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My name is Bob Griffin.  I want to thank the Science Advisory Board for this 

opportunity to comment.  I am a civil engineer, who is the general manager of a non-profit 

rural water system located in southeast Ohio.  The Little Hocking Water Association 

(LHWA) serves approximately 12,000 people from an approximately 45-acre wellfield 

adjacent to the Ohio River.  In 2002, we first learned that PFOA or C-8, a perfluorinated 

compound (used in industry and the manufacture of consumer products) had contaminated 

our drinking water supply.  We now know that our wellfield has the dubious distinction of 

having the highest level of C-8 measured in a public water system of which we are aware.  In 

addition, LHWA customers have C-8 blood levels as high as 390 times the nationwide blood 

level of approximately 5 ppb. The average LHWA members C-8 blood levels are 70-80 times 

the national average. As a result of C-8 in our drinking water, over 80 percent of our 

customers are using bottled water as part of an emergency bottled water program. 

 

According to US EPA, PFOA is of concern because:  

• PFOA is persistent in the environment; 

• PFOA bioaccumulates in living organisms; 

• PFOA remains in the human body for years; 

• Exposure to PFOA has caused adverse effects in laboratory studies in 

animals; and 

• The multiple sources and pathways of PFOA exposure are not understood, 

making reductions difficult. 

 

 The presence of PFOA and other perfluorinated chemicals is not limited to just Ohio.  

Perfluorinated compounds have been found worldwide – in such wide-ranging venues as 

polar bears in Greenland to pandas in China.  They are found in surface water and ground 

water in Europe and Japan.  To date, in the United States, PFOA has been detected in ground 

water in Minnesota, New Jersey, Virginia, North Carolina, Alabama, West Virginia and 

Ohio.  Public and private drinking water wells are affected.   

 



In order to protect the health and welfare of the consumers of the LHWA water, the 

LHWA has closely followed relevant regulatory efforts and public recognition that PFOA 

may pose a threat to human health and the environment.  LHWA actively participated in the 

ECA process (started in June 2003 by US EPA) that highlighted the importance of 

understanding pathways for exposure to PFOA.  Although many studies spawned from this 

process are ongoing, formal ECA meetings were discontinued in 2006.  Among other actions 

taken by US EPA on PFOA, a draft risk assessment was prepared and a SAB panel was 

formed to review the document.  This SAB review was completed in May 2006 and 

recommended that PFOA be classified as a “likely carcinogen”. There is currently no US 

EPA-promulgated drinking water standard for PFOA or any related compound. Neither is 

there a TSCA reference dose for any of these compounds. However, in November, 2006 the 

US EPA announced an interim “action level” of 0.50 ppb. In February, 2007 the State of 

New Jersey announced a 0.04 ppb preliminary guidance level for C8.  

 

 As a result of the scope and complexity of these science and health issues, we are 

struck by the absence of PFOA and other perfluorinated compounds in the list of “Emerging 

Issues” in Chapter 7 of the 2007 Science Report on the Environment.  PFOA and other 

perfluorinated compounds have been recognized by US EPA and other federal agencies as 

emerging issues. The public needs scientific guidance that is not subject to interference by 

those who have a financial interest in the outcome of the research. We urge you to update this 

report with this new information and references to make this document reflect the current 

importance of these contaminants.  I am here to ask the Science Advisory Board to include a 

recommendation under either Charge Question 3 or 6 that PFOA and other perfluorinated 

compounds be included as an “Emerging Issue” in Chapter 7.   

 

 In support of this request, I have included the following annotated history and 

references for consideration by the Science Advisory Board in formulating their 

recommendation: 

 

1) On April 16, 2003, the USEPA announced the beginning of the 

Environmental Consent Agreement process (known as ECA) to look at 

PFOA.  The attached Federal Register notice summarizes the basis for 

concern about PFOA, but specifically excludes discussions of blood 

levels during this process.
1
  The ECA process is a voluntary effort by 

industry in concert with the Agency.   

 

2) In November and December 2005, the Little Hocking Water 

Association tested blood of some of its customers for PFCs.  The 

results show levels of PFOA ranging from 112 ppb to 1040 ppb as 

compared to the national average of approximately 5 ppb.
2
  The results 

also show the presence of other perfluorinated compounds. 

                                                 
1
 Environmental Protection Agency, 2003. Perfluorooctanoic Acid (PFOA), Fluorinated Telomers; Request for 

Comment, Solicitation of Interested Parties for Enforceable Consent Agreement Development, and Notice of 

Public Meeting, Federal Register 68 (73):18626-18633.  April 16. 
 
2
 http://www.regulations.gov/fdmspublic/component/main  USEPA Docket EPA-HQ-OPPT-2003-0012-0990. 



 

3) On August 8, 2006, Dr. Emmett et al. published the PFOA results of 

blood testing for residents primarily in the LHWA service area in the 

Journal of Occupational and Environmental Medicine.
3
  This study 

was funded by the National Institute of Health Sciences.  The highest 

median blood level was 374 ppb for customers drinking Little Hocking 

water.  The study concluded that drinking water was the primary 

source of PFOA in the blood. 

 

4) After three years of negotiation under the ECA process, EPA had not 

received commitments by industry to perform studies in all desired 

arenas.  At the June 8, 2006 Non-ECA PFOA Information Forum, 

USEPA provided updates on Agency-led initiatives including:  the 

Office of Research and Development (ORD) telomer biodegradation 

research on soil and sewage sludge; ORD research in toxicity testing 

and pharmacokinetics; the Center for Disease Control’s inclusion of 

PFOA and PFOS in the National Biomonitoring Program with data to 

be included in the 2007 National Report; and the National Toxicology 

Program’s tiered research on perfluorochemicals with chain lengths 

from C-4 to C-12, including pharmacokinetics, mechanistic studies, 

reproductive toxicity and carcinogenicity.  The agenda for that meeting 

is attached.
4
 

 

5) On June 1, 2007, Benjamin Apelberg et al. published the results of a 

study by Johns Hopkins University and the Centers for Disease 

Control in Environmental Science and Technology.
5
  This study 

showed the ubiquitous presence of PFOA in babies cord blood.  Nine 

other PFCs were also detected.  Of particular significance, the study 

showed a negative correlation between birth weight and head 

circumference and PFOA and PFOS concentrations in the cord blood. 

 

6) In May 2007, Kellyn Betts published an article in Environmental 

Health Perspectives on Perfluoralkyl Acids.
6
  This article summarizes 

many of the research studies and presents many of the yet-to-be 

answered questions about these chemicals. 

 

                                                 
3
 Emmett, E.A., Shofer, F.S., Zhang, H., Freeman, D., Desai, C., and Shaw, L.M. 2006. Community Exposure 

to Perfluorooctanoate: Relationships Between Serum Concentrations and Exposure Sources. Journal of 

Occupational Environmental Medicine 48 (8):759-770. 
 
4
 U.S. EPA, June 8, 2006. Agenda for Perfluorooctanoic Acid (PFOA) Enforceable Consent Agreement (ECA) 

Process Ninth Plenary Session and Non-ECA PFOA Information Forum, 2 pages.   

 
5
 Apelberg, B.J., Goldman, L.R., Calafat, A.M., Herbstman, J.B., Kuklenyik, Z., Heidler, J., Needham, L.L., 

Halden, R.U., and Witter, F.R. 2007. Determinants of Fetal Exposure to Polyfluoroalkyl Compounds in 

Baltimore, Maryland. Environmental Science and Technology 41(11):3891-3897. 

 
6
 Betts, K.S. 2007. Perfluoroalkyl Acids. What is the Evidence Telling Us? Environmental Health Perspectives 

115 (5):A250-A256. 

 



In summary, PFOA and other perfluorinated compounds have been recognized as 

chemicals of concern that have recently garnered much attention.  We acknowledge that a 

brief reference is made in the 2007 Science Report in the discussion section on “Trends in 

Human Exposure to Environmental Contaminants” stating that the National Biomonitoring 

Program now includes PFOA and PFOS.  However, we feel that this passing reference does 

not adequately reflect the “Emerging Issue” status of this chemical.  Once again, I 

respectfully request that the SAB recommend that PFOA and other perfluorinated 

compounds be included in Chapter 7 is an “Emerging Issue”. 

 

Thank you for carefully considering the comments of the Little Hocking Water 

Association. 

 

 

 

 

 

Robert L. Griffin, General Manager 

 

 

Attachments (5) 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ATTACHMENT  1 
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categorically excluded from the 
preparation of an environmental 
assessment or an environmental impact 
statement. 

Determinalion Under Executive Order 
12866 

Western has an exemption from 
centralized regulatory review under 
Executive Order 12866. This notice is 
not rcquired to be cleared by the Office 
of Management and Budget. 

Dated: March 27.2003. 

Michael S. Hacskaylo, 
Administrator. 
[FR Doc. 0 g 9 3 2 5  Filed 4-15-03; 8:45 am] 
BILLING CODE 5450-01-P 

ENVIRONMENTAL PROTECTION 
AGENCY 

[OPPT-20034012; FRL-730341 

Perfluorooctanoic Acid (PFOA), 
Fluorinated Telomers; Request for 
Comment, Solicitation of Interested 
Parties for Enforceable Consent 
Agreement Development, and Notice of 
Public Meeting 

AGENCY: Environmental Protection 
Agency (EPA). 
ACTION: Notice. 

SUMMARY: EPA has identified potential 
human health concerns from exposure 
to perfluorooctanoic acid (PFOA) and its 
salts, although there remains 
considerable scientific uncertainty 
regarding potential risks. EPA is 
requesting public comment on pertinent 
topics of interest, as discussed in this 
document, and the submission of 
additional data concerning these 
chemicals. EPA is also soliciting the 
identification of interested parties who 
want to monitor or participate in  
negotiations on one or more enforceable 
consent agreements (ECAs) under 
section 4 of the Toxic Substances 
Control Act (TSCA) concerning PFOA 
and fluorinated telomers which may 
metabolize or degrade to PFOA, and is 
announcing the first public meeting for 
these ECA negotiations. 
DATES: Comments on this notice must be 
received on or before May 16, 2003. 

Notify EPA in writing on or before 
May 16,2003 of your desire to be 
accorded "interested party" status for 
the purpose of participating in or 
monitoring the negotiations for 
development of ECAs concerning PFOA 
and telomers. 

A public meeting has been scheduled 
to initiate negotiations on an ECA for 
PFOA and telomers, from 1 p.m. to 5 
p.m., on Friday, June 6, 2003. 

ADDRESSES: Submit your comments, 
identified by docket ID number OPPT- 
2003-0012, online at http:// 
www.epa.gov/edocket/ (EPA's preferred 
method), or by mail to EPA Docket 
Center (7407), Environmental Protection 
Agency, 1200 Pennsylvania Ave., NW., 
Washington, DC 204604001. For 
additional comment submission 
methods and detailed instructions, go to 
Unit LC. of the SUPPLEMENTARY 
INFORMATION. 

Submit your notification for 
"interested party" status separately from 
any comments submitted, identified 
"Attention: PFOA ECA Notification" by 
mail to Brigitte Farren, Chemical 
Control Division (7405M3, Office of 
Pollution Prevention and Toxics, 
Environmental Protection Agency, 1200 
Pennsylvania Ave., NW., Washington, 
DC 20460-0001. To protect personal 
information from disclosure to the 
public, please submit these notifications 
separately from your comments and do 
not use any online electronic 
commenting system to submit this 
notification. 

The public meeting to initiate 
negotiations on ECAs for PFOA and 
telomers will be held at the 
Environmental Protection Agency, EPA 
East Bldg., Rm. 1153, 1201 Constitution 
Ave., NW., Washington, DC. 
FOR FURTHER INFORMATION CONTACT: For 
general information contack Barbara 
Cunningham, Director, Environmental 
Assistance Division (7408M), Office of 
Pollution Prevention and Toxics, 
Environmental Protection Agency, 1200 
Pennsylvania Ave., NW., Washington, 
DC 20460-0001; telephone number: 
(202) 554-1404; e-mail address: TSCA- 
Hotlin&epa.gov. 

For technical information contact: 
Mary Dominiak, Chemical Control 
Division (7405M), Office of Pollution 
Prevention and Toxics, Environmental 
Protection Agency, 1200 Pennsylvania 
Ave.. NW., Washington, DC 20460- 
0001; telephone number: (202) 564- 
8104; e-mail address: 
dorniniak.ma@epa.gov. 
SUPPLEMENTARY INFORMATION: 

I. General Idormation 

A. Does this Action Apply to Me? 
This action is directed to the public 

in  general, and may be of particular 
interest to manufacturers, importers, 
processors, exporters, distributors, and 
users of PFOA, fluoropolymers, 
fluoroelastomers, and telomer 
chemicals. Since other entities may also 
be interested, the Agency has not 
attempted to describe all the specific 
entities that may be affected by this 
action. If you have any questions 

regarding the applicability of this action 
to a particular entity, consult the 
technical person listed under FOR 
FURTHER INFORMATION CONTACT. 

B. How Can I Get Copies of this 
Document and Other Kelated 
Information? 

1. Docket. EPA has established an 
official public docket for this action 
under docket identification (ID) number 
OPPT-2003-0012. The official public 
docket consists of the documents 
specifically referenced in this action, 
any public comments received, and 
other information related to this action. 
Although a part of the official docket, 
the public docket does not include 
Confidential Business Information (CBI) 
or other information whose disclosure is 
restricted by statute. The official public 
docket is the collection of materials that 
is available for public viewing at the 
EPA Docket Center, Rm. B102-Reading 
Room, EPA West, 1301 Constitution 
Ave., NW., Washington, DC. Additional 
information concerning the topics 
discussed in this notice can be found in 
Administrative Record (AR)-226: PFOS, 
PFOA, Telomers, and Related 
Chemicals, which was established by 
the Agency in 2000 to receive 
information on various fluorinated 
chemicals, including PFOA. These 
materials are also available i n  the EPA 
Docket Center. The EPA Docket Center 
is open from 8:30 a.m. to 4:30 p.m., 
Monday through Friday, excluding legal 
holidays. The EPA Docket Center 
Reading Room telephone number is 
(202) 566-1744 and the telephone 
number for the OPPT Docket, which is 
located in  EPA Docket Center, is (202) 
566-0280. 

2. Electronic access. You may access 
this Federal Register document 
electronically through the EPA Internet 
under the "Federal Register" listings at 
h ttp://www.epa.gov/fedrgstr/. 

An electronic version of the public 
docket is available through EPA's 
electronic public docket and comment 
system, EPA Dockets. You may use EPA 
Dockets at http://www.epa.gov/edocket/ 
to submit or view public comments, 
access the index listing of the contents 
of the official public docket, and to 
access those documents in  the public 
docket that are available electronically. 
Although not all docket materials may 
be available electronically, you may still 
access any of the publicly available 
docket materials through the docket 
facility identified in Unit I.B.1. Once in 
the system, select "search," then key in 
the appropriate docket ID number. 

Certain types of information will not 
be placed in the EPA Dockets. 
Information claimed as CBI and other 
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information whose disclosure is 
restricted by statute, which is not 
included in the official public docket, 
will not be available for public viewing 
in EPA's electronic public docket. EPA's 
policy is that copyrighted material will 
not be placed in EPA's electronic public 
docket but will be available only in 
printed, paper form in the official public 
docket. To the extent feasible, publicly 
available docket materials will be made 
available in EPA's electronic public 
docket. When a document is selected 
from the index list in EPA Dockets, the 
system will identify whether the 
document is available for viewing in 
EPA's electronic public docket. 
Although not all docket materials may 
be available electronically, you may still 
access any of the publicly available 
docket materials through the docket 
facility identified in Unit I.B.I. EPA 
intends to work towards providing 
electronic access to all of the publicly 
available docket materials through 
EPA's electronic public docket. 

For public commenters, it is 
important to note that EPA's policy is 
that public comments, whether 
submitted electronically or in paper, 
will be made available for public 
viewing in EPA's electronic public 
docket as EPA receives them and 
without change, unless the comment 
contains copyrighted material, CBI, or 
other information whose disclosure is 
restricted by statute. When EPA 
identifies a comment containing 
copyrighted material, EPA will provide 
a reference to that material in the 
version of the comment that is placed in 
EPA's electronic public docket. The 
entire printed comment, including the 
copyrighted material, will be available 
in the ublic docket. 

pub& comments submitted on 
computer disks that are mailed or 
delivered to the docket will be 
transferred to EPA's electronic public 
docket. Public comments that are 
mailed or delivered to the docket will be 
scanned and placed in EPA's electronic 
public docket. Where practical, physical 
objects will be photographed, and the 
photograph will be placed in EPA's 
electronic public docket along with a 
brief description written by the docket 
staff. 

