ol
ym

er
 m

an
uf

ac
tu

rin
g 

fa
ci

lit
y 

in
 so

ut
he

as
te

rn
 O

hi
o 

an
d 

W
es

t V
irg

in
ia

 d
id

 n
ot

 
ha

ve
 h

ig
h 

le
ve

ls
 o

f e
xp

os
ur

e 
to

 P
FO

S.
 

 
Pa

ge
 2

, P
ar

ag
ra

ph
 1

. T
he

 st
at

em
en

t t
ha

t P
FO

S 
an

d 
PF

O
A

 a
re

 n
o 

lo
ng

er
 im

po
rte

d 
is

 n
ot

 
en

tir
el

y 
ac

cu
ra

te
.  

PF
O

S,
 F

C
-9

8 
an

d 
a 

fe
w

 o
th

er
 P

FO
S-

pr
ec

ur
so

r s
ub

st
an

ce
s a

re
 n

ot
 

TS
C

A
 p

ro
hi

bi
te

d,
 a

nd
 m

ay
 b

e 
im

po
rte

d.
 

 
A

TS
D

R
 st

at
ed

: “
V

ol
at

ile
 fl

uo
ro

te
lo

m
er

 a
lc

oh
ol

s m
ay

 b
e 

br
ok

en
 d

ow
n 

in
to

 su
bs

ta
nc

es
 

lik
e 

PF
O

A
, a

nd
 a

tm
os

ph
er

ic
 d

ep
os

iti
on

 c
an

 le
ad

 to
 c

on
ta

m
in

at
io

n 
of

 so
ils

 a
nd

 le
ac

hi
ng

 
in

to
 g

ro
un

dw
at

er
 a

w
ay

 fr
om

 p
oi

nt
 so

ur
ce

s.”
  T

he
re

 is
 n

o 
de

sc
rip

tio
n 

of
 w

ha
t 

flu
or

ot
el

om
er

s a
re

.  
“B

ro
ke

n 
do

w
n”

 is
 in

ap
pr

op
ria

te
 sc

ie
nt

ifi
c 

te
rm

in
ol

og
y.

 
 

Th
er

e 
is

 n
o 

de
fin

iti
on

 o
f t

he
 w

or
d 

“h
ig

h”
.  

“H
ig

h”
 is

 re
la

tiv
e 

to
 so

m
e 

ot
he

r v
al

ue
 a

nd
 is

 
su

bj
ec

tiv
e 

la
ng

ua
ge

 T
he

 A
TS

D
R

 sh
ou

ld
 su

bs
tit

ut
e 

th
is

 w
or

d 
“h

ig
h”

 th
ro

ug
ho

ut
 th

is
 

do
cu

m
en

t f
or

 th
e 

sp
ec

ifi
c 

co
nc

en
tra

tio
ns

 re
fe

rr
ed

 to
 w

he
n 

“h
ig

h”
 o

r “
lo

w
” 

ar
e 

us
ed

 a
nd

 
be

 sp
ec

ifi
c 

w
he

th
er

 th
es

e 
va

lu
es

 a
re

 a
rit

hm
et

ic
 m

ea
ns

, g
eo

m
et

ric
 m

ea
ns

, o
r m

ed
ia

ns
, a

s 
w

el
l a

s o
ff

er
 a

 m
ea

su
re

 o
f v

ar
ia

tio
n 

to
 th

e 
po

in
t e

st
im

at
es

 (e
.g

., 
st

an
da

rd
 d

ev
ia

tio
n,

 
st

an
da

rd
 e

rr
or

, 9
5%

 c
on

fid
en

ce
 in

te
rv

al
, o

r a
 ra

ng
e 

m
in

im
um

/m
ax

im
um

). 
 A

ls
o,

 it
 is

 
im

po
rta

nt
 to

 re
fe

r t
o 

th
e 

ye
ar

 in
 w

hi
ch

 th
es

e 
pe

rf
lu

or
oa

lk
yl

 v
al

ue
s w

er
e 

ac
tu

al
ly

 
m

ea
su

re
d 

(n
ot

 ju
st

 th
e 

au
th

or
 a

nd
 re

fe
re

nc
e 

ye
ar

) b
ec

au
se

 o
f t

he
 d

ec
lin

in
g 

tre
nd

s o
ve

r t
he

 
pa

st
 1

5+
 y

ea
rs

 in
 m

os
t g

en
er

al
 p

op
ul

at
io

ns
 n

ot
 e

xp
os

ed
 to

 a
n 

en
vi

ro
nm

en
ta

l p
oi

nt
 so

ur
ce

 
of

 e
xp

os
ur

e.
 

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

89
 

 Pa
ge

 3
: 

 
A

TS
D

R
 sh

ou
ld

 p
ro

vi
de

 th
e 

ac
tu

al
 m

ed
ia

n 
va

lu
e 

an
d 

co
rr

es
po

nd
in

g 
ye

ar
-d

ep
en

de
nt

 
N

H
A

N
ES

 m
ed

ia
n 

va
lu

e.
  A

TS
D

R
 sh

ou
ld

 p
ro

vi
de

 th
e 

pe
rc

en
ta

ge
 d

ec
lin

e 
as

 w
el

l i
n 

th
es

e 
ge

om
et

ric
 m

ea
n 

va
lu

es
 fo

r P
FO

S 
(d

ec
lin

e 
of

 8
3.

6%
) a

nd
 P

FO
A

 (d
ec

lin
e 

of
 6

2.
7%

) 
be

tw
ee

n 
19

99
-2

00
0 

an
d 

20
13

-2
01

4.
 

 
In

 th
e 

la
st

 p
ar

ag
ra

ph
, A

TS
D

R
 re

po
rte

d 
br

ea
st

 m
ilk

 c
on

ce
nt

ra
tio

ns
, b

ut
 d

oe
s n

ot
 in

di
ca

te
 

w
he

n 
su

ch
 c

on
ce

nt
ra

tio
ns

 w
er

e 
m

ea
su

re
d.

 T
hi

s i
s i

m
po

rta
nt

 b
ec

au
se

 b
re

as
t m

ilk
 

co
nc

en
tra

tio
ns

 h
av

e 
de

cl
in

ed
 si

m
ila

r t
o 

se
ru

m
 c

on
ce

nt
ra

tio
ns

 in
 a

du
lts

.  
Se

e 
ab

ov
e 

co
m

m
en

t o
n 

in
co

m
pl

et
e 

pa
ra

gr
ap

h 
1 

on
 p

ag
e 

3.
  C

on
ce

nt
ra

tio
ns

 h
av

e 
al

so
 d

ec
lin

ed
 in

 
ch

ild
re

n.
  S

ee
 O

ls
en

 e
t a

l. 
(2

00
5)

 w
ho

 re
po

rte
d 

on
 c

hi
ld

re
n 

(2
 –

 1
2)

 se
ru

m
 m

ea
su

re
m

en
ts

 
m

ad
e 

in
 1

99
4-

19
95

 to
 th

os
e 

m
ea

su
re

m
en

ts
 re

ce
nt

ly
 re

po
rte

d 
by

 Y
e 

et
 a

l (
20

18
) w

ho
 

re
po

rte
d,

 in
 a

 n
at

io
na

lly
 re

pr
es

en
ta

tiv
e 

sa
m

pl
e 

of
 c

hi
ld

re
n 

ag
e 

3-
11

, t
ha

t t
he

ir 
co

nc
en

tra
tio

ns
 w

er
e 

co
m

pa
ra

bl
e 

to
 a

du
lts

 m
ea

su
re

d 
al

so
 in

 2
01

3-
20

14
.  

Th
e 

m
ea

su
re

d 
co

nc
en

tra
tio

ns
 in

 th
es

e 
ch

ild
re

n 
w

er
e 

su
bs

ta
nt

ia
lly

 lo
w

er
 in

 o
th

er
 n

on
-r

ep
re

se
nt

at
iv

e 
sa

m
pl

es
 o

f 5
97

 c
hi

ld
re

n 
re

po
rte

d 
by

 O
ls

en
 e

t a
l. 

(m
ea

su
re

d 
in

 1
99

4-
19

95
). 

Th
er

ef
or

e,
 

br
ea

st
 m

ilk
 c

on
ce

nt
ra

tio
ns

 h
av

e 
al

so
 li

ke
ly

 d
ec

lin
ed

 o
ve

r t
im

e.
   

 
Th

er
e 

ar
e 

ad
di

tio
na

l s
tu

di
es

 o
n 

hu
m

an
 b

re
as

t m
ilk

 b
io

m
on

ito
rin

g 
st

ud
ie

s, 
 A

TS
D

R
 sh

ou
ld

 
re

fe
re

nc
e 

an
d 

su
m

m
ar

iz
e 

st
ud

ie
s b

y:
  S

un
ds

tro
m

 e
t a

l. 
20

11
 E

nv
iro

n 
In

t 3
7 

17
8-

18
3;

 
K

ar
rm

an
 e

t a
l 2

00
9 

En
vi

ro
n 

In
t 3

5 
71

2-
17

; L
lo

rc
a 

et
 a

l 2
01

0 
En

vi
ro

n 
In

t 3
6 

58
4-

59
2;

 
M

os
ch

 e
t a

l. 
20

10
 J 

C
hr

om
at

og
 B

 8
78

 2
65

2-
26

58
; K

an
g 

et
 a

l. 
20

16
 E

nv
iro

n 
R

es
 1

48
 3

51
-

35
9;

 C
ar

io
u 

et
 a

l. 
20

15
 E

nv
iro

n 
In

t 8
4 

71
-8

1;
 A

l-s
he

ya
b 

et
 a

l. 
20

15
 E

nv
iro

n 
Sc

i P
ol

lu
t 

R
es

 2
2 

12
41

5-
12

42
3;

 L
an

ko
va

 e
t a

l. 
20

13
 T

al
an

ta
 1

17
 3

18
-2

5;
 P

ra
tt 

et
 a

l. 
20

13
 F

oo
d 

A
dd

it 
C

on
ta

m
 A

 3
0 

17
88

-1
79

8;
 G

ue
rr

an
ti 

et
 a

l. 
20

13
 F

oo
d 

C
he

m
 1

40
 1

97
-2

03
; A

nt
ig

na
c 

et
 a

l. 
20

13
 C

he
rm

os
ph

er
e 

91
 8

02
-8

08
; B

ar
ba

ro
ss

a 
et

 a
l. 

20
13

 E
nv

iro
n 

In
t 5

1 
27

-3
0;

 
C

ro
es

 e
t a

l. 
20

12
 C

he
m

os
ph

er
e 

89
 9

88
-9

94
; D

om
in

go
 e

t a
l. 

20
12

 F
oo

d 
C

he
m

 1
35

 1
57

5-
15

82
; T

ho
m

se
n 

et
 a

l. 
20

10
 E

nv
iro

n 
Sc

i T
ec

hn
ol

 4
4 

95
50

-9
55

6.
 

Pa
ge

 4
: 

 
A

TS
D

R
 u

se
d 

th
e 

te
rm

 “
pe

rf
lu

or
oa

lk
yl

s”
 to

 d
es

cr
ib

e 
th

e 
14

 c
om

po
un

ds
 th

at
 a

re
 li

st
ed

 o
n 

pa
ge

 1
 (i

nc
lu

di
ng

 P
er

flu
or

oo
ct

an
e 

su
lfo

na
m

id
e 

(P
FO

SA
), 

2-
(N

-M
et

hy
l-p

er
flu

or
oo

ct
an

e 
su

lfo
na

m
id

e)
 a

ce
tic

 a
ci

d 
(M

e-
PF

O
SA

-A
cO

H
), 

an
d 

2-
(N

-E
th

yl
-p

er
flu

or
oo

ct
an

e 
su

lfo
na

m
id

e)
 a

ce
tic

 a
ci

d 
(E

t-P
FO

SA
-A

cO
H

))
.  

A
cc

or
di

ng
ly

, A
TS

D
R

 c
an

no
t m

ak
e 

th
e 

bl
an

ke
t s

ta
te

m
en

t t
ha

t p
er

flu
or

oa
lk

yl
s “

ar
e 

no
t m

et
ab

ol
iz

ed
 in

 h
um

an
s o

r l
ab

or
at

or
y 

an
im

al
s”

 b
ec

au
se

 th
es

e 
3 

co
m

po
un

ds
 c

an
 a

nd
 d

o 
m

et
ab

ol
iz

e 
in

 la
bo

ra
to

ry
 a

ni
m

al
s. 

 
Ta

bl
e 

1-
1.

 T
he

 e
st

im
at

ed
 e

lim
in

at
io

n 
ha

lf-
lif

e 
of

 P
FO

A
 in

 h
um

an
s i

s c
le

ar
ly

 n
ot

 8
 y

ea
rs

.  
Th

is
 e

st
im

at
e 

is
 n

ot
 fo

un
d 

in
 th

e 
O

ls
en

 e
t a

l. 
20

07
a 

pa
pe

r. 
 M

or
e 

im
po

rta
nt

ly
, s

im
ila

r t
o 

th
e 

da
ta

 re
po

rte
d 

in
 ra

ts
 a

nd
 m

ic
e,

 th
er

e 
ar

e 
av

ai
la

bl
e 

ra
ng

es
 o

f t
he

 e
st

im
at

ed
 e

lim
in

at
io

n 
ha

lf-
liv

es
 o

f P
FO

A
, P

FO
S,

 a
nd

 P
FH

xS
.  

Th
er

e 
ar

e 
se

ve
ra

l h
ig

h-
qu

al
ity

 a
nd

 m
or

e 
re

ce
nt

 
st

ud
ie

s o
f p

op
ul

at
io

ns
 w

ho
se

 e
xp

os
ur

e 
w

as
 m

iti
ga

te
d 

by
 in

st
al

la
tio

n 
of

 G
A

C
 fi

lte
rs

 th
at

 
ha

ve
 sh

ow
n 

th
e 

se
ru

m
 e

lim
in

at
io

n 
ha

lf-
lif

e 
of

 P
FO

A
 to

 b
e 

be
tw

ee
n 

2.
3 

ye
ar

s (
95

%
 C

I) 
(B

ar
te

ll 
20

13
) a

nd
 2

.8
 y

ea
rs

 (9
5%

 C
I)

 (L
i e

t a
l. 

20
18

). 
 S

im
ila

rly
, t

he
 se

ru
m

 e
lim

in
at

io
n 

ha
lf-

lif
e 

fo
r P

FO
S 

of
 5

.4
 y

ea
rs

 is
 th

e 
hi

gh
es

t e
st

im
at

e 
of

 6
 st

ud
ie

s. 
  

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

90
 

  Pa
ge

 5
: 

 
 

It 
is

 in
co

rr
ec

t f
or

 A
TS

D
R

 to
 st

at
e 

th
at

 "
In

 g
en

er
al

, e
pi

de
m

io
lo

gy
 st

ud
ie

s u
se

 se
ru

m
 

pe
rf

lu
or

oa
lk

yl
 le

ve
ls

 a
s a

 b
io

m
ar

ke
r o

f e
xp

os
ur

e,
 w

hi
ch

 c
on

tra
st

s e
xp

er
im

en
ta

l s
tu

di
es

 
th

at
 u

til
iz

e 
do

se
, e

xp
re

ss
ed

 in
 m

g/
kg

/b
od

y 
w

ei
gh

t/d
ay

 u
ni

ts
”.

   
A

s d
iff

er
en

ce
 in

 
to

xi
co

ki
ne

tic
s h

av
e 

be
en

 w
el

l-r
ec

og
ni

ze
d,

 it
 is

 th
e 

se
ru

m
 le

ve
ls

 in
 th

e 
an

im
al

s (
re

su
lte

d 
fr

om
 d

os
es

 g
iv

en
) t

ha
t s

ho
ul

d 
be

 u
se

d 
fo

r d
at

a 
in

te
rp

re
ta

tio
n;

 a
nd

 m
an

y 
to

xi
co

lo
gi

ca
l 

st
ud

ie
s h

av
e 

be
en

 m
ea

su
rin

g 
an

d 
re

po
rti

ng
 se

ru
m

 le
ve

ls
 in

 th
e 

la
bo

ra
to

ry
 a

ni
m

al
s a

s 
in

te
rn

al
 d

os
e 

m
et

ric
s (

ng
/m

L)
 a

s w
el

l a
s b

en
ch

m
ar

k 
lo

w
er

 b
ou

nd
 in

te
rn

al
 se

ru
m

 
co

nc
en

tra
tio

ns
.  

 
 

A
TS

D
R

 re
lie

d 
on

 a
ni

m
al

 P
B

PK
 m

od
el

 to
 p

re
di

ct
 su

bs
eq

ue
nt

 P
O

D
 o

f M
R

L 
de

riv
at

io
n,

 
bu

t o
n 

th
e 

ot
he

r h
an

d,
 it

 h
as

 a
ls

o 
ex

pl
ic

itl
y 

st
at

ed
 th

at
 “

A
lth

ou
gh

 p
hy

si
ol

og
ic

al
ly

 b
as

ed
 

ph
ar

m
ac

ok
in

et
ic

 (P
B

PK
) m

od
el

s h
av

e 
be

en
 d

ev
el

op
ed

 fo
r r

od
en

ts
 a

nd
 h

um
an

s, 
th

es
e 

m
od

el
s a

re
 n

ot
 su

ff
ic

ie
nt

 to
 a

llo
w

 fo
r c

om
pa

ris
on

s b
et

w
ee

n 
ad

m
in

is
te

re
d 

do
se

s i
n 

la
bo

ra
to

ry
 a

ni
m

al
s a

nd
 se

ru
m

 c
on

ce
nt

ra
tio

ns
 in

 h
um

an
s”

.  
Th

is
 st

at
em

en
t i

nd
ic

at
ed

 a
 

gr
ea

t a
m

ou
nt

 o
f u

nc
er

ta
in

ty
 a

ss
oc

ia
te

d 
w

ith
 th

e 
PB

PK
 m

od
el

 u
se

d 
he

nc
e 

A
TS

D
R

 n
ee

ds
 

to
 re

fle
ct

 a
nd

 a
ck

no
w

le
dg

e 
th

is
 fa

ct
 in

 it
s s

um
m

ar
y.

 
 

It 
is

 in
ap

pr
op

ria
te

 to
 so

le
ly

 c
on

si
de

r t
he

 E
m

m
et

t e
t a

l. 
(2

00
6a

) m
ea

n 
PF

O
A

 e
st

im
at

e 
of

 
42

3 
ng

/m
L 

as
 th

e 
m

ea
n 

es
tim

at
e 

of
 P

FO
A

 le
ve

l i
n 

hi
gh

ly
 e

xp
os

ed
 re

si
de

nt
s f

or
 th

e 
co

m
m

un
ity

 su
rr

ou
nd

in
g 

th
e 

D
uP

on
t W

as
hi

ng
to

n 
W

or
ks

 fa
ci

lit
y 

in
 w

es
t V

irg
in

ia
 b

ec
au

se
 

ot
he

r d
at

a 
ar

e 
av

ai
la

bl
e.

  F
ur

th
er

m
or

e,
 S

ak
r e

t a
l. 

20
07

a 
di

d 
no

t p
ro

vi
de

 th
e 

m
os

t 
ap

pr
op

ria
te

 e
st

im
at

e 
fo

r t
he

 a
ve

ra
ge

 P
FO

A
 c

on
ce

nt
ra

tio
n 

fo
r t

he
 w

or
ke

rs
 (W

os
ki

e 
et

 a
l. 

20
12

 A
nn

 O
cc

up
 H

yg
 5

6 
10

25
-1

03
7)

.  
 

 
Th

ro
ug

ho
ut

 th
is

 d
ra

ft 
to

xi
co

lo
gi

ca
l p

ro
fil

e,
 A

TS
D

R
 st

at
ed

 th
at

 m
os

t e
pi

de
m

io
lo

gy
 

st
ud

ie
s w

er
e 

of
 th

e 
cr

os
s-

se
ct

io
na

l d
es

ig
n.

  H
ow

ev
er

, n
ow

he
re

 d
oe

s A
TS

D
R

 p
ro

vi
de

 th
e 

ac
tu

al
 q

ua
nt

ita
tiv

e 
nu

m
be

r o
f e

pi
de

m
io

lo
gi

ca
l s

tu
di

es
 b

y 
th

e 
ty

pe
 o

f s
tu

dy
 d

es
ig

n.
  

Fu
rth

er
m

or
e,

 in
 m

os
t t

ab
le

s r
ep

or
te

d 
in

 C
ha

pt
er

 2
, A

TS
D

R
 n

ev
er

 p
ro

vi
de

s t
he

 ty
pe

 o
f 

st
ud

y 
de

si
gn

 o
f t

he
 a

ut
ho

r. 
It 

as
su

m
es

 th
e 

re
ad

er
 w

ill
 lo

ok
 a

t m
or

e 
de

ta
il 

in
 th

e 
ab

rid
ge

d 
ab

st
ra

ct
s o

f t
he

se
 st

ud
ie

s p
re

se
nt

ed
 in

 th
e 

Su
pp

or
tin

g 
D

oc
um

en
t. 

 T
hi

s i
s h

ig
hl

y 
un

fo
rtu

na
te

 a
nd

 a
 m

aj
or

 sh
or

tc
om

in
g 

of
 th

e 
A

TS
D

R
 re

po
rt.

  A
ll 

st
ud

ie
s l

is
te

d 
in

 ta
bl

es
 

sh
ou

ld
 b

e 
lis

te
d 

as
 to

 th
ei

r s
tu

dy
 d

es
ig

n.
   

 
It 

is
 h

ig
hl

y 
m

is
le

ad
in

g 
fo

r A
TS

D
R

 to
 st

at
e 

on
 p

ag
e 

5,
 p

ar
ag

ra
ph

 2
, p

rio
r t

o 
id

en
tif

yi
ng

 
as

so
ci

at
io

ns
 b

et
w

ee
n 

PF
A

S 
ex

po
su

re
 a

nd
 e

ig
ht

 h
ea

lth
 o

ut
co

m
es

, t
ha

t  
“B

as
ed

 o
n 

a 
nu

m
be

r o
f f

ac
to

rs
 in

cl
ud

in
g 

th
e 

co
ns

is
te

nc
y 

of
 fi

nd
in

gs
 a

cr
os

s s
tu

di
es

, t
he

 a
va

ila
bl

e 
ep

id
em

io
lo

gy
 st

ud
ie

s s
ug

ge
st

 a
ss

oc
ia

tio
ns

 b
et

w
ee

n 
pe

rf
lu

or
oa

lk
yl

 e
xp

os
ur

e 
an

d 
se

ve
ra

l 
he

al
th

 o
ut

co
m

es
” 

be
ca

us
e 

on
 p

ag
e 

63
5/

63
6 

(c
ha

pt
er

 o
n 

th
e 

ad
eq

ua
cy

 o
f t

he
 d

at
ab

as
e)

, i
t 

m
ak

es
 th

e 
fo

llo
w

in
g 

co
nt

ra
di

ct
or

y 
st

at
em

en
t: 

 “
Th

e 
av

ai
la

bl
e 

hu
m

an
 st

ud
ie

s h
av

e 
id

en
tif

ie
d 

so
m

e 
po

te
nt

ia
l t

ar
ge

ts
 o

f t
ox

ic
ity

; h
ow

ev
er

, c
au

se
-a

nd
-e

ff
ec

t r
el

at
io

ns
hi

ps
 h

av
e 

no
t b

ee
n 

es
ta

bl
is

he
d 

fo
r a

ny
 o

f t
he

 e
ff

ec
ts

, a
nd

 th
e 

ef
fe

ct
s h

av
e 

no
t b

ee
n 

co
ns

is
te

nt
ly

 
fo

un
d 

in
 a

ll 
st

ud
ie

s.”
  I

nd
ee

d,
 th

er
e 

is
 n

ot
 c

on
si

st
en

cy
 o

f f
in

di
ng

s i
n 

th
e 

ep
id

em
io

lo
gy

 
da

ta
 a

cr
os

s t
he

se
 8

 a
ss

oc
ia

tio
ns

.  
M

or
eo

ve
r, 

A
TS

D
R

 d
oe

s a
 d

is
se

rv
ic

e 
to

 th
e 

sc
ie

nt
ifi

c 
lit

er
at

ur
e 

to
 su

gg
es

t t
ha

t t
he

re
 is

 c
on

si
st

en
cy

.  
Th

er
ef

or
e,

 it
 is

 im
pe

ra
tiv

e 
th

at
 th

e 
st

at
em

en
t f

ou
nd

 o
n 

pa
ge

 6
35

/6
36

 b
e 

pl
ac

ed
 e

ith
er

 in
 fr

on
t o

f o
r i

m
m

ed
ia

te
ly

 a
fte

r t
he

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

91
 

 

lis
tin

g 
of

 th
e 

8 
as

so
ci

at
io

ns
 p

ro
vi

de
d 

on
 p

ag
e 

5/
6 

in
 C

ha
pt

er
 1

. O
th

er
w

is
e,

 th
es

e 
“a

ss
oc

ia
tio

ns
” 

m
ay

 b
e 

m
is

pe
rc

ei
ve

d 
to

 re
fle

ct
 c

au
sa

lit
y 

by
 sc

ie
nt

is
ts

 a
s w

el
l a

s t
he

 p
ub

lic
 

re
ad

in
g 

th
is

 T
ox

ic
ol

og
ic

al
 P

ro
fil

e.
 

 

Pa
ge

s 6
 –

 9
: 

Fi
gu

re
s 1

-1
, 1

-2
, a

nd
 1

-3
 a

re
 m

is
le

ad
in

g.
  T

he
 st

ud
ie

s c
om

pi
le

d 
in

 e
ac

h 
fig

ur
e 

ha
ve

 
di

ff
er

en
t s

tu
dy

 d
es

ig
ns

 w
ith

 d
iff

er
en

t a
ni

m
al

 m
od

el
s u

se
d 

an
d 

di
ff

er
en

t d
os

in
g 

re
gi

m
en

s;
 

th
ey

 si
m

pl
y 

do
 n

ot
 re

fle
ct

 fi
na

l b
od

y 
bu

rd
en

 a
ch

ie
ve

d.
 T

he
se

 fi
gu

re
s s

ho
ul

d 
ei

th
er

 b
e 

re
m

ov
ed

 o
r r

ev
is

ed
 b

y 
ta

ki
ng

 to
xi

co
ki

ne
tic

 in
to

 c
on

si
de

ra
tio

n.
 

 Pa
ge

 1
0:

   U
nd

er
 li

ve
r e

ff
ec

ts
:  

A
TS

D
R

 sh
ou

ld
 a

ls
o 

ci
te

 o
th

er
 k

ey
 st

ud
ie

s s
uc

h 
as

 E
lc

om
be

 e
t a

l 
20

10
 A

rc
h 

To
xi

co
l 8

4 
78

7-
79

8;
 A

lb
re

ch
t e

t a
l. 

20
13

 T
ox

ic
ol

 S
ci

 1
31

 5
68

-5
82

; a
nd

 
B

ut
en

ho
ff

 e
t a

l. 
20

12
 R

ep
ro

d 
To

xi
co

l 3
3 

51
3-

53
0.

 

 Pa
ge

 1
1:

 

 
A

TS
D

R
 sh

ou
ld

 a
ls

o 
in

cl
ud

e 
ot

he
r n

uc
le

ar
 re

ce
pt

or
s i

n 
its

 d
is

cu
ss

io
n,

 su
ch

 a
s C

A
R

/P
X

R
.  

It 
sh

ou
ld

 in
cl

ud
e 

st
ud

ie
s b

y 
El

co
m

be
 e

t a
l 2

01
0 

A
rc

h 
To

xi
co

l 8
4 

78
7-

79
8;

 V
an

de
n 

H
eu

ve
l e

t a
l. 

20
06

 T
ox

ic
ol

 S
ci

 9
2 

47
6-

48
9;

 A
lb

re
ch

t e
t a

l. 
20

13
 T

ox
ic

ol
 S

ci
 1

31
 5

68
-

58
2;

 B
jo

rk
 &

 W
al

la
ce

 2
00

9 
To

xi
co

l S
ci

 1
11

 8
9-

99
; a

nd
 B

jo
rk

 e
t a

l. 
20

11
 T

ox
ic

ol
og

y 
28

8 
8-

17
. 

 
A

TS
D

R
 is

 in
co

rr
ec

t s
ta

tin
g 

th
at

 in
cr

ea
se

d 
he

pa
tic

 p
al

m
ito

yl
 C

oA
 o

xi
da

se
 a

ct
iv

ity
 w

as
 

in
cr

ea
se

d 
in

 P
FO

S-
tre

at
ed

 m
on

ke
ys

 in
 S

ea
ca

t e
t a

l. 
(2

00
2)

 st
ud

y 
(s

ee
 T

ab
le

 6
 o

f S
ea

ca
t e

t 
al

. m
an

us
cr

ip
t).

   
 

 
A

TS
D

R
 sh

ou
ld

 a
ls

o 
ci

te
 a

no
th

er
 re

le
va

nt
 st

ud
y 

fo
r t

he
 se

ru
m

 li
pi

d 
ch

an
ge

 in
 m

on
ke

ys
 

(C
ha

ng
 e

t a
l. 

20
17

 T
ox

ic
ol

 S
ci

 1
56

 3
87

-4
01

), 
w

hi
ch

 fo
llo

w
ed

 a
 c

oh
or

t o
f m

on
ke

ys
 fo

r 
40

0+
 d

ay
s a

nd
 th

ei
r s

er
um

 li
pi

d 
pr

of
ile

s w
er

e 
ch

ar
ac

te
riz

ed
 b

ef
or

e 
an

d 
af

te
r P

FO
S 

tre
at

m
en

ts
.  

Th
e 

lo
w

er
 b

en
ch

m
ar

k 
co

nc
en

tra
tio

n 
w

as
 a

ro
un

d 
75

 μ
g/

m
L 

(7
50

00
 n

g/
m

L)
 in

 
th

e 
se

ru
m

 w
he

re
 a

 d
ec

re
as

e 
in

 se
ru

m
 c

ho
le

st
er

ol
 o

cc
ur

re
d 

in
 th

es
e 

m
on

ke
ys

. 
 

Pa
ge

 1
2:

 

 
A

TS
D

R
 sh

ou
ld

 p
ro

vi
de

 c
om

pe
lli

ng
 sc

ie
nt

ifi
c 

da
ta

 to
 e

xp
la

in
 w

hy
 th

ey
 c

on
cl

ud
ed

 th
e 

fo
llo

w
in

g:
   

 “S
pe

ci
fic

 e
ffe

ct
s r

ep
or

te
d 

in
cl

ud
e 

pr
en

at
al

 lo
ss

, r
ed

uc
ed

 n
eo

na
te

 w
ei

gh
t a

nd
 

vi
ab

ili
ty

, n
eu

ro
de

ve
lo

pm
en

t t
ox

ic
ity

, a
nd

 d
el

ay
s i

n 
m

am
m

ar
y 

gl
an

d 
di

ffe
re

nt
ia

tio
n,

 e
ye

 o
pe

ni
ng

, v
ag

in
al

 o
pe

ni
ng

, a
nd

 fi
rs

t e
st

ru
s (

Ab
bo

tt 
et

 a
l. 

20
07

; 
Al

br
ec

ht
 e

t a
l. 

20
13

; C
he

ng
 e

t a
l. 

20
13

; J
oh

an
ss

on
 e

t a
l. 

20
08

; K
os

ke
la

 e
t a

l. 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

92
 

 

20
16

; L
au

 e
t a

l. 
20

06
; M

ac
on

 e
t a

l. 
20

11
; N

go
 e

t a
l. 

20
14

; O
ni

sh
ch

en
ko

 e
t a

l. 
20

11
; S

ob
ol

ew
sk

i e
t a

l. 
20

14
; W

hi
te

 e
t a

l. 
20

07
, 2

00
9,

 2
01

1;
 W

ol
f e

t a
l. 

20
07

; 
Ya

hi
a 

et
 a

l. 
20

10
). 

Th
es

e 
ef

fe
ct

s o
cc

ur
re

d 
ge

ne
ra

lly
 in

 th
e 

ab
se

nc
e 

of
 o

ve
rt

 
m

at
er

na
l t

ox
ic

ity
.”