C. How and  To Whom Do I Submit 
Comments? 

You may submit comments 
electronically, by mail, or through hand 
deliverylcourier. (Please note, however, 
that to protect personal information 
from disclosure to the public, you 
should not follow the instructions in 
this section to submit your notification 
for "interested party" status. Such 

notification should be submitted 
separately from any comments on this 
document using the specific 
instructions provided under ADDRESSES. 
Do not use any online electronic 
commenting system to submit this 
notification.) To ensure proper receipt 
by EPA, identify the appropriate docket 
ID number in the subject line on the first 
page of your comment. Please ensure 
that your comments are submitted 
within the specified comment period. 
Comments received after the close of the 
comment period will be marked "late." 
EPA is not required to consider these 
late comments. If you wish to submit 
CBI or information that is otherwise 
protected by statute, please follow the 
instructions in Unit I.D. Do not use EPA 
Dockets or e-mail to submit CBI or 
information protected by statute. 

1. Electronically. If you submit an 
electronic comment as prescribed in this 
unit, EPA recommends that you include 
your name, mailing address, and an e- 
mail address or other contact 
information in the body of your 
comment. Also include this contact 
information on the outside of any disk 
or CD ROM you submit, and in any 
cover letter accompanying the disk or 
CD ROM. This ensures that you can be 
identified as the submitter of the 
comment and allows EPA to contact you 
in case EPA cannot read your comment 
due to technical difficulties or needs 
further information on the substance of 
your comment. EPA's policy is that EPA 
will not edit your comment, and any 
identifying or contact information 
provided in the body of a comment will 
be included as part of the comment that 
is placed in the official public docket, 
and made available in EPA's electronic 
public docket. If EPA cannot read your 
comment due to technical difFiculties 
and cannot contact you for clarification, 
EPA may not be able to consider your 
comment. 

i. EPA Dockets. Your use of EPA's 
electronic public docket to submit 
comments to EPA electronically is 
EPA's preferred method for receiving 
comments. Go directly to EPA Dockets 
at http://www.epa.gov/edocket/, and 
follow the online instructions for 
submitting comments. Once in the 
system, select "search," and then key in 
docket ID number OPPT-2003-0012. 
The system is an "anonymous access" 
system, which means EPA will not 
know your identity, e-mail address, or 
other contact information unless you 
provide it in the body of your comment. 

ii. E-mail. Comments may be sent by 
e-mail to oppt.nci&epa.gov, Attention: 
Docket ID Number OPPT-2003-0012. In 
contrast to P A ' s  electronic public 
docket, EPA's e-mail system is not an 

"anonymous access" system. If you 
send an e-mail comment directly to the 
docket without going through EPA's 
electronic public docket, EPA's e-mail 
system automatically captures your e- 
mail address. E-mail addresses that are 
automatically captured by EPA's e-mail 
system are included as part of the 
comment that is placed in the official 
public docket, and made available in 
EPA's electronic public docket. 

iii. Disk or CD ROM. You may submit 
comments on a disk or CD ROM that 
you mail to the mailing address 
identified in Unit I.C.2. These electronic 
submissions will be accepted in 
Wordperfect or ASCII file format. Avoid 
the use of special characters and any 
form of encryption. 

2. By mail. Send your comments to: 
Document Control Office (7407M), 
Office of Pollution Prevention and 
Toxics (OPPT), Environmental 
Protection Agency, 1200 Pennsylvania 
Ave., NW., Washington, DC 20460- 
0001. 

3. By hand delivery or courier. Deliver 
your comments to: OPPT Document 
Control Office (DCO) in EPA East Bldg., 
Rm. 6428, 1201 Constitution Ave., NW., 
Washington, DC. Attention: Docket ID 
Number OPPT-2003-0012. The DCO is 
open from 8 a.m. to 4 p.m., Monday 
through Friday, excluding legal 
holidays. The telephone number for the 
Dco is (202) 564-8930. 

D. How Should I Submit CBI To the 
Agency? 

Do not submit information that you 
consider to be CBI electronically 
through EPA's electronic public docket 
or by e-mail. You may claim 
information that you submit to EPA as 
CBI by marking any part or all of that 
information as CBI (if you submit CBI 
on disk or CD ROM, mark the outside 
of the disk or CD ROM as CBI and then 
identify electronically within the disk or 
CD ROM the specific information that is 
CBI). Information so marked will not be 
disclosed except in accordance with 
procedures set forth in 40 CFR part 2. 

In addition to one complete version of 
the comment that includes any 
information claimed as CBI, a copy of 
the comment that does not contain the 
information claimed as CBI must be 
submitted for inclusion in  the public 
docket and EPA's electronic public 
docket. If you submit the copy that does 
not contain CBI on disk or CD ROM, 
mark the outside of the disk or CD ROM 
clearly that it does not contain CBI. 
Lnformation not marked as CBI will be 
included in the public docket and EPA's 
electronic public docket without prior 
notice. If you have any questions about 
CBI or the procedures for claiming CBI, 
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please consult the technical person 
listed under FOR FURTHER INFORMATION 
CONTACT. 

E. What Should I Consider as IPrepare 
My Comments for EPA? 

We invite you to provide your views 
on the various options we propose, new 
approaches we have not considered, the 
potential impacts of the various options 
(including possible unintended 
consequences), and any data or 
information that you would like the 
Agency to consider during the 
development of the final action. You 
may find the following suggestions 
helpful for preparing your comments: 

1. Explain your views as clearly as 
possible. 

2. Describe any assumptions that you 
used. 

3. Provide copies of any technical 
information andlor data you used that 
support your views. 

4. If you estimate potential burden or 
costs, explain how you arrived at the 
estimate that you provide. 

5. Provide specific examples to 
illustrate your concerns. 

6. Offer alternative ways to improve 
the notice or collection activity. 

7. Make sure to submit your 
comments by the deadline in this 
notice. 

8. To ensure proper receipt by EPA, 
be sure to identify the docket ID number 
assigned to this action in the subject 
line on the first page of your response. 
You may also provide the name, date, 
and Federal Register citation. 

JI. What Action is the Agency Taking? 

EPA has prepared a preliminary risk 
assessment (Ref. 1) on perfluorooctanoic 
acid (PFOA) (Octanoic acid, 
pentadecafluoro-; Chemical Abstracts 
Service Registry Number (CAS No.) 
335-67-1) and its salts, predominantly 
ammonium perfluorooctanoate (APFO) 
(Octanoic acid, pentadecafluoro-, 
ammonium salt (CAS No. 3825-26-1)). 
This preliminary assessment indicates 
potential nationwide human exposure 
to low levels of PFOA. Based on certain 
animal studies, there could be a 
potential risk of developmental and 
other adverse effects associated with 
these exposures in humans. However, 
this assessment also reflects substantial 
uncertainty about the interpretation of 
the risk. EPA has identified areas where 
additional information could be very 
helpful in allowing the Agency to 
develop a more accurate assessment of 
the potential risks posed by PFOA and 
the other compounds addressed in this 
notice, and to identify what voluntary or 
regulatory mitigation or other actions, if 
any, would be appropriate. EPA is  

making this preliminary assessment 
public in order to identify the Agency's 
concerns, to indicate areas where 
additional information or investigation 
would be useful, and to request the 
submission of data addressing these 
issues. 

EPA is also soliciting the 
identification of parties who would be 
interested in monitoring or participating 
in  negotiations for the development of 
one or more ECAs under section 4 of 
TSCA on PFOA and on fluorinated 
telomers (hereafter "telomers") which 
may metabolize or degrade to PFOA. 
The intent of the ECAs would be to 
develop additional information, 
particularly environmental fate and 
transport information, to enhance 
understanding of the sources of PFOA 
in  the environment and the pathways by 
which human exposure to PFOA is 
occurring. 

111. Background 

In 1999, EPA began an investigation 
after receiving data on perfluorooctyl 
sulfonate (PFOS) indicating that PFOS 
was persistent, unexpectedly toxic, and 
bioaccumulative. These data also 
showed that PFOS had been found in 
very low concentrations in the blood of 
the general population and in wildlife 
around the world. 3M Company (3M), 
the sole manufacturer of PFOS in the 
United States and the principal 
manufacturer worldwide, announced in 
May 2000 that it was discontinuing its 
perfluomoctanyl chemistries, including 
PFOS. EPA followed the voluntary 3M 
phaseout with regulatory action under 
TSCA section 5 to limit any future 
manufacture or importation of PFOS 
before EPA has had an opportunity to 
review activities and risks associated 
with the proposed manufacture or 
importation (Ref. 2). 

In June 2000, EPA indicated that it 
was expanding its investigation of PFOS 
to encompass other fluorochemicals, 
including PFOA, in order to determine 
whether these other fluorochemicals 
might present concerns similar to those 
found with PFOS. EPA was concerned 
in part because 3M had also found 
PFOA in human blood during the 
studies on PFOS (Ref. 3). 

In September 2002, the Director of 
OPPT initiated a priority review on 
PFOA because the developmental 
toxicity data, the carcinogenicity data, 
and the blood monitoring data 
presented in an interim revised hazard 
assessment raised the possibility that 
PFOA might meet the criteria for 
consideration under TSCA section 4(f) 
(Refs. 4 and 5). When the priority 
review commenced, EPA anticipated 
completing the review within a few 

months. However, as explained in this 
notice, there remain substantial 
uncertainties associated with the 
preliminary risk assessmenl. EPA 
believes these uncertainties may be 
reduced through acquisition of the 
information described in this notice. 
EPA is therefore continuing the priority 
review in order to acquire this 
information and better inform the 
Agency's decisionmaking. 

A. PFOA Sources and Uses 

PFOA and its salts are fully 
fluorinated organic compounds that can 
be produced synthetically and formed 
through the degradation or metabolism 
of certain other manmade 
fluorochemical products. PFOA is a 
synthetic chemical and is not naturally 
occurring. Consequently, all PFOA in 
the environment is attributable to 
human activity. 

PFOA is used primarily to produce its 
salts, which are used as essential 
processing aids in  the production of 
fluoropolymers and fluoroelastomers. 
Although they are made using PFOA, 
finished fluoropolymer and 
fluoroelastomer products are not 
expected to contain PFOA. In recent 
years, less than 600 metric tons per year 
of PFOA and its salts have been 
manufactured or imported in the United 
States (Ref. 6). The major 
fluompolymers manufactured using 
PFOA salts are polytetrafluoroethylene 
(PTFE) and polyvinylidine fluoride 
(PVDF). PTFE has hundreds of uses in 
many industrial and consumer 
products, including soil, stain, grease, 
and water resistant coatings on textiles 
and carpet; uses i n  the automotive, 
mechanical, aerospace, chemical, 
electrical, medical, and building1 
construction industries; personal care 
products; and non-stick coatings on 
cookware. PVDF is used primarily in 
three major industrial sectors: 
Electricallelectronics, buildingl 
construction, and chemical rocessing. 

PFOA can be commercial6 
manufactured by two major alternative 
processes: The Simons Electro-Chemical 
Fluorination (ECF) process, and a 
telomerization process. Releases from 
manufacturing processes are one source 
of PFOA in the environment. 
Historically, most U.S. production was 
by 3M using the ECF process. 3M 
discontinued its manufacture of PFOA 
between 2000 and 2002, and other 
domestic producers are using the 
telomerization process exclusively. 

In the ECF process, an electric current 
is passed through a solution of 
anhydrous hydrogen fluoride and an 
organic feedstock of octanoic acid or a 
derivative. The ECF process replaces the 
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carbon-hydrogen bonds on molecules of 
the organic feedstock with carbon- 
fluorine bonds. Perfluorination occurs 
when all the carbon-hydrogen bonds are 
replaced with carbon-fluorine ones. The 
ECF process yields between 30-45% 
straight chain (normal) 
perfluorooctanonyl fluoride (PFOF), 
along with a variable mixture of 
byproducts and impurities. The output 
of the ECF process consists of a complex 
combination of chemical substances 
with varying molecular weights, 
including higher and lower straight- 
chain homologues; branched-chain 
perfluoroalkyl fluorides of various chain 
lengths; straight-chain, branched, and 
cyclic perfluoroalkanes and ethers; and 
other bypmducts. After disposal or 
recovery of some of the byproducts and 
impurities, the acid fluoride is base 
hydrolyzed in batch reactors to yield 
PFOA. The PFOA salts are synthesized 
by base neutralization of the acid to the 
salt in  a se arate reactor. 

In the tefomerization process, 
tetrafluoroethylene is  reacted with other 
fluorine-bearing chemicals to yield 
fluorinated intermediates which are 
readily converted into PFOA. This 
process yields predominantly straight- 
chain acids with an even number of 
carbon atoms. Distillation can be used to 
obtain pure components. Commercial 
products manufactured through the 
telomerization process, sometimes 
known as telomers, are generally 
mixtures of perfluorinated compounds 
with even carbon numbers, although the 
process can also produce compounds 
with odd carbon numbers. 

In addition to releases from the 
deliberate manufacture of PFOA 
through either the ECF or telomerization 
processes, and from the use of PFOA 
and its salts in  the manufacture and 
processing of fluoropolymers and 
fluoroelastomers, PFOA may have 
entered the environment through other 
sources. 3M has indicated that PFOA 
may have been present as a trace 
contaminant i n  some of the 
fluorochemical products which it 
discontinued manufacturing between 
2000 and 2002 (Ref. 7). Because these 
products are no longer being 
manufactured, they will likely not be a 
significant potential future source of 
PFOA. 

EPA has also received data which 
indicate that the 8-2 telomer alcohol (1- 
Decanol, 
3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10- 
heptadecafluoro- (CAS No. 678-39-7)) 
although not itself made with PFOA, 
can be metabolized by living organisms 
or biodegrade under environmental 
conditions to produce PFOA (Refs. 8 
and 9). Other telomer chemicals have 

not been tested to determine whether 
they may also metabolize or degrade to 
form PFOA. Telomers are used widely 
in a range of commercial products, 
including some that are directly 
released into the environment, such as 
fire fighting foams, as well as soil, stain, 
and grease resistant coatings on carpets, 
textiles, paper, and leather. The extent 
to which these telomer-containing 
products might degrade to release PFOA 
is  unknown. However, anecdotal 
evidence of the atmospheric presence of 
telomer alcohols in a multi-city North 
American survey suggests that telomers 
may be one source of environmental 
PFOA (Ref. 10). Additional fate 
information is necessary to determine 
whether and the extent to which 
telomer product degradation may be a 
source of PFOA. 

EPA is  not currently aware of any 
other potential sources of PFOA in  the 
environment. EPA specifically requests 
comment on this issue, and the 
submission of any data identifying or 
characterizing PFOA sources. EPA is  
especially interested i n  the thermal 
stability and oxidative degradation 
products of materials containing PFOA 
or telomer chemicals which are 
incinerated. 

B. Hazard and Exposure 
EPA has conducted a detailed review 

of all available hazard and exposure 
information on PFOA. This review is 
available in the Agency's Revised Draft 
Hazard Assessment on PFOA and Its 
Salts (Ref. 11). This draft hazard 
assessment has not been formally peer 
reviewed, but has been reviewed 
internally by the EPA Office of Research 
and Development (ORD). 

PFOA is persistent in  the 
environment. It does not hydrolyze, 
photolyze, or biodegrade under 
environmental conditions. Based on 
recent human biomonitoring data 
provided by industry, which found 
PFOA in the blood of workers and the 
general population in all geographic 
regions of the United States, exposure to 
PFOA is potentially nationwide, 
although the routes of exposure for the 
general population are unknown. 

Several epidemiological studies on 
the effects of PFOA in  humans have 
been conducted on workers. An 
association with PFOA exposure and 
prostate cancer was reported in  one 
study; however, this result was not 
observed in an update to the study in 
which the exposure categories were 
modified. A non-statistically significant 
increase in the levels of the hormone 
estradiol in workers with high serum 
PFOA levels (>30 parts per million 
(ppm)) was also reported, but none of 

the other hormone levels analyzed 
indicated any adverse effects. 

APFO is the most widely used salt of 
PFOA, and most animal toxicity studies 
have been conducted with APFO. An 
extensive array of animal toxicity 
studies have been conducted in  rodents 
and monkeys. These studies have 
shown that APFO exposure can result in  
a variety of toxic effects in animals 
including liver toxicity, developmental 
toxicity, and immunotoxicity. In 
addition, rodent bioassays have shown 
that chronic APFO exposure is 
associated with a variety of tumor types. 
The mechanisms of APFO 
tumorigenesis are not clear1 y 
understood. At this time, EPA is 
evaluating the scientific evidence and 
has not reached any conclusions on the 
potential significance to humans of the 
rodent cancer data. 

There are marked gender differences 
in the elimination of PFOA in  rats. In 
addition, there are substantial 
differences in the half-life of PFOA in  
rats, monkeys, and humans. The gender 
and species differences are not 
completely understood and therefore 
the extent of potential risks to humans 
is uncertain. 

C. Preliminary Risk Assessment 
Because TSCA section 4(f) is focused 

narrowly on the specific toxicity 
endpoints of cancer, birth defects, and 
gene mutation, the preliminary risk 
assessment prepared as part of this 
priority review focused on the potential 
risks for developmental toxicity in  
humans. EPA did not include cancer 
risk in this preliminary assessment due 
to questions concerning the potential 
significance to humans of the rodent 
cancer data. Because data indicate that 
PFOA is not mutagenic, concern for 
gene mutation was not an issue for this 
preliminary assessment. 

The preliminary risk assessment used 
a margin of exposure (MOE) approach 
(Ref. 1). For many risk assessments, the 
MOE is  calculated as the ratio of the 
administered dose from the animal 
toxicology study to the estimated 
human exposure level. The human 
exposure is estimated from a variety of 
potential exposure scenarios, each of 
which requires a variety of assumptions. 

A more accurate estimate of the MOE 
can be derived if measures of internal 
dose are available for humans and the 
animal model. In this preliminary risk 
assessment, serum levels of PFOA, 
which are a measure of internal dose, 
were available for some administered 
dose levels in the rat 2-generation 
reproductive toxicology study and from 
human biomonitoring studies. Thus, 
internal dose was used for the 
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calculation of MOEs in this assessment. 
The actual values of the MOEs derived 
must be viewed with caution, however, 
due to the differences in kinetics 
between humans and rodents. The range 
of MOEs in the preliminary assessment 
encompasses some values that would 
indicate potential concern and other 
values that would indicate a low level 
of concern. Due to the uncertainties in 
the assessment, and the possibility that 
the additional information discussed in 
this notice might reduce those 
uncertainties, the Agency has not 
attempted further interpretation of these 
MOEs at this time. The interpretation of 
the significance of the MOEs for 
ascertaining potential levels of concern 
will necessitate a better understanding 
of the appropriate dose metric in rats, 
and the relationship of the dose metric 
to the human serum levels. 

AS this priority review of PFOA 
progresses, EPA will continue to 
develop the characterization of hazard 
and potential risk associated with 
exposure to PFOA. Because the 
scientific interpretation issues in this 
case are particularly complex, given the 
unusual properties and behavior of 
PFOA and the absence of data on 
exposure pathways and levels, EPA 
anticipates that a more comprehensive 
risk analysis will be taken to the 
Agency's Science Advisory Board for 
review and comment in fall 2003. The 
preliminary risk assessment described 
in this notice has not been formally peer 
reviewed, but has gone through internal 
review by multiple EPA offices, 
including ORD, the Office of Science 
Coordination and Policy (OSCP), the 
Office of Pesticide Programs (OPP), and 
the Office of Policy, Economics, and 
Innovation (OPEI). The preliminary risk 
assessment has also been the subject of 
an external letter peer review. 

D. Uncertainties and Data Needs 
Although EPA has concerns with 

respect to the potential nationwide 
presence of PFOA in blood and with the 
potential for developmental and other 
effects suggested by animal studies, 
there are significant uncertainties in the 
Agency's quantitative assessment of the 
risks of PFOA. In addition, the 
uncertainties discussed in this unit with 
respect to the identification of the 
pathway or pathways that result in 
human exposure to PFOA (air, water, 
food, etc.), and the uncertainties 
associated with how PFOA gets into 
those pathways (including the products 
or processes that are responsible for the 
presence of PFOA in the environment) 
make it difficult to determine what, if 
any, particular risk mitigation measures 
would be appropriate. The Agency 

believes that the additional information 
identified in this notice would better 
inform this priority review and Agency 
decisionmaking with respect to PFOA. 

The sources of PFOA in the 
environment, as described in Unit II.A., 
are not fully defined or understood. 
Historically, direct PFOA releases 
during the manufacture of PFOA and its 
use in the manufacture and processing 
of fluoropolymers and fluoroelastomers 
have been quantified at some sites. 
Industry has identified and 
implemented voluntary control 
technologies to reduce releases, as well 
as to improve PFOA recovery for 
recycling or destruction, as described in 
Unit 1I.E. The effectiveness of these 
programs could be assessed, possibly 
through the ECA process described in 
Unit V., by monitoring PFOA levels at 
the respective facilities and determining 
if the release reduction and waste 
management programs are reducing the 
PFOA levels in the media surrounding 
the affected facilities. PFOA exposures 
and releases to the environment may 
also come from the distribution of PFOA 
in aqueous dispersions of 
fluoropolymers used by processors to 
apply coatings to metals and textiles, a 
topic which industry is also attempting 
to resolve. 

In addition, the question of the 
potential contribution to PFOA levels 
from telomer manufacture and from 
telomer product degradation remains. 
The universe of specific telomer 
chemicals that may ultimately degrade 
or metabolize to PFOA has not been 
fully defined. Preliminary data suggest 
that only higher perfluorinated 
homologues (chemicals with carbon 
chain lengths of eight and higher) would 
be converted into PFOA via normal 
environmental pathways. The 8-2 
telomer alcohol has been shown to 
biodegrade and metabolize to form 
PFOA, but other telomer chemicals, 
including telomer iodides and telomer- 
derived polymers, have not yet been 
tested. Determining possible telomer 
product sources of PFOA may be 
particularly difficult because these 
fluorochemicals are typically used in 
products in very low concentrations, 
indicating that any individual source 
contribution by specific products could 
be very small, widely distributed, and 
difficult to detect. For example, 
products contaminated with volatile, 
unreacted telomer alcohol residuals 
could potentially release those residuals 
into the environment where they could 
be subject to biodegradation. 

The exposure routes leading to the 
presence of PFOA in human blood are 
not known. The nationwide presence of 
PFOA in human blood, contrasted with 

the limited geographic locations of 
fluorochemical plants making or using 
the chemical, suggests that there must 
be additional sources of PFOA in the 
environment, and exposures beyond 
those attributable to direct releases from 
industrial facilities. But whether these 
exposures are due to PFOA in the air, 
the water, on dusts or sediments, in 
dietary sources, or through some 
combination of routes is currently 
unknown. Data evaluating the 
environmental presence of PFOA in 
water are very limited and site-specific. 
Data on the presence of PFOA in air or 
soil are not currently available. Data on 
the presence of PFOA in wildlife 
suggest that animals are not as likely as 
humans to have PFOA in their blood, 
and that PFOA is not found as widely 
in animals as PFOS. Whether these 
differences may be due to different 
exposure pathways or to differences in 
how the chemicals are processed or 
retained by animals and humans is 
unknown. The technical difficulties of 
detecting and accurately measuring the 
chemical in all these various media, 
particularly in the low concentrations 
that EPA would anticipate, are 
considerable. 

The preliminary risk assessment on 
potential developmental toxicity was 
based on a comparison of serum levels 
in the 2-generation rat reproductive 
study with those found in the human 
population. However, there are 
considerable species differences in the 
kinetics of PFOA. Interpretation of the 
significance of the MOEs for 
ascertaining potential levels of concern 
will necessitate a better understanding 
of the appropriate dose metric in rats, 
and the relationship of the dose metric 
to the human serum levels. 

Finally, there are some uncertainties 
regarding the use of the human 
biomonitoring data. Although the 
available data include a range of 
populations with various demographics 
in many States and all geographic areas 
of the country, there may be some 
populations that are not represented. 
Because it is unknown how the human 
exposures are occurring, proximity to a 
manufacturing facility may or may not 
be a factor in exposure. However, 
populations living near these facilities 
were not sampled. Therefore, it is 
possible that PFOA serum levels may be 
underestimated for certain portions of 
the U.S. population. The children's 
sample was derived from blood 
collected in 1994/1995; therefore, it may 
not reflect the current status of PFOA in 
children's blood. 

Voluntary activities by industry are 
underway as described in Unit KE. to 
help address some of these uncertainties 



Federal Register/ Vol. 68. No. 73 / Wednesdav. A ~ r i l  16. 2003  /Notices 18631 

and data gaps. For example, 
pharmacokinetics studies examining the 
biological processing of PFOA in rats 
are expected to be completed i n  the 
summer and fall of 2003. These studies 
may help to reduce the uncertainty in  
the estimation of risk to humans. In 
addition, EPA has submitted a 
nomination to the Centers for Disease 
Control and Prevention (CDC) to include 
PFOS, PFOA, and certain related 
fluorochemicals in  the next National 
Health and Nutrition Examination 
Survey (NHANES). This would provide 
a national baseline of PFOA exposure, 
both to indicate whether current data 
are representative of the U.S. population 
and to offer a gauge with which to 
measure the effectiveness of actions to 
reduce ex osures. 

EPA wifl continue to develop and 
clarify issues relating to hazard, 
exposure, and risk as the priority review 
continues and the Agency receives 
additional information that allows 
further resolution of the uncertainties 
identified in  this unit. 

Additional data beyond EPA's current 
activities and the voluntary efforts 
undertaken by the industry may be 
necessary to resolve the existing 
uncertainties and fill remaining data 
gaps, including gaps not yet identified. 
EPA requests comment on these issues, 
and particularly requests that comments 
include the submission of any 
additional data that may help to fill 
these gaps. Certain specific information 
requests are identified in Unit IV. 

E. Ongoing Voluntary Activities 
In 2000, EPA opened a non-regulatory 

public docket file, Administrative 
Record AR-226, for information on 
PFOS, PFOA, telomers, and related 
fluorinated chemicals, and began to 
express its concerns to the global 
fluorochemical industry (Ref. 3). In 
response, the industry began providing 
information to the Agency, all of which 
has been placed into AR-226. Two 
industry groups, the Fluoropolymer 
Manufacturing Group (FMG) and the 
Telomer Research Program (TRP), 
formed and began pursuing voluntary 
collective actions to address issues 
associated with PFOA and the telomers. 
3M continued its ongoing research 
efforts despite having discontinued the 
manufacture of both PFOS and PFOA. 
Much of the information reflected in  the 
EPA's revised draft hazard assessment 
and preliminary risk assessment on 
PFOA was provided through these 
voluntary activities on the part of 
industry. 

In March 2003, EPA received letters 
from 3M, FMG, and TRP documenting 
their ongoing voluntary programs and 

outlining their plans for continuing 
research and product stewardship 
activities (Refs. 7 ,12,  and 13). These 
letters have been placed in the public 
docket for this notice and can be 
accessed as described in Unit I.B.2. The 
letters contain substantial additional 
information concerning the specifics of 
the voluntary industry actions beyond 
what is resented in this notice. 

In its fetter, 3M indicated that it 
would not resume the manufacture of 
PFOA for commercial sale; that it would 
continue its medical monitoring efforts 
for workers and provide biannual 
reports to EPA and update its 
epidemiological study reports to EPA 
every 5 years; and that it will continue 
monitoring groundwater, surface water, 
and other environmental media and 
provide a summary report to EPA 
within 2 years. 3M also stated that it 
would work with other members of 
industry to conduct additional 
validation of PFOA analytical methods 
and sampling protocols and to 
participate in human health and 
environmental fate and effects studies of 
PFOA. 3M also indicated that the 
facilities and employees of its 
subsidiary, Dyneon LLC, would 
continue to be part of the 3M 
monitoring rogram. 

The memgers of the FMG--Asahi 
Glass Fluoropolymers USA, Inc.; Daikin 
America, Inc.; E.I. duPont de  Nemours 
& Company; and Dyneon LLC- 
indicated that they and their parent 
companies represent most of the known 
use of APFO for the production of 
fluoropolymers both in the United 
States and worldwide. Their letter 
includes commitments to reduce 
emissions of APFO from fluoropolymer 
and APFO manufacturing facilities on a 
global, individual company-wide basis 
by a minimum of 50% by 2006; to 
conduct studies on both finished 
polymers and finished products from 
these ~ o l v m e r s  to determine if anv 
expos;redto the general populatioh can 
be related to the fluoropolymer 
industry; to conduct st"diks on 
emissions from fluoropolymer 
processing facilities to determine the 
level of current emissions; and to 
develop additional toxicological data on 
APFO. The companies noted that they 
are participating i n  activities through 
the Association of Plastics 
Manufacturers in Europe (APME) to 
conduct pharmacokinetics studies in  
rats and develop a pharmacokinetic 
model, and would share those data with 
EPA as they are developed, beginning in 
spring 2003. The companies indicated 
that they would continue to follow 
principles of product stewardship 
similar to those described in the 

Responsible Care@ programs of the 
American Chemistry Council and the 
Synthetic Organic Chemical 
Manufacturers Association in  their 
efforts to support toxicological research, 
control occupational exposures in their 
own facilities, monitor employee health, 
assist customers i n  protecting their 
employees, and meet the general 
commitment to reduce emissions to the 
environment. The companies stated that 
they will continue to use appropriate 
criteria, including such standards as the 
interim air and water screening levels 
and water quality guidelines recently 
adopted in West Virginia, to evaluate 
operations and emissions (Refs. 14  and 
15). The letter includes a schedule for 
the completion of various studies 
already underway. 

The members of the TRP-AGA 
Chemicals (Asahi Glass); Clariant 
GmbH; Daikin America, Inc.; and E.I. 
duPont de Nemours & Company- 
indicated that they comprise the major 
telomer producers, and that they are 
evaluating telomer products sold in  the 
United States to determine whether they 
contribute to significant human or 
environmental exposure to PFOA. They 
noted that their evaluation has six key 
components: Analysis of products and 
articles; analysis of "aged" products and 
"in use" articles; characterization of 
potential release of PFOA from telomer- 
based product manufacture; 
characterization of potential release of 
PFOA from telomer-treated article 
manufacture; analysis of possible 
biodegradation of telomer-based 
polymeric products; and evaluation of 
the ultimate fate and disposal routes for 
telomer-treated articles in the United 
States. The letter includes lists and 
schedules for these various evaluation 
components, as well as for the 
submission of additional information to 
the Agency. 

EPA appreciates the industry 
response to the Agency's concerns 
regarding PFOA and the telomers, and 
looks forward to continued cooperation 
on assessment and management 
activities. EPA invites the participation 
of additional interested persons i n  these 
efforts. EPA considers that the timely 
submission of the information which 
industry has already committed to 
provide will be essential to developing 
a better and more complete 
understanding of the potential risks of 
PFOA. However, in  light of the concerns 
identified to date, the Agency will 
continue its ongoing expeditious 
review. 

While the voluntary industry 
activities as described in the letters will 
provide substantial additional 
information, EPA considers it likely that 
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issues will remain even after these 
activities are complete, and that the 
results of some of these programs may 
well identify additional questions that 
will need to be answered. EPA requests 
comment on these issues. 

N. Specific Requests for Comments, 
Data, and Information 

EPA specifically requests comments, 
data, and information on the following 
topics. 

A. Use and Production Volume 
Information 

What are the specific chemical 
identities (by Ninth Collective Index 
name and CAS No., if available) of the 
telomer chemicals, including polymers 
derived from these telomers, and of the 
fluoropolymers and fluoroelastomers 
made with PFOA or related chemicals, 
currently in commerce? In what 
volumes and at what locations are these 
chemicals manufactured or imported? 
How and i n  what volumes are these 
chemicals used? What are the benefits of 
these chemicals and products in  their 
specific uses, and what alternatives to 
these chemicals may be available for 
specific uses? 