   
 

 In
 th

e 
st

ud
ie

s c
ite

d 
by

 A
TS

D
R

 a
bo

ve
, t

he
re

 w
er

e 
co

m
pe

lli
ng

 su
pp

or
tin

g 
da

ta
 to

 il
lu

st
ra

te
 

de
ve

lo
pm

en
ta

l t
ox

ic
ity

 w
ith

 P
FO

A
 e

xp
os

ur
e 

un
de

r m
at

er
na

l i
nf

lu
en

ce
s. 

 In
 a

dd
iti

on
, 

th
er

e 
w

as
 n

o 
st

an
da

rd
iz

ed
 m

et
ho

d 
ev

al
ua

tin
g 

m
am

m
ar

y 
gl

an
d 

du
rin

g 
pu

p 
de

ve
lo

pm
en

ts
 

an
d 

th
e 

de
la

ye
d 

m
am

m
ar

y 
gl

an
d 

co
nc

lu
si

on
s r

ep
or

te
d 

by
 W

hi
te

 e
t a

l. 
(2

00
7,

 2
00

9,
 2

01
1)

 
an

d 
M

ac
on

 e
t a

l. 
(2

01
1)

 c
on

tra
di

ct
ed

 w
ith

 th
e 

co
nc

lu
si

on
s r

ep
or

te
d 

by
 o

th
er

s (
A

lb
re

ch
t e

t 
al

. 2
01

4,
 Y

an
g 

et
 a

l. 
20

09
 R

ep
ro

du
ct

 T
ox

ic
ol

 2
7 

29
9-

30
6;

 H
ar

di
st

y 
et

 a
l 2

01
0 

D
ru

g 
C

he
m

 T
ox

ic
ol

 3
3 

13
1-

13
7)

 w
he

re
 st

ra
in

-s
pe

ci
fic

 re
sp

on
se

s c
an

no
t b

e 
ru

le
d 

ou
t. 

 
 

 
St

ud
y 

ou
tc

om
es

 re
po

rte
d 

by
 O

ni
sh

ch
en

ko
 e

t a
l. 

(2
01

1)
 h

ad
 m

an
y 

te
ch

ni
ca

l i
ss

ue
s a

nd
 it

s 
da

ta
 la

ck
ed

 sc
ie

nt
ifi

c 
rig

or
s n

ec
es

sa
ry

 fo
r i

t t
o 

be
 u

se
d 

in
 a

ny
 m

ea
ni

ng
fu

l h
um

an
 ri

sk
 

as
se

ss
m

en
t. 

  
 

 
B

ra
in

 a
nd

 n
er

vo
us

 sy
st

em
 h

av
e 

no
t b

ee
n 

id
en

tif
ie

d 
as

 ta
rg

et
 o

rg
an

s i
n 

lo
ng

-te
rm

 
to

xi
co

lo
gi

ca
l s

tu
di

es
, i

nc
lu

di
ng

 2
-y

ea
r b

io
as

sa
ys

 in
 ra

ts
 (B

ut
en

ho
ff

 e
t a

l. 
20

12
 

To
xi

co
lo

gy
 2

98
 1

-1
3;

 B
ie

ge
l e

t a
l 2

00
1 

To
xS

ci
 6

0 
44

-5
5)

, 1
3-

w
ee

k 
st

ud
y 

in
 ra

ts
 (P

er
ki

ns
 

et
 a

l. 
20

04
 D

ru
g 

C
he

m
 T

ox
ic

ol
 2

7 
36

1-
37

8)
, 2

-g
en

er
at

io
n 

in
 ra

ts
 (B

ut
en

ho
ff

 e
t a

l 2
00

4 
To

xi
co

lo
gy

 1
96

 9
5-

11
6)

, o
r 6

-m
on

th
 st

ud
y 

in
 m

on
ke

ys
 (B

ut
en

ho
ff

 e
t a

l 2
00

2 
To

xS
ci

 6
9 

24
4-

25
7)

. 
 Pa

ge
s 1

3 
an

d 
14

: 

 
Si

m
ila

r t
o 

co
m

m
en

ts
 p

ro
vi

de
d 

on
 P

FO
A

, t
he

re
 w

er
e 

co
m

pe
lli

ng
 su

pp
or

tin
g 

da
ta

 to
 

ill
us

tra
te

 d
ev

el
op

m
en

ta
l t

ox
ic

ity
 w

ith
 P

FO
S 

ex
po

su
re

 w
as

 m
ed

ia
te

d 
by

 m
at

er
na

l t
ox

ic
ity

.  
In

 a
dd

iti
on

, t
he

 n
eu

ro
de

ve
lo

pm
en

ta
l a

lte
ra

tio
ns

 in
 m

ic
e 

ci
te

d 
by

 A
TS

D
R

 w
er

e 
co

nf
ou

nd
ed

 b
y 

po
or

 st
ud

y 
de

si
gn

 (O
ni

sh
ch

en
ko

 e
t a

l. 
20

11
, w

he
re

 o
nl

y 
a 

si
ng

le
 P

FO
S 

do
se

 w
as

 u
se

d)
 o

r u
ne

xp
la

in
ed

 n
on

-P
FO

S-
re

la
te

d 
st

re
ss

 su
ch

 a
s r

es
tra

in
in

g 
du

rin
g 

pr
eg

na
nc

y 
(F

ue
nt

es
 e

t a
l. 

20
07

a)
.  

Ev
al

ua
tio

n 
of

 im
m

un
e 

pa
ra

m
et

er
s b

as
ed

 o
n 

th
e 

re
su

lts
 

re
po

rte
d 

by
 K

ei
l e

t a
l. 

(2
00

8)
 w

as
 n

ot
 c

om
pr

eh
en

si
ve

 in
 th

at
 n

or
m

al
 re

sp
on

se
 to

 
im

m
un

iz
at

io
n 

is
 b

as
ed

 o
n 

Ig
G

 ti
te

r, 
no

t I
gM

; a
nd

 th
at

 K
ei

l e
t a

l. 
di

d 
no

t e
va

lu
at

e 
th

e 
su

bp
op

ul
at

io
n 

in
 o

th
er

 k
ey

 im
m

un
e 

or
ga

ns
 su

ch
 a

s b
on

e 
m

ar
ro

w
 a

nd
 b

lo
od

. 
 

 
St

ud
y 

by
 D

on
g 

et
 a

l. 
(2

00
9)

 a
ls

o 
ha

d 
nu

m
er

ou
s d

ef
ic

ie
nc

ie
s w

hi
ch

 p
re

cl
ud

ed
 it

s d
at

a 
to

 
be

 u
se

d 
in

 a
 p

ro
pe

r h
um

an
 ri

sk
 a

ss
es

sm
en

t. 
 T

he
 d

at
a 

pr
es

en
te

d 
by

 D
on

g 
et

 a
l. 

la
ck

ed
 

sc
ie

nt
ifi

c 
va

lid
ity

 to
 su

pp
or

t t
he

 c
on

cl
us

io
n 

th
at

 P
FO

S 
su

pp
re

ss
es

 im
m

un
e 

re
sp

on
se

s. 
 

Th
er

e 
sh

ou
ld

 b
e 

co
nc

or
da

nc
e 

be
tw

ee
n 

se
ve

ra
l k

ey
 im

m
un

e 
pa

ra
m

et
er

s (
as

 d
is

cu
ss

ed
 

be
lo

w
) a

nd
 th

e 
st

ud
y 

by
 D

on
g 

et
 a

l. 
fa

ile
d 

to
 d

em
on

st
ra

te
 su

ch
 m

an
y 

im
po

rta
nt

 a
sp

ec
ts

 o
f 

im
m

un
ot

ox
ic

ity
 st

ud
y.

   
B

rie
fly

, a
nt

ib
od

y 
re

sp
on

se
 is

 Ig
G

 is
ot

yp
e,

 n
ot

 Ig
M

, a
nd

 a
s a

n 
im

m
un

os
up

pr
es

si
ng

 a
ge

nt
, o

ne
 w

ou
ld

 e
xp

ec
t s

im
ila

r s
up

pr
es

si
ve

 im
m

un
e 

re
sp

on
se

s t
o 

be
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

93
 

 

ob
se

rv
ed

 in
 m

aj
or

 k
ey

 o
rg

an
s s

uc
h 

as
 d

ec
re

as
ed

 Ig
M

 a
nd

 Ig
G

 in
 sp

le
en

, t
hy

m
us

, a
nd

 
se

ru
m

.  
D

on
g 

et
 a

l. 
ev

al
ua

te
d 

Ig
M

 in
 sp

le
en

 o
nl

y 
bu

t d
id

 n
ot

 p
ro

vi
de

 a
ny

 c
on

cu
rr

en
t I

gM
 

st
at

us
 in

 o
th

er
 k

ey
 o

rg
an

s s
uc

h 
as

 th
ym

us
 o

r s
er

um
.  

A
s a

n 
im

m
un

os
up

pr
es

si
ng

 a
ge

nt
, 

on
e 

w
ou

ld
 e

xp
ec

t d
ec

re
as

ed
 im

m
un

e 
ce

ll 
po

pu
la

tio
ns

 in
 sp

le
en

, t
hy

m
us

, b
lo

od
, a

nd
 b

on
e 

m
ar

ro
w

 a
nd

 D
on

g 
et

 a
l. 

on
ly

 lo
ok

ed
 a

t s
pl

ee
n 

an
d 

th
ym

us
.  

A
s a

n 
im

m
un

os
up

pr
es

si
ng

 
ag

en
t, 

on
e 

w
ou

ld
 e

xp
ec

t d
ec

re
as

ed
 p

ro
lif

er
at

io
n 

in
 im

m
un

e 
ce

lls
 a

nd
 D

on
g 

et
 a

l. 
di

d 
no

t 
us

e 
th

e 
co

rr
ec

t m
et

ho
ds

 to
 e

va
lu

at
e 

th
es

e 
re

sp
on

se
s a

nd
 im

pr
op

er
ly

 re
po

rte
d 

th
ei

r d
at

a.
  

C
ol

le
ct

iv
el

y,
 th

e 
st

ud
y 

by
 D

on
g 

et
 a

l. 
di

d 
no

t p
ro

vi
de

 a
ny

 ro
bu

st
 o

r c
om

pe
lli

ng
 sc

ie
nt

ifi
c 

ev
id

en
ce

 to
 su

pp
or

t t
he

 c
la

im
 th

at
 P

FO
S 

is
 a

ss
oc

ia
te

d 
w

ith
 im

m
un

e 
su

pp
re

ss
io

n 
in

 m
ic

e.
   

 Pa
ge

 2
1:

  
 

A
s s

ta
te

d 
pr

ev
io

us
ly

, t
he

 A
TS

D
R

 d
ra

ft 
pr

of
ile

 c
ite

d 
a 

20
03

-2
00

4 
N

H
A

N
ES

 st
ud

y 
(C

al
af

at
 e

t a
l, 

20
07

). 
M

or
e 

re
ce

nt
 N

H
A

N
ES

 b
io

m
on

ito
rin

g 
da

ta
 w

as
 p

ub
lis

he
d 

in
 th

e 
C

D
C

’s
 “

Fo
ur

th
 N

at
io

na
l R

ep
or

t o
n 

H
um

an
 E

xp
os

ur
e 

to
 E

nv
iro

nm
en

ta
l C

he
m

ic
al

s”
 in

 
20

18
.  

 
 Pa

ge
 2

2:
 

 
A

TS
D

R
 st

at
ed

 th
at

 “
Fo

r s
tu

di
es

 in
 w

hi
ch

 th
e 

po
pu

la
tio

n 
w

as
 d

iv
id

ed
 in

to
 p

er
flu

or
oa

lk
yl

 
ex

po
su

re
 c

at
eg

or
ie

s, 
su

ch
 a

s q
ua

rt
ile

s, 
th

e 
ri

sk
 ra

tio
 re

po
rt

ed
 in

 th
e 

su
m

m
ar

y 
ta

bl
e 

is
 fo

r 
th

e 
lo

w
es

t e
xp

os
ur

e 
ca

te
go

ry
 w

ith
 a

 st
at

is
tic

al
ly

 si
gn

ifi
ca

nt
 a

ss
oc

ia
tio

n;
 ri

sk
 ra

tio
s f

or
 

hi
gh

er
 e

xp
os

ur
e 

ca
te

go
ri

es
 a

re
 p

re
se

nt
ed

 in
 th

e 
Su

pp
or

tin
g 

D
oc

um
en

t f
or

 
Ep

id
em

io
lo

gi
ca

l S
tu

di
es

 fo
r P

er
flu

or
oa

lk
yl

s”
.  

Th
is

 a
pp

ro
ac

h 
is

 p
ro

bl
em

at
ic

 fo
r s

ev
er

al
 

re
as

on
s. 

Fi
rs

t, 
re

ad
er

s w
ill

 li
ke

ly
 re

fe
r o

nl
y 

to
 th

e 
A

TS
D

R
 d

ra
ft 

pr
of

ile
 a

nd
 n

ot
 th

e 
Su

pp
or

tin
g 

D
oc

um
en

t. 
A

s s
uc

h,
 re

ad
er

s w
ill

 n
ot

 b
e 

in
fo

rm
ed

 o
f a

ll 
fin

di
ng

s i
nc

lu
di

ng
 

th
os

e 
ex

po
su

re
 c

at
eg

or
ie

s w
ith

 n
on

-s
ig

ni
fic

an
t f

in
di

ng
s a

nd
 e

vi
de

nc
e 

(o
r l

ac
k 

th
er

eo
f)

 o
f 

a 
do

se
-r

es
po

ns
e.

 S
ec

on
d,

 re
su

lts
 fr

om
 c

on
tin

uo
us

 e
xp

os
ur

e 
m

et
ric

s a
nd

 o
th

er
 st

at
is

tic
al

 
m

ea
su

re
s a

re
 n

ot
 re

po
rte

d 
in

 S
um

m
ar

y 
ta

bl
es

 o
r i

n 
th

e 
Su

pp
or

tin
g 

D
oc

um
en

t. 
It 

is
 

in
ap

pr
op

ria
te

 fo
r A

TS
D

R
 to

 in
cl

ud
e 

on
ly

 c
at

eg
or

ic
al

 re
su

lts
 a

nd
 n

ot
 p

re
se

nt
 a

ll 
th

e 
av

ai
la

bl
e 

ev
id

en
ce

 (b
ot

h 
si

gn
ifi

ca
nt

 a
nd

 n
on

-s
ig

ni
fic

an
t f

in
di

ng
s)

.  
 

 Pa
ge

 2
3:

  
 

A
TS

D
R

 st
at

ed
 th

at
 “

Th
e 

di
sc

us
si

on
 o

f t
he

 a
va

ila
bl

e 
da

ta
 fo

r e
ac

h 
he

al
th

 e
ffe

ct
 is

 d
iv

id
ed

 
in

to
 se

ve
ra

l s
ub

se
ct

io
ns

. E
ac

h 
he

al
th

 e
ffe

ct
 se

ct
io

n 
be

gi
ns

 w
ith

 a
n 

ov
er

vi
ew

, w
hi

ch
 

co
nt

ai
ns

 a
 b

ri
ef

 d
is

cu
ss

io
n 

of
 th

e 
av

ai
la

bl
e 

da
ta

 a
nd

 c
on

cl
us

io
ns

 th
at

 c
an

 b
e 

dr
aw

n 
fr

om
 

th
e 

da
ta

”.
 H

ow
ev

er
, t

he
 se

ct
io

n 
ov

er
vi

ew
, f

or
 m

os
t h

ea
lth

 e
ff

ec
ts

, f
ai

le
d 

to
 p

ro
vi

de
 a

ny
 

co
nc

lu
si

on
s t

ha
t c

an
 b

e 
dr

aw
n 

fr
om

 th
e 

da
ta

 o
r a

ny
 d

is
cu

ss
io

n 
be

yo
nd

 p
re

se
nt

in
g 

ov
er

al
l 

st
ud

y 
fin

di
ng

s. 
O

f t
he

 1
8 

he
al

th
 e

ff
ec

ts
 re

vi
ew

ed
 in

 d
ra

ft 
pr

of
ile

, A
TS

D
R

 d
id

 n
ot

 p
ro

vi
de

 
th

ei
r o

ve
ra

ll 
co

nc
lu

si
on

 fo
r 1

0 
he

al
th

 e
ff

ec
ts

, i
nc

lu
di

ng
 d

ea
th

 (p
ag

e 
10

6)
, b

od
y 

w
ei

gh
t 

(p
ag

e 
10

9)
, r

es
pi

ra
to

ry
 (p

ag
e 

12
1)

, c
ar

di
ov

as
cu

la
r (

pa
ge

 1
23

), 
ga

st
ro

in
te

st
in

al
 (p

ag
e 

13
5)

, 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

94
 

 

he
m

at
ol

og
ic

al
 (p

ag
e 

13
7)

, d
er

m
al

 (p
ag

e 
21

9)
, o

cu
la

r (
pa

ge
 2

20
), 

ne
ur

ol
og

ic
al

 (p
ag

e 
29

3)
 

an
d 

ca
nc

er
 (p

ag
e 

41
8)

.  
 Pa

ge
 2

4:
 

 
A

TS
D

R
 re

po
rte

d 
th

at
 a

 “
w

ei
gh

t-o
f-

ev
id

en
ce

” 
ap

pr
oa

ch
 w

as
 u

se
d 

to
 e

va
lu

at
e 

w
he

th
er

 th
e 

av
ai

la
bl

e 
da

ta
 su

pp
or

t a
 li

nk
 b

et
w

ee
n 

pe
rf

lu
or

oa
lk

yl
 e

xp
os

ur
e 

an
d 

a 
pa

rti
cu

la
r h

ea
lth

 
ou

tc
om

e.
  F

ur
th

er
, A

TS
D

R
 st

at
ed

 th
at

 “
th

is
 w

ei
gh

t-o
f-e

vi
de

nc
e 

ap
pr

oa
ch

 ta
ke

s i
nt

o 
co

ns
id

er
at

io
n 

th
e 

co
ns

is
te

nc
y 

of
 th

e 
fin

di
ng

s a
cr

os
s s

tu
di

es
, t

he
 q

ua
lit

y 
of

 th
e 

st
ud

ie
s, 

do
se

-r
es

po
ns

e 
an

d 
pl

au
si

bi
lit

y”
.  

H
ow

ev
er

, A
TS

D
R

 fa
ile

d 
to

 1
) c

ite
 th

e 
“w

ei
gh

t-o
f-

ev
id

en
ce

” 
ap

pr
oa

ch
 th

at
 w

as
 u

se
d,

 a
nd

 2
) p

ro
vi

de
 sc

ie
nt

ifi
c 

ju
st

ifi
ca

tio
n 

or
 

do
cu

m
en

ta
tio

n 
of

 th
e 

un
de

rly
in

g 
ev

id
en

ce
 u

se
d 

to
 re

ac
h 

a 
co

nc
lu

si
on

. G
iv

en
 th

at
 a

 
“w

ei
gh

t-o
f-

ev
id

en
ce

 a
pp

ro
ac

h”
 re

qu
ire

s u
se

 o
f s

ci
en

tif
ic

 ju
dg

m
en

t, 
th

e 
A

TS
D

R
 m

us
t b

e 
tra

ns
pa

re
nt

 in
 a

ll 
st

ep
s o

f t
he

 e
va

lu
at

io
n 

pr
oc

es
s a

nd
 a

ll 
co

nc
lu

si
on

s d
ra

w
n.

  F
or

 e
xa

m
pl

e,
 

on
 th

e 
8 

as
so

ci
at

io
ns

 li
st

ed
 o

n 
pa

ge
 2

5,
 th

e 
A

TS
D

R
 h

as
 fa

ile
d 

to
 e

xp
la

in
 to

 th
e 

re
ad

er
 

ho
w

 it
 re

ac
he

d 
su

ch
 a

 c
ol

le
ct

iv
e 

co
nc

lu
si

on
 fo

r e
ac

h 
on

e 
gi

ve
n 

th
e 

qu
al

ity
 (o

fte
n 

cr
os

s 
se

ct
io

na
l) 

of
 th

e 
st

ud
ie

s r
ev

ie
w

ed
, t

he
 la

ck
 o

f d
os

e-
re

sp
on

se
s, 

an
d 

la
ck

 o
f a

ny
 k

no
w

n 
bi

ol
og

ic
al

 p
la

us
ib

ili
ty

 in
 th

e 
hu

m
an

, e
sp

ec
ia

lly
 w

he
n 

su
ch

 p
la

us
ib

ili
ty

 w
as

 e
ith

er
 n

ot
 

sh
ow

n 
or

 k
no

w
n 

to
 re

su
lt 

in
 c

on
tra

di
ct

or
y 

fin
di

ng
s i

n 
th

e 
hu

m
an

. 
 

Pa
ge

 2
5:

 

 
Th

e 
te

rm
 “

lin
ks

” 
do

es
 n

ot
 h

av
e 

a 
pr

ec
is

e 
sc

ie
nt

ifi
c 

m
ea

ni
ng

.  
Th

is
 w

or
d 

is
 n

ot
 st

an
da

rd
 

sc
ie

nt
ifi

c 
la

ng
ua

ge
 ta

ug
ht

 in
 e

pi
de

m
io

lo
gy

 c
ou

rs
es

 in
 S

ch
oo

ls
 o

f P
ub

lic
 H

ea
lth

.  
Th

er
ef

or
e,

 th
e 

A
TS

D
R

 sh
ou

ld
 d

el
et

e 
th

ro
ug

ho
ut

 th
is

 d
oc

um
en

t t
he

 w
or

d 
“l

in
k 

or
 li

nk
s”

 
an

d 
re

pl
ac

e 
w

ith
 th

e 
w

or
d 

“a
ss

oc
ia

tio
n 

or
 a

ss
oc

ia
tio

ns
.”

  
 

Se
e 

co
m

m
en

ts
 fo

r P
ag

e 
5,

 P
ar

ag
ra

ph
 2

.  
It 

is
 n

ot
 p

os
si

bl
e 

to
 d

is
cu

ss
 a

ss
oc

ia
tio

ns
 w

ith
ou

t 
ex

pl
ic

itl
y 

st
at

in
g 

th
e 

ad
m

is
si

on
 b

y 
A

TS
D

R
, f

ou
nd

 o
n 

pa
ge

 6
35

/6
36

 o
f t

he
 c

ha
pt

er
 o

n 
th

e 
ad

eq
ua

cy
 o

f t
he

 d
at

ab
as

e,
 th

e 
fo

llo
w

in
g 

st
at

em
en

t (
se

e 
se

ct
io

n 
on

 E
pi

de
m

io
lo

gy
 a

nd
 

H
um

an
 D

os
im

et
ry

 S
tu

di
es

): 
“T

he
 a

va
ila

bl
e 

hu
m

an
 st

ud
ie

s h
av

e 
id

en
tif

ie
d 

so
m

e 
po

te
nt

ia
l 

ta
rg

et
s o

f t
ox

ic
ity

; h
ow

ev
er

, c
au

se
-a

nd
-e

ff
ec

t r
el

at
io

ns
hi

ps
 h

av
e 

no
t b

ee
n 

es
ta

bl
is

he
d 

fo
r 

an
y 

of
 th

e 
ef

fe
ct

s, 
an

d 
th

e 
ef

fe
ct

s h
av

e 
no

t b
ee

n 
co

ns
is

te
nt

ly
 fo

un
d 

in
 a

ll 
st

ud
ie

s.”
   

Th
is

 
st

at
em

en
t s

ho
ul

d 
im

m
ed

ia
te

ly
 p

re
ce

de
 o

r f
ol

lo
w

 th
e 

as
so

ci
at

io
ns

 w
he

ne
ve

r t
he

 
as

so
ci

at
io

ns
 a

re
 li

st
ed

; o
th

er
w

is
e 

th
es

e 
“a

ss
oc

ia
tio

ns
” 

m
ay

 b
e 

er
ro

ne
ou

sl
y 

as
su

m
ed

 to
 

re
fle

ct
 c

au
sa

lit
y 

by
 n

on
-e

pi
de

m
io

lo
gi

st
s a

s w
el

l a
s t

he
 p

ub
lic

-a
t-l

ar
ge

 o
r o

th
er

s t
ha

t m
ay

 
re

ad
 th

is
 T

ox
ic

ol
og

ic
al

 P
ro

fil
e 

or
 p

ar
ts

 th
er

ei
n.

 

Pa
ge

 1
08

: 

O
EC

D
 (2

00
2)

 d
oc

um
en

t c
ite

d 
on

 th
is

 p
ag

e 
is

 p
ub

lic
 in

fo
rm

at
io

n 
an

d 
ca

n 
be

 fo
un

d 
on

 th
e 

fo
llo

w
in

g 
w

eb
 li

nk
: 

ht
tp

s:
//w

w
w

.o
ec

d.
or

g/
en

v/
eh

s/
ris

k-
as

se
ss

m
en

t/2
38

28
80

.p
df

 

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

95
 

 Pa
ge

s 1
09

 –
 4

33
: 

Fo
r e

ac
h 

of
 th

e 
en

dp
oi

nt
s l

is
te

d 
he

re
, A

TS
D

R
 re

po
rte

d 
th

e 
st

ud
y 

fin
di

ng
s f

or
 e

ac
h 

co
m

po
un

d 
un

de
r e

ac
h 

ef
fe

ct
 b

ut
 d

id
 n

ot
 p

ro
vi

de
 it

s o
ve

ra
ll 

as
se

ss
m

en
t. 

 T
he

 d
at

a 
pr

es
en

ta
tio

n 
(s

pa
nn

in
g 

30
0+

 p
ag

es
) w

as
 o

n 
th

e 
w

ho
/h

ow
/w

ha
t o

f t
he

 se
le

ct
ed

 
ep

id
em

io
lo

gi
ca

l a
nd

 to
xi

co
lo

gi
ca

l s
tu

di
es

.  
It 

la
ck

ed
 o

ve
ra

ll 
co

nc
lu

si
on

 a
nd

 th
er

e 
w

as
 n

o 
“s

yn
th

es
is

” 
on

 th
e 

se
le

ct
ed

 d
at

a 
pr

es
en

te
d 

by
 A

TS
D

R
 in

 th
is

 se
ct

io
n.

  A
 c

on
cl

us
io

n 
or

 
po

si
tio

n 
st

at
em

en
t b

y 
A

TS
D

R
 a

t t
he

 e
nd

 o
f e

ac
h 

en
dp

oi
nt

 w
ill

 b
e 

he
lp

fu
l t

o 
th

e 
re

ad
er

s.
 

 Pa
ge

 1
31

: 

A
TS

D
R

 in
co

rr
ec

tly
 st

at
ed

 th
at

 “
An

ot
he

r”
 st

ud
y 

(D
ar

ro
w

 e
t a

l, 
20

13
) f

ou
nd

 si
gn

ifi
ca

nt
 

in
cr

ea
se

s i
n 

od
ds

 ra
tio

s f
or

 p
re

gn
an

cy
-in

du
ce

d 
hy

pe
rte

ns
io

n.
 T

hi
s s

tu
dy

 is
 th

e 
sa

m
e 

st
ud

y 
th

at
 is

 c
ite

d 
in

 th
e 

pr
ev

io
us

 se
nt

en
ce

.  
   

 Pa
ge

s 2
44

-3
00

 (S
ec

tio
n 

2.
14

): 
 

Tw
o 

ad
di

tio
na

l s
tu

di
es

 (T
im

m
er

m
an

n 
et

 a
l. 

20
17

; I
m

pi
ne

n 
et

 a
l. 

20
18

) h
av

e 
be

en
 

pu
bl

is
he

d 
si

nc
e 

20
16

 a
nd

 sh
ou

ld
 b

e 
in

cl
ud

ed
 in

 th
e 

A
TS

D
R

 d
ra

ft 
pr

of
ile

.  
 Pa

ge
s 2

45
-2

50
, T

ab
le

 2
-1

6:
 

 
 

A
TS

D
R

 d
id

 n
ot

 c
ite

 th
e 

st
ud

y 
by

 A
nd

er
so

n-
M

ah
on

ey
 e

t a
l (

20
08

). 
It 

is
, h

ow
ev

er
, c

ite
d 

in
 

th
e 

Su
pp

or
tin

g 
D

oc
um

en
t (

pa
ge

 1
05

, T
ab

le
 1

0)
.  

 
A

TS
D

R
 d

id
 n

ot
 c

ite
 a

 st
ud

y 
(L

eo
na

rd
 e

t a
l.,

 2
00

8)
 o

f P
FO

A
/P

FO
S 

ex
po

su
re

 a
nd

 
m

or
ta

lit
y 

fr
om

 in
fe

ct
io

us
 a

nd
 p

ar
as

iti
c 

di
se

as
es

. W
hi

le
 th

is
 st

ud
y 

w
as

 c
ite

d 
in

 S
ec

tio
n 

2.
2,

 
it 

sh
ou

ld
 a

ls
o 

be
 in

cl
ud

ed
 in

 S
ec

tio
n 

2.
14

 (a
s o

th
er

 st
ud

ie
s h

av
e 

be
en

 c
ite

d 
in

 m
or

e 
th

an
 

on
e 

se
ct

io
n)

.  
 Pa

ge
s 2

68
 - 

28
1:

 
 

A
TS

D
R

 c
ite

d 
se

ve
ra

l N
at

io
na

l T
ox

ic
ol

og
y 

Pr
og

ra
m

 (N
TP

 2
01

6)
 c

on
cl

us
io

ns
 o

n 
im

m
un

os
up

pr
es

si
on

 o
ut

co
m

es
 w

ith
ou

t p
ro

vi
di

ng
 th

e 
N

TP
 ra

tio
na

le
 fo

r r
ea

ch
in

g 
su

ch
 

co
nc

lu
si

on
s. 

Fo
r e

xa
m

pl
e,

 o
n 

pa
ge

 2
69

, i
n 

a 
se

pa
ra

te
 p

ar
ag

ra
ph

, A
TS

D
R

 st
at

es
 “

N
TP

 
(2

01
6b

) c
on

cl
ud

ed
 th

at
 th

er
e 

is
 m

od
er

at
e 

co
nf

id
en

ce
 th

at
 e

xp
os

ur
e 

to
 P

FO
A 

is
 

as
so

ci
at

ed
 w

ith
 su

pp
re

ss
io

n 
of

 th
e 

an
tib

od
y 

re
sp

on
se

 b
as

ed
 o

n 
th

e 
av

ai
la

bl
e 

hu
m

an
 

st
ud

ie
s. 

N
TP

 (2
01

6b
) a

ls
o 

co
nc

lu
de

d 
th

at
 th

er
e 

is
 lo

w
 c

on
fid

en
ce

 th
at

 e
xp

os
ur

e 
to

 P
FO

A 
is

 a
ss

oc
ia

te
d 

w
ith

 in
cr

ea
se

d 
in

ci
de

nc
e 

of
 in

fe
ct

io
us

 d
is

ea
se

 (o
r l

ow
er

 a
bi

lit
y 

to
 re

si
st

 o
r 

re
sp

on
d 

to
 in

fe
ct

io
us

 d
is

ea
se

.”
 A

TS
D

R
 sh

ou
ld

 d
es

cr
ib

e 
N

TP
s c

on
fid

en
ce

 ra
tin

gs
 in

 m
or

e 
de

ta
il 

(i.
e.

 in
ad

eq
ua

te
, l

ow
, m

od
er

at
e,

 h
ig

h)
 a

nd
 p

ro
vi

de
 th

e 
ra

tio
na

le
 fo

r r
ea

ch
in

g 
ea

ch
 

co
nc

lu
si

on
.  

  



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

96
 

 Pa
ge

s 2
70

, F
ig

ur
e 

2-
19

: 
 

Th
e 

“p
er

ce
nt

 d
iff

er
en

ce
 in

 a
nt

ib
od

y 
co

nc
en

tra
tio

n 
pe

r 2
-f

ol
d 

in
cr

ea
se

 in
 se

ru
m

 P
FO

A
” 

is
 

pr
es

en
te

d 
in

 F
ig

ur
e 

2-
19

. H
ow

ev
er

, f
in

di
ng

s f
ro

m
 tw

o 
in

flu
en

za
 st

ud
ie

s (
Lo

ok
er

 e
t a

l. 
20

14
; S

te
in

 e
t a

l. 
20

16
b)

 th
at

 u
se

d 
ot

he
r m

ea
su

re
s o

f a
ss

oc
ia

tio
n,

 a
nd

 re
po

rte
d 

nu
ll 

fin
di

ng
s, 

w
er

e 
no

t i
nc

lu
de

d.
 A

lth
ou

gh
 b

ot
h 

st
ud

ie
s w

er
e 

ci
te

d 
in

 th
e 

dr
af

t p
ro

fil
e 

(p
ag

e 
26

9)
, t

he
 A

TS
D

R
 sh

ou
ld

 a
ck

no
w

le
dg

e 
th

at
 re

su
lts

 fr
om

 th
es

e 
tw

o 
st

ud
ie

s w
er

e 
om

itt
ed

 
fr

om
 F

ig
ur

e 
2-

19
 a

nd
 p

ro
vi

de
 re

as
on

s f
or

 th
ei

r o
m

is
si

on
.  