B. Exposure Information 

How are products containing the 
chemicals identified in Unit 1V.A. used? 
How are these products disposed of? 
What environmental releases occur at 
manufacturing and processing facilities 
where these chemicals are used? What 
data are available on worker exposures 
to these chemicals? What data are 
available on exposures to the general 
population? What data are available on 
measured levels of these chemicals in 
humans and the environment, in  all 
environmental media? What data are 
available on the biodegradation of these 
chemicals, on releases of these 
chemicals from consumer and industrial 
products, and on their breakdown 
during product biodegradation, 
incineration, and other disposal 
practices? 

C. Monitoring and Related Information 
EPA specifically requests that any 

persons who have in their possession 
existing human or environmental 
monitoring data indicating or assessing 
the presence of PFOA and related 
fluorochemicals in  humans, i n  wildlife, 
or i n  any environmental media, 
including studies conducted in other 
countries, provide those data to the 
Agency in response to the publication of 
this notice to enhance the 
understanding of PFOA presence i n  the 
environment and of the pathways 
leading to exposures. EPA includes in  
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this request any existing data not 
otherwise provided to EPA concerning 
the toxicity, pharmacokinetics, and half- 
life of PFOA i n  organisms. 

D. Additional Data 
Are there other pieces of information 

not addressed i n  Unit IV. A., B., and C., 
that would help EPA more accurately 
assess the risks of these chemicals and 
determine appropriate further action, if 
warranted? 

V. Enforceable Consent Agreement 
Development 

EPA is interested in developing one or 
more ECAs under TSCA section 4 and 
40 CFR part 790 for PFOA and telomers 
that focus on  identifying environmental 
fate and transport information, as well 
as other relevant information to enhance 
understanding of the sources of PFOA 
in the environment and the pathways by 
which human exposure to PFOA is 
occurring. The objective of the ECA 
process is to conclude one or more 
ECAs that will set i n  place an industry- 
sponsored testing program that will 
address a number of EPA's current data 
needs for PFOA and telomers. EPA 
expects that industry will meet the 
voluntary testing commitments made in 
their letters of intent, as discussed in 
Unit 1II.E. Therefore, EPA anticipates 
that the ECA process will focus 
generally on testing issues beyond or 
supplemental to those contained in the 
industrv letters of intent. 

A. Solicitation of Interested Parties 
EPA is  soliciting interested parties to 

monitor or participate in  negotiations on 
ECAs for PFOA and telomers. As 
discussed in Unit IILE., 3M; AGA 
Chemicals; Asahi Glass Fluoropolymers 
USA, Inc.; Clariant GmbH; Daikin 
America, Inc.; Dyneon LLC; and E.I. 
duPont de  Nemours & Company, have 
been pursuing voluntary collective 
actions to address issues associated with 
PFOA and telomers and have been 
keeping EPA informed of these 
activities. Any person who desires 
treatment as a n  "interested party" 
during the development of the ECAs 
must respond i n  writing to this notice 
on or before May 16, 2003 following the 
instructions in  Unit I., and must 
specifically request that they be given 
"interested party" status. These 
interested parties will not incur any 
obligations by being so designated. 
Negotiations will be conducted in one 
or more meetings, all of which will be 
open to the public. EPA will contact all 
interested parties who have expressed a 
desire to participate in or monitor the 
ECA negotiations and advise them of all 
meeting dates. EPA will also notify the 

public of such meeting dates i n  the 
electronic public docket for this action. 
The negotiation time schedule for PFOA 
and telomers will be established at the 
first negotiation meeting. It is EPA's 
current intent to move quickly to 
attempt to finalize any ECAs, if possible. 
If a n  ECA is not established in principle 
within a reasonable time-frame, 
negotiations will be terminated, and any 
unmet data needs may be pursued via 
a test rule promulgated under TSCA 
section 4. If the data generated from the 
ECA d o  not meet the Agency's needs, 
EPA reserves the right to proceed with 
rulemaking to obtain the needed data. 
EPA also reserves the right to announce 
and convene subsequent ECA 
negotiations for additional data, if the 
testing from voluntary activities, the 
initial ECA, or from a test rule identify 
additional data gaps which must be 
filled. 

B. ECA Process and Public Participation 
in Negotiations 

EPA will provide the public with an 
opportunity to comment on and 
participate i n  the development of any 
ECAs on PFOA and telomers to ensure 
that the views of interested parties are 
taken into account during the ECA 
process. This process is  described 
generally in  this unit, and is more fully 
addressed in 40 CFR part 790. 

Individuals and groups who respond 
to this notice by May 16, 2003 and 
request treatment as interested parties 
will have the status of interested parties. 
All negotiating meetings for the 
development of this ECA will be open 
to the public and minutes of each 
meeting will be prepared by EPA and 
placed in the official public docket for 
this action. The Agency will advise 
interested parties and the public of 
meeting dates and make available 
meeting minutes, testing proposals, 
background documents, and other 
relevant materials exchanged at or 
prepared for negotiating meetings. 
Where tentative agreement is reached on 
an acceptable testing program, a draft 
ECA will be made available for 
comment by interested parties and, if 
necessary, EPA will hold a public 
meeting to discuss any comments that 
have been received and determine 
whether revisions to the ECA are 
appropriate. EPA will not reimburse 
costs incurred by non-EPA participants 
in  this ECA negotiation process. 

Enforceable consent agreements will 
only be concluded where an agreement 
can be obtained, which is satisfactory to 
the Agency, manufacturers or processors 
who are potential test sponsors, and 
other interested parties, concerning the 
need for and scope of testing. In the 
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absence of an ECA, EPA reserves the 
right to proceed with rulemaking. 

More specifically, EPA will not enter 
into an ECA if either the Agency and 
affected manufacturers or processors 
cannot reach an agreement on the 
provisions of the ECA, or the draft ECA 
is considered inadequate by other 
interested parties who have submitted 
timely objections to the draft ECA. 
However, EPA may reject these 
objections if the Agency concludes that: 

1. They are not made in good faith; 
2. They are untimely; 
3. They are not related to the 

adequacy of the proposed testing 
program or other features of the ECA 
that may affect EPA's ability to fulfill 
the goals and purposes of TSCA; or 

4. They are not accompanied by a 
specific explanation of the grounds on 
which the draft ECA is considered 
objectionable. 

EPA will prepare an explanation of 
the basis for each ECA. That document 
will summarize the agreement 
(including the needed data 
development), explain the objectives of 
the data collection/development 
activity, and outline the chemicals' use 
and exposure characteristics. That 
document, which will also announce 
the availability of the final ECA, will be 
published in the Federal Register. Upon 
the successful completion of an ECA, 
export notification under TSCA section 
12(b) would be required for all 
signatories to the ECA who export or 
intend to export the chemicals subject to 
the ECA. A separate action would be 
published i n  the Federal Register 
following the announcement of the ECA 
to apply the export notification 
requirement to others by adding the 
ECA chemicals to the list of chemicals 
subject to testing consent orders at 40 
CFR 799.5000. 
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with an Administrative Record number 
(AR226-XXXX) are available in the 
public version of the official docket 
maintained in the OPPT Docket. Copies 
of these documents may be obtained as 
described in Unit I.B.2. 

1. USEPA. Preliminary Risk 
Assessment of the Developmental 
Toxicity Associated with Exposure to 
Perfluorooctanoic Acid (PFOA) and its 
Salts. OPPT, Risk Assessment Division. 
Washin ton, DC. April 10, 2003. 

2. Fe%ral ~ e ~ i s t c r .  (65 FR 62319, 
October 18, 2000) (FRL-6745-5); (67 FR 
11008; March 11,2002) (FRL-6823-6); 

(67 FR 11014, March 11,2002) (FRL- 
6823-7); (67 FR 72854, December 9, 
2002) (FRL-7279-1). 

3. (AR2264639) PFOS Presentation 
to CMA. Auer, Charles M., USEPA. 
Washington, DC. June 19, 2000. 

4. (AR226-1127) Revision of PFOA 
Hazard Assessment and Next Steps. 
Memorandum from Charles M. Auer to 
Oscar Hernandez, Mary Ellen Weber, 
and Ward Penberthy. USEPA. 
Washington, DC. September 27,2002. 

5. Section 4(f) of TSCA (15 U.S.C. 
2603 (4)). 

6. (AR2264620) Sulfonated 
Perfluorochemicals in the Environment: 
Sources, Dispersion, Fate, and Effects. 
3M. St. Paul, MN. March 1, 2000. 

7. Environmental, Health And Safety 
Measures Relating to Perfluomoctanoic 
Acid and Its Salts (PFOA). Letter from 
Dr. Larry Wendling, 3M, to Stephen L. 
Johnson, USEPA. 3M. St. Paul, MN. 
March 13, 2003. 

8. Characterization of Fluorinated 
Metabolites by a Gas Chromatographic- 
Helium Microwave Plasma Detector; 
The Biotransformation of lH,  lH,  2H, 
2H-Perfluorodecanol to 
Perfluorooctanoate. Hagen, Donald F.; 
Belisle, John; Johnson, James D.; and 
Venkateswarlu, P. Analytical 
Biochemistry. 118, 336-343 (1981). 

9. (AR226-1149). Revision 1, 
Biodegradation Screen Study for 
Telomer-Type Alcohols. Lange, Cleston 
C. Pace Analytical Services, 
Minneapolis, MN. November 6,2002. 

10. Mabury, Scott. Annual Report of 
Activities for Telomer Research Program 
Grant to University of Toronto. 
University of Toronto, Toronto, Canada. 
September 2002. 

11. (AR226-1136) Revised Draft 
Hazard Assessment of Perfluorooctanoic 
Acid and Its Salts. USEPA, OPPT, Risk 
Assessment Division. Washington, DC. 
November 4,2002. 

12. Voluntary Actions to Evaluate and 
Control Emissions of Ammonium 
Perfluomoctanoate (APFO). Letter from 
Charles D. Allen, Asahi Glass 
Fluoropolymers USA, Inc.; Takahiko 
Sakanoue, Daikin America, Inc.; James 
E. Gregory, Dyneon LLC.; and Richard J. 
Angiullo, E.I. duPont de Nemours & 
Company, to Stephen L. Johnson, 
USEPA. March 14,2003. 

13. Letter of Intent for the Telomer 
Research Program from H. Okuno, AGA 
Chemicals, Inc.; Hans Ludwig Panke 
and Reinhard Jung, Clariant GmbH; 
Takahiko Sakanoue, Daikin America, 
Inc.; and Stephen H. Korzeniowski, E.I. 
duPont de Nemours & Company, to 
Stephen L. Johnson, USEPA. March 14, 
2003. 

14. Order on Consent between E.I. 
duPont de Nemours & Company and 

USEPA, Region 111 and Region V. 
Philadelphia, PA. March 12,2002. 
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Stephen L. Johnson, 
Assistant Administrator forPreven tion, 
Pesticides and Toxic Substances. 
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ENVIRONMENTAL PROTECTION 
AGENCY 

Kansas State Plan for Certification of 
Applicators of Restricted Use 
Pesticides; Notice of Availability 

AGENCY: Environmental Protection 
Agency (EPA). 

ACTION: Notice of intent. 

SUMMARY: The State of Kansas has 
submitted to EPA programmatic 
amendments to its State Plan for 
Certification and Training of 
Applicators of Restricted Use Pesticides. 
The proposed amendment establishes 
new requirements for the recertification 
of pesticide applicators. Notice is 
hereby given of the intention of the 
Regional Administrator, Region VII, to 
appmve the revised Plan for the 
Certification of Applicators of Restricted 
Use Pesticides. EPA is soliciting 
comments on the proposed 
amendments. 

DATES: Comments, identified by docket 
ID number OPP-200341078, must be 
received on or before May 16,2003. 

ADDRESSES: Comments may be 
submitted electronically, by mail, or 
through hand deliverylcourier. Follow 
the detailed instructions as provided in 
Unit I. of the SUPPLEMENTARY 
INFORMATION. 

FOR FURTHER INFORMATION CONTACT: John 
T. Tice, Water, Wetlands and Pesticides 
Division, WWPD-PEST, 100 Centennial 
Mall N., Room 289, Lincoln, NE 68508; 
telephone number: (402) 437-5080; e- 
mail address: Tice.johnBepa.gov. 

SUPPLEMENTARY INFORMATION: 
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FAST TRACK ARTICLE

CommunityExposure to Perfluorooctanoate

RelationshipsRelationship Between Serum ConcentrationsConcentration

and Exposure SourcesSource

Edward Anthony Emmett MD MS luoropolymersluoropolymer are used in variety

FrancesFrance Susan Shofer PhD of industrial and consumer productsproduct

including nonstick cookware water

Hong Zhang MPH
proof breathable textilestextile consumer

David Freeman MS house waresware electronicselectronic aerospace

Chintan Desal BSc and other applicationsapplication Perfluoro

octanoate PFOA CF
Leslie Michael Shaw PhD CAS No 3825261 also occursoccur as

contaminant in other fluorochemi

Objective The objective of thisthi study was to determine er
calscal and tetomer productsproduct TelomersTelomer

in residentsresident near produc are highly fluorinated compoundscompound used

tion facility the contributionscontribution from air water and occupational in protective coatingscoating for carpetscarpet

exposuresexposure personal and iyh habitshabit and relationshipsrelationship to age and paper construction materialsmaterial and

gender MethodsMethod The authorsauthor conducted questionnaire and serum apparel and in insecticide formula

PFOA measurementsmeasurement in
stratified

random sample and volunteersvolunteer tionstion and high performance surfac

residing in locationslocation with the same residential waler supply but with tant productsproduct

higher and lower potential airPFOA exposure ResultsResult Serum PFOA PFOA has commercial use primar

greatly exceeded general population mediansmedian Occupational exposure
ily as ammonium perfluorooctanoate

an essential surfaceactive agent in the

from production processesprocesse using PFOA and residential water had
production of variousvariou fluoropolymersfluoropolymer

additive effectseffect no other occupationsoccupation contributed Serum PFOA
including tetrafluoroethylene PFOA is

depended on the source of residential drinking water and not potential contaminant in other lu
air exposure For public water usersuser the bestfit model included age tap and telomer productsproduct According to

water drinksdrink per day servingsserving of homegrown fruit and vegetablesvegetable and manufacturersmanufacturer it is typically not

carbon filter use ConclusionsConclusion Residential water source was the primal present in finished consumer articlesarticle

determinant of serum PFOA Occup Environ Med Ammonium perfluorooctanoate is77 fully dissociated into the anion form

tanoateh in environmental

media and biologic fluidsfluid

Organofluorine compoundscompound behave

iydifferently to the more widely stud

ied lothiesh and organobrominesorganobromine

and have unusual partitioning proper

2h and rQosulfFrom University of Pennsylvania Dr Emmett Dr Shofer Mr es Dr Shaw School of

Medicine Philadelphia lvania Grand Central Family Medicine Dr Parkersburg West fliC acidsacid particularly PFOA and

Virginia and the rh Community Association Mr Freeman Cutler Ohio perfluorooctane sulfonate PFOSPFO are

ThisThi study was supported by grant ES from the Environmental Justice Program of the now found ubiquitously in marine ani
National Institute for Environmental Health SciencesScience IEH National InstitutesInstitute of Health and by

malsmal inhabiting widely spread geo
P30 Core Center grant ES 13 from the NIEHSNIEH

AddressAddres correspondence to Edward Emmett Occupational Medicine inh Pavilion graphic 3h in human serum

Ground Floor 3400 Spruce St Philadelphia PA Email ailmedup from widely disparate ro
Copyright 6h by American College of Occupational and Environmental Medicine and PFOSPFO persist in the environment and1Q0 resist biologic environmental and pho
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tochemical degradation 3M 2001 and exposuresexposure beyond those attribut exposuresexposure personal habitshabit use of

They have no known natural 8h to direct releasesrelease from industrial water filtersfilter and dietary factorsfactor such

In the general US population me facilitiesfacilitie But whether human expo as the ingestion of locally harvested

dian serum PFOA valuesvalue are around soressore are due to PFOA in the air the game and fish and of homegrown

to ngmL occasional valuesvalue are water on dustsdust or sedimentssediment in dietary vegetablesvegetable

above 20 mL no signifi sourcessource or through some combination

cant gender differencesdifference AnalysesAnalyse of of routesroute is currently 2Sh MaterialsMaterial and MethodsMethod

blood samplessample from residentsresident near PFOA has been used in the manu rECriteria

Washington County Maryland found facturing of fluoropolymersfluoropolymer at facil

twofold increase in serum PFOA ity in Washington West Virginia Eligibility criteria for
participation

levelslevel between 1974 and 19896 since 1951 Potential airborne PFOA in the study were

Kannan et reported differ exposure was modeled using informa Residence in the area serviced

encesence in blood serum PFOA levelslevel tion on releasesrelease from the plant mete the Little Hocking Water Associa

among populationspopulation from different orologic conditionscondition and topography tion for at least the past yearsyear as

countriescountrie The wind rose map which showsshow the of July

PFOA toxicology has recently frequency and strength of windswind from AgesAge or older changed to agesage
been reviewed PFOA is well ab different directionsdirection for the plant or older after the study began to

sorbed by ratsrat after both oral and catescate the primary wind direction to minimize participant discomfort

inhalation exposure Fecal excretion ward the northnortheast would carry and

in male ratsrat is increased by feeding airborne emissionsemission into neighboring Not known to have bleeding

cholestyramine resin suggesting en Ohio PFOA was also released to the disorder to diminish any risk from

terohepatic Dermal Ohio River adjacent to the plant as phlebotomy

penetration is significant in ratsrat but well as disposed in landfillslandfill and sur ch ion ouse or
is low to negligible in humanshuman in face impoundmentsimpoundment in the

vicinity
Ac

ratsrat PFOA is peroxisome prolif cording to the facility total PFOA Sampling Frame

erator activated receptor PPAR ag emissionsemission from the facility have been Two populationspopulation of residentsresident were

onist causing liver Q2E3h reduced from 87000 lbs 31000 air identified for participation in the strat

hepatomegaly and hepatic necrosisnecrosi 56000 water and 80000 lbs 31000 ified random sampling One popula

and biochemical fe characterischaracteri air 49000 water in 1999 and 2000 tion represented those whose residence

tic of PPAR QS4h pro respectively to 11000 lbs 6000 air was potentially exposed to PFOA in

motesmote liver carcinogenesiscarcinogenesi in ratsrat 5000 water and 1700 lbs 200 air both air and water and the other whose

and causescause Leydigceil testicular tu 1500 water in 2003 and 2004 residence was potentially exposed to

morsmor and acinar cell pancreatic tu respectively PFOA in water but had
very minimal

morsmor through nongenotoxic PFOA has been detected in public potential for exposure in air The samES9h questionable and private drinking water suppliessupplie pling randomly selected householdshousehold

human relevance The human half near the facility The highest levelslevel from each of these strata

life of PFOA was between and reported in public water suppliessupplie in the To identify areasarea where there was

yearsyear for retireesretiree with previouspreviou heavy United StatesState to date have been in the higher exposure to PFOA in the air

occupational much longer Little Hocking water system in oper we used an air dispersion model that

than in laboratory animalsanimal ation since which drawsdraw water estimated the air concentration for

Control of human
exposure to from wellswell acrossacros the Ohio river from PFOA emanating from the PFOA

PFOA has been limited by the lack the facility The average PFOA in source plant InputsInput into the air dis

of information on sourcessource and path Little Hocking system distribution persion model included the amountsamount

waysway As the Environmental ter for 20022005 has been 355 of air emissionsemission for the plant wind

Protection Agency EPA statesstate At ngmL range mL velocitiesvelocitie and topographic contourscontour

present there arent any stepsstep that The objectivesobjective of the present study The air concentrationsconcentration had been

EPA recommendsrecommend that consumersconsumer were to measure serum PFOA levelslevel in modeled for yearsyear 2002 and 2003 on

take to reduce exposure to PFOA stratified random sample of the pop an annual basisbasi the model produced
because the sourcessource of PFOA in the ulation served by the Little Hocking very similar resultsresult for each of these

environment and the pathwayspathway by water service to determine how the yearsyear To identify areasarea in the Little

which people are exposed are un serum PFOA levelslevel compared with Hocking water service distribution

known The limited geographic loca levelslevel measured in other populationspopulation area map of the water distribution

tionstion of lhplantsplant the relative contributionscontribution of air and system was obtained for the Little

making or using the chemical sug water exposure to serum PFOA levelslevel Hocking water service The potential

gest that there may be additional and to determine the effectseffect if any of air and water exposure group com
sourcessource of PFOA in the environment demographic variablesvariable occupational prised all those who had resided for
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sociation water For the area ied
as having only water

exposure to

PFOA stratified random sampling of

householdshousehold was performed resulting

in the selection of 342 householdshousehold All

membersmember of selected householdshousehold who

met the study eligibility criteria were

invited to participate

invitationsinvitation to Participate

tion lettersletter were sent from the

University of Pennsylvania to each

selected household If no response was
Little Hiang sr received second mailing was sent If

there was still no response after ap
proximately daysday telephone call

was made to the household by staff of

Decatur Community Association

65 milesmile No participant chose an option for

anonymousanonymou participation On the

weekend before the mailing of the

at invitation letter flyer was placed in

the area weekend newspaper to an
ceh ici SO

nounce that invitation lettersletter were

i0 Ri forthcoming The principal local newsnew
paper the Marietta TimesTime indepen

Fig Map showing the locationslocation of the studied communitiescommunitie and the source facility SubjectsSubject
for the minimal air exposure group were selected from the area shown in yellow subjectssubject for the dently wrote an editorial encouraging

higher air exposure group from the area are shown in red ResidentsResident in both of these areasarea those lec to consider participation

obtained their water from the same public residential water supply The location of the source mmu Volunteer Group Be
facility is shown in black The residentsresident lived in Ohio the source facility is located in West

Virginia The state boundary the Ohio River is shown in blue cause of great community interest

lottery was conducted to select an

additional sample of inviteesinvitee from

householdshousehold that volunteered to par
at least yearsyear in the water distribu

posure
and the potential wateronly

ticipate in the study in response to

tion system area of the Little Hock exposure zoneszone
newsletter notice Those householdshousehold

ing water service and also within the To identify householdshousehold and resi
that met study criteria including re

contour line representing 02 in the zip codescode of interest de
siding in one of the areasarea used for

PFOA in the air as lyh average mographic and other information were stratified random sampling were in

for 2002 These householdshousehold were all purchased from wwwinfousa pro cluded in the lottery

located in portionsportion of zip codescode prietary database of detailed informa

45714 lpre and 45742 Little tion on US consumer householdshousehold Administration of QuestionnairesQuestionnaire

Hocking compiled from thousandsthousand of public Administration of questionnairesquestionnaire
The potential water exposure sourcessource The itemsitem used to select invi and collection of blood samplessample were

group comprised residentsresident who had teestee were namesname of head of household
performed between July 2004 and

resided for at least yearsyear in the street addressaddres city state zip code and
February 2005 in nearby ParkersParker

water distribution system area of the length of residence
burg West Virginia The question

Little Hocking water service but in Selection of StratifIed Random nairesnaire were developed and revised

an area where air exposure to PFOA Sample For the area identified as hay after review by the membersmember of the

from the facility was negligible The ing both air and water exposure 95 Community Advisory Committee and

selected study area was zip codescode householdshousehold in the wwwinfousa data an expert panel from the US EPA
45724 Cutler and 45784 Vincent base met the requirementsrequirement all were The Community Advisory Committee

These areasarea were all at least several invited to take part in the study These convened by the Decatur Community

milesmile outside the lowest air concen included householdshousehold with measured Association comprised representativesrepresentative

tration contourscontour derived from the air PFOA levelslevel in potable well water of the townshipstownship in the Little Hocking

dispersion model Figure showsshow the measured by the Ohio Department of Water Association Service District

location of the residence areasarea for Environmental Protection and house representativesrepresentative from the Ohio and US
both the potential air and water holdshold using Little Hocking Water As EPA the Warren School District and
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the County Health Commissioner Be laboratory Exygen Research where it if ThisThi is the external

fore finalization the questionnairesquestionnaire was stored at 80C pending lysi standardization method used for the

were pilot tested on representative StandardsStandard and ChemicalsChemical The determination of PFOA in the set of

group
of 20 individualsindividual from similar standard for perfluorooctanoic acid 408 samplessample described in thisthi study

southeastern Ohio or western West 992 was obtained from Oakwood For samplessample with PFOA concentra

Virginia communitiescommunitie who did not ProductsProduct Inc West Columbia SC tionstion 100 ngmL the sample was

live in the Little Hocking Water Asso and characterized by DuPont Newark diluted in 5050 methanolwater and

ciation District IE AnalysisAnalysi by NMR confirmed rerun In addition the analysisanalysi of

Trained interviewersinterviewer administered that the PFOA standard contained PFOA was done using

all questionnairesquestionnaire Only one person 987 straight chain PFOA and rooctanoic acid as an internal Stan

from each household supplied house 053 branched PFOA isomersisomer The dard for randomly selected set of

hold information The household quesque internal standard 35 of the samplessample to certify that the

tionnaire elicited information to ensure PFOA external standardization method used

that participantsparticipant met the eligibility ci 964 was provided by DuPont provided equivalent PFOA concen

teria demographic information on li ChemicalsChemical and reagentsreagent used in the tration valuesvalue For these analysesanalyse the

leh participantsparticipant household contact sample preparation procedure or in the internal standard was mixed in ace

information sourcessource of residential mobile phase were of reagent grade tonitrile at concentration of ng

drinking water private well water dis and were obtained from VWR Scien mL As described previously for the

trict cisternscistern bottled water hauled tific Bridgeport NJ and Sigma externally standardized assay for

water and so on use of home water Aldrich St LouisLoui MO SolventsSolvent sample preparation to 100 of

filter and water source and estimated used for the mobile phase acetonitrile standardsstandard controlscontrol and study subject

use for cooking canning and stih water were of HPLC grade and were samplessample was added to 300 of

tuting canned soupssoup and frozen juicesjuice obtained from EM Science GibbsGibb acetonitrile containing the internal

All adultsadult 18 yearsyear and older were town The control human serum standard and the cell and protein

administered the adult questionnaire was purchased from Lampire Biologi free supernatantssupernatant prepared as de

that elicited demographic informa cal LaboratoriesLaboratorie Inc Pipersville PA scribed previously On comparison

tion diet including consumption of and stored frozen at ThisThi fluid of the externally standardized with

vegetablesvegetable or fruit grown in your was used for the preparation of labo the internally standardized setsset of

garden meat or game grown locally ratory quality control samplessample with resultsresult on the 35 selected samplessample

and fish caught locally health con spikedin PFOA linear regression analysisanalysi showed

ditionsdition liver thyroid bleeding dis Chromatographic and MassMas Spec cellent agreement between the two cal

ordersorder current medicationsmedication current ich Condit ionsion PFOA was an ibration proceduresprocedure YIS 073

occupational or school if fulltime alyzed through massmas 00229 Xext std 0385 0468

student employment including at spectrometry by slight modifica 0985 154

facility using PFOA visiting or pro nh of the method of Flaherty et Spike SamplesSample and

cessing waste from that facility StandardsStandard Sample Preparation Sample AssaysAssay One matrix spike

work as firefighter in carpet clean and Calibration ControlsControl and study for every 20 samplessample was prepared by

ing or retreating carpetscarpet or rugsrug or in subject samplessample were added to 300 adding known concentration of the

professional carpet installation and of lehThe samplessample were PFOA to the study subject serum sam

smoking and alcohol habitshabit thoroughly mixed by vortexing centri Ie for the purpose of assessment of

All children were administered fuged and of the cell and protein the methodsmethod accuracy throughout the

questionnaire that was similar to the free supematant used for analysisanalysi by the set of study subject serum samplessample
adult questionnaire except that the quesque HPLC tandem massmas spectrometer sys The mean PFOA recovery for these

about occupation and about smok tern sevenpoint calibration curve was spiked samplessample was 95 with stan

lug and alcohol habitshabit were ted analyzed throughout the analytical dard deviation SD of In ad

quence for the fluorocompoundsfluorocompound dition one sample of every was

Collection and Assay of PFOA
The calibratorscalibrator included normal hu extracted and analyzed in duplicate to

man serum spiked with 05 provide an assessment of the methodsmethod
luh Ill oerum 20 50 and ngmL of PFOA The precision throughout the set of Sam

Specimen Collection Twenty mu instrument response versusversu the li piespie The average between
assay CV

lilitersliliter of blood were drawn into red brator concentration was plotted for for PFOA duplicatesduplicate was 57 The

topped Vacutainer tube for PFOA each point Linear regression with lower limit of quantification of thisthi

analysisanalysi immediately centrifuged and weighting was used to deter method is 05 ngmL Validation of

the resulting serum was transferred to mine the slope yintercept and thisthi LLOQ was conducted with repli

polypropylene aliquot tubestube labeled coefficient of determination Q2 Call cate spiked samplessample of human serum

and shipped on dry ice to the analysisanalysi bration curvescurve were deemed acceptable with PFOA spiked into the samplessample at
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05 ngmL the concentration of the
age

PFOA concentration in Little Hock Hocking water system water Only in

lowest calibrator for thisthi assay The ing system distribution water from dividualsdividual who designated single

mean recovery SD was 1h January 2002 until May 2005 was 355 source of residential drinking water

27 lmL range 1572 ngmL For and who did not have substantial oc
Serum PFOA Philadelphia private wellswell used by study partici cupational exposure to PFOA were

unteer Group To help ensure that pantspant PFOA concentrationsconcentration ranged included in these analysesanalyse

published general population serum from not detectable lmL
PFOA levelslevel were suitable for corn to 140 ngmL Human SubiectsSubiect Approval

parison purposespurpose under the The study was approved by the In

stancesstance of the study we identified
Statistical AnalysisAnalysi

stitutional Review Board of the Uni

comparison group of 30 volunteersvolunteer To determine if serum PFOA 1ev ityh of Pennsylvania The study was

from the Philadelphia area The Phila els differed by dietary or personal voluntary and informed consent was

iph volunteersvolunteer staff and studentsstudent habitshabit water source water use oc obtained for all participantsparticipant before any

at the Hospital of the University of cupational exposure and so on pre study MinorsMinor under the agesage of 17

Pennsylvania were paid 20 each to liminary data analysesanalyse included the were encouraged to give informed as

participate Their mean age was 343 test for binary predictorspredictor or the anal sent whenever feasible certificate of

yearsyear range 2056 yearsyear were ysisysi of variance for greater than two confidentiality was obtained from the

nine men and 21 women None iden exposure categoriescategorie Adjustment for National InstitutesInstitute of Health to ensure

tified previouspreviou or current occupational multiple comparisonscomparison were made us maximum protection of personal infor

exposure to PFOA Blood from these ing TukeyKramer To check the as mation and resultsresult

individualsindividual was drawn handled spun sumptionssumption of the statistical approach partnership among the University

stored shipped and analyzed for used variousvariou analysesanalyse were rerun of Pennsylvania School of Medicine

PFOA in an identical manner to the with the exact test using Monte The Decatur Community Association

blood obtained during the study The Carlo ResultsResult were similar to that of local community association in the

mean serum PFOA levelslevel for the Phil the test Subsequent higherorder Little Hocking water service area and

adeiphia comparison group was analysesanalyse included analysisanalysi of co Grand Central Family Medicine in

lmL leh range ng variance adjusting for age Final West Virginia local

mL consistent with published valuesvalue multivariate analysisanalysi to assessasses the healthcare provider conducted the

for the US latio independent contribution of multiple study through grant from the Envi

variablesvariable was generalized estimat ronmernal Justice Program of NIEHSNIEH

PFOA Water Sam and
ing equation GEE to adjust for The community was involved at all

household cluster Only variablesvariable as stagesstage of the study local healthcare

Comparison to Serum LevelsLevel
sociated with serum PFOA levelslevel on provider informed each participant of

The concentration of PFOA in fin univariate analysisanalysi with probability his or her personal PFOA resultsresult to

ished water in the Little 1locking 010 were included To determine gether with any necessary explanation

water system has been measured ap model of best fit both forced entry

proximately quarterly from January and backward elimination were used ResultsResult