  Pa
ge

s 2
72

, F
ig

ur
e 

2-
20

: 
 

R
es

ul
ts

 fr
om

 a
st

hm
a 

st
ud

ie
s r

ep
or

tin
g 

ad
ju

st
ed

 o
dd

s r
at

io
s a

re
 p

re
se

nt
ed

 in
 F

ig
ur

e 
2-

20
. 

Si
m

ila
r t

o 
th

e 
pr

ev
io

us
 c

om
m

en
t, 

re
su

lts
 fr

om
 tw

o 
st

ud
ie

s (
A

nd
er

so
n-

M
ah

on
ey

 e
t a

l 
20

08
; G

ra
nu

m
 e

t a
l 2

01
3)

 w
hi

ch
 re

po
rte

d 
di

ff
er

en
t m

ea
su

re
s o

f a
ss

oc
ia

tio
n 

w
er

e 
no

t 
in

cl
ud

ed
 in

 th
e 

Fi
gu

re
. T

he
 A

TS
D

R
 sh

ou
ld

 a
ck

no
w

le
dg

e 
th

at
 re

su
lts

 fr
om

 th
es

e 
tw

o 
st

ud
ie

s w
er

e 
om

itt
ed

 fr
om

 F
ig

ur
e 

2-
20

 a
nd

 p
ro

vi
de

 re
as

on
s f

or
 th

ei
r o

m
is

si
on

.  
 Pa

ge
s 2

72
 (F

ig
ur

e 
2-

20
), 

28
0 

(F
ig

ur
e 

2-
22

), 
28

5 
(F

ig
ur

e 
2-

24
), 

28
8 

(F
ig

ur
e 

2-
26

), 
an

d 
29

2 
(F

ig
ur

e 
2-

28
): 

 
Th

e 
A

TS
D

R
 sh

ou
ld

 c
le

ar
ly

 a
ck

no
w

le
dg

e 
th

at
 re

su
lts

 fr
om

 Z
hu

 e
t a

l (
20

16
) a

nd
 D

on
g 

et
 

al
 (2

01
3)

 w
er

e 
fr

om
 a

 si
ng

le
 c

as
e-

co
nt

ro
l s

tu
dy

 o
f t

he
 sa

m
e 

po
pu

la
tio

n 
(4

56
 T

ai
w

an
es

e 
ch

ild
re

n)
. A

s c
ur

re
nt

ly
 p

re
se

nt
ed

, i
t g

iv
es

 re
ad

er
s a

 fa
ls

e 
im

pr
es

si
on

 th
at

 th
es

e 
ar

e 
tw

o 
di

st
in

ct
 st

ud
ie

s w
ith

 c
on

sis
te

nt
 fi

nd
in

gs
, w

hi
ch

 th
ey

 a
re

 n
ot

.  
 Pa

ge
s 2

77
, F

ig
ur

e 
2-

21
: 

 
Th

e 
“p

er
ce

nt
 d

iff
er

en
ce

 in
 a

nt
ib

od
y 

co
nc

en
tra

tio
n 

pe
r 2

-f
ol

d 
in

cr
ea

se
 in

 se
ru

m
 P

FO
S”

 is
 

pr
es

en
te

d 
in

 F
ig

ur
e 

2-
21

. H
ow

ev
er

, f
in

di
ng

s f
ro

m
 tw

o 
in

flu
en

za
 st

ud
ie

s (
Lo

ok
er

 e
t a

l. 
20

14
; S

te
in

 e
t a

l. 
20

16
b)

, w
hi

ch
 u

se
d 

di
ff

er
en

t m
ea

su
re

s o
f a

ss
oc

ia
tio

n,
 a

nd
 re

po
rte

d 
nu

ll 
fin

di
ng

s, 
w

er
e 

no
t i

nc
lu

de
d.

 T
he

 re
su

lts
 b

y 
Lo

ok
er

 e
t a

l (
20

14
) w

er
e 

ci
te

d 
in

 th
e 

dr
af

t 
pr

of
ile

 (p
ag

e 
27

7)
, b

ut
 n

ot
 th

e 
re

su
lts

 fr
om

 S
te

in
 e

t a
l (

20
16

b)
. T

he
 A

TS
D

R
 sh

ou
ld

 
ac

kn
ow

le
dg

e 
th

at
 re

su
lts

 fr
om

 th
es

e 
tw

o 
st

ud
ie

s w
er

e 
om

itt
ed

 fr
om

 F
ig

ur
e 

2-
21

 a
nd

 
pr

ov
id

e 
re

as
on

s f
or

 th
ei

r o
m

is
si

on
.  

 Pa
ge

s 2
89

-2
91

 a
nd

 F
ig

ur
e 

2-
27

: 

A
TS

D
R

 o
ff

er
ed

 n
o 

ex
pl

an
at

io
n 

fo
r h

ow
 it

 c
on

cl
ud

ed
 th

at
 th

er
e 

is
 a

n 
as

so
ci

at
io

n 
be

tw
ee

n 
PF

D
eA

 a
nd

 d
ec

re
as

ed
 a

nt
ib

od
y 

re
sp

on
se

s t
o 

va
cc

in
es

 g
iv

en
 th

at
 o

nl
y 

3 
st

ud
ie

s h
av

e 
ex

am
in

ed
 th

is
 p

ot
en

tia
l a

ss
oc

ia
tio

n 
an

d 
ha

ve
 re

po
rte

d 
m

ix
ed

 re
su

lts
. T

hi
s c

on
cl

us
io

n 
is

 
no

t s
ci

en
tif

ic
al

ly
 su

pp
or

te
d 

gi
ve

n 
th

e 
lim

ite
d 

an
d 

in
co

ns
is

te
nt

 e
vi

de
nc

e.
 

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

97
 

 Pa
ge

s 4
33

 –
 4

49
: 

A
m

on
g 

al
l t

he
 m

ec
ha

ni
sm

s l
is

te
d 

he
re

, A
TS

D
R

 fa
ile

d 
to

 h
ig

hl
ig

ht
 th

e 
lip

id
 m

ec
ha

ni
sm

.  
A

lb
ei

t i
t w

as
 d

is
cu

ss
ed

 u
nd

er
 h

ep
at

ic
 to

xi
ci

ty
 m

ec
ha

ni
sm

, i
t s

ho
ul

d 
be

 e
m

ph
as

iz
ed

 
be

ca
us

e 
lip

id
-lo

w
er

in
g 

is
 a

 h
al

lm
ar

k 
bi

ol
og

ic
al

 e
ve

nt
 w

ith
 e

xp
os

ur
es

 to
 m

an
y 

of
 th

e 
pe

rf
lu

or
oa

lk
yl

s (
at

 re
la

tiv
el

y 
hi

gh
 d

os
es

). 
 T

he
 li

pi
d-

lo
w

er
in

g 
m

ec
ha

ni
sm

 h
as

 b
ee

n 
el

uc
id

at
ed

 fo
r P

FB
S,

 P
FH

xS
, a

nd
 P

FO
S 

us
in

g 
A

po
E3

*L
ei

de
n.

C
ET

P 
m

ic
e 

(B
ijl

an
d 

et
 a

l. 
20

11
 T

ox
 S

ci
 1

23
 2

90
-3

03
). 

 T
he

 h
yp

ol
ip

id
em

ia
 h

as
 b

ee
n 

ex
te

ns
iv

el
y 

di
sc

us
se

d 
w

ith
 

PF
O

A
 b

y 
ot

he
rs

 (w
hi

ch
 a

re
 c

ite
d 

by
 A

TS
D

R
 o

n 
pa

ge
 1

1)
. 

 Pa
ge

s 4
34

 –
 4

38
: 

Fo
r P

PA
R

al
ph

a-
de

pe
nd

en
t m

ec
ha

ni
sm

, A
TS

D
R

 sh
ou

ld
 o

ff
er

 a
 su

m
m

ar
y 

or
 a

 p
os

iti
on

 
st

at
em

en
t o

n 
PP

A
R

al
ph

a-
m

ed
ia

te
d 

ef
fe

ct
s r

ep
or

te
d 

in
 a

ni
m

al
s a

nd
 th

ei
r l

ac
k 

of
 re

le
va

nc
e 

to
 h

um
an

s. 

 Pa
ge

s 4
38

 –
 4

41
: 

Si
m

ila
rly

, A
TS

D
R

 sh
ou

ld
 o

ff
er

 a
 su

m
m

ar
y 

or
 a

 p
os

iti
on

 st
at

em
en

t o
n 

PP
A

R
al

ph
a-

in
de

pe
nd

en
t e

ff
ec

ts
 re

po
rte

d 
in

 a
ni

m
al

s a
nd

 th
ei

r r
el

ev
an

ce
 to

 h
um

an
s. 

 

 Pa
ge

s 4
41

 - 
 4

43
: 

Th
e 

liv
er

 to
xi

ci
ty

 m
ec

ha
ni

sm
 in

 ro
de

nt
s, 

in
 p

ar
t, 

ha
s b

ee
n 

w
el

l-d
oc

um
en

te
d 

an
d 

A
TS

D
R

 
sh

ou
ld

 o
ff

er
 a

 su
m

m
ar

y 
or

 a
 p

os
iti

on
 st

at
em

en
t o

n 
th

e 
ro

de
nt

 li
ve

r e
ff

ec
ts

 a
nd

 th
ei

r 
re

le
va

nc
e 

to
 h

um
an

s. 
 

 Pa
ge

s 4
43

-4
44

: 

R
es

ea
rc

h 
on

 im
m

un
ot

ox
ic

ity
 h

as
 p

ro
du

ce
d 

on
ly

 in
co

nc
lu

si
ve

 e
vi

de
nc

e,
 a

s a
ck

no
w

le
dg

ed
 

by
 E

PA
 in

 it
s 2

01
6 

H
ea

lth
 E

ff
ec

ts
 D

oc
um

en
t f

or
 P

FO
S,

 w
he

re
 it

 st
at

ed
 th

at
: 

 

“B
ot

h 
hu

m
an

 a
nd

 a
ni

m
al

 st
ud

ie
s h

av
e 

de
m

on
st

ra
te

d 
th

e 
po

te
nt

ia
l i

m
pa

ct
 o

f 
PF

O
S 

on
 th

e 
im

m
un

e 
sy

st
em

; h
ow

ev
er

, u
nc

er
ta

in
tie

s e
xi

st
 re

la
te

d 
to

 M
O

A 
an

d 
th

e 
le

ve
l, 

du
ra

tio
n,

 a
nd

/o
r t

im
in

g 
of

 e
xp

os
ur

e 
th

at
 a

re
 n

ot
 y

et
 c

le
ar

ly
 d

el
in

ea
te

d.
 

Th
e 

an
im

al
 im

m
un

ot
ox

ic
ity

 st
ud

ie
s s

up
po

rt
 th

e 
as

so
ci

at
io

n 
be

tw
ee

n 
PF

O
S 

an
d 

ef
fe

ct
s o

n 
th

e 
re

sp
on

se
 to

 sh
ee

p 
re

d 
bl

oo
d 

ce
lls

 a
s f

or
ei

gn
 m

at
er

ia
l a

nd
 o

n 
th

e 
na

tu
ra

l k
ill

er
 c

el
l p

op
ul

at
io

ns
; h

ow
ev

er
, t

he
 d

os
es

 w
ith

 e
ffe

ct
s a

re
 in

co
ns

is
te

nt
 

ac
ro

ss
 st

ud
ie

s f
or

 c
om

pa
ra

bl
e 

en
dp

oi
nt

s. 
W

he
n 

bo
th

 m
al

es
 a

nd
 fe

m
al

es
 w

er
e 

ev
al

ua
te

d,
 th

e 
m

al
es

 re
sp

on
de

d 
at

 a
 lo

w
er

 d
os

e 
th

an
 th

e 
fe

m
al

es
. B

ec
au

se
 o

f t
he

se
 

un
ce

rt
ai

nt
ie

s, 
EP

A 
di

d 
no

t q
ua

nt
ita

tiv
el

y 
as

se
ss

 th
is

 e
nd

po
in

t.”
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

98
 

   Pa
ge

 4
45

: 

A
lth

ou
gh

 m
an

y 
to

xi
co

lo
gi

ca
l s

tu
di

es
 h

ad
 re

po
rte

d 
en

do
cr

in
e 

di
st

ur
ba

nc
e 

po
te

nt
ia

l w
ith

 
PF

O
A

 a
nd

 P
FO

S 
ex

po
su

re
s, 

sp
ec

ifi
ca

lly
 o

n 
th

e 
th

yr
oi

d 
ho

rm
on

es
, i

t i
s i

m
po

rta
nt

 to
 re

al
iz

e 
th

at
 m

os
t o

f t
he

se
 st

ud
ie

s w
er

e 
do

ne
 e

ith
er

 u
nd

er
 in

 v
itr

o 
co

nd
iti

on
s (

to
 w

hi
ch

 h
ig

h 
co

nc
en

tra
tio

ns
 o

f P
FO

A
 o

r P
FO

S 
w

er
e 

em
pl

oy
ed

) o
r i

n 
vi

vo
 b

ut
 o

nl
y 

w
ith

 a
 li

m
ite

d 
se

t o
f 

en
dp

oi
nt

s e
va

lu
at

ed
 su

ch
 a

s s
el

ec
te

d 
ge

ne
 e

xp
re

ss
io

ns
 (D

'O
ra

zi
o 

et
 a

l. 
20

14
; D

an
ke

rs
 e

t a
l. 

20
13

; D
ix

on
 e

t a
l. 

20
12

; D
u 

et
 a

l. 
20

12
; D

u 
et

 a
l. 

20
13

; G
ao

 e
t a

l. 
20

13
; K

ra
ug

er
ud

 e
t a

l. 
20

11
; S

al
es

 e
t a

l. 
20

13
; S

on
th

ith
ai

 e
t a

l. 
20

15
; W

en
s e

t a
l. 

20
13

; W
hi

te
 e

t a
l. 

20
11

a;
 F

en
g 

et
 a

l. 
20

15
; L

op
ez

-D
ov

al
 e

t a
l. 

20
15

; L
op

ez
-D

ov
al

 e
t a

l. 
20

14
; P

er
ei

ro
 e

t a
l. 

20
14

; W
an

g 
et

 
al

. 2
01

1)
.  

In
 th

e 
st

ud
y 

ci
te

d 
by

 A
TS

D
R

, R
en

 e
t a

l. 
(2

01
5)

 e
va

lu
at

ed
 p

er
flu

or
oa

lk
yl

 b
in

di
ng

s u
si

ng
 a

 
co

m
pu

te
r s

of
tw

ar
e 

m
od

el
 to

 si
m

ul
at

e 
th

yr
oi

d 
ho

rm
on

e 
bi

nd
in

g;
 a

nd
 th

ei
r i

n 
vi

vo
 p

or
tio

n 
of

 
th

e 
st

ud
y 

w
as

 o
n 

ta
dp

ol
es

, n
ot

 in
 m

am
m

al
ia

n 
sp

ec
ie

s. 
 T

he
 e

nd
oc

rin
e 

sy
st

em
 is

 v
er

y 
co

m
pl

ic
at

ed
 a

nd
 e

va
lu

at
io

n 
of

 e
nd

oc
rin

e 
fu

nc
tio

ns
 is

 a
 v

er
y 

hi
gh

ly
 sp

ec
ia

liz
ed

 fi
el

d 
(th

is
 is

 
es

pe
ci

al
ly

 tr
ue

 in
 h

um
an

 c
lin

ic
al

 m
ed

ic
in

e)
.  

G
iv

en
 th

at
 P

FO
A

 a
nd

 P
FO

S 
ar

e 
st

ro
ng

 
su

rf
ac

ta
nt

s, 
th

e 
to

xi
ci

ty
 e

ff
ec

ts
 re

po
rte

d 
fr

om
 th

e 
ty

pi
ca

l m
on

o-
la

ye
re

d 
in

 v
itr

o 
tis

su
e 

cu
ltu

re
 sy

st
em

 o
ff

er
ed

 v
er

y 
lit

tle
 in

si
gh

t a
nd

 sc
ie

nt
ifi

c 
va

lu
e 

be
ca

us
e 

th
e 

da
ta

 w
er

e 
of

te
n 

co
m

pr
is

ed
 b

y 
th

e 
su

rf
ac

ta
nt

-in
du

ce
d 

to
xi

ci
ty

.  
Si

m
ila

rly
, g

en
e 

ex
pr

es
si

on
s d

o 
no

t r
ep

re
se

nt
 

fu
nc

tio
na

lit
y 

an
d 

en
do

cr
in

e 
fu

nc
tio

n 
is

 a
n 

in
tri

ca
te

 n
et

w
or

k.
 

B
as

ed
 o

n 
da

ta
 fr

om
 th

e 
la

rg
e 

sc
al

e 
2-

ge
ne

ra
tio

n 
re

pr
od

uc
tiv

e 
an

d 
de

ve
lo

pm
en

ta
l s

tu
di

es
 

(w
hi

ch
 a

re
 c

on
si

de
re

d 
as

 th
e 

m
os

t c
om

pr
eh

en
si

ve
 te

st
 b

y 
va

rio
us

 a
ge

nc
ie

s f
or

 e
va

lu
at

in
g 

en
do

cr
in

e 
fu

nc
tio

ns
), 

PF
O

A
 a

nd
 P

FO
S 

cl
ea

rly
 d

id
 n

ot
 a

lte
r t

he
 re

pr
od

uc
tiv

e 
fu

nc
tio

ns
 a

s 
th

e 
re

pr
od

uc
tiv

e 
pe

rf
or

m
an

ce
s i

n 
bo

th
 m

al
es

 a
nd

 fe
m

al
es

 w
er

e 
no

rm
al

 (v
id

e 
su

pr
a)

.  
If 

th
ey

 
w

er
e 

in
de

ed
 e

nd
oc

rin
e 

di
sr

up
tin

g 
co

m
po

un
ds

, t
he

n 
on

e 
w

ou
ld

 e
xp

ec
t i

t t
o 

di
re

ct
ly

 a
ct

iv
at

e 
en

do
cr

in
e 

re
ce

pt
or

s s
uc

h 
as

 e
st

ro
ge

n 
re

ce
pt

or
s o

r t
hy

ro
id

 re
ce

pt
or

s. 
  

Is
hi

ba
sh

i e
t a

l. 
(2

00
7)

 re
po

rte
d 

th
at

 P
FO

A
 o

r P
FO

S 
di

d 
no

t a
ct

iv
at

e 
hu

m
an

 e
st

ro
ge

n 
re

ce
pt

or
 α

 o
r β

.  
Li

ke
w

is
e,

 Y
ao

 e
t a

l. 
(2

01
4)

 d
id

 n
ot

 re
po

rt 
th

at
 P

FO
A

 c
an

 a
ct

iv
at

e 
m

ou
se

 
or

 h
um

an
 e

st
ro

ge
n 

re
ce

pt
or

s. 
 Y

ao
 e

t a
l. 

al
so

 sh
ow

ed
 a

 la
ck

 o
f c

ha
ng

e 
in

 th
e 

hi
st

om
or

ph
ol

og
y 

of
 u

te
rin

e/
ce

rv
ix

 a
nd

 v
ag

in
al

 ti
ss

ue
s i

n 
fe

m
al

e 
m

ic
e 

af
te

r r
ec

ei
vi

ng
 o

ra
l 

am
m

on
iu

m
 P

FO
A

 tr
ea

tm
en

ts
.  

Fu
rth

er
m

or
e,

 w
hi

le
 tr

iio
do

th
yr

on
in

e 
(T

3,
 th

e 
ac

tiv
e 

fo
rm

 o
f 

th
yr

oi
d 

ho
rm

on
e)

 e
lic

its
 a

 d
os

e-
re

sp
on

se
 a

ct
iv

at
io

n 
of

 h
um

an
 th

yr
oi

d 
re

ce
pt

or
 

 fr
om

 
0.

00
00

01
 –

 0
.0

1 
uM

, u
nd

er
 th

e 
sa

m
e 

st
ud

y 
co

nd
iti

on
, t

he
re

 w
as

 n
o 

ac
tiv

at
io

n 
of

 h
um

an
 

th
yr

oi
d 

re
ce

pt
or

 
 w

he
n 

ex
po

se
d 

to
 a

m
m

on
iu

m
 P

FO
A

 o
r P

FO
S 

up
 to

 1
00

 u
M

 (E
hr

es
m

an
 

et
 a

l. 
20

14
 T

he
 T

ox
ic

ol
og

is
t (

ab
st

ra
ct

 1
13

5)
 1

38
 3

02
). 

  

U
nd

er
 in

 v
itr

o 
co

nd
iti

on
, C

ha
ng

 e
t a

l. 
ha

d 
ex

te
ns

iv
el

y 
ev

al
ua

te
d 

th
e 

ef
fe

ct
s o

f P
FO

S 
an

d 
th

yr
oi

d 
ho

rm
on

e 
st

at
us

 in
 ro

de
nt

s (
C

ha
ng

 e
t a

l 2
00

7 
To

xi
co

lo
gy

 2
34

 2
1-

33
; C

ha
ng

 e
t a

l 
20

08
 T

ox
ic

ol
og

y 
24

3 
33

0-
33

9;
 C

ha
ng

 e
t a

l 2
00

9 
R

ep
ro

du
ct

 T
ox

ic
ol

 2
7 

38
7-

39
9)

 a
nd

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

99
 

 

m
on

ke
ys

 (C
ha

ng
 e

t a
l. 

20
17

 T
ox

ic
ol

 S
ci

 1
56

 3
87

-4
01

) a
nd

 d
id

 n
ot

 o
bs

er
ve

 a
ny

 
to

xi
co

lo
gi

ca
l r

el
ev

an
t a

lte
ra

tio
ns

 in
 fu

nc
tio

na
l a

sp
ec

ts
 o

f t
hy

ro
id

 h
or

m
on

e 
ho

m
eo

st
as

is
.  

Fu
rth

er
m

or
e,

 C
on

ve
rti

no
 e

t a
l. 

(2
01

8)
 re

po
rte

d 
th

at
, i

n 
a 

ph
as

e 
1 

cl
in

ic
al

 tr
ia

l s
tu

dy
 w

ith
 4

9 
hu

m
an

 su
bj

ec
ts

 th
at

 re
ce

iv
ed

 la
rg

e 
do

se
s o

f P
FO

A
 w

he
re

 se
ru

m
 P

FO
A

 le
ve

l w
as

 u
p 

to
 

60
0,

00
0 

ng
/m

L 
(5

 o
rd

er
s o

f m
ag

ni
tu

de
 h

ig
he

r t
ha

n 
ge

ne
ra

l p
op

ul
at

io
n 

in
 th

e 
U

S)
, t

he
re

 w
as

 
no

 a
lte

ra
tio

n 
in

 se
ru

m
 T

SH
 le

ve
l i

n 
th

es
e 

hu
m

an
 su

bj
ec

ts
 (T

SH
 is

 th
e 

ke
y 

se
ru

m
 d

ia
gn

os
tic

 
pa

ra
m

et
er

 fo
r t

hy
ro

id
 h

or
m

on
e 

st
at

us
 u

se
d 

by
 th

e 
ph

ys
ic

ia
ns

). 

O
ve

ra
ll,

 th
e 

w
ei

gh
t-o

f-
ev

id
en

ce
 d

oe
s n

ot
 su

pp
or

t t
ha

t P
FO

S 
or

 P
FO

A
 c

an
 c

au
se

 e
nd

oc
rin

e 
di

sr
up

tio
n 

an
d 

A
TS

D
R

 sh
ou

ld
 re

co
gn

iz
e 

an
d 

ac
kn

ow
le

dg
e 

th
is

 c
on

cl
us

io
n.

 

 Pa
ge

s 4
47

 –
 4

49
: 

Th
e 

ge
no

to
xi

ci
ty

 su
m

m
ar

y 
by

 B
ut

en
ho

ff
 e

t a
l. 

(2
01

4 
To

xi
co

lo
gy

 R
ep

or
ts

 1
 2

52
-2

70
) 

sh
ou

ld
 b

e 
in

cl
ud

ed
 in

 th
e 

di
sc

us
si

on
. 

 Pa
ge

 4
50

: 

G
iv

en
 th

at
 th

e 
pe

rf
lu

or
oa

lk
yl

s a
re

 h
ig

hl
y 

bo
un

d 
to

 se
ru

m
 a

lb
um

in
s, 

A
TS

D
R

 sh
ou

ld
 

re
co

gn
iz

e 
th

at
 th

e 
di

st
rib

ut
io

n 
pa

tte
rn

s i
n 

tis
su

es
 a

re
 b

lo
od

bo
rn

e-
ba

se
d.

 

 Pa
ge

 4
50

: 

 
A

s s
ta

te
d 

ea
rli

er
, b

ec
au

se
 A

TS
D

R
 u

se
d 

th
e 

te
rm

 “
pe

rf
lu

or
al

ky
ls

” 
th

at
 in

cl
ud

ed
 

Pe
rf

lu
or

oo
ct

an
e 

su
lfo

na
m

id
e 

(P
FO

SA
), 

2-
(N

-M
et

hy
l-p

er
flu

or
oo

ct
an

e 
su

lfo
na

m
id

e)
 a

ce
tic

 
ac

id
 (M

e-
PF

O
SA

-A
cO

H
), 

an
d 

2-
(N

-E
th

yl
-p

er
flu

or
oo

ct
an

e 
su

lfo
na

m
id

e)
 a

ce
tic

 a
ci

d 
(E

t-
PF

O
SA

-A
cO

H
))

, i
t c

an
no

t s
ta

te
 th

at
 p

er
flu

or
oa

lk
yl

s “
ar

e 
no

t m
et

ab
ol

iz
ed

 in
 h

um
an

s o
r 

la
bo

ra
to

ry
 a

ni
m

al
s”

 b
ec

au
se

 th
es

e 
3 

co
m

po
un

ds
 li

st
ed

 a
bo

ve
 c

an
 a

nd
 d

o 
m

et
ab

ol
iz

e 
in

 
la

bo
ra

to
ry

 a
ni

m
al

s. 
 

 
A

n 
in

ha
la

tio
n 

st
ud

y 
fo

r 2
-(

N
-E

th
yl

-p
er

flu
or

oo
ct

an
e 

su
lfo

na
m

id
e)

 a
ce

tic
 a

ci
d 

(E
t-P

FO
SA

-
A

cO
H

) i
s a

va
ila

bl
e 

in
 ra

ts
 a

nd
 th

e 
st

ud
y 

da
ta

 in
di

ca
te

d 
th

at
 E

t-P
FO

SA
-A

cO
H

 c
an

 b
e 

m
et

ab
ol

iz
ed

 to
 fo

rm
 P

FO
S 

vi
a 

in
ha

la
tio

n 
(s

ee
 C

ha
ng

 e
t a

l. 
20

17
 E

nv
iro

n 
R

es
 1

55
 3

07
-

31
3)

 
 Pa

ge
 5

14
: 

A
TS

D
R

 w
ro

te
: ‘

A
ss

um
in

g 
a 

te
rm

in
al

 e
lim

in
at

io
n 

t1
/2

 o
f 1

,4
00

 d
ay

s f
or

 P
FO

A
 in

 h
um

an
s 

(O
ls

en
 e

t a
l. 

20
07

a)
, a

 c
on

st
an

t r
at

e 
of

 in
ta

ke
 fo

r 1
7 

ye
ar

s w
ou

ld
 b

e 
re

qu
ire

d 
to

 a
ch

ie
ve

 
95

%
 o

f s
te

ad
y 

st
at

e.
’  

Th
is

 is
 o

nl
y 

ap
pl

ic
ab

le
 w

ith
 a

 c
on

st
an

t r
at

e 
of

 d
ai

ly
 (P

FO
A

) i
nt

ak
e 

fo
r 1

7 
ye

ar
s, 

w
hi

ch
 is

 a
n 

un
te

na
bl

e 
as

su
m

pt
io

n 
fo

r a
ny

 p
op

ul
at

io
n 

w
he

th
er

 o
cc

up
at

io
na

l 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

10
0 

 

(in
ha

la
tio

n,
 o

ra
l, 

de
rm

al
) o

r a
ff

ec
te

d 
co

m
m

un
iti

es
 (p

rim
ar

ily
 o

ra
l v

ia
 d

rin
ki

ng
 w

at
er

) o
r 

ge
ne

ra
l p

op
ul

at
io

n 
(p

rim
ar

ily
 o

ra
l v

ia
 d

ie
t).

   

 Pa
ge

 5
18

:  

 
G

iv
en

 th
e 

fin
di

ng
s r

ep
or

te
d 

by
 C

on
ve

rti
no

 e
t a

l. 
(2

01
8)

, t
he

 fo
llo

w
in

g 
st

at
em

en
t i

s h
ig

hl
y 

sp
ec

ul
at

iv
e 

an
d 

ha
s n

o 
ba

si
s o

f f
ac

t, 
an

d 
sh

ou
ld

 b
e 

de
le

te
d.

 
 

“I
nc

re
as

e 
in

 se
ru

m
 c

ho
le

st
er

ol
 m

ay
 re

su
lt 

in
 a

 g
re

at
er

 h
ea

lth
 im

pa
ct

 in
 

in
di

vi
du

al
s w

ith
 h

ig
h 

le
ve

ls
 o

f c
ho

le
st

er
ol

 o
r w

ith
 o

th
er

 e
xi

st
in

g 
ca

rd
io

va
sc

ul
ar

 
ri

sk
 fa

ct
or

s.”
   

 
 

G
iv

en
 th

e 
fa

ct
 th

at
 A

TS
D

R
 d

id
 n

ot
 fi

nd
 p

er
flu

or
oa

lk
yl

 a
ss

oc
ia

te
d 

w
ith

 u
ric

 a
ci

d,
 th

e 
fo

llo
w

in
g 

st
at

em
en

t i
s h

ig
hl

y 
sp

ec
ul

at
iv

e 
an

d 
ha

s n
o 

ba
si

s o
f f

ac
t. 

It 
sh

ou
ld

 b
e 

de
le

te
d.

 

“I
nc

re
as

es
 in

 u
ri

c 
le

ve
ls

 h
av

e 
be

en
 o

bs
er

ve
d 

in
 in

di
vi

du
al

s w
ith

 h
ig

he
r 

pe
rf

lu
or

oa
lk

yl
 le

ve
ls

.  
In

cr
ea

se
d 

ur
ic

 a
ci

d 
m

ay
 b

e 
as

so
ci

at
ed

 w
ith

 a
n 

in
cr

ea
se

d 
ri

sk
 in

 h
ig

h 
bl

oo
d 

pr
es

su
re

 a
nd

 in
di

vi
du

al
s w

ith
 h

yp
er

te
ns

io
n 

m
ay

 b
e 

at
 g

re
at

er
 

ri
sk

.”
 

Pa
ge

 5
39

, F
ig

ur
e 

5-
2:

 

Ti
tle

 o
f F

ig
ur

e 
5-

2:
  T

im
el

in
e 

of
 Im

po
rta

nt
 E

ve
nt

s i
n 

th
e 

H
is

to
ry

 o
f P

ol
yf

lu
or

in
at

ed
 

C
om

po
un

ds
 

Th
is

 fi
gu

re
, t

ak
en

 fr
om

 th
e 

co
py

rig
ht

ed
 p

ap
er

 o
f L

in
ds

tro
m

 e
t a

l.,
 is

 fa
ct

ua
lly

 in
ac

cu
ra

te
 

as
 to

 w
ha

t w
as

 st
at

ed
 in

 a
 1

97
6 

pu
bl

ic
at

io
n 

of
 a

n 
ab

st
ra

ct
 b

y 
Ta

ve
s e

t a
l. 