22 2002 to March 18 2005 by the All analysesanalyse were performed using

Ohio EPA Fourteen measurementsmeasurement SAS statistical software version 1h Response and ipation Rate

were available for thisthi period resultsresult SAS Institute Cary NC StratifIed Random Sample Three

before November 29 2004 had been 005 was considered statistically sig hundred fortythree individualsindividual from

reported as amnionium luo nificant Serum PFOA levelslevel serum 169 householdshousehold participated in the

rooctanate APFO and as PFOA PFOA are presented as mean me phlebotomy and questionnaire ad

from that date PFOA concentration dian and interquartile range IQ ministration One subject withdrew

in private residential well water was To examine the effect of demo from the study six subjectssubject could not

publicly available for nine individu graphic variablesvariable age gender dura donate sufficient blood one subject

als for whom private well water was tion lived at current residence we did not complete the questionnaire

their only reported source of residen excluded the 18 participantsparticipant who re and subjectssubject did not meet eligibil

tial drinking water In one instance ported substantial occupational expo ity criteria because their household

six samplessample had been taken at regular sure defined subsequently to PFOA water service was received from

intervalsinterval from 2002 through 2005 For To examine the effectseffect of number of water system other than the Little

thisthi well the valuesvalue obtained were glassesglasse of drinking water per day use Hocking Water Association Accord

averaged to obtain mean level over of residential water filter and of ingly data were available for analy

the period For the remaining wellswell dietary exposuresexposure we included only sis from 324 subjectssubject from

only one sample had been analyzed those residentsresident whose sole source of householdshousehold selected through the

from single point in time The aver residential drinking water was Little stratified random selection processproces
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As result of thisthi finding the sub
TABLE

stantial occupational exposure group
Household Participation RatesRate for Randomly Selected HouseholdsHousehold

was removed from further analysisanalysi of
by Community

PFOA exposure in the ity
HouseholdsHousehold

Invited to No Agreeing No Completing Participation
Because the serum PFOA levelslevel for

Participate Acquisition Rate the potential exposure group were not

Little Hocking 78 45 38 487 different from the rest of the commu

lpr 17 41 ty they were included in subsequent

Cutler 101 45 30 297
analysesanalyse of community exposuresexposure and

Vincent 241 115 86
treated for purposespurpose of analysisanalysi as res

Total 437 213 1h 368
identsident without substantial occupational

exposure

The participation rate by location of lit in nonproduction area at the Role of Community Air

household mailing addressaddres is given fluoropolymer production facility in Exposure Serum PFOA by

in Table production area for lessles than year Community of Residence

Response and Participation total andor more than 10 yearsyear ago or
The median serum PFOA level in

Community Volunteer Group One in job for another employer that
the combined two areasarea with highest

hundred percent of the 37 house
required VisitsVisit to the fluoropolymer

potential air exposure Little Hocking
holdshold selected by lottery participated production facility so did not meet the

and lprwas 326 ngmL compared
in the phlebotomy However two criteria for substantial occupational

with 368 ngmL in the two combined
individualsindividual from two householdshousehold did

posure eight individualsindividual had worked in
areasarea with potentially minimal con

not complete the questionnaire and
job involving waste disposal or waste

tribution from PFOA through air pol
were excluded from further analysisanalysi

processing from the fluoropolymer iQ
lution Cutler and Vincent Table

ThusThu data from 54 individualsindividual from
ufacturing facility 29 individualsindividual had

ThisThi difference was not statistically
35 householdshousehold were included in the

worked as firefightersfirefighter volunteer mili
significant 032

final analysisanalysi The racial and ethnic
tary as company employee or paid Additionally the inclusion of local

composition of both participantsparticipant and
and individualsindividual had worked in car volunteersvolunteer made no appreciable dif

volunteersvolunteer was predominantly white
pet cleaning retreating carpetscarpet or rugsrug ference to the resultsresult Table Be

nonHispanic 97 3671 re
or in professional carpet installation cause of the similarity of serum

flecting the composition of Washing
Compared with the noexposure PFOA levelslevel in each community re

ton County Ohio
group none of these occupational gardlessgardles of air pollution or the inclu

Role of Occupational Exposure posure groupsgroup had statistically signifi sion of volunteersvolunteer all communitiescommunitie

cant elevated serum PFOA levelslevel and samplessample were combined in the
We established criteria for substan

005 Table Among those with subsequent analysesanalyse to examine the
tial occupational exposure to PFOA of

potential occupational exposure the effectseffect of water exposure on PFOA
at least yearsyear work in production

highest median valuesvalue were observed

Role of Exposure in Waterarea within facility in which PFOA
for firefightersfirefighter However these valuesvalue

was used in the production processproces
remained well below the concentra

Serum PFOA and Primary
with the last such occupational expo

tionstion of the substantial occupational Source of Residential
sure within the previouspreviou 10 yearsyear Sev

enteen individualsindividual from the stratified
exposure group Because none of these Drinking Water

random sample and one from the local
had significantly elevated semm

With regard to water exposure the

volunteer sample met thisthi definition
PFOA levelslevel they were aggregated into

highest median serum PFOA level

for substantial occupational exposure
one group potential exposure for statisstati

374 ngrnL was found for the group

All had received their occupational
aQl analysisanalysi who used only Little Hocking system

exposure to PFOA in the same flu
When comparing substantial p0 water as their residential drinking wa

lymer manufacturing facility lo and no occupational exposure ter source Table The lowest was

cated in Washington West Virginia groupsgroup the substantial occupational found in those who currently used only

acrossacros the Ohio River from the study exposure group had significantly bottled andor cistern andor spring

area An additional 48 individualsindividual re higher median serum PFOA levelslevel of water as the source of their residential

potted past or current potential occu 775 ngmL than the potential expo drinking water The serum PFOA

pational exposure to PFOA as followsfollow sure 388 ngmL and no occupa els in those who used bottled spring

individualsindividual can be represented more tional exposure groupsgroup 329 lrn or cistern water was significantly

than once 18 individualsindividual had worked 00002 and 00001 respec lower than those in both the Little

in fluoropolymer manufacturing fa tively Table Flocking water system only and the



JOEM Volume 48 Number August 2006 765

TABLE

Serum PFOA ngmL by Occupational Exposure Group

lnterquartile

Occupational Exposure Median Mean Range

No occupational exposure 312 329 423 537
Potential occupational exposuresexposure 48 388 6h 623

Firefighter voluntary military company employee or paid 29 447 453 236709

Nonproduction area of fluoropolymer facility in production 18 381 386 430
area not meeting criteria for substantial occupational

exposure or requiring visitsvisit to facility

Carpet cleaning retreating carpetscarpet or rugsrug or in profesprofe 13 302 408 191631

sional carpet installation

Facility processing or disposing fluoropolymer production 253 578 918
waste

Substantial occupational exposure production area within 18 775 824 422999

facility in which PFOA was used in the production

processproces yr
and last exposure having occurred within

previouspreviou 10 yrs

Some individualsindividual had more than one potential occupational exposure therefore for the potential occupational exposure subgroupssubgroup doesdoe
not total to 48

PFOA indicatesindicate pertluorooctanoate

TABLE

Serum perfluorooctanoate ngmL by Community Area for Randomly Selected ParticipantsParticipant and for All ParticipantsParticipant

All ParticipantsParticipant local volunteersvolunteer and

Randomly Selected ParticipantsParticipant randomly selected

Mean Median Mean Median

Community areasarea with higher expected

contribution from air

lpr 14 321 8h 53 30 307 244 103445

Little Hocking 74 478 327 187572 92 458 311 175567

Total 88 453 326 176568 122 421 298 155556

Community areasarea with minimal expected

contribution from air

Cutler 59 361 316 169477 70 380 314 185477

Vincent 160 439 370 190570 168 438 370 188577

Total 219 418 368 182555 238 421 361 186555

subjectssubject with substantial occupational exposure were excluded from analysisanalysi

lOB indicatesindicate lehrange

mixed Little Hocking plusplu another

TABLE
ter source groupsgroup 00004 and

Serum PFOA lrnby Primary Residential Source of Drinking Water All

0007 respectively The serum

ParticipantsParticipant randomly selected and local volunteerst
PFOA levelslevel for those who used le

ileh Hocking water system water only and

Drinking Water Source Median Mean Range
the mixed Little Hocking and another

Little Hocking system water only 291 374 448 221576 71950
water source were not stsig

Little Hocking system plusplu bottled 26 320 358 206370 721280 nificantly different 017
or spring The mean serum PFOA levelslevel in

Bottled andor cistern andor spring 10 71 154 49217 12527 those who used any well water as their

Well water and well and other 26 79 296 281 55 84520
sole ialhdrinking water source

was variable thisthi group included some

Subje with substantial occupational exposure to PFOA were excluded from these of the lowest and some of the highest

analysesanalyse PFOA serum concentrationsconcentration
tSeven subjectssubject did not indicate residential source of drinking water

different from Little Hocking water only 0003 and Little Hocking
Relationship Between PFOA in

system plusplu bottled or spring water 005 Primaty Residential Water Supply

PFOA indicatesindicate pertluorooctanoate and Serum PFOA in ResidentsResident
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10000 dential drinking water the serum

drinking water PFOA ratiosratio ranged

from 142 to 855

1000

Serum PFOA LevelsLevel and Gender

Age YearsYear of Residence Smoking
tE Al

Serum PFOA level was not sig

nificantly different by gender for

10 participantsparticipant without substantial oc
Not Detectable 23 355 515

cupational exposure 032 The

Water PFOA ppb median PFOA for femalesfemale was 320
Categorical Scale

ngmL IQ 15 and for

Relationship of periluorooctanoate PFOA concentration in water source Little
malesmale it was 345 IQR 190576

Hocking and private wellswell to serum PFOA levelslevel The numbersnumber in parenthesesparenthese indicate the

number of samplessample Although the number of observationsobservation from personsperson using only residential
Serum PFOA concentrationsconcentration were

well water source is small there is marked and statistically significant relationship between the
highest in those aged more than 60

PFOA levelslevel in serum and the PFOA concentration in the residential drinking water source Oniy
followed by those aged from 25 and

subJectssubJect yearsyear of age or older using single iden snk water source were included

the analysisanalysi
those aged 160 Fig Partict

pantspant 60
yearsyear were significantly

more likely to have higher serum

PFOA levelslevel compared with partici

Median
pantspant in all other

age groupsgroup except

children to yearsyear old 00006
800 02

With regard to residence only par

600
ticipantsticipant over 18

yearsyear were exam
med YearsYear lived at current residence

was grouped into
yearsyear

400

ft
with

yearsyear of residence 06
200 Therefore age was controlled for in

the analysisanalysi for which no

significant association between yearsyear

lived at current residence and serum
25 610 1115 1620 2130 40 4150 5160 60 PFOA levelslevel was found 07

Age yearsyear The influence of alcohol consump

Fig Distribution of serum perfluorooctanoate PFOA levelslevel in lmL by age ResidentsResident
tion of beer wine or

60 yearsyear had significantly higher serum PFOA levelslevel compared with all other age groupsgroup liquor in the last 30 daysday and smoking

except children aged 25 yearsyear current cigarette smoker were evalu

ated in all adult participantsparticipant agesage 18

and over who did not have substantial

ure presentspresent graphic relationship known is small there is an apparent occupational exposure
No significant

between PFOA concentrationsconcentration in strong relationship between the level association was found between serum

drinking water and serum PFOA 1ev of the serum PFOA levelslevel and the PFOA levelslevel and smoking 028
ls Three individualsindividual drank from PFOA concentration of the drinking or serum PFOA levelslevel and alcohol

wellswell where the PFOA was not do water source consumption 046
tectable their

average serum PFOA The median serumdrinking PFOA
level was 208 ngmL range water ratio residentsresident using only the Little Hocking Water System
314 ngmL Six individualsindividual used Little Hocking water system was 105 UsersUser Water Use VariablesVariable

private well with measurable PFOA 371355 with an interquartile range Affe
in water as their only source of resi between 62221355 and 162 576
dential drinking water Although the For the six individualsindividual who PFOA ConcentrationsConcentration

numbersnumber of individualsindividual for whom the used private well with measured The effect of drinking tap water

PFOA concentration in well water is PFOA as their only source of resi eating local fruitsfruit and vegetablesvegetable meat
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secondary analysisanalysi has been per
TABLE

formed examining air exposure and
Serum luoroo ngmL Number of Tap Water DrinksDrink per Day

Consumption of Local Meat and Game Fish VegetablesVegetable and FruitsFruit and Use
local vegetablefruit intake There was

no effect of air exposure on PFOACarbon Water Filter

leh 016 or the interaction between

Factor Meant Median Range prt air exposure and local vegetablefruit

Tap water drinksd
intake 073 As result of the

20 374 301 233423 lack of association between these two

12 40 324 265 176438 variablesvariable air
exposure was not in

34 66 413 370 550 cluded in the GEE model Similarly
58 90 450 373 242373

there was statistically significant in
55 565 486 294486

Local meat
crease 00002 in the mean serum

157 389 329 498 0018 PFOA associated with increasing

120 49 488 451 246690 numbersnumber of weekly servingsserving of fruitsfruit

20 77 516 424 595
and vegetablesvegetable from local garden

Local fish

Additionally there was an increase in
No 273 448 374 221571 08958

Yes 18 458 398 290681
serum PFOA with servingsserving of meat or

Fruit and vegetablesvegetable game grown or harvested locally

from your garden 0005 No association was found be
133 356 295 174485 00001 tween local fish consumption and se

120 75 458 420 264661
rum PFOA concentrationsconcentration

20 77 571 469 802
With regard to water filtration sysCarbon water filtert

Yes 64 360 318 170482 00005 temstem residentsresident using only Little

No 209 493 421 258631 Hocking water system water as their

residential drinking water source
Rocking water source only

tMeanstMean adjusted for age unlessunles otherwise indicated were divided into two groupsgroup those

adjusted for age using home water filter system

pr indicatesindicate probability based on carbon 64 and those

indicatesindicate Ivalue who had no home water ltr
PFOA ppb system or used system not known

700
to remove PFOA or used system

whose type and composition could

not be verified 209 ResidentsResident600

using carbon water filtersfilter had signif

icantly lower median serum PFOA
500

levelslevel 318 ngmL compared with

residentsresident using Little Hocking System

water who did not use carbon water

filtration 421 ngrnL 0008

Serum PFOA LevelsLevel and

15 2h 23 24 Sh

Household Cooking Use of

Cooking Making soupssoup Reconstituting Reconstituting Home Tap Water

vegetablesvegetable and StewsStew canned soupssoup trozen juicesjuice vegetablesvegetable

and tah and meatsmeat There was no relationship between

Fig Distribution of serum perfluorooctanoate OA levelslevel in tnL within
serum PFOA and the use of tap

for cooking tap water uset amountsamount are servingsserving per week OAh levelslevel representsrepresent average water in cooking for those house
household value using Little Hocking water system only holdshold using only Little Hocking wa

ter system water Fig When

cooking vegetablesvegetable and pasta mak
or fish or having carbon water filter 0004 Particularly participantsparticipant who ing soupssoup and stewsstew reconstituting

on serum PFOA concentrationsconcentration in Lit drank eight or more cupscup of tap water canned soupssoup reconstituting frozen

tie Hocking Water System UsersUser is per day at home or at work had fruit juicesjuice and home canning of

shown in Table With increasing tap significantly higher serum PFOA vegetablesvegetable and meatsmeat were exam
water drinksdrink

per day at home or at els compared with other drinking cat ined no statistically significant rela

work PFOA levelslevel increased egoriesegorie 0002 0004 tionship with serum PFOA levelslevel



768 Community Exposure to Perfluorooctanoate Emmett et al

our sampling did not have significantly

TABLE
increased serum PFOA levelslevel cornsut of Apptication of General Estimating EquationsEquation
pared with other residentsresident The serum

Standard 95 Confidence
PFOA levelslevel in nonoccupationally ex

Parameter Estimate Error LimitsLimit pr
posed community residentsresident in the

intercept 11054 5810 334 22442 19 00571
Little Hocking water service district

Vegetable and fruit from 6231 2096 2123 10339 297 00029

your garden ngswk approached and frequently surpassed

Tap water drinksd 593 202 197 988 294 00033 those measured in production workersworker

Age yrs 353 103 150 555 342 00006
exposed to PFOA at the source flu

No carbon filter use 10492 3586 3465 17520 293 00034
oropolymer manufacturing plant

NotesNote ThisThi analysisanalysi lude only participantsparticipant from householdshousehold using Little Hocking water These resultsresult illustrate that body bur

system only ParticipantsParticipant with substantial occupational exposure were excluded densden of pollutantspollutant sustained through

pr indicatesindicate probability community environmental
exposuresexposure

indicatesindicate Zvalue
are not necessarily lessles than those sus

tained through occupational exposure

We were able to explore other po

was found However linear trend children from acrossacros the United tential occupational exposure
contribu

of increasing serum PFOA levelslevel StatesState it was from 19 ngmL to 561 tionstion to the serum PFOA levelslevel In

was observed with increasing use of 9h serum PFOA levelslevel for addition to use in the manufacture of

water for making soupssoup and stewsstew the 30 comparison subjectssubject for the iersh it has been suspected

and for home canning of vegetablesvegetable Philadelphia area in our study all fell
that PFOA may also be breakdown

and meatsmeat within previously reported normal product of fluorinated telomerstelomer PFOA

population rangesrange
is used as surfactant or surface treat

Little Hocking Water System Our random sampling of residentsresident ment chemical in many productsproduct in

UsersUser ltiAnalysisAnalysi in the water district included num cluding firefighting foamsfoam personal

Adjusting for her of individualsindividual who worked in the
care and cleaning productsproduct oil stain

Household Clustering production area of fluoropolymer
grease

and water repellent coatingscoating on

The model of bestfit included age
manufacturing facility located acrossacros carpet textile leather and 2S

PFOA has had limited use as fire

tap water drinksdrink
per day fruit and vege

the Ohio River in Washington West

suppressant study of PFOA in con
table servingsserving per week from your gar

Virginia ThisThi facility is believed to

sumer productsproduct identified extractable

den and use of carbon filter Table
be the primary source of PFOA 01

PFOA in carpet care solutiontreated

Eating meat and game grown or har lution in the area recent study of 24h PFOA and re
vested locally was not found to be so workersworker at thisthi plant found the median

lated fluorinated compoundscompound are cur
ciated with semm PFOA levelslevel serum PFOA level of 490 iLh for

lyh unregulated there is relatively

multivariate analysisanalysi
259 workersworker currently working in pro

little available information on the

duction areasarea where FO was
tent of their use Based on qualitative

Discussion 23h found median serum
assessment of potential occupational

PFOA level of 774 ngmL for the

exposure to PFOA in the southeasternWe found that median serum

PFOA levelslevel in randomly selected
workersworker who had worked in the pro Ohio area we explored

exposure in firefighting carpet cleanresidentsresident of the Little Hocking water
duction area at the facility lived in the

service district ranged from 298 to
Little Hocking water service area and

ing and carpet installation in addition

370 ngmL on the order of 60 to 75 participated in our study The median
to potential exposure in the disposal or

timestime the levelslevel of ih serum PFOA level for these 18
incineration of PFOA andor

mately ngmL previously described
vidualsvidual was 284 ngmL higher than the

from the fluoropolymer manufacturing

for general US laQt median reported for all production
facility We did not observe signifi

majority of serum PFOA levelslevel in
workersworker at the facility suggesting cant increase in median serum PFOA

these residentsresident exceeded the maxi combination of residential water and concentration in any of these occupa

mumsmum reported in previouspreviou commu occupational contributionscontribution to the tional groupsgroup It remainsremain possible that

nity studiesstudie in other geographic
PFOA body burden Because all but in population with lessles exposure to

locationslocation For example the
range of one of the production workersworker we stud PFOA from ambient contamination

serum PFOA levelslevel for 645 US ied were selected through stratified identifiable contributionscontribution to the body

adult blood donorsdonor was from random sampling we consider it un burden might be found from one or

ngmL to 523 4h 238 el likely that selection biasbia could explain more of these occupational

derly volunteersvolunteer in Seattle it was 14 thisthi elevation WorkersWorker from nonpro Several observationsobservation support the

ngfmL to 167 Q5h for 598 duction areasarea of the facility included in conclusion that the major source of the
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PFOA in Little water district bestfit for serum PFOA levelslevel lowest at age 12 Our failure to find

residentsresident was drinking water Serum eluded age tap water drinksdrink per day gender differencesdifference is consistent with

PFOA levelslevel were similarwhether res fruit and vegetable servingsserving per week previouspreviou observationsobservation in the US
identsident lived in the area imat to from lh garden and use of general population

the plant where the air plume would carbon water filter The finding that The association with the number

have been concentrated or in an area PFOA concentrationsconcentration were higher in of servingsserving of fruitsfruit and vegetablesvegetable

that had the same water service but children aged and below and in the from the home garden was unex

was located up to 20 milesmile from the elderly aged over 60 is disturbing pected Possible explanationsexplanation include

plant and where air pollution with because these may represent groupsgroup the use of PFOA containing water

PFOA was estimated to be minimal particularly vulnerable to adverse for cooking canning and washing

Serum PFOA levelslevel were considerably health SQ2Q7SQ reason fruitsfruit and vegetablesvegetable PFOA in the

lower in those residentsresident who were for the higher serum PFOA levelslevel in raw fruitsfruit and vegetablesvegetable and differ

currently using only bottled spring or those aged 60 and above is not en ent dietary and drinking habitshabit in

cistern water as their drinking water tirely clear multivariate analysisanalysi those who consume more home

source Where the primary drinking showsshow the increased consumption of grown fruitsfruit and vegetablesvegetable We
water source was well water serum drinking water in thisthi group doesdoe not consider it unlikely that PFOA is

PFOA levelslevel varied in proportion with fully explain the observed increase elevated in raw fruitsfruit and vegetablesvegetable

well water PFOA levelslevel Both the elderly and those aged from the garden because as result

The median ldrQiwater and below may spend more time at of the natural rainfall characteristicscharacteristic

PFOA ratio of 105 we observed in home with exclusive use of residen it is unusual to water gardensgarden and

Little Hocking water usersuser likely re tial water than working or school fruit treestree extensively with residen

flectsflect both high PFOA absorption aged residentsresident InfantsInfant and young lh water in thisthi district Also the

after oral ingestion and long half children may have proportionately association between serum PFOA

life of PFOA in human blood In ratsrat greater exposure to waterborne pol and servingsserving of fruitsfruit and vegetablesvegetable

the oral lability of PFOA is lutantslutant because they drink more wa was not reduced by adjusting for

approximately The serum ter per kilogram of body weight than residence in the areasarea with known

halflife variesvarie widely by speciesspecie and do 2Q8h levelslevel in the very higher airborne and soil levelslevel of

sex several hourshour for female ratsrat young may also represent additional PFOA We are undertaking further

approximately to 10 daysday for male exposuresexposure as PFOA has been shown studiesstudie to better understand the oh

25h 209 daysday for male and to crosscros the placenta and to be served association

326 daysday for female cynomolguscynomolgu present in breast milk at approxi IndividualsIndividual using carbontype Wa
26h halflife in humanshuman mately one tenth of the serum con ter filtersfilter for residential drinking

appearsappear to be much longer In the one centration in Sprague Dawley 29h had reduction of approximately

set of data that is available study of although comparable studiesstudie in hu 25 in median serum PFOA levelslevel

nine retireesretiree from fluoropolymer mansman are lacking We are performing compared with those not using

production facility the mean serum further studiesstudie to elucidate PFOA filter ThisThi reduction was much lessles

PFOA halflife was found to be 44 exposuresexposure in maternal milk and in than we have seen for those who

sQHowever we did not find fant formula higher serum PFOA drank only bottled spring or cistern

relationship between serum PFOA level for young children was previ water Because of limited effective

levelslevel and length of residence the ously observed by Olsen et Q9 potential reliability problemsproblem as

Little Hocking water district among measured PFOA in the serum of 598 sociated with the need to maintain the

study participantsparticipant all of whom had children aged 12 who partici filter system and potential health

lived in the area for at least yearsyear pated in nationwide US study of problemsproblem associated with the use of

If the halflife in the general commu group streptococcal infectionsinfection home filtration systemssystem we do not

nity is in the order of to yearsyear we 645 adult blood donorsdonor from six US recommend reliance on home filtersfilter to

would have expected to find signif blood bank donation SitesSite and 238 remove PFOA New water filtration

icant relationship with duration of elderly subjectssubject in Seattle participat productsproduct to remove PFOA are cur

residence Our resultsresult thusthu lead us to ing in study of cognitive function lyh being pilottested with prospectsprospect

question whether the serum PFOA The geometric mean serum PFOA of wider use in the near future

halflife in the general community is levelslevel 46 ngmL 42 ngmL and The high serum PFOA levelslevel in

as long as that published for the small 49 ngmL respectively were simi our study as result of the relatively

retired worker oup We expect to lar in all groupsgroup However in the high exposure
in drinking water may

have more data on thisthi subject from children there was statistically sig have limited our ability to detect

followup study nificant negative association with relatively small increasesincrease associated

In residentsresident who drank only Little age with the highest mean serum with contributionscontribution from ambient air

Hocking system water the model of PFOA levelslevel noted at age and the pollution ThusThu we cannot exclude
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the possibility that exposure to
nate in marine mammalsmammal Environ ci niumrf possi

PFOA in air could lead to detect
Technol 200 ble endocrine related mechanism xi
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U.S. Environmental Protection Agency June 8, 2006 
 
Non-ECA PFOA Information Forum 
Begins Immediately Following Plenary 
 
• Welcome and Introduction:   

o Charles M. Auer, Director, US EPA Office of Pollution Prevention and Toxics   
 
 
• Updates on EPA’s Non-ECA PFOA-Related Research and Information Activities 

  
o Telomer Biodegradation Research Under DuPont Supplemental Environmental 

 Project With EPA 
o EPA Office of Research and Development Telomer Biodegradation and Other 

 Research 
o EPA’s Nomination to the Centers for Disease Control and Prevention for Human 

 Biomonitoring 
o EPA’s Nomination to the National Toxicology Program of a Class Study on 

 Perfluorinated Sulfonic and Carboxylic Acids 
o PFOA Risk Assessment Process 
o PFOA Stewardship Program 
o EPA Activities on Related Chemicals 
o International Activities 

 
 

• Updates on Non-ECA PFOA-Related Research and Information Activities By Others 
 

o State of Minnesota: Brief Update on Perfluorochemical Activities 
James Kelly, Minnesota Department of Health 

 
o Environment Canada: PFCAs and Their Precursors, Proposed Action Plan for 

Assessment and Management 
Joseé Portugais, Environment Canada 

 
o AGC Chemicals, Asahi Glass Co., Ltd. 

Dr. Seiji Shin-ya 
 
o DuPont: 2010/2015 PFOA Stewardship Program 

Susan Stalnecker 
 

o Fluoropolymer Manufacturers Group 
Don Duncan, FMG 

 
 
 



U.S. Environmental Protection Agency June 8, 2006 
 

Perfluorooctanoic Acid (PFOA) Enforceable Consent Agreement (ECA) 
Process Ninth Plenary Session and 

Non-ECA PFOA Information Forum 
Tentative Agenda 

 
June 8, 2006 

9:00 AM to 4:00 PM 
 

EPA East Building, Room 1153 
1201 Constitution Avenue, NW 

Washington, DC 20460 
 
 
Ninth PFOA ECA Plenary Session 
 
 
• Welcome and Introductions  

• Charles M. Auer, Director, US EPA Office of Pollution Prevention and Toxics 
 
 
• Agenda Amendments 
 
 
• Update on Incineration ECAs 
 
 
• Fluoropolymer Technical Workgroup Report to Plenary 

• Discussion 
• Directives from Plenary to Workgroup 

 
 

• Public Comment Period 
• Please sign up at the registration desk if you are not a registered Interested Party and 

wish to speak at the meeting. Individual public comments are limited to five minutes 
each. Registered Interested Parties can participate in all discussions throughout the 
meeting. 

 
 
• Next Steps 
 
 
• Adjourn 
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Determinants of Fetal Exposure to
Polyfluoroalkyl Compounds in
Baltimore, Maryland
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Polyfluoroalkyl compounds (PFCs), such as perfluorooctane
sulfonate (PFOS) and perfluorooctanoate (PFOA), are
ubiquitous, man-made chemicals. Human data suggest
that in utero exposures to these chemicals occur and some
evidence of developmental toxicity in animals exists. To
assess the distribution and determinants of fetal exposure
to PFCs, we analyzed cord serum samples from 299
singleton newborns delivered between 2004 and 2005 in
Baltimore, MD for 10 PFCs by employing on-line solid-phase
extraction coupled with reversed-phase high-performance
liquid chromatography-tandem mass spectrometry.
PFOS and PFOA were detected in 99 and 100% of umbilical
cord sera, with geometric mean concentrations of 4.9
and 1.6 ng/mL, respectively. PFOS and PFOA concentrations
were highly correlated (Pearson’s r ) 0.64 after natural
log transformation, p < 0.01). Eight other PFCs were detected
less frequently and at lower concentrations than PFOS
and PFOA. Geometric mean concentrations of PFOS for
Asians (6.0 ng/mL) and Blacks (5.1 ng/mL) were higher than
those for Whites (4.2 ng/mL), while PFOA levels were
more evenly distributed by race. Other maternal demographic
and socioeconomic characteristics, including age,
education, marital status, and living in the city limits were
not significantly associated with cord concentrations.
Our findings suggest that in utero exposure to PFOS and
PFOA is ubiquitous in a population of babies born in Baltimore,
MD.

Introduction
Polyfluoroalkyl compounds (PFCs) comprise a class of man-
made, fluorinated organic compounds that have been used
in a variety of consumer and industrial applications for more
than 50 years. These applications include protective coatings
for food-contact packaging, textile, carpets, and leather,
processing aids in the production of fluoropolymers, com-
mercial and industrial surfactants, and insecticides (1, 2).
Only recently have reports documented widespread exposure
in wildlife and humans (3-6). In 2000, the major manufac-
turer of perfluorooctane sulfonate (PFOS) announced a
voluntary phase-out of this product (7). Early in 2006 the
major manufacturer of perfluorooctanoate (PFOA) reported
having achieved a voluntary reduction in PFOA emissions
by the end of 2005 as well as a commitment for a total
reduction in emissions of 98% by 2007 (8).

PFOS has been identified as a hepatic peroxisome
proliferator that targets the liver and disrupts lipid metabo-
lism in some animal species (9). Toxicity studies in animals
have shown marked reductions in serum cholesterol and/or
triglycerides (10-12) and endocrine (10, 12-15), develop-
mental, and reproductive effects (12, 14-16). PFOS has been
found to be tumorigenic and carcinogenic in rats (17). PFOA
is also hepatotoxic (18), a peroxisome proliferator (19), and
disrupts lipid metabolism in some species (11). PFOA has
been shown to be tumorigenic in rats (18, 20), and some
suspect that it may be a human carcinogen (21). In rats and
mice, PFOA has shown the potential for developmental
toxicity (22-24). However, it should be noted that serum
concentrations associated with toxicity in animal studies are
orders of magnitude higher than those reported in humans,
even those exposed occupationally.

PFCs are highly stable in the environment and the half-
life in humans has been estimated at 5.4 years for PFOS and
3.8 years for PFOA (25). Many PFCs are surfactants; rather
than accumulating in lipids like traditional persistent organic
pollutants, they are bound to proteins in the liver, serum,
and other tissues (26-28). PFOS and PFOA have been
detected consistently in human biomonitoring studies in the
United States (5, 29-31) and many other countries (3), while
other PFCs are not consistently found.

Despite the growing body of evidence suggesting wide-
spread human exposure, little is known about the presence
of PFCs in utero. A study of 15 maternal-fetal pairs in Japan
confirmed that PFOS could cross the placental barrier in
humans, albeit incompletely (32). Other small studies in
Germany and Northern Canada documented detectable
levels of PFOS and PFOA in cord blood samples (33, 34). The
aims of the current study were to characterize the distribution
of serum concentrations of PFCs and to identify demographic
and socioeconomic factors associated with in utero exposure
to these chemicals among a population of babies born in
Baltimore, MD from November 2004 through March 2005.

Materials and Methods
Subjects. We conducted a cross-sectional study (the Balti-
more THREE Study) of newborn deliveries at the Johns
Hopkins Hospital in Baltimore, MD. This study received
approval from the Johns Hopkins Medicine Institutional
Review Board and was determined to be exempt from the
Health Insurance Portability and Accountability Act. The
study required the collection only of specimens that otherwise
would have been discarded and information from medical
records that were available to hospital personnel. Thus, there
was no requirement for informed consent due to the
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anonymization of all samples and data. Members of a
community advisory committee, who were selected for their
specific knowledge and expertise, and their focus on im-
portant child health concerns in Maryland, had the op-
portunity to learn about and comment on this study before
it was conducted. Between November 26, 2004 and March
16, 2005 all singleton, live birth deliveries occurring in the
Labor and Delivery Suite at the hospital were eligible for
participation in the study.