(1
97

6)
.  

In
 th

e 
fig

ur
e 

th
at

 A
TS

D
R

 se
cu

re
d 

co
py

rig
ht

 p
er

m
is

si
on

 to
 d

is
pl

ay
 fr

om
 a

 jo
ur

na
l, 

th
e 

fig
ur

e 
st

at
es

 “
19

76
 - 

Ta
ve

s e
t a

l. 
te

nt
at

iv
el

y 
id

en
tif

ie
d 

PF
O

A
 in

 p
oo

le
d 

bl
oo

d.
” 

 T
hi

s i
s n

ot
 tr

ue
 

an
d 

do
es

 n
ot

 re
fle

ct
 w

ha
t w

as
 st

at
ed

 in
 th

e 
st

ud
y 

ab
st

ra
ct

 b
y 

Ta
ve

s e
t e

l. 
 F

ur
th

er
m

or
e,

 it
 

ig
no

re
s t

he
 li

m
ita

tio
ns

 o
f t

he
 a

na
ly

tic
al

 p
ro

ce
du

re
s u

se
d,

 in
cl

ud
in

g 
th

e 
co

m
pl

ex
 a

na
ly

tic
al

 
pr

oc
es

se
s a

nd
 b

ia
se

s t
ha

t w
er

e 
em

pl
oy

ed
 a

t t
he

 ti
m

e 
(S

ee
 G

uy
 W

S.
  1

97
9.

  I
no

rg
an

ic
 a

nd
 

or
ga

ni
c 

flu
or

in
e 

in
 h

um
an

 b
lo

od
.  

In
 (e

ds
) J

oh
an

se
n 

E,
 T

av
es

 D
R

, O
ls

en
 T

O
. A

A
A

S 
Se

le
ct

ed
 S

ym
po

si
um

 1
1.

 P
ag

es
 1

25
-1

4.
  W

es
tv

ie
w

 P
re

ss
; B

ou
ld

er
, C

ol
or

ad
o)

.  
Th

us
, 

A
TS

D
R

 n
ee

ds
 to

 c
ha

ng
e 

th
is

 fi
gu

re
 a

cc
or

di
ng

ly
 to

 re
fle

ct
 th

e 
te

ch
ni

ca
l d

et
ai

ls
 o

f t
he

 
ab

st
ra

ct
. 

 

Pa
ge

 5
41

:  

Th
e 

st
at

em
en

t “
Si

m
ila

rly
, 3

M
 a

nd
 o

th
er

 m
an

uf
ac

tu
re

rs
 a

re
 u

si
ng

 v
ar

io
us

 
pe

rf
lu

or
op

ol
ye

th
er

s i
n 

flu
or

op
ol

ym
er

 m
an

uf
ac

tu
rin

g 
an

d 
ha

ve
 re

fo
rm

ul
at

ed
 su

rf
ac

e 
tre

at
m

en
t p

ro
du

ct
s t

o 
em

pl
oy

 sh
or

t-c
ha

in
 su

bs
ta

nc
es

 th
at

 a
re

 n
ot

 a
s b

io
ac

cu
m

ul
at

iv
e 

as
 

th
e 

lo
ng

-c
ha

in
 p

er
flu

or
oa

lk
yl

s.”
 S

ho
ul

d 
be

 re
vi

se
d 

to
 st

at
e 

“3
M

 a
nd

 o
th

er
 m

an
uf

ac
tu

re
rs

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

10
1 

 

ar
e 

us
in

g 
va

rio
us

 p
ol

y 
an

d 
pe

rf
lu

or
op

ol
ye

th
er

s p
er

flu
or

oe
th

er
 a

ci
d 

sa
lts

 fl
uo

ro
po

ly
m

er
 

m
an

uf
ac

tu
rin

g 
…

” 
 

Pa
ge

 5
81

: 

Th
e 
μg

/L
 c

on
ce

nt
ra

tio
n 

di
sc

us
se

d 
by

 C
ha

ng
 e

t a
l (

20
08

) w
as

 o
nl

y 
ba

se
d 

on
 o

ne
 sa

m
pl

e.
  

Th
is

 sh
ou

ld
 b

e 
so

 n
ot

ed
 in

 th
is

 se
nt

en
ce

. 

 Pa
ge

 5
96

: 

Pe
rc

en
ta

ge
 d

ec
lin

es
 sh

ou
ld

 b
e 

pr
ov

id
ed

 in
 a

dd
iti

on
 to

 m
od

ifi
er

s s
uc

h 
as

 “
dr

am
at

ic
” 

or
 

“c
le

ar
” 

tre
nd

. 

 Pa
ge

 6
33

: 

A
TS

D
R

 sh
ou

ld
 id

en
tif

y 
ho

w
 m

an
y 

of
 th

e 
40

0 
ep

id
em

io
lo

gi
ca

l s
tu

di
es

 w
er

e 
cr

os
s-

se
ct

io
na

l. 

 Pa
ge

 6
36

:  
 

A
s d

is
cu

ss
ed

 e
ls

ew
he

re
, t

he
 st

at
em

en
t –

 “
Th

e 
av

ai
la

bl
e 

hu
m

an
 st

ud
ie

s h
av

e 
id

en
tif

ie
d 

so
m

e 
po

te
nt

ia
l t

ar
ge

ts
 o

f t
ox

ic
ity

; h
ow

ev
er

, c
au

se
-a

nd
-e

ff
ec

t r
el

at
io

ns
hi

ps
 h

av
e 

no
t b

ee
n 

es
ta

bl
is

he
d 

fo
r a

ny
 o

f t
he

 e
ff

ec
ts

, a
nd

 th
e 

ef
fe

ct
s h

av
e 

no
t b

ee
n 

co
ns

is
te

nt
ly

 fo
un

d 
in

 a
ll 

st
ud

ie
s“

 sh
ou

ld
 b

e 
in

cl
ud

ed
 u

p 
fr

on
t o

n 
pa

ge
 5

 b
ef

or
e 

th
e 

po
te

nt
ia

l a
ss

oc
ia

tio
ns

 a
re

 
di

sc
us

se
d.

 

 A
dd

iti
on

al
 c

om
m

en
ts

: 

 
C

on
so

lid
at

e 
E

pi
de

m
io

lo
gi

ca
l S

tu
dy

 In
fo

rm
at

io
n 

in
to

 C
ha

pt
er

 2
.  

A
TS

D
R

 in
cl

ud
ed

 a
 2

77
- 

pa
ge

 d
ra

ft 
Su

pp
or

tin
g 

D
oc

um
en

t f
or

 E
pi

de
m

io
lo

gi
ca

l S
tu

di
es

 o
n 

Pe
rf

lu
or

oa
lk

yl
s. 

 T
hi

s 
pr

ov
id

ed
 th

e 
re

fe
re

nc
es

, s
tu

dy
 p

op
ul

at
io

ns
, e

xp
os

ur
es

, a
nd

 o
ut

co
m

es
 fo

r t
he

se
 

ep
id

em
io

lo
gi

ca
l s

tu
di

es
.  

W
hi

le
 th

is
 in

fo
rm

at
io

n 
is 

he
lp

fu
l, 

it 
w

as
 b

ur
de

ns
om

e 
to

 g
o 

fr
om

 
th

e 
fig

ur
es

 a
nd

 ta
bl

es
 in

 C
ha

pt
er

 2
 to

 th
is

 d
ra

ft 
su

pp
or

tin
g 

do
cu

m
en

t t
o 

id
en

tif
y 

th
e 

st
ud

y 
de

si
gn

s i
de

nt
ifi

ed
 in

 fi
gu

re
s a

nd
 ta

bl
es

 in
 C

ha
pt

er
 2

.  
Th

er
ef

or
e,

 th
e 

st
ud

y 
de

si
gn

s m
us

t 
be

 p
ro

vi
de

d 
in

 ta
bl

es
 a

nd
 fi

gu
re

s i
n 

C
ha

pt
er

 2
 b

ec
au

se
 th

e 
va

st
 m

aj
or

ity
 o

f t
he

 st
ud

ie
s 

ci
te

d 
ar

e 
cr

os
s-

se
ct

io
na

l w
he

re
 te

m
po

ra
lit

y 
ca

nn
ot

 b
e 

de
te

rm
in

ed
.  

 

 
 

Th
e 

dr
af

t T
ox

ic
ol

og
ic

al
 P

ro
fil

e 
m

is
ch

ar
ac

te
riz

ed
 th

e 
C

8 
Sc

ie
nc

e 
Pa

ne
l s

tu
di

es
 a

s h
av

in
g 

re
po

rte
d 

“c
um

ul
at

iv
e 

PF
O

A
 e

xp
os

ur
e”

 w
he

n 
th

es
e 

es
tim

at
es

 w
er

e 
ba

se
d 

on
 a

n 
ex

po
su

re
 

m
od

el
 a

nd
 n

ot
 a

ct
ua

lly
 m

ea
su

re
d 

cu
m

ul
at

iv
e 

PF
O

A
 c

on
ce

nt
ra

tio
ns

 si
nc

e 
th

ey
 a

re
 

re
po

rte
d 

as
 n

g/
m

L-
ye

ar
.  

Th
er

ef
or

e,
 A

TS
D

R
 sh

ou
ld

 c
on

si
st

en
tly

 in
se

rt 
th

e 
w

or
d 

‘e
st

im
at

ed
’ o

r ‘
m

od
el

ed
’ i

n 
fr

on
t o

f t
he

 w
or

d 
‘c

um
ul

at
iv

e’
 th

ro
ug

ho
ut

 th
is

 d
oc

um
en

t 
w

he
n 

re
fe

rr
in

g 
to

 th
ei

r d
at

a.
  P

ro
vi

de
d 

be
lo

w
 a

re
 th

e 
re

fe
re

nc
es

 a
nd

 p
ag

e 
nu

m
be

rs
 w

he
re

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

10
2 

 

th
es

e 
co

rr
ec

tio
ns

 m
us

t b
e 

m
ad

e.
 T

hi
s m

ay
 n

ot
 b

e 
ex

ha
us

tiv
e 

so
 A

TS
D

R
 sh

ou
ld

 d
o 

its
 

ow
n 

as
se

ss
m

en
t o

f t
hi

s m
is

ch
ar

ac
te

riz
at

io
n.

 T
hi

s i
ss

ue
 a

ls
o 

ha
s t

o 
be

 a
dd

re
ss

ed
 in

 th
e 

D
ra

ft 
Su

pp
or

tin
g 

In
fo

rm
at

io
n 

fo
r E

pi
de

m
io

lo
gi

c 
St

ud
ie

s f
or

 P
er

flu
or

oa
lk

yl
s (

se
e 

be
lo

w
) 

w
he

re
 A

TS
D

R
 u

su
al

ly
 a

ck
no

w
le

dg
es

 th
e 

w
or

d 
‘e

st
im

at
e’

 o
r ‘

m
od

el
ed

’ i
n 

th
e 

Ex
po

su
re

 
C

ol
um

n 
of

 th
e 

C
8 

Sc
ie

nc
e 

Pa
ne

l r
ef

er
en

ce
s b

ut
 ra

re
ly

 d
oe

s t
he

 A
TS

D
R

 u
se

 th
e 

w
or

ds
 

‘e
st

im
at

ed
’ o

r ‘
m

od
el

ed
’ i

n 
th

e 
O

ut
co

m
es

 c
ol

um
n.

   

 

Reference 

St
ud

y 
Pa

ge
 

St
ee

nl
an

d 
et

 a
l. 

20
15

 
10

 
St

ee
nl

an
d 

et
 a

l. 
20

15
 

14
 

Si
m

ps
on

 e
t a

l. 
20

15
 

18
 

W
in

qu
is

t e
t a

l. 
20

14
 

19
 

St
ee

nl
an

d 
et

 a
l. 

20
15

 
31

 
St

ee
nl

an
d 

et
 a

l 2
01

5 
42

 
D

ar
ro

w
 e

t a
l. 

20
16

 
43

 
D

ar
ro

w
 e

t a
l. 

20
16

 
44

 
W

in
qu

is
t e

t a
l. 

20
14

a 
46

 
St

ee
nl

an
d 

et
 a

l. 
20

15
 

71
 

St
ee

nl
an

d 
et

 a
l. 

20
15

 
84

 
W

in
qu

is
t a

nd
 S

te
en

la
nd

 2
01

4b
 

86
 

W
in

qu
is

t a
nd

 S
te

en
la

nd
 2

01
4b

 
87

 
St

ee
nl

an
d 

et
 a

l. 
20

15
 

10
5 

St
ee

nl
an

d 
et

 a
l. 

20
15

 
10

6 
St

ee
nl

an
d 

et
 a

l. 
20

15
 

23
7 

K
ar

ne
s e

t a
l. 

20
14

 
23

9 
St

ee
nl

an
d 

et
 a

l. 
20

15
 

25
3 

          



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

10
3 

 

Draft Supporting Document for Epidemiological Studies for Perfluoroalkyls 
St

ud
y 

A
dd

iti
on

al
 N

ot
e 

Pa
ge

 

St
ee

nl
an

d 
et

 a
l. 

20
15

 
  

10
 

St
ee

nl
an

d 
et

 a
l. 

20
15

 
  

14
 

Si
m

ps
on

 e
t a

l. 
20

13
 

  
18

 
W

in
qu

is
t a

nd
 S

te
en

la
nd

 2
01

4a
 

  
19

 
O

ls
en

 e
t a

l. 
19

98
a.

   
 

Sh
ou

ld
 b

e 
cr

os
s-

se
ct

io
na

l s
tu

dy
 

29
 

St
ee

nl
an

d 
et

 a
l. 

20
15

 
  

31
 

G
ill

ila
nd

 a
nd

 M
an

de
l 1

99
6 

 
Sh

ou
ld

 b
e 

cr
os

s-
se

ct
io

na
l s

tu
dy

 
38

 
O

ls
en

 e
t a

l. 
20

00
  

Sh
ou

ld
 b

e 
cr

os
s-

se
ct

io
na

l s
tu

dy
 

39
 

O
ls

en
 a

nd
 Z

ob
el

 2
00

7 
  

Sh
ou

ld
 b

e 
cr

os
s-

se
ct

io
na

l s
tu

dy
 

40
 

St
ee

nl
an

d 
et

 a
l. 

 2
01

5 
  

42
 

D
ar

ro
w

 e
t a

l. 
20

16
 

  
43

 
W

in
qu

is
t a

nd
 S

te
en

la
nd

 2
01

4a
 

  
46

 
O

ls
en

 e
t a

l. 
19

99
 

Sh
ou

ld
 b

e 
cr

os
s-

se
ct

io
na

l s
tu

dy
 

52
 

O
ls

en
 e

t a
l. 

20
03

 
Sh

ou
ld

 b
e 

cr
os

s-
se

ct
io

na
l s

tu
dy

 
53

 
M

un
dt

 e
t a

l. 
20

07
   

   
Sh

ou
ld

 b
e 

cr
os

s-
se

ct
io

na
l s

tu
dy

 
63

 
Lu

nd
in

 e
t a

l. 
20

09
   

   
  

Sh
ou

ld
 b

e 
cr

os
s-

se
ct

io
na

l s
tu

dy
 

69
 

St
ee

nl
an

d 
et

 a
l. 

20
15

 
  

71
 

O
ls

en
 e

t a
l. 

19
98

a 
 

Sh
ou

ld
 b

e 
cr

os
s-

se
ct

io
na

l s
tu

dy
 

76
 

O
ls

en
 e

t a
l. 

19
98

b 
 

Sh
ou

ld
 b

e 
cr

os
s-

se
ct

io
na

l s
tu

dy
 

83
 

O
ls

en
 a

nd
 Z

ob
el

 2
00

7 
  

Sh
ou

ld
 b

e 
cr

os
s-

se
ct

io
na

l s
tu

dy
 

83
 

St
ee

nl
an

d 
et

 a
l. 

20
15

 
  

84
 

St
ee

nl
an

d 
an

d 
W

in
qu

is
t 2

01
4b

 
  

86
 

O
ls

en
 e

t a
l. 

19
98

a 
 

Sh
ou

ld
 b

e 
cr

os
s-

se
ct

io
na

l s
tu

dy
 

90
 

M
un

dt
 e

t a
l. 

20
07

 
Sh

ou
ld

 b
e 

cr
os

s-
se

ct
io

na
l s

tu
dy

 
98

 
St

ee
nl

an
d 

et
 a

l. 
20

15
 

  
10

5 
O

ls
en

 e
t a

l. 
19

98
b 

 
Sh

ou
ld

 b
e 

cr
os

s-
se

ct
io

na
l s

tu
dy

 
14

0 
D

hi
ng

ra
 e

t a
l. 

20
16

a 
  

14
1 

D
hi

ng
ra

 e
t a

l. 
20

16
a 

  
14

2 
B

ac
h 

et
 a

l. 
20

16
  

Sh
ou

ld
 b

e 
co

ho
rt 

st
ud

y 
14

3 
O

ls
en

 e
t a

l. 
19

98
a 

  
Sh

ou
ld

 b
e 

cr
os

s-
se

ct
io

na
l s

tu
dy

 
15

2 
B

ac
h 

et
 a

l. 
20

16
  

Sh
ou

ld
 b

e 
co

ho
rt 

st
ud

y 
15

2 
B

ac
h 

et
 a

l. 
20

16
 

Sh
ou

ld
 b

e 
co

ho
rt 

st
ud

y 
16

8 
W

hi
tw

or
th

 e
t a

l. 
20

12
a.

  
Sh

ou
ld

 b
e 

co
ho

rt 
st

ud
y 

18
2 

B
ac

h 
et

 a
l. 

20
16

   
Sh

ou
ld

 b
e 

co
ho

rt 
st

ud
y 

22
5 

B
ac

h 
et

 a
l. 

20
16

   
Sh

ou
ld

 b
e 

co
ho

rt 
st

ud
y 

22
9 

St
ee

nl
an

d 
et

 a
l 2

01
5 

  
23

7 
St

ee
nl

an
d 

an
d 

W
os

ki
e 

et
 a

l. 
20

12
 

  
23

8 
Lu

nd
in

 e
t a

l. 
20

09
.  

Sh
ou

ld
 b

e 
re

tro
sp

ec
tiv

e 
co

ho
rt 

st
ud

y 
25

1 
St

ee
nl

an
d 

et
 a

l. 
20

15
 

  
25

3 
St

ee
nl

an
d 

an
d 

W
os

ki
e 

et
 a

l. 
20

12
 

  
25

3 
  



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

10
4 

 C
ita

tio
ns

: 
 A

bb
ot

t, 
B

.D
., 

W
ol

f, 
C

.J.
, S

ch
m

id
, J

.E
., 

D
as

, K
.P

., 
Ze

hr
, R

.D
., 

H
el

fa
nt

, L
., 

N
ak

ay
am

a,
 S

., 
Li

nd
st

ro
m

, A
.B

., 
St

ry
na

r, 
M

.J.
, L

au
, C

.S
., 

20
07

. P
er

flu
or

oo
ct

an
oi

c 
A

ci
d 

(P
FO

A
)-

in
du

ce
d 

D
ev

el
op

m
en

ta
l T

ox
ic

ity
 in

 th
e 

M
ou

se
 is

 D
ep

en
de

nt
 o

n 
Ex

pr
es

si
on

 o
f P

er
ox

is
om

e 
Pr

ol
ife

ra
to

r A
ct

iv
at

ed
 R

ec
ep

to
r-

al
ph

a 
(P

PA
R

{a
lp

ha
})

. T
ox

ic
ol

 S
ci

 9
8,

 5
71

-5
81

. 
 A

bb
ot

t, 
B

.D
., 

20
09

. R
ev

ie
w

 o
f t

he
 e

xp
re

ss
io

n 
of

 P
er

ox
is

om
e 

Pr
ol

ife
ra

to
r A

ct
iv

at
ed

 R
ec

ep
to

rs
 

al
ph

a 
(P

PA
R

), 
be

ta
 (P

PA
R

), 
an

d 
ga

m
m

a 
(P

PA
R

) i
n 

ro
de

nt
 a

nd
 h

um
an

 d
ev

el
op

m
en

t. 
R

ep
ro

du
ct

iv
e 

To
xi

co
lo

gy
 2

7.
 

 A
bb

ot
t, 

B
.D

., 
W

ol
f, 

C
.J.

, D
as

, K
., 

Ze
hr

, R
.D

., 
Sc

hm
id

, J
.E

., 
Li

nd
st

ro
m

, A
.B

., 
St

ry
na

r, 
M

.J.
, L

au
, 

C
., 

20
09

. D
ev

el
op

m
en

ta
l T

ox
ic

ity
 o

f P
er

flu
or

oo
ct

an
e 

Su
lfo

na
te

 (P
FO

S)
 is

 n
ot

 d
ep

en
de

nt
 

on
 e

xp
re

ss
io

n 
of

 P
er

ox
iso

m
e 

Pr
oo

lif
er

at
or

 a
ct

iv
at

ed
 R

ec
ep

to
r-

al
ph

a 
(P

PA
R

) i
n 

th
e 

m
ou

se
 

R
ep

ro
du

ct
iv

e 
To

xi
co

lo
gy

 2
7,

 2
58

-2
65

. 
 A

bb
ot

t, 
B

.D
., 

20
15

. D
ev

el
op

m
en

ta
l T

ox
ic

ity
. I

n:
 J

. D
eW

itt
 (E

d)
, T

ox
ic

ol
og

ic
al

 E
ff

ec
ts

 o
f 

Pe
rf

lu
or

oa
lk

yl
 a

nd
 p

ol
yf

lu
or

oa
lk

yl
 S

ub
st

an
ce

s, 
Sp

rin
ge

r I
nt

er
na

tio
na

l P
ub

lis
hi

ng
, 

Sw
itz

er
la

nd
, p

p.
 2

03
-2

18
. 

 A
er

ss
en

s, 
J.,

 B
oo

ne
n,

 S
., 

Lo
w

et
, G

., 
D

eq
ue

ke
r, 

J.,
 1

99
8.

 In
te

rs
pe

ci
es

 d
iff

er
en

ce
s i

n 
bo

ne
 

co
m

po
si

tio
n,

 d
en

si
ty

, a
nd

 q
ua

lit
y:

 p
ot

en
tia

l i
m

pl
ic

at
io

ns
 fo

r i
n 

vi
vo

 b
on

e 
re

se
ar

ch
. 

En
do

cr
in

ol
og

y 
13

9,
 6

63
-6

70
. 

 A
lb

re
ch

t, 
P.

P.
, T

or
se

ll,
 N

.E
., 

K
ris

hn
an

, P
., 

Eh
re

sm
an

, D
.J.

, F
ra

m
e,

 S
.R

., 
C

ha
ng

, S
.C

., 
B

ut
en

ho
ff

, 
J.L

., 
K

en
ne

dy
, G

.L
., 

G
on

za
le

z,
 F

.J.
, P

et
er

s, 
J.M

., 
20

13
. A

 S
pe

ci
es

 D
iff

er
en

ce
 in

 th
e 

Pe
ro

xi
so

m
e 

Pr
ol

ife
ra

to
r-

A
ct

iv
at

ed
 R

ec
ep

to
r a

lp
ha

-D
ep

en
de

nt
 R

es
po

ns
e 

to
 th

e 
D

ev
el

op
m

en
ta

l E
ff

ec
ts

 o
f P

er
flu

or
oo

ct
an

oi
c 

A
ci

d.
 T

ox
ic

ol
 S

ci
 1

31
, 5

68
-5

82
. 

 A
m

er
ic

an
 C

ol
le

ge
 o

f O
bs

te
tri

ci
an

s a
nd

 G
yn

ec
ol

og
is

ts
. 2

01
3.

 H
yp

er
te

ns
io

n 
in

 p
re

gn
an

cy
. R

ep
or

t 
of

 th
e 

A
m

er
ic

an
 C

ol
le

ge
 o

f O
bs

te
tri

ci
an

s a
nd

 G
yn

ec
ol

og
is

ts
' T

as
k 

Fo
rc

e 
on

 H
yp

er
te

ns
io

n 
in

 P
re

gn
an

cy
. O

bs
te

tri
cs

 a
nd

 g
yn

ec
ol

og
y 

12
2,

 1
12

2-
11

31
. 

 A
nd

er
se

n,
 M

.E
., 

B
ut

en
ho

ff
, J

.L
., 

C
ha

ng
, S

.C
., 

Fa
rr

ar
, D

.G
., 

K
en

ne
dy

, G
.L

., 
Jr

., 
La

u,
 C

., 
O

ls
en

, 
G

.W
., 

Se
ed

, J
., 

W
al

la
ce

, K
.B

., 
20

08
. P

er
flu

or
oa

lk
yl

 a
ci

ds
 a

nd
 re

la
te

d 
ch

em
is

tri
es

--
to

xi
co

ki
ne

tic
s a

nd
 m

od
es

 o
f a

ct
io

n.
 T

ox
ic

ol
 S

ci
 1

02
, 3

-1
4.

 
 A

nd
er

so
n-

M
ah

on
ey

, P
., 

K
ot

le
rm

an
, J

., 
Ta

kh
ar

, H
., 

G
ra

y,
 D

., 
D

ah
lg

re
n,

 J.
, 2

00
8.

 S
el

f-
re

po
rte

d 
he

al
th

 e
ff

ec
ts

 a
m

on
g 

co
m

m
un

ity
 re

si
de

nt
s e

xp
os

ed
 to

 p
er

flu
or

oo
ct

an
oa

te
 N

ew
 S

ol
ut

io
ns

 
18

, 1
29

-1
43

. 
 B

ac
h,

 C
.C

., 
Li

ew
, Z

., 
B

ec
h,

 B
.H

., 
N

oh
r, 

E.
A

., 
Fe

i, 
C

., 
B

on
ef

el
d-

Jo
rg

en
se

n,
 E

.C
., 

H
en

rik
se

n,
 

T.
B.

, O
ls

en
, J

., 
20

15
. P

er
flu

or
oa

lk
yl

 a
ci

ds
 a

nd
 ti

m
e 

to
 p

re
gn

an
cy

 re
vi

si
te

d:
 A

n 
up

da
te

 
fr

om
 th

e 
D

an
is

h 
N

at
io

na
l B

irt
h 

C
oh

or
t. 

En
vi

ro
n 

H
ea

lth
 1

4,
 5

9.
 

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

10
5 

 B
ac

h,
 C

.C
., 

B
ec

h,
 B

.H
., 

N
oh

r, 
E.

A
., 

O
ls

en
, J

., 
M

at
th

ie
se

n,
 N

.B
., 

B
on

ef
el

d-
Jo

rg
en

se
n,

 E
.C

., 
B

os
si

, R
., 

H
en

rik
se

n,
 T

.B
., 

20
16

a.
 P

er
flu

or
oa

lk
yl

 A
ci

ds
 in

 M
at

er
na

l S
er

um
 a

nd
 In

di
ce

s o
f 

Fe
ta

l G
ro

w
th

: T
he

 A
ar

hu
s B

irt
h 

C
oh

or
t. 

En
vi

ro
n 

H
ea

lth
 P

er
sp

ec
t 1

24
, 8

48
-8

54
. 

 B
ac

h,
 C

.C
., 

V
es

te
d,

 A
., 

Jø
rg

en
se

n,
 K

.T
., 

Bo
nd

e,
 J.

P.
E.

, H
en

rik
se

n,
 T

.B
., 

To
ft,

 G
., 

20
16

b.
 

Pe
rf

lu
or

oa
lk

yl
 a

nd
 p

ol
yf

lu
or

oa
lk

yl
 su

bs
ta

nc
es

 a
nd

 m
ea

su
re

s o
f h

um
an

 fe
rti

lit
y:

 a
 

sy
st

em
at

ic
 re

vi
ew

. C
rit

ic
al

 re
vi

ew
s i

n 
to

xi
co

lo
gy

 4
6,

 7
35

-7
55

. 
 B

ar
te

ll,
 S

.M
., 

C
al

af
at

, A
.M

., 
Ly

u,
 C

., 
K

at
o,

 K
., 

R
ya

n,
 P

.B
., 

St
ee

nl
an

d,
 K

., 
20

10
. R

at
e 

of
 D

ec
lin

e 
in

 S
er

um
 P

FO
A

 C
on

ce
nt

ra
tio

ns
 A

fte
r G

ra
nu

la
r A

ct
iv

at
ed

 C
ar

bo
n 

Fi
ltr

at
io

n 
at

 T
w

o 
Pu

bl
ic

 W
at

er
 S

ys
te

m
s i

n 
O

hi
o 

an
d 

W
es

t V
irg

in
ia

. E
nv

iro
nm

en
ta

l H
ea

lth
 P

er
sp

ec
tiv

es
 

11
8,

 2
22

-2
28

. 
 B

ax
te

r, 
D

., 
20

07
. A

ct
iv

e 
an

d 
pa

ss
iv

e 
im

m
un

ity
, v

ac
ci

ne
 ty

pe
s, 

ex
ci

pi
en

ts
 a

nd
 li

ce
ns

in
g.

 O
cc

up
 

M
ed

 (L
on

d)
 5

7,
 5

52
-5

56
. 

 B
ie

ge
l, 

L.
B

., 
H

ur
tt,

 M
.E

., 
Fr

am
e,

 S
.R

., 
O

'C
on

no
r, 

J.C
., 

C
oo

k,
 J.

C
., 

20
01

. M
ec

ha
ni

sm
s o

f 
ex

tra
he

pa
tic

 tu
m

or
 in

du
ct

io
n 

by
 p

er
ox

is
om

e 
pr

ol
ife

ra
to

rs
 in

 m
al

e 
C

D
 ra

ts
. T

ox
ic

ol
 S

ci
 

60
, 4

4-
55

. 
 B

ijl
an

d,
 S

., 
R

en
se

n,
 P

.C
.N

., 
Pi

et
er

m
an

, E
.J.

, M
aa

s, 
A

.C
.E

., 
va

n 
de

r H
oo

rn
, J

.W
., 

V
an

 E
rk

, M
.J.

, 
H

av
ek

es
, L

.M
., 

va
n 

D
ijk

, K
.W

., 
C

ha
ng

, S
.-C

., 
Eh

re
sm

an
, D

.J.
, B

ut
en

ho
ff

, J
.L

., 
Pr

in
ce

n,
 

H
.M

.G
., 

20
11

. P
er

flu
or

oa
lk

yl
 S

ul
fo

na
te

s C
au

se
 A

lk
yl

 C
ha

in
 L

en
gt

h-
D

ep
en

de
nt

 H
ep

at
ic

 
St

ea
to

si
s a

nd
 H

yp
ol

ip
id

em
ia

 M
ai

nl
y 

by
 Im

pa
iri

ng
 L

ip
op

ro
te

in
 P

ro
du

ct
io

n 
in

 A
PO

E*
3-

Le
id

en
 C

ET
P 

M
ic

e.
 T

ox
ic

ol
 S

ci
 1

23
, 2

90
-3

03
. 

 B
jo

rk
, J

.A
., 

W
al

la
ce

, K
.B

., 
20

09
. S

tru
ct

ur
e-

ac
tiv

ity
 re

la
tio

ns
hi

ps
 a

nd
 h

um
an

 re
le

va
nc

e 
fo

r 
pe

rf
lu

or
oa

lk
yl

 a
ci

d-
in

du
ce

d 
tra

ns
cr

ip
tio

na
l a

ct
iv

at
io

n 
of

 p
er

ox
is

om
e 

pr
ol

ife
ra

tio
n 

in
 li

ve
r 

ce
ll 

cu
ltu

re
s. 

To
xi

co
l S

ci
 1

11
, 8

9-
99

. 
 B

jo
rk

, J
.A

., 
Bu

te
nh

of
f, 

J.L
., 

W
al

la
ce

, K
.B

., 
20

11
. M

ul
tip

lic
ity

 o
f n

uc
le

ar
 re

ce
pt

or
 a

ct
iv

at
io

n 
by

 
PF

O
A

 a
nd

 P
FO

S 
in

 p
rim

ar
y 

hu
m

an
 a

nd
 ro

de
nt

 h
ep

at
oc

yt
es

. T
ox

ic
ol

og
y 

28
8,

 8
-1

7.
 

 B
os

ch
en

, K
.E

., 
K

lin
ts

ov
a,

 A
.Y

., 
20

17
. N

eu
ro

tro
ph

in
s i

n 
th

e 
Br

ai
n:

 In
te

ra
ct

io
n 

W
ith

 A
lc

oh
ol

 
Ex

po
su

re
 D

ur
in

g 
D

ev
el

op
m

en
t. 

V
ita

m
 H

or
m

 1
04

, 1
97

-2
42

. 
 B

os
ke

y,
 A

.L
., 

C
ol

em
an

, R
., 

20
10

. A
gi

ng
 a

nd
 b

on
e.

 Jo
ur

na
l o

f d
en

ta
l r

es
ea

rc
h 

89
, 1

33
3-

13
48

. 
 B

uc
k 

Lo
ui

s, 
G

.M
., 

Su
nd

ar
am

, R
., 

Sc
hi

st
er

m
an

, E
.F

., 
Sw

ee
ne

y,
 A

.M
., 

Ly
nc

h,
 C

.D
., 

G
or

e-
La

ng
to

n,
 R

.E
., 

M
ai

so
g,

 J.
, K

im
, S

., 
C

he
n,

 Z
., 

B
ar

r, 
D

.B
., 

20
13

. P
er

si
st

en
t e

nv
iro

nm
en

ta
l 

po
llu

ta
nt

s a
nd

 c
ou

pl
e 

fe
cu

nd
ity

: t
he

 L
IF

E 
st

ud
y.

 E
nv

iro
n 

H
ea

lth
 P

er
sp

ec
t 1

21
, 2

31
-2

36
. 

 B
ut

en
ho

ff
, J

., 
C

os
ta

, G
., 

El
co

m
be

, C
., 

Fa
rr

ar
, D

., 
H

an
se

n,
 K

., 
Iw

ai
, H

., 
Ju

ng
, R

., 
K

en
ne

dy
, G

., 
Jr

., 
Li

ed
er

, P
., 

O
ls

en
, G

., 
Th

om
fo

rd
, P

., 
20

02
. T

ox
ic

ity
 o

f a
m

m
on

iu
m

 p
er

flu
or

oo
ct

an
oa

te
 

in
 m

al
e 

cy
no

m
ol

gu
s m

on
ke

ys
 a

fte
r o

ra
l d

os
in

g 
fo

r 6
 m

on
th

s. 
To

xi
co

l S
ci

 6
9,

 2
44

-2
57

. 
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

10
6 

 B
ut

en
ho

ff
, J

.L
., 

K
en

ne
dy

, G
.L

., 
Jr

., 
Fr

am
e,

 S
.R

., 
O

'C
on

no
r, 

J.C
., 

Y
or

k,
 R

.G
., 

20
04

. T
he

 
re

pr
od

uc
tiv

e 
to

xi
co

lo
gy

 o
f a

m
m

on
iu

m
 p

er
flu

or
oo

ct
an

oa
te

 (A
PF

O
) i

n 
th

e 
ra

t. 
To

xi
co

lo
gy

 
19

6,
 9

5-
11

6.
 

 B
ut

en
ho

ff
, J

.L
., 

C
ha

ng
, S

.C
., 

Eh
re

sm
an

, D
.J.

, Y
or

k,
 R

.G
., 

20
09

a.
 E

va
lu

at
io

n 
of

 P
ot

en
tia

l 
R

ep
ro

du
ct

iv
e 

an
d 

D
ev

el
op

m
en

ta
l T

ox
ic

ity
 o

f P
ot

as
si

um
 P

er
flu

or
oh

ex
an

es
ul

fo
na

te
 in

 
Sp

ra
gu

e 
D

aw
le

y 
R

at
s. 

R
ep

ro
du

ct
iv

e 
To

xi
co

lo
gy

 2
7,

 3
31

-3
41

. 
 B

ut
en

ho
ff

, J
.L

., 
Eh

re
sm

an
, D

.J.
, C

ha
ng

, S
.C

., 
Pa

rk
er

, G
.A

., 
St

um
p,

 D
.G

., 
20

09
b.

 G
es

ta
tio

na
l a

nd
 

La
ct

at
io

na
l E

xp
os

ur
e 

to
 P

ot
as

si
um

 P
er

flu
or

oc
ta

ne
su

lfo
na

te
 (K

+ PF
O

S)
 in

 R
at

s:
 

D
ev

el
op

m
en

ta
l N

eu
ro

to
xi

ci
ty

. R
ep

ro
du

ct
iv

e 
To

xi
co

lo
gy

 2
7,

 3
19

-3
30

. 
 B

ut
en

ho
ff

, J
.L

., 
C

ha
ng

, S
.C

., 
O

ls
en

, G
.W

., 
Th

om
fo

rd
, P

.J.
, 2

01
2a

. C
hr

on
ic

 D
ie

ta
ry

 T
ox

ic
ity

 a
nd

 
C

ar
ci

no
ge

ni
ci

ty
 S

tu
dy

 w
ith

 P
ot

as
si

um
 P

er
flu

or
oo

ct
an

es
ul

fo
na

te
 in

 S
pr

ag
ue

 D
aw

le
y 

R
at

s. 
To

xi
co

lo
gy

 2
93

, 1
-1

5.
 

 B
ut

en
ho

ff
, J

.L
., 

K
en

ne
dy

 Jr
., 

G
.L

., 
C

ha
ng

, S
.-C

., 
O

ls
en

, G
.W

., 
20

12
b.

 C
hr

on
ic

 D
ie

ta
ry

 T
ox

ic
ity

 
an

d 
C

ar
ci

no
ge

ni
ci

ty
 S

tu
dy

 w
ith

 A
m

m
on

iu
m

 P
er

flu
or

oo
ct

an
oa

te
 in

 S
pr

ag
ue

 D
aw

le
y 

R
at

s. 
To

xi
co

lo
gy

 in
 p

re
ss

. 
 B

ut
en

ho
ff

, J
.L

., 
K

en
ne

dy
 Jr

., 
G

.L
., 

C
ha

ng
, S

.C
., 

O
ls

en
, G

.W
., 

20
12

c.
 C

hr
on

ic
 D

ie
ta

ry
 T

ox
ic

ity
 

an
d 

C
ar

ci
no

ge
ni

ci
ty

 S
tu

dy
 w

ith
 A

m
m

on
iu

m
 P

er
flu

or
oo

ct
an

oa
te

 in
 S

pr
ag

ue
 D

aw
le

y 
R

at
s. 

To
xi

co
lo

gy
 2

98
, 1

-1
3.

 
 B

ut
en

ho
ff

, J
.L

., 
Pi

et
er

m
an

, E
., 

Eh
re

sm
an

, D
.J.

, G
or

m
an

, G
.S

., 
O

ls
en

, G
.W

., 
C

ha
ng

, S
.-C

., 
Pr

in
ce

n,
 H

.M
.G

., 
20

12
d.

 D
is

tri
bu

tio
n 

of
 P

er
flu

or
oo

ct
an

es
ul

fo
na

te
 a

nd
 P

er
flu

or
oo

ct
an

oa
te

 
in

to
 H

um
an

 P
la

sm
a 

Li
po

pr
ot

ei
n 

Fr
ac

tio
ns

. T
ox

ic
ol

og
y 

Le
tte

rs
 2

10
, 3

60
-3

65
. 

 C
ap

en
, C

.C
., 

19
97

. M
ec

ha
ni

st
ic

 d
at

a 
an

d 
ris

k 
as

se
ss

m
en

t o
f s

el
ec

te
d 

to
xi

c 
en

d 
po

in
ts

 o
f t

he
 

th
yr

oi
d 

gl
an

d.
 T

ox
ic

ol
 P

at
ho

l 2
5,

 3
9-

48
. 

 C
as

e,
 M

.C
., 

Y
or

k,
 R

.G
., 

B
ut

en
ho

ff
, J

.L
., 

20
01

. O
ra

l (
ga

va
ge

) c
ro

ss
-f

os
te

rin
g 

st
ud

y 
of

 p
ot

as
si

um
 

pe
rf

lu
or

oo
ct

an
es

ul
fo

na
te

 (P
FO

S)
 in

 ra
ts

 (a
bs

tra
ct

 1
05

5)
. T

he
 T

ox
ic

ol
og

is
t 6

0 
22

1-
22

2.
 

 C
at

tle
y,

 R
.C

., 
C

ul
le

n,
 J.

M
., 

20
13

. L
iv

er
 a

nd
 g

al
l b

la
dd

er
. I

n:
 W

.M
. H

as
ch

ek
, C

.G
. R

ou
ss

ea
ux

 
an

d 
M

.A
. W

al
lig

 (E
ds

), 
To

xi
co

lo
gi

c 
Pa

th
ol

og
y,

 E
ls

ev
ie

r, 
N

ew
 Y

or
k,

 p
p.

 1
50

9-
15

66
. 

 C
ha

ng
, S

., 
A

lle
n,

 B
.C

., 
A

nd
re

s, 
K

.L
., 

Eh
re

sm
an

, D
.J.

, F
al

vo
, R

., 
Pr

ov
en

ch
er

, A
., 

O
ls

en
, G

.W
., 

B
ut

en
ho

ff
, J

.L
., 

20
17

. E
va

lu
at

io
n 

of
 S

er
um

 L
ip

id
, T

hy
ro

id
, a

nd
 H

ep
at

ic
 C

lin
ic

al
 

C
he

m
is

tri
es

 in
 A

ss
oc

ia
tio

n 
W

ith
 S

er
um

 P
er

flu
or

oo
ct

an
es

ul
fo

na
te

 (P
FO

S)
 in

 C
yn

om
ol

gu
s 

M
on

ke
ys

 A
fte

r O
ra

l D
os

in
g 

W
ith

 P
ot

as
si

um
 P

FO
S.

 T
ox

ic
ol

 S
ci

 1
56

, 3
87

-4
01

. 
 C

ha
ng

, S
., 

B
ut

en
ho

ff
, J

.L
., 

Pa
rk

er
, G

.A
., 

C
od

er
, P

.S
., 

Zi
tz

ow
, J

.D
., 

K
ris

ko
, R

.M
., 

B
jo

rk
, J

.A
., 

W
al

la
ce

, K
.B

., 
Se

ed
, J

.G
., 

20
18

. R
ep

ro
du

ct
iv

e 
an

d 
de

ve
lo

pm
en

ta
l t

ox
ic

ity
 o

f p
ot

as
si

um
 

pe
rf

lu
or

oh
ex

an
es

ul
fo

na
te

 in
 C

D
-1

 m
ic

e.
 R

ep
ro

d 
To

xi
co

l 7
8,

 1
50

-1
68

. 
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

10
7 

 C
ha

ng
, S

.C
., 

Eh
re

sm
an

, D
.J.

, B
jo

rk
, J

.A
., 

W
al

la
ce

, K
., 

Pa
rk

er
, G

.A
., 

St
um

p,
 D

.G
., 

Bu
te

nh
of

f, 
J.L

., 
20

09
 G

es
ta

tio
na

l a
nd

 L
ac

ta
tio

na
l E

xp
os

ur
e 

to
 P

ot
as

si
um

 P
er

flu
or

oo
ct

an
es

ul
fo

na
te

 
(K

+P
FO

S)
 in

 R
at

s:
 to

xi
co

ki
ne

tic
s, 

th
yr

oi
d 

ho
rm

on
e 

st
at

us
, a

nd
 re

la
te

d 
ge

ne
 e

xp
re

ss
io

n.
 

R
ep

ro
du

ct
iv

e 
To

xi
co

lo
gy

 2
7,

 3
87

-3
99

. 
 C

he
n,

 T
., 

Zh
an

g,
 L

., 
Y

ue
, J

.Q
., 

Lv
, Z

.Q
., 

X
ia

, W
., 

W
an

, Y
.J.

, L
i, 

Y
.Y

., 
X

u,
 S

.Q
., 

20
12

. P
re

na
ta

l 
PF

O
S 

ex
po

su
re

 in
du

ce
s o

xi
da

tiv
e 

st
re

ss
 a

nd
 a

po
pt

os
is

 in
 th

e 
lu

ng
 o

f r
at

 o
ff

-s
pr

in
g.

 
R

ep
ro

d 
To

xi
co

l 3
3,

 5
38

-5
45

. 
 C

on
ve

rti
no

, M
., 

C
hu

rc
h,

 T
.R

., 
O

ls
en

, G
.W

., 
Li

u,
 Y

., 
D

oy
le

, E
., 

El
co

m
bo

e,
 C

.R
., 

B
ar

ne
tt,

 A
.L

., 
M

ac
ph

er
so

n,
 I.

R
., 

Ev
an

s, 
T.

J.,
 2

01
8.

 S
to

ch
as

tic
 P

ha
rm

ac
ok

in
et

ic
/P

ha
rm

ac
od

yn
am

ic
 

M
od

el
in

g 
fo

r A
ss

es
si

ng
 th

e 
Sy

st
em

ic
 H

ea
lth

 R
is

k 
of

 P
FO

A
. T

ox
ic

ol
 S

ci
 1

63
, 2

93
-3

06
. 

 C
or

do
ba

, J
., 

O
'R

io
rd

an
, K

., 
D

up
ui

s, 
J.,

 B
or

en
sz

ta
jin

, J
., 

B
le

i, 
A

., 
19

99
. D

iu
rn

al
 v

ar
ia

tio
n 

of
 

se
ru

m
 a

la
ni

ne
 tr

an
sa

m
in

as
e 

ac
tiv

ity
 in

 c
hr

on
ic

 li
ve

r d
is

ea
se

. H
ep

at
ol

og
y 

28
, 1

72
4-

17
25

. 
 C

or
to

n,
 J.

C
., 

C
un

ni
ng

ha
m

, M
.L

., 
H

um
m

er
, B

.T
., 

La
u,

 C
., 

M
ee

k,
 B

., 
Pe

te
rs

, J
.M

., 
Po

pp
, J

.A
., 

R
ho

m
be

rg
, L

., 
Se

ed
, J

., 
K

la
un

ig
, J

.E
., 

20
14

. M
od

e 
of

 a
ct

io
n 

fr
am

ew
or

k 
an

al
ys

is
 fo

r 
re

ce
pt

or
-m

ed
ia

te
d 

to
xi

ci
ty

: T
he

 p
er

ox
is

om
e 

pr
ol

ife
ra

to
r-

ac
tiv

at
ed

 re
ce

pt
or

 a
lp

ha
 

(P
PA

R
al

ph
a)

 a
s a

 c
as

e 
st

ud
y.

 C
rit

ic
al

 re
vi

ew
s i

n 
to

xi
co

lo
gy

 4
4,

 1
-4

9.
 

 C
ur

ra
n,

 P
.G

., 
D

eG
ro

ot
, L

.J.
, 1

99
1.

 T
he

 e
ff

ec
t o

f h
ep

at
ic

 e
nz

ym
e-

in
du

ci
ng

 d
ru

gs
 o

n 
th

yr
oi

d 
ho

rm
on

es
 a

nd
 th

e 
th

yr
oi

d 
gl

an
d.

 E
nd

oc
r R

ev
 1

2,
 1

35
-1

50
. 

 D
al

sa
ge

r, 
L.

, C
hr

is
te

ns
en

, N
., 

H
us

by
, S

., 
K

yh
l, 

H
., 

N
ie

ls
en

, F
., 

H
øs

t, 
A

., 
G

ra
nd

je
an

, P
., 

Je
ns

en
, 

T.
K

., 
20

16
. A

ss
oc

ia
tio

n 
be

tw
ee

n 
pr

en
at

al
 e

xp
os

ur
e 

to
 p

er
flu

or
in

at
ed

 c
om

po
un

ds
 a

nd
 

sy
m

pt
om

s o
f i

nf
ec

tio
ns

 a
t a

ge
 1

–4
 y

ea
rs

 a
m

on
g 

35
9 

ch
ild

re
n 

in
 th

e 
O

de
ns

e 
C

hi
ld

 C
oh

or
t. 

En
vi

ro
nm

en
t I

nt
er

na
tio

na
l 9

6,
 5

8-
64

. 
 D

ar
ro

w
, L

.A
., 

St
ei

n,
 C

.R
., 

St
ee

nl
an

d,
 K

., 
20

13
. S

er
um

 P
er

flu
or

oo
ct

an
oi

c 
A

ci
d 

an
d 

Pe
rf

lu
or

oo
ct

an
e 

Su
lfo

na
te

 C
on

ce
nt

ra
tio

ns
 in

 R
el

at
io

n 
to

 B
irt

h 
O

ut
co

m
es

 in
 th

e 
M

id
-O

hi
o 

V
al

le
y,

 2
00

5-
20

10
. E

nv
iro

n 
H

ea
lth

 P
er

sp
ec

t 1
21

, 1
20

7-
12

13
. 

 D
ar

ro
w

, L
.A

., 
G

ro
th

, A
.C

., 
W

in
qu

ist
, A

., 
Sh

in
, H

.M
., 

B
ar

te
ll,

 S
.M

., 
St

ee
nl

an
d,

 K
., 

20
16

. 
M

od
el

ed
 P

er
flu

or
oo

ct
an

oi
c 

A
ci

d 
(P

FO
A

) E
xp

os
ur

e 
an

d 
Li

ve
r F

un
ct

io
n 

in
 a

 M
id

-O
hi

o 
V

al
le

y 
C

om
m

un
ity

. E
nv

iro
n 

H
ea

lth
 P

er
sp

ec
t 1

24
, 1

22
7-

12
33

. 
 D

eb
, S

., 
Pu

th
an

ve
et

il,
 P

., 
Sa

kh
ar

ka
r, 

P.
, 2

01
8.

 A
 P

op
ul

at
io

n-
B

as
ed

 C
ro

ss
-S

ec
tio

na
l S

tu
dy

 o
f t

he
 

A
ss

oc
ia

tio
n 

be
tw

ee
n 

Li
ve

r E
nz

ym
es

 a
nd

 L
ip

id
 L

ev
el

s. 
In

t J
 H

ep
at

ol
 2

01
8,

 1
28

61
70

. 
 D

eW
itt

, J
.C

., 
C

op
el

an
d,

 C
.B

., 
St

ry
na

r, 
M

.J.
, L

ue
bk

e,
 R

.W
., 

20
08

. P
er

flu
or

oo
ct

an
oi

c 
ac

id
-

in
du

ce
d 

im
m

un
om

od
ul

at
io

n 
in

 a
du

lt 
C

57
B

L/
6J

 o
r C

57
B

L/
6N

 fe
m

al
e 

m
ic

e.
 E

nv
iro

n 
H

ea
lth

 P
er

sp
ec

t 1
16

, 6
44

-6
50

. 
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

10
8 

 D
eW

itt
, J

.C
., 

W
ill

ia
m

s, 
W

.C
., 

C
re

ec
h,

 N
.J.

, L
ue

bk
e,

 R
.W

., 
20

16
. S

up
pr

es
si

on
 o

f a
nt

ig
en

-s
pe

ci
fic

 
an

tib
od

y 
re

sp
on

se
s i

n 
m

ic
e 

ex
po

se
d 

to
 p

er
flu

or
oo

ct
an

oi
c 

ac
id

: R
ol

e 
of

 P
PA

R
al

ph
a 

an
d 

T-
 

an
d 

B
-c

el
l t

ar
ge

tin
g.

 J 
Im

m
un

ot
ox

ic
ol

 1
3,

 3
8-

45
. 

 D
on

g,
 G

.-H
., 

Li
u,

 M
.-M

., 
W

an
g,

 D
., 

Zh
en

g,
 L

., 
Li

an
g,

 Z
.-F

., 
Ji

n,
 Y

.-H
., 

20
11

. S
ub

-c
hr

on
ic

 e
ff

ec
t 

of
 p

er
flu

or
oo

ct
an

es
ul

fo
na

te
 (P

FO
S)

 o
n 

th
e 

ba
la

nc
e 

of
 ty

pe
 1

 a
nd

 ty
pe

 2
 c

yt
ok

in
e 

in
 a

du
lt 

C
57

B
L6

 m
ic

e.
 A

rc
h 

To
xi

co
l 8

5,
 1

23
5-

12
44

. 
 D

on
g,

 G
.H

., 
Zh

an
g,

 Y
.H

., 
Zh

en
g,

 L
., 

Li
u,

 W
., 

Ji
n,

 Y
.H

., 
H

e,
 Q

.C
., 

20
09

. C
hr

on
ic

 e
ff

ec
ts

 o
f 

pe
rf

lu
or

oo
ct

an
es

ul
fo

na
te

 e
xp

os
ur

e 
on

 im
m

un
ot

ox
ic

ity
 in

 a
du

lt 
m

al
e 

C
57

B
L/

6 
m

ic
e.

 A
rc

h 
To

xi
co

l 8
3 

80
5-

81
5.

 
 D

on
g,

 G
.H

., 
Tu

ng
, K

.Y
., 

Ts
ai

, C
.H

., 
Li

u,
 M

.M
., 

W
an

g,
 D

., 
Li

u,
 W

., 
Ji

n,
 Y

.H
., 

H
si

eh
, W

.S
., 

Le
e,

 
Y

.L
., 

C
he

n,
 P

.C
., 

20
13

. S
er

um
 p

ol
yf

lu
or

oa
lk

yl
 c

on
ce

nt
ra

tio
ns

, a
st

hm
a 

ou
tc

om
es

, a
nd

 
im

m
un

ol
og

ic
al

 m
ar

ke
rs

 in
 a

 c
as

e-
co

nt
ro

l s
tu

dy
 o

f T
ai

w
an

es
e 

ch
ild

re
n.

 E
nv

iro
n 

H
ea

lth
 

Pe
rs

pe
ct

 1
21

, 5
07

-5
13

, 5
13

e5
01

-5
08

. 
 EC

H
A

. 2
01

5.
 C

om
m

itt
ee

 fo
r R

is
k 

A
ss

es
sm

en
t (

R
A

C
): 

 O
pi

ni
on

 o
n 

an
 A

nn
ex

 X
V

 d
os

si
er

 
pr

op
os

in
g 

re
sc

tri
ct

io
n 

on
 P

er
flu

or
oo

ct
an

oi
c 

ac
id

 (P
FO

A
), 

its
 sa

lts
 a

nd
 P

FO
A

-r
el

at
ed

 
su

bs
ta

nc
es

. h
ttp

s:
//e

ch
a.

eu
ro

pa
.e

u/
do

cu
m

en
ts

/1
01

62
/3

d1
3d

e3
a-

de
0d

-4
9a

e-
bf

bd
-

74
9a

ea
88

49
66

 E
C

H
A

/R
A

C
/R

ES
-O

-0
00

00
06

22
9-

70
-0

2/
F.

 
 EF

SA
. 2

01
8.

 R
is

k 
to

 h
um

an
 h

ea
lth

 re
la

te
d 

to
 th

e 
pr

es
en

ce
 o

f p
er

flu
or

oo
ct

an
e 

su
lfo

ni
c 

ac
id

 a
nd

 
pe

rf
lu

or
oo

ct
an

oi
c 

ac
id

 in
 fo

od
. E

FS
A

 Jo
ur

na
l 1

6.
 

 Eh
re

sm
an

, D
.J.

, W
eb

b,
 P

., 
A

ye
rs

, S
.D

., 
V

an
de

n 
H

eu
ve

l, 
J.,

 O
ls

en
, G

.W
., 

C
ha

ng
, S

.C
., 

B
ut

en
ho

ff
, 

J.L
., 

20
14

. E
ff

ec
ts

 o
f p

er
flu

or
oa

lk
yl

s o
n 

th
e 

ac
tiv

at
io

n 
of

 h
um

an
 C

A
R

3,
 P

X
R

, a
nd

 T
R

 
re

ce
pt

or
s i

n 
vi

tro
 (A

bs
tra

ct
 1

13
5 

oc
cu

rr
in

g 
in

 T
he

 T
ox

ic
ol

og
is

t, 
su

pp
le

m
en

t t
o 

To
xi

co
lo

gi
ca

l S
ci

en
ce

s)
. T

ox
ic

ol
og

ic
al

 sc
ie

nc
es

 : 
an

 o
ff

ic
ia

l j
ou

rn
al

 o
f t

he
 S

oc
ie

ty
 o

f 
To

xi
co

lo
gy

 1
38

, 3
02

. 
 El

co
m

be
, C

.R
., 

B
el

l, 
D

.R
., 

El
ia

s, 
E.

, H
as

m
al

l, 
S.

C
., 

Pl
an

t, 
N

.J.
, 1

99
6.

 P
er

ox
is

om
e 

pr
ol

ife
ra

to
rs

: 
sp

ec
ie

s d
iff

er
en

ce
s i

n 
re

sp
on

se
 o

f p
rim

ar
y 

he
pa

to
cy

te
 c

ul
tu

re
s. 

A
nn

al
s o

f t
he

 N
ew

 Y
or

k 
A

ca
de

m
y 

of
 S

ci
en

ce
s 8

04
, 6

28
-6

35
. 

 El
co

m
be

, C
.R

., 
El

co
m

be
, B

.M
., 

Fo
st

er
, J

.R
., 

Fa
rr

ar
, D

.G
., 

Ju
ng

, R
., 

C
ha

ng
, S

.C
., 

K
en

ne
dy

, G
.L

., 
B

ut
en

ho
ff

, J
.L

., 
20

10
. H

ep
at

oc
el

lu
la

r h
yp

er
tro

ph
y 

an
d 

ce
ll 

pr
ol

ife
ra

tio
n 

in
 S

pr
ag

ue
-

D
aw

le
y 

ra
ts

 fo
llo

w
in

g 
di

et
ar

y 
ex

po
su

re
 to

 a
m

m
on

iu
m

 p
er

flu
or

oo
ct

an
oa

te
 o

cc
ur

s t
hr

ou
gh

 
in

cr
ea

se
d 

ac
tiv

at
io

n 
of

 th
e 

xe
no

se
ns

or
 n

uc
le

ar
 re

ce
pt

or
s P

PA
R

 a
nd

 C
A

R
/P

X
R

. A
rc

h 
To

xi
co

l 8
4,

 7
87

-7
98

. 
 El

co
m

be
, C

.R
., 

El
co

m
be

, B
.M

., 
Fo

st
er

, J
.R

., 
C

ha
ng

, S
.-C

., 
Eh

re
sm

an
, D

.J.
, B

ut
en

ho
ff

, J
.L

., 
20

12
a.

 H
ep

at
oc

el
lu

la
r H

yp
er

tro
ph

y 
an

d 
C

el
l P

ro
lif

er
at

io
n 

in
 S

pr
ag

ue
-D

aw
le

y 
R

at
s f

ro
m

 
D

ie
ta

ry
 E

xp
os

ur
e 

to
 P

ot
as

si
um

 P
er

flu
or

oo
ct

an
es

ul
fo

na
te

 R
es

ul
ts

 fr
om

 In
cr

ea
se

d 
Ex

pr
es

si
on

 o
f X

en
os

en
so

r N
uc

le
ar

 R
ec

ep
to

rs
 P

PA
R

an
d 

C
A

R
/P

X
R

. T
ox

ic
ol

og
y 

29
3,

 
16

-2
9.

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

10
9 

  El
co

m
be

, C
.R

., 
El

co
m

be
, B

.M
., 

Fo
st

er
, J

.R
., 

C
ha

ng
, S

.-C
., 

Eh
re

sm
an

, D
.J.

, N
ok

er
, P

.E
., 

B
ut

en
ho

ff
, J

.L
., 

20
12

b.
 E

va
lu

at
io

n 
of

 H
ep

at
ic

 a
nd

 T
hy

ro
id

 R
es

po
ns

es
 in

 M
al

e 
Sp

ra
gu

e 
D

aw
le

y 
R

at
s f

or
 U

p 
to

 E
ig

ht
y-

Fo
ur

 D
ay

s F
ol

lo
w

in
g 

Se
ve

n 
D

ay
s o

f D
ie

ta
ry

 E
xp

os
ur

e 
to

 
Po

ta
ss

iu
m

 P
er

flu
or

oo
ct

an
es

ul
fo

na
te

. T
ox

ic
ol

og
y 

29
3,

 3
0-

40
. 

 El
co

m
be

, C
.R

., 
Pe

ff
er

, R
.C

., 
W

ol
f, 

D
.C

., 
B

ai
le

y,
 J.

, B
ar

s, 
R

., 
B

el
l, 

D
., 

C
at

tle
y,

 R
.C

., 
Fe

rg
us

on
, 

S.
S.

, G
et

er
, D

., 
G

oe
tz

, A
., 

G
oo

dm
an

, J
.I.

, H
es

te
r, 

S.
, J

ac
ob

s, 
A

., 
O

m
ie

ci
ns

ki
, C

.J.
, 

Sc
ho

en
y,

 R
., 

X
ie

, W
., 

La
ke

, B
.G

., 
20

14
. M

od
e 

of
 a

ct
io

n 
an

d 
hu

m
an

 re
le

va
nc

e 
an

al
ys

is
 

fo
r n

uc
le

ar
 re

ce
pt

or
-m

ed
ia

te
d 

liv
er

 to
xi

ci
ty

: A
 c

as
e 

st
ud

y 
w

ith
 p

he
no

ba
rb

ita
l a

s a
 m

od
el

 
co

ns
tit

ut
iv

e 
an

dr
os

ta
ne

 re
ce

pt
or

 (C
A

R
) a

ct
iv

at
or

. C
rit

ic
al

 re
vi

ew
s i

n 
to

xi
co

lo
gy

 4
4,

 6
4-

82
. 

 EM
EA

. 1
99

9a
. I

C
H

 T
op

ic
 S

 4
:  

D
ur

at
io

n 
of

 C
hr

on
ic

 T
ox

ic
ity

 T
es

tin
g 

in
 A

ni
m

al
s (

R
od

en
t a

nd
 

N
on

 R
od

en
t T

ox
ic

ity
 T

es
tin

g)
 

ht
tp

://
w

w
w

.e
m

a.
eu

ro
pa

.e
u/

do
cs

/e
n

G
B/

do
cu

m
en

t
lib

ra
ry

/S
ci

en
tif

ic
gu

id
el

in
e/

20
09

/0
9/

W
C

50
00

02
80

0.
pd

f C
PM

P/
IC

H
/3

00
/9

5.
 

 EM
EA

. 1
99

9b
. C

om
m

itt
ee

 fo
r V

et
er

in
ar

y 
M

ed
ic

in
al

 P
ro

du
ct

s:
  A

ce
ty

ls
al

ic
yl

ic
 a

ci
d,

 so
di

um
 

ac
et

yl
sa

lic
yl

at
e,

 a
ce

ty
ls

al
ic

yl
ic

 a
ci

d 
D

L-
ly

si
ne

, a
nd

 c
ar

ba
sa

la
te

 c
al

ci
um

 - 
Su

m
m

ar
y 

R
ep

or
t (

1)
. 

ht
tp

://
w

w
w

.e
m

a.
eu

ro
pa

.e
u/

do
cs

/e
n_

G
B/

do
cu

m
en

t_
lib

ra
ry

/M
ax

im
um

_R
es

id
ue

_L
im

its
_-

_R
ep

or
t/2

00
9/

11
/W

C
50

00
11

37
1.

pd
f E

M
EA

/M
R

L/
69

5/
99

-F
IN

A
L.

 
 Fe

i, 
C

., 
M

cL
au

gh
lin

, J
.K

., 
Li

pw
or

th
, L

., 
O

ls
en

, J
., 

20
09

. M
at

er
na

l l
ev

el
s o

f p
er

flu
or

in
at

ed
 

ch
em

ic
al

s a
nd

 su
bf

ec
un

di
ty

. H
um

an
 R

ep
ro

du
ct

io
n 

24
, 1

20
0-

12
05

. 
 Fe

i, 
C

., 
M

cL
au

gh
lin

, J
.K

., 
Li

pw
or

th
, L

., 
O

ls
en

, J
., 

20
10

a.
 P

re
na

ta
l e

xp
os

ur
e 

to
 P

FO
A

 a
nd

 P
FO

S 
an

d 
ris

k 
of

 h
os

pi
ta

liz
at

io
n 

fo
r i

nf
ec

tio
us

 d
is

ea
se

s i
n 

ea
rly

 c
hi

ld
ho

od
. E

nv
iro

nm
en

ta
l 

R
es

ea
rc

h 
11

0,
 7

73
-7

77
. 

 Fe
i, 

C
., 

M
cL

au
gh

lin
, J

.K
., 

Li
pw

or
th

, L
., 

O
ls

en
, J

., 
20

10
b.

 M
at

er
na

l c
on

ce
nt

ra
tio

ns
 o

f 
pe

rf
lu

or
oo

ct
an

es
ul

fo
na

te
 (P

FO
S)

 a
nd

 p
er

flu
or

oo
ct

an
oa

te
 (P

FO
A

) a
nd

 d
ur

at
io

n 
of

 
br

ea
st

fe
ed

in
g.

 S
ca

nd
 J 

W
or

k 
En

vi
ro

n 
H

ea
lth

 3
6,

 4
13

-4
21

. 
 Fe

i, 
C

., 
W

ei
nb

er
g,

 C
.R

., 
O

ls
en

, J
., 

20
12

. C
om

m
en

ta
ry

: p
er

flu
or

in
at

ed
 c

he
m

ic
al

s a
nd

 ti
m

e 
to

 
pr

eg
na

nc
y:

 a
 li

nk
 b

as
ed

 o
n 

re
ve

rs
e 

ca
us

at
io

n?
 E

pi
de

m
io

lo
gy

 2
3,

 2
64

-2
66

. 
 Fi

sh
er

, M
., 

A
rb

uc
kl

e,
 T

.E
., 

W
ad

e,
 M

., 
H

ai
ne

s, 
D

.A
., 

20
13

. D
o 

pe
rf

lu
or

oa
lk

yl
 su

bs
ta

nc
es

 a
ff

ec
t 

m
et

ab
ol

ic
 fu

nc
tio

n 
an

d 
pl

as
m

a 
lip

id
s?

-A
na

ly
si

s o
f t

he
 2

00
7-

20
09

, C
an

ad
ia

n 
H

ea
lth

 
M

ea
su

re
s S

ur
ve

y 
(C

H
M

S)
 C

yc
le

 1
. E

nv
iro

n 
R

es
 1

21
, 9

5-
10

3.
 

 Fr
an

ci
s, 

E.
Z.

, K
im

m
el

, C
.A

., 
R

ee
s, 

D
.C

., 
19

90
. W

or
ks

ho
p 

on
 th

e 
qu

al
ita

tiv
e 

an
d 

qu
an

tit
at

iv
e 

co
m

pa
ra

bi
lit

y 
of

 h
um

an
 a

nd
 a

ni
m

al
 d

ev
el

op
m

en
ta

l n
eu

ro
to

xi
ci

ty
: s

um
m

ar
y 

an
d 

im
pl

ic
at

io
ns

. N
eu

ro
to

xi
co

l T
er

at
ol

 1
2,

 2
85

-2
92

. 
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

11
0 

 Fr
is

be
e,

 S
.J.

, S
ha

nk
ar

, A
., 

K
no

x,
 S

.S
., 

St
ee

nl
an

d,
 K

., 
Sa

vi
tz

, D
.A

., 
Fl

et
ch

er
, T

., 
D

uc
at

m
an

, A
., 

20
10

. P
er

flu
or

oo
ct

an
oi

c 
A

ci
d,

 p
er

flu
or

oo
ct

an
es

ul
fo

na
te

, a
nd

 se
ru

m
 li

pi
ds

 in
 c

hi
ld

re
n 

an
d 

ad
ol

es
ce

nt
s:

 re
su

lts
 fr

om
 th

e 
C

8 
he

al
th

 p
ro

je
ct

. A
rc

hi
ve

s o
f P

ed
ia

tri
c 

an
d 

A
do

le
sc

en
t 

M
ed

ic
in

e 
16

4,
 8

60
-8

69
. 

 Fr
om

m
e,

 H
., 

M
os

ch
, C

., 
M

or
ov

itz
, M

., 
A

lb
a-

A
le

ja
nd

re
, I

., 
B

oe
hm

er
, S

., 
K

ira
no

gl
u,

 M
., 

Fa
be

r, 
F.

, H
an

ni
ba

l, 
I.,

 G
en

ze
l-B

or
ov

ic
ze

ny
, O

., 
K

ol
et

zk
o,

 B
., 

V
ol

ke
l, 

W
., 

20
10

. P
re

- a
nd

 
Po

st
na

ta
l E

xp
os

ur
e 

to
 P

er
flu

or
in

at
ed

 C
om

po
un

ds
 (P

FC
s)

. E
nv

iro
n 

Sc
i T

ec
hn

ol
 4

4,
 7

12
3-

71
29

. 
 FS

A
N

Z.
 2

01
7.

 P
er

flu
or

in
at

ed
 c

he
m

ic
al

s i
n 

fo
od

. 
ht

tp
://

w
w

w
.h

ea
lth

.g
ov

.a
u/

in
te

rn
et

/m
ai

n/
pu

bl
is

hi
ng

.n
sf

/C
on

te
nt

/2
20

0F
E2

08
6D

48
03

53
C

A
48

25
80

C
90

08
17

C
D

C
/$

Fi
le

/C
on

so
ld

ia
te

d-
re

po
rt-

pe
rf

lo
ur

ia
nt

ed
-c

he
m

ic
al

s-
fo

od
.p

df
. 

 G
al

lo
, V

., 
Le

on
ar

di
, G

., 
G

en
se

r, 
B

., 
Lo

pe
z-

Es
pi

no
sa

, M
.-J

., 
Fr

is
be

e,
 S

.J.
, K

ar
ls

so
n,

 L
., 

D
uc

at
m

an
, A

.M
., 

Fl
et

ch
er

, J
., 

20
12

. S
er

um
 P

er
flu

or
oo

ct
an

oa
te

 (P
FO

A
) a

nd
 

Pe
rf

lu
or

oo
ct

an
e 

Su
lfo

na
te

 (P
FO

S)
 C

on
ce

nt
ra

tio
ns

 a
nd

 L
iv

er
 F

un
ct

io
n 

B
io

m
ar

ke
rs

 in
 a

 
Po

pu
la

tio
n 

w
ith

 E
le

va
te

d 
PF

O
A

 E
xp

os
ur

e.
 E

nv
iro

n 
H

ea
lth

 P
er

sp
ec

t 1
20

, 6
55

-6
60

. 
 G

ia
nn

in
i, 

E.
G

., 
Te

st
a,

 R
., 

Sa
va

rin
o,

 V
., 

20
05

. L
iv

er
 e

nz
ym

e 
al

te
ra

tio
n:

 a
 g

ui
de

 fo
r c

lin
ic

ia
ns

. 
C

M
A

J 1
72

, 3
67

-3
79

. 
 G

ill
ila

nd
, F

.D
., 

M
an

de
l, 

J.S
., 

19
96

. S
er

um
 p

er
flu

or
oo

ct
an

oi
c 

ac
id

 a
nd

 h
ep

at
ic

 e
nz

ym
es

, 
lip

op
ro

te
in

s, 
an

d 
ch

ol
es

te
ro

l: 
a 

st
ud

y 
of

 o
cc

up
at

io
na

lly
 e

xp
os

ed
 m

en
. A

m
 J 

In
d 

M
ed

 2
9,

 
56

0-
56

8.
 

 G
le

as
on

, J
.A

., 
Po

st
, G

.B
., 

Fa
gl

ia
no

, J
.A

., 
20

15
. A

ss
oc

ia
tio

ns
 o

f p
er

flu
or

in
at

ed
 c

he
m

ic
al

 se
ru

m
 

co
nc

en
tra

tio
ns

 a
nd

 b
io

m
ar

ke
rs

 o
f l

iv
er

 fu
nc

tio
n 

an
d 

ur
ic

 a
ci

d 
in

 th
e 

U
S 

po
pu

la
tio

n.
 

En
vi

ro
n 

R
es

 1
36

  8
-1

4.
 

 G
ol

l, 
V

., 
A

le
xa

nd
re

, E
., 

V
io

llo
n-

A
ba

di
e,

 C
., 

N
ic

od
, L

., 
Ja

ec
k,

 D
., 

R
ic

he
rt,

 L
., 

19
99

. C
om

pa
ris

on
 

of
 th

e 
ef

fe
ct

s o
f v

ar
io

us
 p

er
ox

is
om

e 
pr

ol
ife

ra
to

rs
 o

n 
pe

ro
xi

so
m

al
 e

nz
ym

e 
ac

tiv
iti

es
, D

N
A

 
sy

nt
he

si
s, 

an
d 

ap
op

to
si

s i
n 

ra
t a

nd
 h

um
an

 h
ep

at
oc

yt
e 

cu
ltu

re
s. 

To
xi

co
lo

gy
 a

nd
 a

pp
lie

d 
ph

ar
m

ac
ol

og
y 

16
0,

 2
1-

32
. 

 G
on

za
le

z,
 F

.J.
, S

ha
h,

 Y
.M

., 
20

08
. P

PA
R

al
ph

a:
 m

ec
ha

ni
sm

 o
f s

pe
ci

es
 d

iff
er

en
ce

s a
nd

 
he

pa
to

ca
rc

in
og

en
es

is
 o

f p
er

ox
is

om
e 

pr
ol

ife
ra

to
rs

. T
ox

ic
ol

og
y 

24
6,

 2
-8

. 
 G

or
tn

er
, E

.G
., 

La
m

pr
ec

ht
, E

.G
., 

C
as

e,
 M

.T
., 

19
80

. O
ra

l t
er

at
ol

og
y 

st
ud

y 
of

 F
M

-3
42

2 
in

 ra
ts

. 
Sa

fe
ty

 E
va

lu
at

io
n 

La
bo

ra
to

ry
 - 

R
ik

er
 L

ab
or

at
or

ie
s, 

In
c 

St
.P

au
l, 

M
N

, p
p.

 1
62

-1
74

. 
 G

or
tn

er
, E

.G
., 

19
81

. O
ra

l t
er

at
ol

og
y 

st
ud

y 
of

 T
-2

99
8C

oC
 in

 ra
ts

. E
xp

er
im

en
t N

um
be

r 
06

81
TR

01
10

. S
af

et
y 

Ev
al

ua
tio

n 
La

bo
ra

to
ry

 a
nd

 R
ik

er
 L

ab
or

at
or

ie
s, 

In
c.

, S
t. 

Pa
ul

, M
N

. 
U

SE
PA

 P
ub

lic
 D

oc
ke

t, 
A

R
-2

26
-0

46
3.

 
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

11
1 

 G
or

tn
er

, E
.G

., 
19

82
. O

ra
l t

er
at

ol
og

y 
st

ud
y 

of
 T

-3
14

1C
oC

 in
 ra

bb
its

. E
xp

er
im

en
t N

um
be

r 
06

81
TB

03
98

. S
af

et
y 

Ev
al

ua
tio

n 
La

bo
ra

to
ry

 a
nd

 R
ik

er
 L

ab
or

at
or

ie
s, 

In
c.

, S
t. 

Pa
ul

, M
N

. 
U

SE
PA

 P
ub

lic
 D

oc
ke

t A
R

-2
26

-0
46

5.
 

 G
ra

nd
je

an
, P

., 
A

nd
er

se
n,

 E
.W

., 
B

ud
tz

-J
or

ge
ns

en
, E

., 
N

ie
ls

en
, F

., 
M

ol
ba

k,
 K

., 
W

ei
he

, P
., 

H
ei

lm
an

n,
 C

., 
20

12
. S

er
um

 V
ac

ci
ne

 A
nt

ib
od

y 
C

on
ce

nt
ra

tio
ns

 in
 C

hi
ld

re
n 

Ex
po

se
d 

to
 

Pe
rf

lu
or

in
at

ed
 C

om
po

un
ds

. J
A

M
A

 3
07

, 3
91

-3
97

. 
 G

ra
nd

je
an

, P
., 

H
ei

lm
an

n,
 C

., 
W

ei
he

, P
., 

N
ie

ls
en

, F
., 

M
og

en
se

n,
 U

.B
., 

Ti
m

m
er

m
an

n,
 A

., 
B

ud
tz

-
Jo

rg
en

se
n,

 E
., 

20
17

. E
st

im
at

ed
 e

xp
os

ur
es

 to
 p

er
flu

or
in

at
ed

 c
om

po
un

ds
 in

 in
fa

nc
y 

pr
ed

ic
t 

at
te

nu
at

ed
 v

ac
ci

ne
 a

nt
ib

od
y 

co
nc

en
tra

tio
ns

 a
t a

ge
 5

-y
ea

rs
. J

 Im
m

un
ot

ox
ic

ol
 1

4,
 1

88
-1

95
. 

 G
ra

nu
m

, B
., 

H
au

g,
 L

.S
., 

N
am

or
k,

 E
., 

St
ol

ev
ik

, S
.B

., 
Th

om
se

n,
 C

., 
A

ab
er

ge
, I

.S
., 

va
n 

Lo
ve

re
n,

 
H

., 
Lo

vi
k,

 M
., 

N
yg

aa
rd

, U
.C

., 
20

13
. P

re
-n

at
al

 e
xp

os
ur

e 
to

 p
er

flu
or

oa
lk

yl
 su

bs
ta

nc
es

 m
ay

 
be

 a
ss

oc
ia

te
d 

w
ith

 a
lte

re
d 

va
cc

in
e 

an
tib

od
y 

le
ve

ls
 a

nd
 im

m
un

e-
re

la
te

d 
he

al
th

 o
ut

co
m

es
 

in
 e

ar
ly

 c
hi

ld
ho

od
. J

 Im
m

un
ot

ox
ic

ol
 1

0,
 3

73
-3

79
. 

 G
ra

st
y,

 R
.C

., 
B

jo
rk

, J
.A

., 
W

al
la

ce
, K

.B
., 

W
ol

f, 
D

.C
., 

La
u,

 C
.S

., 
R

og
er

s, 
J.M

., 
20

05
. E

ff
ec

ts
 o

f 
pr

en
at

al
 p

er
flu

or
oo

ct
an

e 
su

lfo
na

te
 (P

FO
S)

 e
xp

os
ur

e 
on

 lu
ng

 m
at

ur
at

io
n 

in
 th

e 
pe

rin
at

al
 

ra
t. 

B
irt

h 
D

ef
ec

ts
 R

es
 B

 D
ev

 R
ep

ro
d 

To
xi

co
l 7

4,
 4

05
-4

16
. 

 G
ur

ug
e,

 K
.S

., 
H

ik
on

o,
 H

., 
Sh

im
ad

a,
 N

., 
M

ur
ak

am
i, 

K
., 

H
as

eg
aw

a,
 J.

, Y
eu

ng
, L

.W
., 

Y
am

an
ak

a,
 

N
., 

Y
am

as
hi

ta
, N

., 
20

09
. E

ff
ec

t o
f p

er
flu

or
oo

ct
an

e 
su

lfo
na

te
 (P

FO
S)

 o
n 

in
flu

en
za

 A
 

vi
ru

s-
in

du
ce

d 
m

or
ta

lit
y 

in
 fe

m
al

e 
B

6C
3F

1 
m

ic
e.

 J 
To

xi
co

l S
ci

 3
4,

 6
87

-6
91

. 
 H

al
l, 

A
.P

., 
El

co
m

be
, C

.R
., 

Fo
st

er
, J

.R
., 

H
ar

ad
a,

 T
., 

K
au

fm
an

n,
 W

., 
K

ni
pp

el
, A

., 
K

ut
tle

r, 
K

., 
M

al
ar

ke
y,

 D
.E

., 
M

ar
on

po
t, 

R
.R

., 
N

is
hi

ka
w

a,
 A

., 
N

ol
te

, T
., 

Sc
hu

lte
, A

., 
St

ra
us

s, 
V

., 
Y

or
k,

 
M

.J.
, 2

01
2.

 L
iv

er
 h

yp
er

tro
ph

y:
 a

 re
vi

ew
 o

f a
da

pt
iv

e 
(a

dv
er

se
 a

nd
 n

on
-a

dv
er

se
) c

ha
ng

es
--

co
nc

lu
si

on
s f

ro
m

 th
e 

3r
d 

In
te

rn
at

io
na

l E
ST

P 
Ex

pe
rt 

W
or

ks
ho

p.
 T

ox
ic

ol
 P

at
ho

l 4
0,

 9
71

-
99

4.
 

 H
ar

ris
on

, N
.L

., 
Sk

el
ly

, M
.J.

, G
ro

ss
er

od
e,

 E
.K

., 
Lo

w
es

, D
.C

., 
Ze

ric
, T

., 
Ph

is
te

r, 
S.

, S
al

lin
g,

 M
.C

., 
20

17
. E

ff
ec

ts
 o

f a
cu

te
 a

lc
oh

ol
 o

n 
ex

ci
ta

bi
lit

y 
in

 th
e 

C
N

S.
 N

eu
ro

ph
ar

m
ac

ol
og

y 
12

2,
 3

6-
45

. 
 H

iro
se

, Y
., 

N
ag

ah
or

i, 
H

., 
Y

am
ad

a,
 T

., 
D

eg
uc

hi
, Y

., 
To

m
ig

ah
ar

a,
 Y

., 
N

is
hi

ok
a,

 K
., 

U
w

ag
aw

a,
 S

., 
K

aw
am

ur
a,

 S
., 

Is
ob

e,
 N

., 
La

ke
, B

.G
., 

O
ku

no
, Y

., 
20

09
. C

om
pa

ris
on

 o
f t

he
 e

ff
ec

ts
 o

f t
he

 
sy

nt
he

tic
 p

yr
et

hr
oi

d 
M

et
of

lu
th

rin
 a

nd
 p

he
no

ba
rb

ita
l o

n 
C

Y
P2

B
 fo

rm
 in

du
ct

io
n 

an
d 

re
pl

ic
at

iv
e 

D
N

A
 sy

nt
he

si
s i

n 
cu

ltu
re

d 
ra

t a
nd

 h
um

an
 h

ep
at

oc
yt

es
. T

ox
ic

ol
og

y 
25

8,
 6

4-
69

. 
 H

um
bl

et
, O

., 
D

ia
z-

R
am

ire
z,

 L
.G

., 
B

al
m

es
, J

.R
., 

Pi
nn

ey
, S

.M
., 

H
ia

tt,
 R

.A
., 

20
14

. P
er

flu
or

oa
lk

yl
 

C
he

m
ic

al
s a

nd
 A

st
hm

a 
am

on
g 

C
hi

ld
re

n 
12

-1
9 

Y
ea

rs
 o

f A
ge

: N
H

A
N

ES
 (1

99
9-

20
08

). 
En

vi
ro

n 
H

ea
lth

 P
er

sp
ec

t 1
22

, 1
12

9-
11

33
. 

 Im
pi

ne
n,

 A
., 

N
yg

aa
rd

, U
.C

., 
Lo

dr
up

 C
ar

ls
en

, K
.C

., 
M

ow
in

ck
el

, P
., 

C
ar

ls
en

, K
.H

., 
H

au
g,

 L
.S

., 
G

ra
nu

m
, B

., 
20

18
. P

re
na

ta
l e

xp
os

ur
e 

to
 p

er
flu

or
al

ky
l s

ub
st

an
ce

s (
PF

A
Ss

) a
ss

oc
ia

te
d 

w
ith

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

11
2 

 

re
sp

ira
to

ry
 tr

ac
t i

nf
ec

tio
ns

 b
ut

 n
ot

 a
lle

rg
y-

 a
nd

 a
st

hm
a-

re
la

te
d 

he
al

th
 o

ut
co

m
es

 in
 

ch
ild

ho
od

. E
nv

iro
n 

R
es

 1
60

, 5
18

-5
23

. 
 In

no
ce

nz
i, 

P.
, M

al
fa

tti
, L

., 
C

os
ta

cu
rta

, S
., 

K
id

ch
ob

, T
., 

Pi
cc

in
in

i, 
M

., 
M

ar
ce

lli
, A

., 
20

08
. 

Ev
ap

or
at

io
n 

of
 e

th
an

ol
 a

nd
 e

th
an

ol
-w

at
er

 m
ix

tu
re

s s
tu

di
ed

 b
y 

tim
e-

re
so

lv
ed

 in
fr

ar
ed

 
sp

ec
tro

sc
op

y.
 J 

Ph
ys

 C
he

m
 A

 1
12

, 6
51

2-
65

16
. 

 Iw
an

ie
c,

 U
.T

., 
Tu

rn
er

, R
.T

., 
20

16
. I

nf
lu

en
ce

 o
f b

od
y 

w
ei

gh
t o

n 
bo

ne
 m

as
s, 

ar
ch

ite
ct

ur
e 

an
d 

tu
rn

ov
er

. J
 E

nd
oc

rin
ol

 2
30

, R
11

5-
13

0.
 

 Je
ps

en
, K

.J.
, 2

00
9.

 S
ys

te
m

s a
na

ly
si

s o
f b

on
e.

 W
ile

y 
In

te
rd

is
ci

p 
R

ev
 S

ys
t B

io
l M

ed
 1

, 7
3-

88
. 

 Jo
hn

so
n,

 P
.I.

, S
ut

to
n,

 P
., 

A
tc

hl
ey

, D
.S

., 
K

ou
st

as
, E

., 
La

m
, J

., 
Se

n,
 S

., 
R

ob
in

so
n,

 K
.A

., 
A

xe
lra

d,
 

D
.A

., 
W

oo
dr

uf
f, 

T.
J.,

 2
01

4.
 T

he
 N

av
ig

at
io

n 
G

ui
de

-E
vi

de
nc

e-
B

as
ed

 M
ed

ic
in

e 
M

ee
ts

 
En

vi
ro

nm
en

ta
l H

ea
lth

: S
ys

te
m

at
ic

 R
ev

ie
w

 o
f H

um
an

 E
vi

de
nc

e 
fo

r P
FO

A
 E

ff
ec

ts
 o

n 
Fe

ta
l G

ro
w

th
. E

nv
iro

n 
H

ea
lth

 P
er

sp
ec

t 1
22

, 1
02

8-
10

39
. 

 Jo
rg

en
se

n,
 K

.T
., 

Sp
ec

ht
, I

.O
., 

Le
nt

er
s, 

V
., 

B
ac

h,
 C

.C
., 

R
yl

an
de

r, 
L.

, J
on

ss
on

, B
.A

., 
Li

nd
h,

 C
.H

., 
G

iw
er

cm
an

, A
., 

H
ee

de
rik

, D
., 

To
ft,

 G
., 

B
on

de
, J

.P
., 

20
14

. P
er

flu
or

oa
lk

yl
 su

bs
ta

nc
es

 a
nd

 
tim

e 
to

 p
re

gn
an

cy
 in

 c
ou

pl
es

 fr
om

 G
re

en
la

nd
, P

ol
an

d 
an

d 
U

kr
ai

ne
. E

nv
iro

n 
H

ea
lth

 1
3,

 
11

6.
 

 K
en

ne
dy

, G
.L

., 
Jr

., 
Bu

te
nh

of
f, 

J.L
., 

O
ls

en
, G

.W
., 

O
'C

on
no

r, 
J.C

., 
Se

ac
at

, A
.M

., 
Pe

rk
in

s, 
R

.G
., 

B
ie

ge
l, 

L.
B

., 
M

ur
ph

y,
 S

.R
., 

Fa
rr

ar
, D

.G
., 

20
04

. T
he

 to
xi

co
lo

gy
 o

f p
er

flu
or

oo
ct

an
oa

te
. 

C
rit

ic
al

 re
vi

ew
s i

n 
to

xi
co

lo
gy

 3
4,

 3
51

-3
84

. 
 K

ie
ls

en
, K

., 
Sh

am
im

, Z
., 

R
yd

er
, L

.P
., 

N
ie

ls
en

, F
., 

G
ra

nd
je

an
, P

., 
B

ud
tz

-J
or

ge
ns

en
, E

., 
H

ei
lm

an
n,

 
C

., 
20

16
. A

nt
ib

od
y 

re
sp

on
se

 to
 b

oo
st

er
 v

ac
ci

na
tio

n 
w

ith
 te

ta
nu

s a
nd

 d
ip

ht
he

ria
 in

 a
du

lts
 

ex
po

se
d 

to
 p

er
flu

or
in

at
ed

 a
lk

yl
at

es
. J

 Im
m

un
ot

ox
ic

ol
 1

3,
 2

70
-2

73
. 

 K
im

, S
., 

C
ho

i, 
K

., 
Ji

, K
., 

Se
o,

 J.
, K

ho
, Y

., 
Pa

rk
, J

., 
K

im
, S

., 
Pa

rk
, S

., 
H

w
an

g,
 I.

, J
eo

n,
 J.

, Y
an

g,
 

H
., 

G
ie

sy
, J

.P
., 

20
11

. T
ra

ns
-P

la
ce

nt
al

 T
ra

ns
fe

r o
f T

hi
rte

en
 P

er
flu

or
in

at
ed

 C
om

po
un

ds
 

an
d 

R
el

at
io

ns
 w

ith
 F

et
al

 T
hy

ro
id

 H
or

m
on

es
. E

nv
iro

n 
Sc

i T
ec

hn
ol

 4
5,

 7
46

5-
74

72
. 

 K
im

, W
.R

., 
Fl

am
m

, S
.L

., 
D

i B
is

ce
gl

ie
, A

.M
., 

B
od

en
he

im
er

, H
.C

., 
Pu

bl
ic

 P
ol

ic
y 

C
om

m
itt

ee
 o

f 
th

e 
A

m
er

ic
an

 A
ss

oc
ia

tio
n 

fo
r t

he
 S

tu
dy

 o
f L

iv
er

, D
., 

20
08

. S
er

um
 a

ct
iv

ity
 o

f a
la

ni
ne

 
am

in
ot

ra
ns

fe
ra

se
 (A

LT
) a

s a
n 

in
di

ca
to

r o
f h

ea
lth

 a
nd

 d
is

ea
se

. H
ep

at
ol

og
y 

47
, 1

36
3-

13
70

. 
 K

la
un

ig
, J

.E
., 

B
ab

ic
h,

 M
.A

., 
Ba

et
ck

e,
 K

.P
., 

C
oo

k,
 J.

C
., 

C
or

to
n,

 J.
C

., 
D

av
id

, R
.M

., 
D

eL
uc

a,
 J.

G
., 

La
i, 

D
.Y

., 
M

cK
ee

, R
.H

., 
Pe

te
rs

, J
.M

., 
R

ob
er

ts
, R

.A
., 

Fe
nn

er
-C

ris
p,

 P
.A

., 
20

03
. 

PP
A

R
al

ph
a 

ag
on

is
t-i

nd
uc

ed
 ro

de
nt

 tu
m

or
s:

 m
od

es
 o

f a
ct

io
n 

an
d 

hu
m

an
 re

le
va

nc
e.

 
C

rit
ic

al
 re

vi
ew

s i
n 

to
xi

co
lo

gy
 3

3,
 6

55
-7

80
. 

 K
la

un
ig

, J
.E

., 
H

oc
ev

ar
, B

.A
., 

K
am

en
du

lis
, L

.M
., 

20
12

. M
od

e 
of

 A
ct

io
n 

an
al

ys
is

 o
f 

pe
rf

lu
or

oo
ct

an
oi

c 
ac

id
 (P

FO
A

) t
um

or
ig

en
ic

ity
 a

nd
 H

um
an

 R
el

ev
an

ce
. R

ep
ro

d 
To

xi
co

l 
33

, 4
10

-4
18

. 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

11
3 

  K
os

ke
la

, A
., 

Fi
nn

ilä
, M

.A
., 

K
or

ka
la

in
en

, M
., 

Sp
ul

be
r, 

S.
, K

op
on

en
, J

., 
H

åk
an

ss
on

, H
., 

Tu
uk

ka
ne

n,
 J.

, V
ilu

ks
el

a,
 M

., 
20

16
. E

ff
ec

ts
 o

f d
ev

el
op

m
en

ta
l e

xp
os

ur
e 

to
 

pe
rf

lu
or

oo
ct

an
oi

c 
ac

id
 (P

FO
A

) o
n 

lo
ng

 b
on

e 
m

or
ph

ol
og

y 
an

d 
bo

ne
 c

el
l d

iff
er

en
tia

tio
n.

 
To

xi
co

lo
gy

 a
nd

 A
pp

lie
d 

Ph
ar

m
ac

ol
og

y 
30

1,
 1

4-
21

. 
 La

ke
, B

.G
., 

20
09

. S
pe

ci
es

 d
iff

er
en

ce
s i

n 
th

e 
he

pa
tic

 e
ff

ec
ts

 o
f i

nd
uc

er
s o

f C
Y

P2
B

 a
nd

 C
Y

P4
A

 
su

bf
am

ily
 fo

rm
s:

 re
la

tio
ns

hi
p 

to
 ro

de
nt

 li
ve

r t
um

ou
r f

or
m

at
io

n.
 X

en
ob

io
tic

a 
39

, 5
82

-5
96

. 
 La

m
, J

., 
K

ou
st

as
, E

., 
Su

tto
n,

 P
., 

Jo
hn

so
n,

 P
.I.

, A
tc

hl
ey

, D
.S

., 
Se

n,
 S

., 
R

ob
in

so
n,

 K
.A

., 
A

xe
lra

d,
 

D
.A

., 
W

oo
dr

uf
f, 

T.
J.,

 2
01

4.
 T

he
 N

av
ig

at
io

n 
G

ui
de

-E
vi

de
nc

e-
B

as
ed

 M
ed

ic
in

e 
M

ee
ts

 
En

vi
ro

nm
en

ta
l H

ea
lth

: I
nt

eg
ra

tio
n 

of
 A

ni
m

al
 a

nd
 H

um
an

 E
vi

de
nc

e 
fo

r P
FO

A
 E

ff
ec

ts
 o

n 
Fe

ta
l G

ro
w

th
. E

nv
iro

n 
H

ea
lth

 P
er

sp
ec

t 1
22

, 1
04

0-
10

51
. 

 La
u,

 C
., 

Th
ib

od
ea

ux
, J

.R
., 

H
an

so
n,

 R
.G

., 
R

og
er

s, 
J.M

., 
G

re
y,

 B
.E

., 
St

an
to

n,
 M

.E
., 

B
ut

en
ho

ff
, 

J.L
., 

St
ev

en
so

n,
 L

.A
., 

20
03

. E
xp

os
ur

e 
to

 p
er

flu
or

oo
ct

an
e 

su
lfo

na
te

 d
ur

in
g 

pr
eg

na
nc

y 
in

 
ra

t a
nd

 m
ou

se
. I

I: 
po

st
na

ta
l e

va
lu

at
io

n.
 T

ox
ic

ol
 S

ci
 7

4,
 3

82
-3

92
. 

 La
u,

 C
., 

B
ut

en
ho

ff
, J

.L
., 

R
og

er
s, 

J.M
., 

20
04

. T
he

 d
ev

el
op

m
en

ta
l t

ox
ic

ity
 o

f p
er

flu
or

oa
lk

yl
 a

ci
ds

 
an

d 
th

ei
r d

er
iv

at
iv

es
. T

ox
ic

ol
 A

pp
l P

ha
rm

ac
ol

 1
98

, 2
31

-2
41

. 
 La

u,
 C

., 
Th

ib
od

ea
ux

, J
.R

., 
H

an
so

n,
 R

.G
., 

N
ar

ot
sk

y,
 M

.G
., 

R
og

er
s, 

J.M
., 

Li
nd

st
ro

m
, A

.B
., 

St
ry

na
r, 

M
.J.

, 2
00

6.
 E

ff
ec

ts
 o

f P
er

flu
or

oo
ct

an
oi

c 
A

ci
d 

Ex
po

su
re

 d
ur

in
g 

Pr
eg

na
nc

y 
in

 th
e 

M
ou

se
. T

ox
ic

ol
 S

ci
 9

0,
 5

10
-5

18
. 

 La
u,

 C
., 

A
ni

to
le

, K
., 

H
od

es
, C

., 
La

i, 
D

., 
Pf

ah
le

s-
H

ut
ch

en
s, 

A
., 

Se
ed

, J
., 

20
07

. P
er

flu
or

oa
lk

yl
 

A
ci

ds
: A

 R
ev

ie
w

 o
f M

on
ito

rin
g 

 a
nd

 T
ox

ic
ol

og
ic

al
 F

in
di

ng
s. 

To
x 

Sc
i 9

9,
 3

66
-3

94
. 

 La
u,

 C
., 

20
12

. P
er

flu
or

oa
lk

yl
 a

ci
ds

: R
ec

en
t r

es
ea

rc
h 

hi
gh

lig
ht

s. 
R

ep
ro

d 
To

xi
co

l 3
3,

 4
05

-4
09

. 
 Le

e,
 E

.-S
., 

H
an

, S
., 

O
h,

 J.
-E

., 
20

16
. A

ss
oc

ia
tio

n 
be

tw
ee

n 
pe

rf
lu

or
in

at
ed

 c
om

po
un

d 
co

nc
en

tra
tio

ns
 in

 c
or

d 
se

ru
m

 a
nd

 b
irt

h 
w

ei
gh

t u
si

ng
 m

ul
tip

le
 re

gr
es

si
on

 m
od

el
s. 

R
ep

ro
du

ct
iv

e 
To

xi
co

lo
gy

 5
9,

 5
3-

59
. 

 Le
nt

er
s, 

V
., 

Po
rte

ng
en

, L
., 

R
ig

ne
ll-

H
yd

bo
m

, A
., 

Jo
ns

so
n,

 B
.A

., 
Li

nd
h,

 C
.H

., 
Pi

er
sm

a,
 A

.H
., 

To
ft,

 G
., 

Bo
nd

e,
 J.

P.
, H

ee
de

rik
, D

., 
R

yl
an

de
r, 

L.
, V

er
m

eu
le

n,
 R

., 
20

16
. P

re
na

ta
l 

Ph
th

al
at

e,
 P

er
flu

or
oa

lk
yl

 A
ci

d,
 a

nd
 O

rg
an

oc
hl

or
in

e 
Ex

po
su

re
s a

nd
 T

er
m

 B
irt

h 
W

ei
gh

t i
n 

Th
re

e 
B

irt
h 

C
oh

or
ts

: M
ul

ti-
Po

llu
ta

nt
 M

od
el

s B
as

ed
 o

n 
El

as
tic

 N
et

 R
eg

re
ss

io
n.

 E
nv

iro
n 

H
ea

lth
 P

er
sp

ec
t 1

24
, 3

65
-3

72
. 

 Le
on

ar
d,

 R
.C

., 
K

re
ck

m
an

n,
 K

.H
., 

Sa
kr

, C
.J.

, S
ym

on
s, 

J.M
., 

20
08

. R
et

ro
sp

ec
tiv

e 
co

ho
rt 

m
or

ta
lit

y 
st

ud
y 

of
 w

or
ke

rs
 in

 a
 p

ol
ym

er
 p

ro
du

ct
io

n 
pl

an
t i

nc
lu

di
ng

 a
 re

fe
re

nc
e 

po
pu

la
tio

n 
of

 
re

gi
on

al
 w

or
ke

rs
. A

nn
 E

pi
de

m
io

l 1
8,

 1
5-

22
. 

 Le
w

is
, R

.C
., 

Jo
hn

s, 
L.

E.
, M

ee
ke

r, 
J.D

., 
20

15
. S

er
um

 B
io

m
ar

ke
rs

 o
f E

xp
os

ur
e 

to
 P

er
flu

or
oa

lk
yl

 
Su

bs
ta

nc
es

 in
 R

el
at

io
n 

to
 S

er
um

 T
es

to
st

er
on

e 
an

d 
M

ea
su

re
s o

f T
hy

ro
id

 F
un

ct
io

n 
am

on
g 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

11
4 

 

A
du

lts
 a

nd
 A

do
le

sc
en

ts
 fr

om
 N

H
A

N
ES

 2
01

1-
20

12
. I

nt
 J 

En
vi

ro
n 

R
es

 P
ub

lic
 H

ea
lth

 1
2,

 
60

98
-6

11
4.

 
 Li

, Y
., 

Fl
et

ch
er

, T
., 

M
uc

s, 
D

., 
Sc

ot
t, 

K
., 

Li
nd

h,
 C

.H
., 

Ta
llv

in
g,

 P
., 

Ja
ko

bs
so

n,
 K

., 
20

18
. H

al
f-

liv
es

 o
f P

FO
S,

 P
FH

xS
 a

nd
 P

FO
A

 a
fte

r e
nd

 o
f e

xp
os

ur
e 

to
 c

on
ta

m
in

at
ed

 d
rin

ki
ng

 w
at

er
. 

O
cc

up
 E

nv
iro

n 
M

ed
 7

5,
 4

6-
51

. 
 Li

n,
 C

.Y
., 

Li
n,

 L
.Y

., 
C

hi
an

g,
 C

.K
., 

W
an

g,
 W

.J.
, S

u,
 Y

.N
., 

H
un

g,
 K

.Y
., 

C
he

n,
 P

.C
., 

20
10

. 
In

ve
st

ig
at

io
n 

of
 th

e 
A

ss
oc

ia
tio

ns
 B

et
w

ee
n 

Lo
w

-D
os

e 
Se

ru
m

 P
er

flu
or

in
at

ed
 C

he
m

ic
al

s 
an

d 
Li

ve
r E

nz
ym

es
 in

 U
S 

A
du

lts
. A

m
er

ic
an

 Jo
ur

na
l o

f G
as

tro
en

te
ro

lo
gy

 1
05

, 1
35

4-
13

63
. 

 Lo
ok

er
, C

., 
Lu

st
er

, M
.I.

, C
al

af
at

, A
.M

., 
Jo

hn
so

n,
 V

.J.
, B

ur
le

so
n,

 G
.R

., 
B

ur
le

so
n,

 F
.G

., 
Fl

et
ch

er
, 

T.
, 2

01
4.

 In
flu

en
za

 v
ac

ci
ne

 re
sp

on
se

 in
 a

du
lts

 e
xp

os
ed

 to
 p

er
flu

or
oo

ct
an

oa
te

 a
nd

 
pe

rf
lu

or
oo

ct
an

es
ul

fo
na

te
. T

ox
ic

ol
 S

ci
 1

38
, 7

6-
88

. 
 Lu

eb
ke

r, 
D

.J.
, C

as
e,

 M
.T

., 
Y

or
k,

 R
.G

., 
M

oo
re

, J
.A

., 
H

an
se

n,
 K

.J.
, B

ut
en

ho
ff

, J
.L

., 
20

05
a.

 T
w

o-
ge

ne
ra

tio
n 

re
pr

od
uc

tio
n 

an
d 

cr
os

s-
fo

st
er

 st
ud

ie
s o

f p
er

flu
or

oo
ct

an
es

ul
fo

na
te

 (P
FO

S)
 in

 
ra

ts
. T

ox
ic

ol
og

y 
21

5,
 1

26
-1

48
. 

 Lu
eb

ke
r, 

D
.J.

, Y
or

k,
 R

.G
., 

H
an

se
n,

 K
.J.

, M
oo

re
, J

.A
., 

Bu
te

nh
of

f, 
J.L

., 
20

05
b.

 N
eo

na
ta

l m
or

ta
lit

y 
fr

om
 in

 u
te

ro
 e

xp
os

ur
e 

to
 p

er
flu

or
oo

ct
an

es
ul

fo
na

te
 (P

FO
S)

 in
 S

pr
ag

ue
-D

aw
le

y 
ra

ts
: 

do
se

-r
es

po
ns

e,
 a

nd
 b

io
ch

em
ic

al
 a

nd
 p

ha
rm

ac
ok

in
et

ic
 p

ar
am

et
er

s. 
To

xi
co

lo
gy

 2
15

, 1
49

-
16

9.
 

 M
ac

Ph
er

so
n,

 I.
R

., 
B

is
se

tt,
 D

., 
Pe

tty
, R

.D
., 

Ta
it,

 B
., 

Sa
m

ue
l, 

L.
M

., 
M

ac
D

on
al

s, 
J.,

 S
m

ith
, M

., 
B

irs
e-

A
rc

hb
ol

d,
 J.

A
., 

Ba
rn

et
t, 

A
.L

., 
W

ol
f, 

C
.R

., 
El

co
m

be
, C

.R
., 

Je
yn

es
-E

lli
s, 

A
., 

Ev
an

s, 
T.

R
.J.

, 2
01

1.
 A

 fi
rs

t-i
n-

hu
m

an
 p

ha
se

 I 
cl

in
ic

al
 tr

ia
l o

f C
X

R
10

02
 in

 p
at

ie
nt

s (
pt

s)
 w

ith
 

ad
va

nc
ed

 c
an

ce
r. 

J C
lin

 O
nc

ol
 2

9.
 

 M
ac

ph
er

so
n,

 M
., 

B
is

se
tt,

 D
., 

Ta
it,

 B
., 

Sa
m

ue
l, 

L.
M

., 
M

ac
D

on
al

d,
 J.

, B
ar

ne
tt,

 A
.L

., 
W

ol
f, 

C
.R

., 
El

co
m

be
, C

.R
., 

Je
yn

es
-E

lli
s, 

A
., 

Ev
an

s, 
T.

R
.J.

, 2
01

0.
 3

91
 A

 p
ha

se
 I 

cl
in

ic
al

 tr
ia

l o
f 

C
X

R
10

02
 in

 p
at

ie
nt

s (
pt

s)
 w

ith
 a

dv
an

ce
d 

ca
nc

er
. E

JC
 S

up
pl

em
en

ts
 8

, 1
24

-1
24

. 
 M

og
en

se
n,

 U
.B

., 
G

ra
nd

je
an

, P
., 

H
ei

lm
an

n,
 C

., 
N

ie
lse

n,
 F

., 
W

ei
he

, P
., 

B
ud

tz
-J

or
ge

ns
en

, E
., 

20
15

. 
St

ru
ct

ur
al

 e
qu

at
io

n 
m

od
el

in
g 

of
 im

m
un

ot
ox

ic
ity

 a
ss

oc
ia

te
d 

w
ith

 e
xp

os
ur

e 
to

 
pe

rf
lu

or
in

at
ed

 a
lk

yl
at

es
. E

nv
iro

n 
H

ea
lth

 1
4,

 4
7.

 
 M

or
ke

n,
 N

.-H
., 

Tr
av

io
s, 

G
.S

., 
W

ils
on

, R
.E

., 
Eg

ge
sb

e,
 M

., 
Lo

ng
ne

ck
er

, M
.P

., 
20

14
. M

at
er

na
l 

G
lo

m
er

ul
ar

 F
ilt

ra
tio

n 
R

at
e 

in
 P

re
gn

an
cy

 a
nd

 F
et

al
 S

iz
e.

 P
Lo

s O
ne

 9
, e

10
18

97
. 

 M
un

dt
, D

.J.
, M

un
dt

, K
.A

., 
Lu

ip
po

ld
, R

.S
., 

Sc
hm

id
t, 

M
.D

., 
Fa

rr
, C

.H
., 

20
07

. C
lin

ic
al

 
ep

id
em

io
lo

gi
ca

l s
tu

dy
 o

f e
m

pl
oy

ee
s e

xp
os

ed
 to

 su
rf

ac
ta

nt
 b

le
nd

 c
on

ta
in

in
g 

pe
rf

lu
or

on
on

an
oi

c 
ac

id
. O

cc
up

 E
nv

iro
n 

M
ed

 6
4,

 5
89

-5
94

. 
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

11
5 

 N
eg

ri,
 E

., 
M

et
ru

cc
io

, F
., 

G
ue

rc
io

, V
., 

To
st

i, 
L.

, B
en

fe
na

ti,
 E

., 
Bo

nz
i, 

R
., 

La
 V

ec
ch

ia
, C

., 
M

or
et

to
, A

., 
20

17
. E

xp
os

ur
e 

to
 P

FO
A

 a
nd

 P
FO

S 
an

d 
fe

ta
l g

ro
w

th
: a

 c
rit

ic
al

 m
er

gi
ng

 o
f 

to
xi

co
lo

gi
ca

l a
nd

 e
pi

de
m

io
lo

gi
ca

l d
at

a.
 C

rit
ic

al
 re

vi
ew

s i
n 

to
xi

co
lo

gy
 4

7,
 4

82
-5

08
. 

 N
ol

an
, L

.A
., 

N
ol

an
, J

.M
., 

Sh
of

er
, F

.S
., 

R
od

w
ay

, N
.V

., 
Em

m
et

t, 
E.

A
., 

20
09

. T
he

 R
el

at
io

ns
hi

p 
B

et
w

ee
n 

B
irt

h 
W

ei
gh

t, 
G

es
ta

tio
na

l A
ge

 a
nd

 P
er

flu
or

oo
ct

an
oi

c 
A

ci
d 

(P
FO

A
)-

C
on

ta
m

in
at

ed
 P

ub
lic

 D
rin

ki
ng

 W
at

er
. R

ep
ro

d 
To

xi
co

l 2
7,

 2
31

-2
38

. 
 N

ol
an

, L
.A

., 
N

ol
an

, J
.M

., 
Sh

of
er

, F
.S

., 
R

od
w

ay
, N

.V
., 

Em
m

et
t, 

E.
A

., 
20

10
. C

on
ge

ni
ta

l 
A

no
m

al
ie

s, 
La

bo
r/D

el
iv

er
y 

C
om

pl
ic

at
io

ns
, M

at
er

na
l R

is
k 

Fa
ct

or
s a

nd
 T

he
ir 

R
el

at
io

ns
hi

p 
w

ith
 P

er
flu

or
oo

ct
an

oi
c 

A
ci

d 
(P

FO
A

)-
C

on
ta

m
in

at
ed

 P
ub

lic
 D

rin
ki

ng
 W

at
er

. R
ep

ro
 

To
xi

co
l 2

9,
 1

47
-1

55
. 

 N
TP

. 2
01

6.
 M

on
og

ra
ph

 o
n 

Im
m

un
ot

ox
ic

ity
 A

ss
oc

ia
te

d 
w

ith
 E

xp
os

ur
e 

to
 P

er
flu

or
oo

ct
an

oi
c 

ac
id

 
(P

FO
A

) a
nd

 p
er

flu
or

oo
ct

an
e 

su
lfo

na
te

 (P
FO

S)
. I

n:
 N

.T
. P

ro
gr

am
 (E

d)
, R

es
ea

rc
h 

Tr
ia

ng
le

 
Pa

rk
, N

C
. 

 O
EC

D
. 2

00
7.

 O
EC

D
 G

ui
de

 fo
r T

es
tin

g 
of

 C
he

m
ic

al
s N

o.
 4

26
: D

ev
el

op
m

en
ta

l N
eu

ro
to

xi
ci

ty
 

St
ud

y.
 h

ttp
s:

//d
oi

.o
rg

/1
0.

17
87

/2
07

45
78

8.
 

 O
EC

D
. 2

01
6.

 O
EC

D
 G

ui
de

 fo
r T

es
tin

g 
of

 C
he

m
ic

al
s N

o.
 4

22
: C

om
bi

ne
d 

R
ep

ea
te

d 
D

os
e 

To
xi

ci
ty

 S
tu

dy
 w

ith
 th

e 
R

ep
ro

du
ct

io
n/

D
ev

el
op

m
en

ta
l T

ox
ic

ity
 S

cr
ee

ni
ng

 T
es

t. 
ht

tp
://

dx
.d

oi
.o

rg
/1

0.
17

87
/9

78
92

64
26

44
03

-e
n,

 A
cc

es
se

d 
on

 Ju
ly

 1
7,

 2
01

7.
 

 O
ka

da
, E

., 
Sa

sa
ki

, S
., 

K
as

hi
no

, I
., 

M
at

su
ur

a,
 H

., 
M

iy
as

hi
ta

, C
., 

K
ob

ay
as

hi
, S

., 
Ito

h,
 K

., 
Ik

en
o,

 
T.

, T
am

ak
os

hi
, A

., 
K

is
hi

, R
., 

20
14

. P
re

na
ta

l e
xp

os
ur

e 
to

 p
er

flu
or

oa
lk

yl
 a

ci
ds

 a
nd

 a
lle

rg
ic

 
di

se
as

es
 in

 e
ar

ly
 c

hi
ld

ho
od

. E
nv

iro
n 

In
t 6

5,
 1

27
-1

34
. 

 O
ls

en
, G

.W
., 

B
ur

ris
, J

.M
., 

M
an

de
l, 

J.H
., 

Zo
be

l, 
L.

R
., 

19
99

. S
er

um
 p

er
flu

or
oo

ct
an

e 
su

lfo
na

te
 a

nd
 

he
pa

tic
 a

nd
 li

pi
d 

cl
in

ic
al

 c
he

m
is

try
 te

st
s i

n 
flu

or
oc

he
m

ic
al

 p
ro

du
ct

io
n 

em
pl

oy
ee

s. 
J 

O
cc

up
 E

nv
iro

n 
M

ed
 4

1,
 7

99
-8

06
. 

 O
ls

en
, G

.W
., 

B
ur

ris
, J

.M
., 

B
ur

le
w

, M
.M

., 
M

an
de

l, 
J.H

., 
20

00
. P

la
sm

a 
ch

ol
ec

ys
to

ki
ni

n 
an

d 
he

pa
tic

 e
nz

ym
es

, c
ho

le
st

er
ol

 a
nd

 li
po

pr
ot

ei
ns

 in
 a

m
m

on
iu

m
 p

er
flu

or
oo

ct
an

oa
te

 
pr

od
uc

tio
n 

w
or

ke
rs

. D
ru

g 
C

he
m

 T
ox

ic
ol

 2
3,

 6
03

-6
20

. 
 O

ls
en

, G
.W

., 
B

ur
ris

, J
.M

., 
B

ur
le

w
, M

.M
., 

M
an

de
l, 

J.H
., 

20
03

. E
pi

de
m

io
lo

gi
c 

as
se

ss
m

en
t o

f 
w

or
ke

r s
er

um
 p

er
flu

or
oo

ct
an

es
ul

fo
na

te
 (P

FO
S)

 a
nd

 p
er

flu
or

oo
ct

an
oa

te
 (P

FO
A

) 
co

nc
en

tra
tio

ns
 a

nd
 m

ed
ic

al
 su

rv
ei

lla
nc

e 
ex

am
in

at
io

ns
. J

 O
cc

up
 E

nv
iro

n 
M

ed
 4

5,
 2

60
-

27
0.

 
 O

ls
en

, G
.W

., 
Zo

be
l, 

L.
R

., 
20

07
. A

ss
es

sm
en

t o
f l

ip
id

, h
ep

at
ic

, a
nd

 th
yr

oi
d 

pa
ra

m
et

er
s w

ith
 se

ru
m

 
pe

rf
lu

or
oo

ct
an

oa
te

 (P
FO

A
) c

on
ce

nt
ra

tio
ns

 in
 fl

uo
ro

ch
em

ic
al

 p
ro

du
ct

io
n 

w
or

ke
rs

. 
In

te
rn

at
io

na
l a

rc
hi

ve
s o

f o
cc

up
at

io
na

l a
nd

 e
nv

iro
nm

en
ta

l h
ea

lth
 8

1,
 2

31
-2

46
. 

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

11
6 

 O
ls

en
, G

.W
., 

B
ut

en
ho

ff
, J

.L
., 

Zo
be

l, 
L.

R
., 

20
09

. P
er

flu
or

oa
lk

yl
 c

he
m

ic
al

s a
nd

 h
um

an
 fe

ta
l 

de
ve

lo
pm

en
t: 

an
 e

pi
de

m
io

lo
gi

c 
re

vi
ew

 w
ith

 c
lin

ic
al

 a
nd

 to
xi

co
lo

gi
ca

l p
er

sp
ec

tiv
es

. 
R

ep
ro

d 
To

xi
co

l 2
7,

 2
12

-2
30

. 
 O

ls
en

, G
.W

., 
Eh

re
sm

an
, D

.J.
, B

ue
hr

er
, B

.D
., 

G
ib

so
n,

 B
.A

., 
B

ut
en

ho
ff

, J
.L

., 
Zo

be
l, 

L.
R

., 
20

12
. 

Lo
ng

itu
di

na
l A

ss
es

sm
en

t o
f L

ip
id

 a
nd

 H
ep

at
ic

 C
lin

ic
al

 P
ar

am
et

er
s i

n 
W

or
ke

rs
 In

vo
lv

ed
 

W
ith

 th
e 

D
em

ol
iti

on
 o

f P
er

flu
or

oa
lk

yl
 M

an
uf

ac
tu

rin
g 

Fa
ci

lit
ie

s. 
J O

cc
up

 E
nv

iro
n 

M
ed

 
54

, 9
74

-9
83

. 
 O

ni
sh

ch
en

ko
, N

., 
Fi

sc
he

r, 
C

., 
Ib

ra
hi

m
, W

., 
N

eg
ri,

 S
., 

Sp
ul

be
r, 

S.
, C

ot
tic

a,
 D

., 
C

ec
ca

te
lli

, S
., 

20
11

. P
re

na
ta

l E
xp

os
ur

e 
to

 P
FO

S 
or

 P
FO

A
 A

lte
rs

 M
ot

or
 F

un
ct

io
n 

in
 M

ic
e 

in
 a

 S
ex

-
R

ea
lte

d 
M

an
ne

r. 
N

eu
ro

to
x 

R
es

 1
9,

 4
52

-4
61

. 
 O

pp
en

he
im

er
, J

.H
., 

Sc
hw

ar
tz

, A
.L

., 
St

ra
it,

 K
.A

., 
19

95
. A

n 
in

te
gr

at
ed

 v
ie

w
 o

f t
hy

ro
id

 h
or

m
on

e 
ac

tio
ns

 in
 v

iv
o.

 In
: B

.D
. W

ei
nt

ra
ub

 (E
d)

, M
ol

ec
ul

ar
 E

nd
oc

rin
ol

og
y:

 B
as

ic
 C

on
ce

pt
s a

nd
 

C
lin

ic
al

 C
or

re
la

tio
ns

, R
av

en
 P

re
ss

, L
td

., 
N

ew
 Y

or
k,

 p
p.

 2
49

-2
65

. 
 Pa

rz
ef

al
l, 

W
., 

Er
be

r, 
E.

, S
ed

iv
y,

 R
., 

Sc
hu

lte
-H

er
m

an
n,

 R
., 

19
91

. T
es

tin
g 

fo
r i

nd
uc

tio
n 

of
 D

N
A

 
sy

nt
he

si
s i

n 
hu

m
an

 h
ep

at
oc

yt
e 

pr
im

ar
y 

cu
ltu

re
s b

y 
ra

t l
iv

er
 tu

m
or

 p
ro

m
ot

er
s. 

C
an

ce
r R

es
 

51
, 1

14
3-

11
47

. 
 Pe

de
n-

A
da

m
s, 

M
.M

., 
K

el
le

r, 
J.M

., 
Eu

da
ly

, J
.G

., 
B

er
ge

r, 
J.,

 G
ilk

es
on

, G
.S

., 
K

ei
l, 

D
.E

., 
20

08
. 

Su
pp

re
ss

io
n 

of
 h

um
or

al
 im

m
un

ity
 in

 m
ic

e 
fo

llo
w

in
g 

ex
po

su
re

 to
 p

er
flu

or
oo

ct
an

e 
su

lfo
na

te
. T

ox
ic

ol
 S

ci
 1

04
, 1

44
-1

54
. 

 Pe
rr

on
e,

 C
.E

., 
Sh

ao
, L

., 
W

ill
ia

m
s, 

G
.M

., 
19

98
. E

ffe
ct

 o
f r

od
en

t h
ep

at
oc

ar
ci

no
ge

ni
c 

pe
ro

xi
so

m
e 

pr
ol

ife
ra

to
rs

 o
n 

fa
tty

 a
cy

l-C
oA

 o
xi

da
se

, D
N

A
 sy

nt
he

si
s, 

an
d 

ap
op

to
si

s i
n 

cu
ltu

re
d 

hu
m

an
 

an
d 

ra
t h

ep
at

oc
yt

es
. T

ox
ic

ol
og

y 
an

d 
ap

pl
ie

d 
ph

ar
m

ac
ol

og
y 

15
0,

 2
77

-2
86

. 
 PF

A
S 

Ex
pe

rt 
H

ea
lth

 P
an

el
. 2

01
8.

 A
us

tra
lia

 P
FA

S 
Ex

pe
rt 

H
ea

lth
 P

an
el

 - 
R

ep
or

t t
o 

th
e 

M
in

is
te

r. 
ht

tp
://

w
w

w
.h

ea
lth

.g
ov

.a
u/

in
te

rn
et

/m
ai

n/
pu

bl
is

hi
ng

.n
sf

/C
on

te
nt

/C
97

34
ED

97
36

B
E9

23
8E

C
97

30
C

A
25

81
BD

00
05

2C
00

00
3/

$F
ile

/e
xp

er
t-p

an
el

-r
ep

or
t.p

df
. 

 R
al

ei
gh

, K
.K

., 
A

le
xa

nd
er

, B
.H

., 
O

ls
en

, G
.W

., 
R

am
ac

ha
nd

ra
n,

 G
., 

M
or

ey
, S

.Z
., 

C
hu

rc
h,

 T
.R

., 
Lo

ga
n,

 P
.W

., 
Sc

ot
t, 

L.
L.

, A
lle

n,
 E

.M
., 

20
14

. M
or

ta
lit

y 
an

d 
ca

nc
er

 in
ci

de
nc

e 
in

 
am

m
on

iu
m

 p
er

flu
or

oo
ct

an
oa

te
 p

ro
du

ct
io

n 
w

or
ke

rs
. O

cc
up

 E
nv

iro
n 

M
ed

 7
1,

 5
00

-5
06

. 
 R

ob
le

do
, C

.A
., 

Y
eu

ng
, E

., 
M

en
do

la
, P

., 
Su

nd
ar

am
, R

., 
M

ai
so

g,
 J.

, S
w

ee
ne

y,
 A

.M
., 

B
ar

r, 
D

.B
., 

Lo
ui

s, 
G

.M
., 

20
15

. P
re

co
nc

ep
tio

n 
M

at
er

na
l a

nd
 P

at
er

na
l E

xp
os

ur
e 

to
 P

er
si

st
en

t O
rg

an
ic

 
Po

llu
ta

nt
s a

nd
 B

irt
h 

Si
ze

: T
he

 L
IF

E 
St

ud
y.

 E
nv

iro
n 

H
ea

lth
 P

er
sp

ec
t 1

23
, 8

8-
94

. 
 R

om
an

o,
 M

.E
., 

X
u,

 Y
., 

C
al

af
at

, A
.M

., 
Y

ol
to

n,
 K

., 
C

he
n,

 A
., 

W
eb

st
er

, G
.M

., 
El

io
t, 

M
.N

., 
H

ow
ar

d,
 C

.R
., 

La
np

he
ar

, B
.P

., 
B

ra
un

, J
.M

., 
20

16
. M

at
er

na
l s

er
um

 p
er

flu
or

oa
lk

yl
 

su
bs

ta
nc

es
 d

ur
in

g 
pr

eg
na

nc
y 

an
d 

du
ra

tio
n 

of
 b

re
as

tfe
ed

in
g.

 E
nv

iro
nm

en
ta

l R
es

ea
rc

h 
14

9,
 

23
9-

24
6.

 
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

11
7 

 R
os

en
, M

.B
., 

Sc
hm

id
, J

.E
., 

D
as

, K
.P

., 
W

oo
d,

 C
.R

., 
Ze

hr
, R

.D
., 

La
u,

 C
., 

20
09

. G
en

e 
Ex

pr
es

si
on

 
Pr

of
ili

ng
 in

 th
e 

Li
ve

r a
nd

 L
un

g 
of

 P
er

flu
or

oo
ct

an
e 

Su
lfo

na
te

-E
xp

os
ed

 M
ou

se
 F

et
us

es
: 

C
om

pa
ris

on
 to

 C
ha

ng
es

 In
du

ce
d 

by
 E

xp
os

ur
e 

to
 P

er
flu

or
oo

ct
an

oi
c 

A
ci

d.
 R

ep
ro

du
ct

iv
e 

To
xi

co
lo

gy
 2

7,
 2

78
-2

88
. 

 R
os

en
, M

.B
., 

Sc
hm

id
, J

.E
., 

C
or

to
n,

 J.
C

., 
Ze

hr
, R

.D
., 

D
as

, K
.P

., 
La

u,
 C

., 
20

10
. G

en
e 

Ex
pr

es
si

on
 

Pr
of

ili
ng

 in
 W

ild
-T

yp
e 

an
d 

PP
A

R
-N

ul
l M

ic
e 

Ex
po

se
d 

to
 P

er
flu

or
oo

ct
an

e 
Su

lfo
na

te
 

R
ev

ea
ls

 P
PA

R
-I

nd
ep

en
de

nt
 E

ff
ec

ts
. P

PA
R

 R
es

ea
rc

h 
20

10
, 1

-2
3.

 
 R

os
s, 

J.,
 P

lu
m

m
er

, S
.M

., 
R

od
e,

 A
., 

Sc
he

er
, N

., 
Bo

w
er

, C
.C

., 
V

og
el

, O
., 

H
en

de
rs

on
, C

.J.
, W

ol
f, 

C
.R

., 
El

co
m

be
, C

.R
., 

20
10

. H
um

an
 c

on
st

itu
tiv

e 
A

nd
ro

st
an

e 
R

ec
ep

to
r (

C
A

R
) a

nd
 

Pr
eg

na
ne

 X
 R

ec
ep

to
r (

PX
R

) S
up

po
rt 

th
e 

H
yp

er
tro

ph
ic

 b
ut

 n
ot

 th
e 

H
yp

er
pl

as
tic

 R
es

po
ns

e 
to

 th
e 

M
ur

in
e 

N
on

ge
nt

ox
ic

 H
ep

at
oc

ar
ci

no
ge

ns
 P

he
no

ba
rb

ita
l a

nd
 C

hl
or

da
ne

 In
 V

iv
o.

 
To

xi
co

l S
ci

 1
16

, 4
52

46
6.

 
 R

oy
, A

., 
Pa

ha
n,

 K
., 

20
09

. G
em

fib
ro

zi
l, 

st
re

tc
hi

ng
 a

rm
s b

ey
on

d 
lip

id
 lo

w
er

in
g.

 
Im

m
un

op
ha

rm
ac

ol
 Im

m
un

ot
ox

ic
ol

 3
1,

 3
39

-3
51

. 
 R

yf
fe

l, 
B

., 
M

ih
at

sc
h,

 M
.J.

, 1
98

6.
 C

yc
lo

sp
or

in
e 

ne
ph

ro
to

xi
ci

ty
. T

ox
ic

ol
 P

at
ho

l 1
4,

 7
3-

82
. 

 Sa
kr

, C
.J.

, K
re

ck
m

an
n,

 K
.H

., 
G

re
en

, J
.W

., 
G

ill
ie

s, 
P.

J.,
 R

ey
no

ld
s, 

J.L
., 

Le
on

ar
d,

 R
.C

., 
20

07
a.

 
C

ro
ss

-S
ec

tio
na

l S
tu

dy
 o

f L
ip

id
s a

nd
 L

iv
er

 E
nz

ym
es

 R
el

at
ed

 to
 a

 S
er

um
 B

io
m

ar
ke

r o
f 

Ex
po

su
re

 (a
m

m
on

iu
m

 p
er

flu
or

oo
ct

an
oa

te
 o

r A
PF

O
) a

s P
ar

t o
f a

 G
en

er
al

 H
ea

lth
 S

ur
ve

y 
in

 a
 C

oh
or

t o
f O

cc
up

at
io

na
lly

 E
xp

os
ed

 W
or

ke
rs

. J
 O

cc
up

 E
nv

iro
n 

M
ed

 4
9,

 1
08

6-
10

96
. 

 Sa
kr

, C
.J.

, L
eo

na
rd

, R
.C

., 
K

re
ck

m
an

n,
 K

.H
., 

Sl
ad

e,
 M

.D
., 

C
ul

le
n,

 M
.R

., 
20

07
b.

 L
on

gi
tu

di
na

l 
st

ud
y 

of
 se

ru
m

 li
pi

ds
 a

nd
 li

ve
r e

nz
ym

es
 in

 w
or

ke
rs

 w
ith

 o
cc

up
at

io
na

l e
xp

os
ur

e 
to

 
am

m
on

iu
m

 p
er

flu
or

oo
ct

an
oa

te
. J

 O
cc

up
 E

nv
iro

n 
M

ed
 4

9,
 8

72
-8

79
. 

 Sa
vi

tz
, D

.A
., 

St
ei

n,
 C

.R
., 

B
ar

te
ll,

 S
.M

., 
El

st
on

, B
., 

G
on

g,
 J.

, S
hi

n,
 H

.-M
., 

W
el

le
ni

us
, G

.A
., 

20
12

a.
 P

er
flu

or
oo

ct
an

oi
c 

A
ci

d 
Ex

po
su

re
 a

nd
 P

re
gn

an
cy

 O
ut

co
m

e 
in

 a
 H

ig
hl

y 
Ex

po
se

d 
C

om
m

un
ity

. E
pi

de
m

io
lo

gy
 2

3,
 3

86
-3

92
. 

 Sa
vi

tz
, D

.A
., 

St
ei

n,
 C

.R
., 

El
st

on
, B

., 
W

el
le

ni
us

, G
.A

., 
B

ar
te

ll,
 S

.M
., 

Sh
in

, H
.-M

., 
V

ie
ira

, V
.M

., 
Fl

et
ch

er
, T

., 
20

12
b.

 R
el

at
io

ns
hi

p 
of

 P
er

flu
or

oo
ct

an
oi

c 
A

ci
d 

Ex
po

su
re

 to
 P

re
gn

an
cy

 
O

ut
co

m
e 

B
as

ed
 o

n 
B

irt
h 

R
ec

or
ds

 in
 th

e 
M

id
-O

hi
o 

V
al

le
y.

 E
nv

iro
n 

H
ea

lth
 P

er
sp

ec
t 1

20
, 

12
01

-1
20

7.
 

 Se
ac

at
, A

.M
., 

Th
om

fo
rd

, P
.J.

, H
an

se
n,

 K
.J.

, O
ls

en
, G

.W
., 

C
as

e,
 M

.T
., 

B
ut

en
ho

ff
, J

.L
., 

20
02

. 
Su

bc
hr

on
ic

 to
xi

ci
ty

 st
ud

ie
s o

n 
pe

rf
lu

or
oo

ct
an

es
ul

fo
na

te
 p

ot
as

si
um

 sa
lt 

in
 c

yn
om

ol
gu

s 
m

on
ke

ys
. T

ox
ic

ol
 S

ci
 6

8,
 2

49
-2

64
. 

 Se
ac

at
, A

.M
., 

Th
om

fo
rd

, P
.J.

, H
an

se
n,

 K
.J.

, C
le

m
en

, L
.A

., 
El

dr
id

ge
, S

.R
., 

El
co

m
be

, C
.R

., 
B

ut
en

ho
ff

, J
.L

., 
20

03
. S

ub
-c

hr
on

ic
 d

ie
ta

ry
 to

xi
ci

ty
 o

f p
ot

as
si

um
 p

er
flu

or
oo

ct
an

es
ul

fo
na

te
 

in
 ra

ts
. T

ox
ic

ol
og

y 
18

3,
 1

17
-1

31
. 

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

11
8 

 Sm
it,

 L
.A

., 
Le

nt
er

s, 
V

., 
H

oy
er

, B
.B

., 
Li

nd
h,

 C
.H

., 
Pe

de
rs

en
, H

.S
., 

Li
er

m
on

to
va

, I
., 

Jo
ns

so
n,

 
B

.A
., 

Pi
er

sm
a,

 A
.H

., 
Bo

nd
e,

 J.
P.

, T
of

t, 
G

., 
V

er
m

eu
le

n,
 R

., 
H

ee
de

rik
, D

., 
20

15
. P

re
na

ta
l 

ex
po

su
re

 to
 e

nv
iro

nm
en

ta
l c

he
m

ic
al

 c
on

ta
m

in
an

ts
 a

nd
 a

st
hm

a 
an

d 
ec

ze
m

a 
in

 sc
ho

ol
-a

ge
 

ch
ild

re
n.

 A
lle

rg
y 

70
, 6

53
-6

60
. 

 So
bu

s, 
J.R

., 
D

eW
os

ki
n,

 R
.S

., 
Ta

n,
 Y

.M
., 

Pl
ei

l, 
J.D

., 
Ph

ill
ip

s, 
M

.B
., 

G
eo

rg
e,

 B
.J.

, C
hr

is
te

ns
en

, 
K

., 
Sc

hr
ei

ne
m

ac
he

rs
, D

.M
., 

W
ill

ia
m

s, 
M

.A
., 

H
ub

al
, E

.A
., 

Ed
w

ar
ds

, S
.W

., 
20

15
. U

se
s o

f 
N

H
A

N
ES

 B
io

m
ar

ke
r D

at
a 

fo
r C

he
m

ic
al

 R
isk

 A
ss

es
sm

en
t: 

Tr
en

ds
, C

ha
lle

ng
es

, a
nd

 
O

pp
or

tu
ni

tie
s. 

En
vi

ro
n 

H
ea

lth
 P

er
sp

ec
t 1

23
, 9

19
-9

27
. 

 St
ap

le
s, 

R
.E

., 
Bu

rg
es

s, 
B

.A
., 

K
er

ns
, W

.D
., 

19
84

. T
he

 e
m

br
yo

-f
et

al
 to

xi
ci

ty
 a

nd
 te

ra
to

ge
ni

c 
po

te
nt

ia
l o

f a
m

m
on

iu
m

 p
er

flu
or

oo
ct

an
oa

te
 (A

PF
O

) i
n 

th
e 

ra
t. 

Fu
nd

am
 A

pp
l T

ox
ic

ol
 4

, 
42

9-
44

0.
 

 St
ar

lin
g,

 A
.P

., 
En

ge
l, 

S.
M

., 
R

ic
ha

rd
so

n,
 D

.B
., 

B
ai

rd
, D

.D
., 

H
au

g,
 L

.S
., 

St
ue

be
, A

.M
., 

K
lu

ng
so

yr
, 

K
., 

H
ar

m
on

, Q
., 

B
ec

he
r, 

G
., 

Th
om

se
n,

 C
., 

Sa
ba

re
dz

ov
ic

, A
., 

Eg
ge

sb
o,

 M
., 

H
op

pi
n,

 J
.A

., 
Tr

av
lo

s, 
G

.S
., 

W
ils

on
, R

.E
., 

Tr
og

st
ad

, L
.I.

, M
ag

nu
s, 

P.
, L

on
gn

ec
ke

r, 
M

.P
., 

20
14

. 
Pe

rf
lu

or
oa

lk
yl

 su
bs

ta
nc

es
 d

ur
in

g 
pr

eg
na

nc
y 

an
d 

va
lid

at
ed

 p
re

ec
la

m
ps

ia
 a

m
on

g 
nu

lli
pa

ro
us

 w
om

en
 in

 th
e 

N
or

w
eg

ia
n 

M
ot

he
r a

nd
 C

hi
ld

 C
oh

or
t S

tu
dy

. A
m

 J 
Ep

id
em

io
l 

17
9,

 8
24

-8
33

. 
 St

ee
nl

an
d,

 K
., 

Ti
nk

er
, S

., 
Fr

is
be

e,
 S

., 
D

uc
at

m
an

, A
., 

V
ac

ca
rin

o,
 V

., 
20

09
. A

ss
oc

ia
tio

n 
of

 
pe

rf
lu

or
oo

ct
an

oi
c 

ac
id

 a
nd

 p
er

flu
or

oo
ct

an
e 

su
lfo

na
te

 w
ith

 se
ru

m
 li

pi
ds

 a
m

on
g 

ad
ul

ts
 

liv
in

g 
ne

ar
 a

 c
he

m
ic

al
 p

la
nt

. A
m

 J 
Ep

id
em

io
l 1

70
, 1

26
8-

12
78

. 
 St

ee
nl

an
d,

 K
., 

Ti
nk

er
, S

., 
Sh

an
ka

r, 
A

., 
D

uc
at

m
an

, A
., 

20
10

. A
ss

oc
ia

tio
n 

of
 P

er
flu

or
oo

ct
an

oi
c 

A
ci

d 
(P

FO
A

) a
nd

 P
er

flu
or

oo
ct

an
es

ul
fo

na
te

 (P
FO

S)
 w

ith
 U

ric
 A

ci
d 

A
m

on
g 

A
du

lts
 w

ith
 

El
ev

at
ed

 C
om

m
un

ity
 E

xp
os

ur
e 

to
 P

FO
A

. E
nv

iro
nm

en
ta

l H
ea

lth
 P

er
sp

ec
tiv

es
 1

18
, 2

29
-

23
3.

 
 St

ee
nl

an
d,

 K
., 

W
os

ki
e,

 S
., 

20
12

. C
oh

or
t m

or
ta

lit
y 

st
ud

y 
of

 w
or

ke
rs

 e
xp

os
ed

 to
 p

er
flu

or
oo

ct
an

oi
c 

ac
id

. A
m

 J 
Ep

id
em

io
l 1

76
, 9

09
-9

17
. 

 St
ee

nl
an

d,
 K

., 
Sa

vi
tz

, D
.A

., 
Fl

et
ch

er
, T

., 
20

14
. C

om
m

en
ta

ry
: c

la
ss

 a
ct

io
n 

la
w

su
its

: c
an

 th
ey

 
ad

va
nc

e 
ep

id
em

io
lo

gi
c 

re
se

ar
ch

? 
Ep

id
em

io
lo

gy
 2

5,
 1

67
-1

69
. 

 St
ee

nl
an

d,
 K

., 
Zh

ao
, L

., 
W

in
qu

is
t, 

A
., 

20
15

. A
 c

oh
or

t i
nc

id
en

ce
 st

ud
y 

of
 w

or
ke

rs
 e

xp
os

ed
 to

 
pe

rf
lu

or
oo

ct
an

oi
c 

ac
id

 (P
FO

A
). 

O
cc

up
 E

nv
iro

n 
M

ed
 7

2,
 3

73
-3

80
. 

 St
ee

nl
an

d,
 K

., 
B

ar
ry

, V
., 

Sa
vi

tz
, D

., 
20

18
. S

er
um

 p
er

flu
or

oo
ct

an
oi

c 
ac

id
 (P

FO
A

) a
nd

 
bi

rth
w

ei
gh

t: 
an

 u
pd

at
ed

 m
et

a-
an

al
ys

is
 w

ith
 b

ia
s a

na
ly

si
s. 

Ep
id

em
io

lo
gy

. 
 St

ei
n,

 C
.R

., 
Sa

vi
tz

, D
.A

., 
D

ou
ga

n,
 M

., 
20

09
. S

er
um

 L
ev

el
s o

f P
er

flu
or

oo
ct

an
oi

c 
A

ci
d 

an
d 

Pe
rf

lu
or

oo
ct

an
e 

Su
lfo

na
te

 a
nd

 P
re

gn
an

cy
 O

ut
co

m
e.

 A
m

 J 
Ep

id
em

io
l 1

70
, 8

37
-8

46
. 

 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

11
9 

 St
ei

n,
 C

.R
., 

G
e,

 Y
., 

W
ol

ff,
 M

.S
., 

Y
e,

 X
., 

C
al

af
at

, A
.M

., 
K

ra
us

, T
., 

M
or

an
, T

.M
., 

20
16

a.
 

Pe
rf

lu
or

oa
lk

yl
 su

bs
ta

nc
e 

se
ru

m
 c

on
ce

nt
ra

tio
ns

 a
nd

 im
m

un
e 

re
sp

on
se

 to
 F

lu
M

is
t 

va
cc

in
at

io
n 

am
on

g 
he

al
th

y 
ad

ul
ts

. E
nv

iro
nm

en
ta

l R
es

ea
rc

h 
14

9,
 1

71
-1

78
. 

 St
ei

n,
 C

.R
., 

M
cG

ov
er

n,
 K

.J.
, P

aj
ak

, A
.M

., 
M

ag
lio

ne
, P

.J.
, W

ol
ff

, M
.S

., 
20

16
b.

 P
er

flu
or

oa
lk

yl
 

an
d 

po
ly

flu
or

oa
lk

yl
 su

bs
ta

nc
es

 a
nd

 in
di

ca
to

rs
 o

f i
m

m
un

e 
fu

nc
tio

n 
in

 c
hi

ld
re

n 
ag

ed
 1

2-
19

 
y:

 N
at

io
na

l H
ea

lth
 a

nd
 N

ut
rit

io
n 

Ex
am

in
at

io
n 

Su
rv

ey
. P

ed
ia

tri
c 

re
se

ar
ch

 7
9,

 3
48

-3
57

. 
 St

ua
rt,

 J.
J.,

 B
ai

re
y 

M
er

z,
 C

.N
., 

Be
rg

a,
 S

.L
., 

M
ill

er
, V

.M
., 

O
uy

an
g,

 P
., 

Sh
uf

el
t, 

C
.L

., 
St

ei
ne

r, 
M

., 
W

en
ge

r, 
N

.K
., 

R
ic

h-
Ed

w
ar

ds
, J

.W
., 

20
13

. M
at

er
na

l r
ec

al
l o

f h
yp

er
te

ns
iv

e 
di

so
rd

er
s i

n 
pr

eg
na

nc
y:

 a
 sy

st
em

at
ic

 re
vi

ew
. J

 W
om

en
s H

ea
lth

 (L
ar

ch
m

t) 
22

, 3
7-

47
. 

 Th
ib

od
ea

ux
, J

.R
., 

H
an

so
n,

 R
.G

., 
R

og
er

s, 
J.M

., 
G

re
y,

 B
.E

., 
B

ar
be

e,
 B

.D
., 

R
ic

ha
rd

s, 
J.H

., 
B

ut
en

ho
ff

, J
.L

., 
St

ev
en

so
n,

 L
.A

., 
La

u,
 C

., 
20

03
. E

xp
os

ur
e 

to
 p

er
flu

or
oo

ct
an

e 
su

lfo
na

te
 

du
rin

g 
pr

eg
na

nc
y 

in
 ra

t a
nd

 m
ou

se
. I

: m
at

er
na

l a
nd

 p
re

na
ta

l e
va

lu
at

io
ns

. T
ox

ic
ol

 S
ci

 7
4,

 
36

9-
38

1.
 

 Ti
m

m
er

m
an

n,
 C

.A
., 

Bu
dt

z-
Jo

rg
en

se
n,

 E
., 

Je
ns

en
, T

.K
., 

O
su

na
, C

.E
., 

Pe
te

rs
en

, M
.S

., 
St

eu
er

w
al

d,
 

U
., 

N
ie

ls
en

, F
., 

Po
ul

se
n,

 L
.K

., 
W

ei
he

, P
., 

G
ra

nd
je

an
, P

., 
20

17
. A

ss
oc

ia
tio

n 
be

tw
ee

n 
pe

rf
lu

or
oa

lk
yl

 su
bs

ta
nc

e 
ex

po
su

re
 a

nd
 a

st
hm

a 
an

d 
al

le
rg

ic
 d

is
ea

se
 in

 c
hi

ld
re

n 
as

 
m

od
ifi

ed
 b

y 
M

M
R

 v
ac

ci
na

tio
n.

 J 
Im

m
un

ot
ox

ic
ol

 1
4,

 3
9-

49
. 

 Ti
m

m
er

m
an

n,
 C

.A
.G

., 
B

ud
tz

-J
ør

ge
ns

en
, E

., 
Pe

te
rs

en
, M

.S
., 

W
ei

he
, P

., 
St

eu
er

w
al

d,
 U

., 
N

ie
ls

en
, 

F.
, J

en
se

n,
 T

.K
., 

G
ra

nd
je

an
, P

., 
20

16
. S

ho
rte

r d
ur

at
io

n 
of

 b
re

as
tfe

ed
in

g 
at

 e
le

va
te

d 
ex

po
su

re
s t

o 
pe

rf
lu

or
oa

lk
yl

 su
bs

ta
nc

es
. R

ep
ro

du
ct

iv
e 

To
xi

co
lo

gy
 in

 p
re

ss
. 

 To
re

n,
 K

., 
B

ris
m

an
, J

., 
Ja

rv
ho

lm
, B

., 
19

93
. A

st
hm

a 
an

d 
as

th
m

a-
lik

e 
sy

m
pt

om
s i

n 
ad

ul
ts

 a
ss

es
se

d 
by

 q
ue

st
io

nn
ai

re
s. 

A
 li

te
ra

tu
re

 re
vi

ew
. C

he
st

 1
04

, 6
00

-6
08

. 
 U

SE
PA

. 1
99

8.
 G

ui
de

lin
es

 fo
r n

eu
ro

to
xi

ci
ty

 ri
sk

 a
ss

es
sm

en
t. 

Fe
de

ra
l R

eg
is

te
r 6

3,
 2

69
26

-2
69

54
. 

 U
SE

PA
. 2

01
6a

. D
rin

ki
ng

 W
at

er
 H

ea
lth

 A
dv

is
or

y 
fo

r P
er

flu
or

oo
ct

an
e 

Su
lfo

na
te

 (P
FO

S)
. E

PA
 

D
oc

um
en

t N
um

be
r: 

82
2-

R
-1

6-
00

4 
ht

tp
s:

//w
w

w
.e

pa
.g

ov
/s

ite
s/

pr
od

uc
tio

n/
fil

es
/2

01
6-

20
05

/d
oc

um
en

ts
/p

fo
s_

he
al

th
_a

dv
is

or
y_

fin
al

_2
50

8.
pd

f. 
 U

SE
PA

. 2
01

6b
. D

rin
ki

ng
 W

at
er

 H
ea

lth
 A

dv
is

or
y 

fo
r P

er
flu

or
oo

ct
an

oi
c 

A
ci

d 
(P

FO
A

). 
EP

A
 

D
oc

um
en

t N
um

be
r: 

82
2-

R
-1

6-
00

5,
 h

ttp
s:

//w
w

w
.e

pa
.g

ov
/s

ite
s/

pr
od

uc
tio

n/
fil

es
/2

01
6-

20
05

/d
oc

um
en

ts
/p

fo
a_

he
al

th
_a

dv
is

or
y_

fin
al

_2
50

8.
pd

f. 
 V

an
de

n 
H

eu
ve

l, 
J.P

., 
Th

om
ps

on
, J

.T
., 

Fr
am

e,
 S

.R
., 

G
ill

ie
s, 

P.
J.,

 2
00

6.
 D

iff
er

en
tia

l A
ct

iv
at

io
n 

of
 

N
uc

le
ar

 R
ec

ep
to

rs
 b

y 
Pe

rf
lu

or
in

at
ed

 F
at

ty
 A

ci
d 

A
na

lo
gs

 a
nd

 N
at

ur
al

 F
at

ty
 A

ci
ds

: A
 

C
om

pa
ris

on
 o

f H
um

an
, M

ou
se

, a
nd

 R
at

 P
er

ox
is

om
e 

Pr
ol

ife
ra

to
r-

A
ct

iv
at

ed
 R

ec
ep

to
r-

-
an

d 
 -

Li
ve

r  
X

 R
ec

ep
to

r-
, a

nd
 R

et
in

oi
d 

 X
  R

ec
ep

to
r-

. T
ox

ic
ol

og
ic

al
 S

ci
en

ce
s 9

2,
 

47
6-

48
9.

 
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

12
0 

 V
el

ez
, M

.P
., 

A
rb

uc
kl

e,
 T

.E
., 

Fr
as

er
, W

.D
., 

20
15

. M
at

er
na

l e
xp

os
ur

e 
to

 p
er

flu
or

in
at

ed
 c

he
m

ic
al

s 
an

d 
re

du
ce

d 
fe

cu
nd

ity
: t

he
 M

IR
EC

 st
ud

y.
 H

um
 R

ep
ro

d 
30

, 7
01

-7
09

. 
 V

er
ne

r, 
M

.A
., 

Lo
cc

is
an

o,
 A

.E
., 

M
or

ke
n,

 N
.H

., 
Y

oo
n,

 M
., 

W
u,

 H
., 

M
cD

ou
ga

ll,
 R

., 
M

ai
so

ne
t, 

M
., 

M
ar

cu
s, 

M
., 

K
is

hi
, R

., 
M

iy
as

hi
ta

, C
., 

C
he

n,
 M

.H
., 

H
si

eh
, W

.S
., 

A
nd

er
se

n,
 M

.E
., 

C
le

w
el

l, 
H

.J.
, L

on
gn

ec
ke

r, 
M

.P
., 

20
15

. A
ss

oc
ia

tio
ns

 o
f P

er
flu

or
oa

lk
yl

 S
ub

st
an

ce
s (

PF
A

S)
 w

ith
 

Lo
w

er
 B

irt
h 

W
ei

gh
t: 

A
n 

Ev
al

ua
tio

n 
of

 P
ot

en
tia

l C
on

fo
un

di
ng

 b
y 

G
lo

m
er

ul
ar

 F
ilt

ra
tio

n 
R

at
e 

U
si

ng
 a

 P
hy

si
ol

og
ic

al
ly

 B
as

ed
 P

ha
rm

ac
ok

in
et

ic
 M

od
el

 (P
B

PK
). 

En
vi

ro
n 

H
ea

lth
 

Pe
rs

pe
ct

 1
23

, 1
31

7-
13

24
. 

 V
es

te
rg

aa
rd

, S
., 

N
ie

ls
en

, F
., 

A
nd

er
ss

on
, A

.-M
., 

H
jo

llu
nd

, N
.H

., 
G

ra
nd

je
an

, P
., 

A
nd

er
se

n,
 H

.R
., 

Je
ns

en
, T

.K
., 

20
12

. A
ss

oc
ia

tio
n 

be
tw

ee
n 

pe
rf

lu
or

in
at

ed
 c

om
po

un
ds

 a
nd

 ti
m

e 
to

 
pr

eg
na

nc
y 

in
 a

 p
ro

sp
ec

tiv
e 

co
ho

rt 
of

 D
an

is
h 

co
up

le
s a

tte
m

pt
in

g 
to

 c
on

ce
iv

e.
 H

um
an

 
R

ep
ro

du
ct

io
n 

27
, 8

73
-8

80
. 

 V
es

te
rin

en
, H

.M
., 

Jo
hn

so
n,

 P
.I.

, A
tc

hl
ey

, D
.S

., 
Su

tto
n,

 P
., 

La
m

, J
., 

Zl
at

ni
k,

 M
.G

., 
Se

n,
 S

., 
W

oo
dr

uf
f, 

T.
J.,

 2
01

5.
 F

et
al

 g
ro

w
th

 a
nd

 m
at

er
na

l g
lo

m
er

ul
ar

 fi
ltr

at
io

n 
ra

te
: a

 sy
st

em
at

ic
 

re
vi

ew
. T

he
 jo

ur
na

l o
f m

at
er

na
l-f

et
al

 &
 n

eo
na

ta
l m

ed
ic

in
e 

: t
he

 o
ff

ic
ia

l j
ou

rn
al

 o
f t

he
 

Eu
ro

pe
an

 A
ss

oc
ia

tio
n 

of
 P

er
in

at
al

 M
ed

ic
in

e,
 th

e 
Fe

de
ra

tio
n 

of
 A

si
a 

an
d 

O
ce

an
ia

 
Pe

rin
at

al
 S

oc
ie

tie
s, 

th
e 

In
te

rn
at

io
na

l S
oc

ie
ty

 o
f P

er
in

at
al

 O
bs

te
t 2

8,
 2

17
6-

21
81

. 
 W

am
ba

ug
h,

 J.
F.

, S
et

ze
r, 

R
.W

., 
Pi

tru
zz

el
lo

, A
.M

., 
Li

u,
 J.

, R
ei

f, 
D

.M
., 

K
le

in
st

re
ue

r, 
N

.C
., 

W
an

g,
 

N
.C

., 
Si

pe
s, 

N
., 

M
ar

tin
, M

., 
D

as
, K

., 
D

ew
itt

, J
.C

., 
St

ry
na

r, 
M

., 
Ju

ds
on

, R
., 

H
ou

ck
, K

.A
., 

La
u,

 C
., 

20
13

. D
os

im
et

ric
 a

nc
ho

rin
g 

of
 in

 v
iv

o 
an

d 
in

 v
itr

o 
st

ud
ie

s f
or

 p
er

flu
or

oo
ct

an
oa

te
 

an
d 

pe
rf

lu
or

oo
ct

an
es

ul
fo

na
te

. T
ox

ic
ol

 S
ci

 1
36

, 3
08

-3
27

. 
 W

as
hi

no
, N

., 
Sa

ijo
, Y

., 
Sa

sa
ki

, S
., 

K
at

o,
 S

., 
B

an
, S

., 
K

on
is

hi
, K

., 
Ito

, R
., 

N
ak

at
a,

 A
., 

Iw
as

ak
i, 

Y
., 

Sa
ito

, K
., 

N
ak

az
aw

a,
 H

., 
K

is
hi

, R
., 

20
09

. C
or

re
la

tio
ns

 B
et

w
ee

n 
Pr

en
at

al
 E

xp
os

ur
e 

to
 

Pe
rf

lu
or

in
at

ed
 C

he
m

ic
al

s a
nd

 R
ed

uc
ed

 F
et

al
 G

ro
w

th
. E

nv
iro

n 
H

ea
lth

 P
er

sp
ec

t 1
17

, 6
60

-
66

7.
 

 W
hi

te
, S

.S
., 

C
al

af
at

, A
.M

., 
K

uk
le

ny
ik

, Z
., 

V
ill

an
ue

va
, L

., 
Ze

hr
, R

.D
., 

H
el

fa
nt

, L
., 

St
ry

na
r, 

M
.J.

, 
Li

nd
st

ro
m

, A
.B

., 
Th

ib
od

ea
ux

, J
.R

., 
W

oo
d,

 C
., 

Fe
nt

on
, S

.E
., 

20
07

. G
es

ta
tio

na
l P

FO
A

 
ex

po
su

re
 o

f m
ic

e 
is

 a
ss

oc
ia

te
d 

w
ith

 a
lte

re
d 

m
am

m
ar

y 
gl

an
d 

de
ve

lo
pm

en
t i

n 
da

m
s a

nd
 

fe
m

al
e 

of
fs

pr
in

g.
 T

ox
ic

ol
 S

ci
 9

6,
 1

33
-1

44
. 

 W
hi

te
, S

.S
., 

K
at

o,
 K

., 
Ji

a,
 L

.T
., 

B
as

de
n,

 B
.J.

, C
al

af
at

, A
.M

., 
H

in
es

, E
.P

., 
St

an
ko

, J
.P

., 
W

ol
f, 

C
.J.

, 
A

bb
ot

t, 
B

.D
., 

Fe
nt

on
, S

.E
., 

20
09

. E
ff

ec
ts

 o
f P

er
flu

or
oo

ct
an

oi
c 

A
ci

d 
on

 M
ou

se
 M

am
m

ar
y 

G
la

nd
 D

ev
el

op
m

en
t a

nd
 D

iff
er

en
tia

tio
n 

R
es

ul
tin

g 
fr

om
 C

ro
ss

-F
os

te
r a

nd
 R

es
tri

ct
ed

 
G

es
ta

tio
na

l E
xp

os
ur

es
. R

ep
ro

d 
To

xi
co

l 2
7,

 2
89

-2
98

. 
 W

hi
tw

or
th

, K
.W

., 
H

au
g,

 L
.S

., 
B

ai
rd

, D
.D

., 
B

ec
he

r, 
G

., 
H

op
pi

n,
 J.

A
., 

Sk
ja

er
ve

n,
 R

., 
Th

om
se

n,
 

C
., 

Eg
ge

sb
o,

 M
., 

Tr
av

lo
s, 

G
., 

W
ils

on
, R

., 
C

up
ul

-U
ic

ab
, L

.A
., 

B
ra

nt
sa

et
er

, A
.L

., 
Lo

ng
ne

ck
er

, M
.P

., 
20

12
. P

er
flu

or
in

at
ed

 C
om

po
un

ds
 in

 R
el

at
io

n 
to

 B
irt

h 
W

ei
gh

t i
n 

th
e 

N
or

w
eg

ia
n 

M
ot

he
r a

nd
 C

hi
ld

 C
oh

or
t S

tu
dy

. A
m

 J 
Ep

id
em

io
l 1

75
, 1

20
9-

12
16

. 
 



3M
 C

om
m

en
ts

 
A

ug
us

t 2
0,

 2
01

8 

12
1 

 W
hi

tw
or

th
, K

.W
., 

H
au

g,
 L

.S
., 

Sa
ba

re
dz

ov
ic

, A
., 

Eg
ge

sb
o,

 M
., 

Lo
ng

ne
ck

er
, M

.P
., 

20
16

. P
la

sm
a 

co
nc

en
tra

tio
ns

 o
f p

er
flu

or
oo

ct
an

e 
su

lfo
na

m
id

e 
(P

FO
SA

) a
nd

 ti
m

e 
to

 p
re

gn
an

cy
 a

m
on

g 
pr

im
ip

ar
ou

s w
om

en
. E

pi
de

m
io

lo
gy

 2
7,

 7
12

-7
15

. 
 W

in
qu

is
t, 

A
., 

St
ee

nl
an

d,
 K

., 
20

14
. P

er
flu

or
oo

ct
an

oi
c 

A
ci

d 
Ex

po
su

re
 a

nd
 T

hy
ro

id
 D

is
ea

se
 in

 
C

om
m

un
ity

 a
nd

 W
or

ke
r C

oh
or

ts
. E

pi
de

m
io

lo
gy

 2
5,

 2
55

-2
64

. 
 W

ol
f, 

C
.J.

, F
en

to
n,

 S
.E

., 
Sc

hm
id

, J
.E

., 
C

al
af

at
, A

.M
., 

K
uk

le
ny

ik
, Z

., 
B

ry
an

t, 
X

.A
., 

Th
ib

od
ea

ux
, 

J.,
 D

as
, K

.P
., 

W
hi

te
, S

.S
., 

La
u,

 C
.S

., 
A

bb
ot

t, 
B

.D
., 

20
07

. D
ev

el
op

m
en

ta
l t

ox
ic

ity
 o

f 
pe

rf
lu

or
oo

ct
an

oi
c 

ac
id

 in
 th

e 
C

D
-1

 m
ou

se
 a

fte
r c

ro
ss

-f
os

te
r a

nd
 re

st
ric

te
d 

ge
st

at
io

na
l 

ex
po

su
re

s. 
To

xi
co

l S
ci

 9
5,

 4
62

-4
73

. 
 W

u,
 K

., 
X

u,
 X

., 
Pe

ng
, L

., 
Li

u,
 J.

, G
uo

, Y
., 

H
uo

, X
., 

20
12

. A
ss

oc
ia

tio
n 

be
tw

ee
n 

m
at

er
na

l 
ex

po
su

re
 to

 p
er

flu
or

oo
ct

an
oi

c 
ac

id
 (P

FO
A

) f
ro

m
 e

le
ct

ro
ni

c 
w

as
te

 re
cy

cl
in

g 
an

d 
ne

on
at

al
 

he
al

th
 o

ut
co

m
es

. E
nv

iro
nm

en
t I

nt
er

na
tio

na
l 4

8,
 1

-8
. 

 Y
ah

ia
, D

., 
El

-N
as

se
r, 

A
., 

A
be

de
l-L

at
if,

 M
., 

Ts
uk

ub
a,

 C
., 

Y
os

hi
da

, M
., 

Sa
to

, I
., 

Ts
ud

a,
 S

., 
20

10
. 

Ef
fe

ct
s o

f p
er

flu
or

oo
ct

an
oi

c 
ac

id
 (P

FO
A

) e
xp

os
ur

e 
to

 p
re

gn
an

t m
ic

e 
on

 re
pr

od
uc

tio
n.

 
Th

e 
Jo

ur
na

l o
f T

ox
ic

ol
og

ic
al

 S
ci

en
ce

s 3
5,

 5
27

-5
33

. 
 Zh

u,
 Y

., 
Q

in
, X

.-D
., 

Ze
ng

, X
.-W

., 
Pa

ul
, G

., 
M

or
aw

sk
a,

 L
., 

Su
, M

.-W
., 

Ts
ai

, C
.-H

., 
W

an
g,

 S
.-Q

., 
Le

e,
 Y

.L
., 

D
on

g,
 G

.-H
., 

20
16

. A
ss

oc
ia

tio
ns

 o
f s

er
um

 p
er

flu
or

oa
lk

yl
 a

ci
d 

le
ve

ls
 w

ith
 T

-
he

lp
er

 c
el

l-s
pe

ci
fic

 c
yt

ok
in

es
 in

 c
hi

ld
re

n:
 B

y 
ge

nd
er

 a
nd

 a
st

hm
a 

st
at

us
. S

ci
en

ce
 o

f T
he

 
To

ta
l E

nv
iro

nm
en

t 5
59

, 1
66

-1
73

. 
                 


		2021-10-19T06:30:59+0000