Over the course of the study period, 609 live births
occurred at the hospital, of which 597 were singleton births.
We obtained cord blood specimens from 341 of these. We
conducted a brief survey of hospital personnel to understand
the major reasons for missed specimen collection. The most
common explanations for missed collection included: com-
plications during delivery, premature birth and/or small size
of the infant resulting in small quantity of available cord
blood, and logistical factors such as understaffing. The babies
who were not included had somewhat lower gestational ages
and birth weights. Forty-two of the 341 specimens collected
had insufficient volume for laboratory analyses of PFCs and
were excluded, leaving a total of 299 in this study. Factors
associated with lower blood volumes collected were: preterm
birth, low birth weight, being first born, and younger age of
mother.

Cord blood samples were collected by hospital personnel
immediately following delivery from the umbilical cord vein
(35). After delivery, a section of the cord was cleaned with
an alcohol wipe and blood was drawn using a sterile 60-mL
Becton Dickinson (BD) syringe with an 18-gauge safety
needle. A BD Vacutainer Blood Transfer Device was then
attached to the syringe and up to five 10 mL glass BD
vacutainers were filled. Cord blood specimens were stored
in Labor and Delivery refrigerators and, within 3 h, trans-
ported to a laboratory at the Johns Hopkins Bloomberg School
of Public Health for processing. Blood specimens were
centrifuged at 1000g for 15 min. Serum was aliquotted into
prescreened 2 mL polypropylene cryovials and stored at -80
°C. The prescreened containers were previously shown to be
free of PFC contaminants. Frozen specimens were transferred
on dry ice to the Centers for Disease Control and Prevention
(CDC) for analyses.

Medical Records. Two study investigators concurrently
abstracted maternal and infant characteristics from clinical
databases maintained by the hospital. A random 10% sample
was verified by two other investigators. Additional informa-
tion was obtained from forms filled out by the nursing staff
at the time of delivery. These data were collected to examine
factors that may be associated with in utero exposure to PFCs,
such as maternal birth cohort, social class, and past
pregnancies. Age, race, education, marital status, and parity
were based on self-report. Insurance type was recoded from
the medical record as “Private” or “Public Assistance.” Body
mass index (BMI) was calculated from reported pre-
pregnancy weight and height. Gestational age was based on
the “best obstetric estimate” and categorized as term (g37
full weeks) or preterm (<37 full weeks). Infant sex was
abstracted from medical records. Maternal smoking status
during pregnancy was defined using the maternal medical
record and cord serum cotinine concentrations. Cotinine
concentrations of 1-10 ng/mL were categorized as passive
smoking exposure and concentrations above 10 ng/mL as
active smoking exposure (36). If the clinical record indicated
that the mother smoked during pregnancy, she was con-
sidered an active smoker regardless of the cotinine concen-
tration in cord blood. The mother’s home address was
geocoded by Geolytics, Inc. Residence inside the city limits
was defined using Federal information processing standards
code 24510.

Laboratory Analysis. Cord serum samples were analyzed
for 10 PFCs by on-line solid-phase extraction (SPE) coupled
with reversed-phase high-performance liquid chromatog-
raphy (HPLC)-tandem mass spectrometry (MS/MS). The
method has been described in detail by Kuklenyik et al. (37).
This method, used to measure PFCs in large-scale surveys,
including the National Health and Nutrition Examination
Survey (NHANES), has excellent recovery, precision, and
reliability for the detection of PFCs in human serum (37).
Briefly, without protein precipitation, one aliquot of 100 µL
of serum was injected into a commercial column switching
system allowing for concentration of the analytes on a SPE
column. This column was placed automatically in front of
an analytical column for chromatographic separation of the
analytes. Detection and quantification were done using
negative-ion TurboIonSpray ionization, a variant of elec-
trospray ionization, tandem mass spectrometry. The limits
of detection (LODs) were in the low ng/mL range for the
following PFCs: perfluorooctane sulfonamide (PFOSA), 2-(N-
ethyl-perfluorooctane sulfonamido) acetate, 2-(N-methyl-
perfluorooctane sulfonamido) acetate (Me-PFOSA-AcOH),
perfluorobutane sulfonate, PFOS, perfluoroheptanoate, PFOA,
perfluorodecanoate (PFDeA), perfluoroundecanoate (PFUA),
and perfluorododecanoate. Although the analytical method
allows for the quantification of perfluorohexane sulfonate
(PFHxS) and perfluorononanoate (PFNA), these analytes
could not be measured in the cord sera due to the presence
of interferent compounds that eluted at the same retention
times and shared precursor/product ion transitions of
identical mass-to-charge ratios (m/z) with PFHxS and PFNA.
Similarly, the precursor/product ion m/z transition normally
used for the quantification of PFOS (37) also had an
interference. Therefore, PFOS concentrations had to be
calculated using another transition, one of the two normally
used to confirm the presence of PFOS (37). The nature of
these interferences is at present unknown. Analytical stan-
dards, quality control (QC), and reagent blank samples were
included in each analytical batch along with the unknown
samples. QC samples were evaluated according to standard
statistical probability rules.

Serum cotinine was measured by the CDC using a method
described by Bernert et al. (38). It employs HPLC coupled
with atmospheric pressure chemical ionization MS/MS to
measure serum cotinine with high accuracy and sensitivity
(LOD ) 0.015 ng/mL). This method has been used to assess
exposure to environmental tobacco smoke in NHANES and
other large-scale surveys.

Statistical Analysis. We used descriptive statistics to
describe cord serum PFC concentrations. Because PFC
concentrations were skewed to the right, analyses utilized
natural log-transformed concentrations. We used Pearson’s
correlation to test for linear co-occurrence of PFCs and linear
regression to describe univariate relationships between
predictors and PFC concentrations. The possibility of non-
linear relationships was explored using restricted cubic spline
models.

We used linear regression to estimate the ratio of
geometric mean concentrations (and 95% confidence in-
tervals [95% CI]) among categories of maternal characteristics.
Under the linear regression model, the expectation (or
average) of the natural log PFC concentration is described
as follows:

where â0 is the intercept, ε is the normally distributed error
term, x1 is a maternal or infant predictor, and â1 is the
regression coefficient, which is equal to

E(lnPFC) ) â0 + â1x1 + ε

â1 ) E(lnPFC)x1)1 - E(lnPFC)x1)0
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After exponentiating the coefficient, the equation reduces to

The exponentiated coefficient can be interpreted as the ratio
of geometric mean concentrations (GM) comparing one
stratum of the categorical predictor, x1, to another. The 95%
CI on this ratio can be estimated similarly, by exponentiating
the confidence intervals of the coefficient.

We used multivariate linear regression to compare
geometric mean concentrations, after adjusting for other
covariates. For all models, regression diagnostics were
conducted to assess fit and the presence of heteroskedasticity.
Concentrations below the LOD (<LOD) were imputed as the
LOD divided by the square root of two (39). Statistical analyses
were performed using STATA version 8.0 (StataCorp, College
Station, TX).

Results
Table 1 summarizes the occurrence and concentration of
PFCs detected in umbilical cord blood serum. PFOA was

detected in all samples and PFOS was detected in all but two
samples, with corresponding geometric means of 1.6 ng/mL
for PFOA (range 0.3-7.1 ng/mL) and 4.9 ng/mL for PFOS
(range <LOD-34.8 ng/mL). The 95th percentile concentra-
tion was 3.4 ng/mL for PFOA and 12.4 ng/mL for PFOS. Four
other PFCs were detected in at least 20% of samples (PFOSA,
Me-PFOSA-AcOH, PFDeA, PFUA). PFOS and PFOA made up
most of the total concentration of the PFCs measured in
these specimens. Because of the observed low detection
frequency and concentrations of eight of the ten analytes,
further analyses of determinants of exposure were conducted
only for PFOS and PFOA.

As expected, concentrations of both PFOS and PFOA were
right skewed and became more Gaussian after natural log-
transformation. Cord concentrations of PFOS and PFOA were
highly correlated with one another (Figure 1; Pearson’s r )
0.64, p < 0.01).

In Table 2, the geometric mean PFOS and PFOA con-
centrations are shown by maternal and infant characteristics,
along with the multivariate adjusted ratio of geometric means
and 95% CIs. The geometric mean concentrations of PFOS
for Asians (6.0 ng/mL) and Blacks (5.1 ng/mL) were higher
than those for Whites (4.2 ng/mL), while PFOA levels were
more evenly distributed by race. Male babies had lower
geometric mean concentrations than female babies for both
compounds (PFOS, p ) 0.07; PFOA, p < 0.01). Obese (BMI
g30 kg/m2) and underweight (BMI <18.5 kg/m2) women had
babies with slightly higher geometric mean concentrations
compared with normal weight (BMI 18.5-24.9 kg/m2)
women, although only statistically significant for PFOA
among obese women (p ) 0.03). Evidence of a nonlinear
relationship with BMI was confirmed using restricted cubic
spline models (data not shown). Multiparous births had
slightly lower PFOS and PFOA cord concentrations than
primiparous births, and preterm births (<37 completed weeks
of gestation) had lower concentrations than term births,
although the difference was statistically significant only for
PFOA and parity (p ) 0.02). There were no other significant
predictors of cord concentrations among the remaining
covariates, which included age, education, insurance type,
marital status, smoking status, and living inside the city limits.
When examining covariates as continuous measures, no
significant linear trends were observed between PFOS or
PFOA and maternal age, gestational age, or cord cotinine
concentration (data not shown).

TABLE 1. Perfluorinated Chemicals (PFCs) Measured in Cord
Blood Serum and Reported in Units of ng/mL (n ) 299) from
the Baltimore THREE Study, 2004-2005

compounda

limit of
detection

(LOD)

%
above
LOD

geometric
meanb

(range)

PFOSA 0.05 26 <LOD (ND-0.8)
Et-PFOSA-AcOH 0.2 1 <LOD (ND-0.5)
Me-PFOSA-AcOH 0.2 40 <LOD (ND-1.8)
PFBuS 0.1 3 <LOD (ND-0.2)
PFOS 0.2 99 4.9 (ND-34.8)
PFHpA 0.4 2 <LOD (ND-2.6)
PFOA 0.1-0.2 100 1.6 (0.3-7.1)
PFDeA 0.2 24 <LOD (ND-1.1)
PFUA 0.2 34 <LOD (ND-1.9)
PFDoA 0.2 5 <LOD (ND-1.7)

a PFOSA ) perfluorooctane sulfonamide; Et-PFOSA-AcOH ) 2-(N-
ethyl-perfluorooctane sulfonamido) acetate; Me-PFOSA-AcOH ) 2-(N-
methyl-perfluorooctane sulfonamido) acetate; PFBuS) perfluorobutane
sulfonate; PFOS ) perfluorooctane sulfonate; PFHpA ) perfluorohep-
tanoate; PFOA ) perfluorooctanoate; PFDeA ) perfluorodecanoate;
PFUA ) perfluoroundecanoate; PFDoA ) perfluorododecanoate. b Non-
detects (ND) are computed as the LOD/x2. Geometric mean is listed
as <LOD if g60% of observations are <LOD.

eâ1 ) eE(lnPFCx1)1)

eE(lnPFCx1)0)
)

GM(PFCx1)1)

GM(PFCx1)0)

FIGURE 1. Correlation between log perfluorooctane sulfonate (PFOS) and log perfluorooctanoate (PFOA) concentrations in cord blood
serum (n ) 299). Pearson’s r ) 0.64; p < 0.01. Baltimore THREE Study, 2004-2005.
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Discussion
This study confirms earlier findings indicating that the
developing fetus is exposed to persistent PFCs in utero and
that PFOS and PFOA are the predominant polyfluoroalkyl
compounds detected in cord blood (32-34). Cord concen-
trations of PFOS and PFOA were strongly correlated, despite
arising from different industrial sources, implying that the
pathways of human exposure to PFOS and PFOA may be
similar. PFOS and PFOA, along with possible precursors
(polyfluoroalkyl sulfonamides and fluorotelomer alcohols),
have been identified in consumer products, house dust, water,
and/or indoor air (40-44), and these are possible pathways
of exposure. For example, Me-PFOS-AcOH is a metabolite
of N-methyl perfluorooctane sulfonamidoethanol, which has
been widely used as a stain repellent for carpets. The detection
of this compound in 40% of samples may reflect exposure
from contact with treated carpets (30). The correlation
between PFOS and PFOA in blood may reflect the co-
occurrence and uptake of these compounds through sec-
ondary pathways, such as food or drinking water intake. PFOS
and PFOA have been detected in surface waters, suggesting
that drinking water is a possible source (44-46). Environ-
mental contamination of these compounds has been well-

documented in regions as far away as the Arctic (47), raising
the possibility of exposures through the food chain. PFOS
(and PFOA to a lesser extent) bioconcentrate in fish and
biomagnify in aquatic food chains (4, 45, 46, 48), suggesting
fish consumption as a possible pathway. In a recent study
in Poland, Falandysz et al. found that individuals with high
fish consumption had higher concentrations of PFOS (and
PFOA to a lesser extent) in their blood relative to other groups
(49). Further study is needed to better understand the
pathways of exposure to these compounds in our population.

The analytic method used to measure human serum
concentrations of PFCs has excellent precision and accuracy
at concentrations of PFOS and PFOA in the range of the
current study (37). However, in this study, the measurement
error for PFOS may be greater, because the ion transition
normally monitored for quantification could not be used
due to an interferant. Random measurement error generally
would bias bivariate associations to the null (50), which may
contribute to the lack of observed differences in PFOS
concentrations between subgroups.

Geometric mean cord PFOS and PFOA concentrations in
this study were within the range of previous reports from
Germany and Japan (Figure 2). Inoue et al. reported the

TABLE 2. Adjusted Ratios (and 95% Confidence Intervals) of Geometric Mean Perfluorooctane Sulfonate (PFOS) and
Perfluorooctanoate (PFOA) Concentrations in Cord Blood Serum by Maternal and Infant Characteristics from the Baltimore THREE
Study, 2004-2005

PFOS PFOA

characteristic N GMa [ng/mL] GM ratiob GMa [ng/mL] GM ratiob

maternal age
<18 years 25 4.9 (4.0-6.2) 1.02 (0.73-1.42) 1.5 (1.2-1.8) 0.98 (0.77-1.24)
18-35 years 250 4.9 (4.5-5.4) 1.00 1.6 (1.5-1.7) 1.00
>35 years 24 5.0 (3.8-6.5) 1.13 (0.84-1.53) 1.5 (1.2-1.9) 1.07 (0.86-1.33)

maternal race
White 64 4.2 (3.5-5.0) 1.00 1.5 (1.3-1.7) 1.00
Asian 25 6.0 (3.8-9.4) 1.43 (1.02-2.01) 1.5 (1.1-2.1) 1.06 (0.83-1.35)
Black 210 5.1 (4.7-5.5) 1.28 (0.98-1.68) 1.6 (1.5-1.7) 1.12 (0.92-1.36)

maternal education
<HS diploma 87 4.8 (4.3-5.4) 1.00 1.5 (1.4-1.7) 1.00
HS diploma 97 5.1 (4.6-5.7) 1.05 (0.84-1.32) 1.7 (1.5-1.8) 1.13 (0.96-1.33)
1-4 years college 69 4.9 (4.0-5.9) 1.05 (0.79-1.41) 1.5 (1.4-1.7) 1.15 (0.93-1.42)
5+ years college 42 5.1 (3.8-6.8) 1.05 (0.70-1.57) 1.6 (1.3-1.9) 1.19 (0.89-1.60)

health insurance
public assistance 98 4.9 (4.3-5.6) 1.00 1.6 (1.5-1.8) 1.00
private 116 5.1 (4.4-5.8) 1.10 (0.86-1.41) 1.5 (1.4-1.7) 0.95 (0.80-1.14)

marital status
unmarried 198 5.0 (4.6-5.5) 1.00 1.6 (1.5-1.7) 1.00
married 101 4.8 (4.1-5.6) 0.90 (0.67-1.19) 1.5 (1.3-1.7) 0.99 (0.81-1.22)

maternal body mass index (kg/m2)
underweight (<18.5) 16 5.9 (3.7-9.2) 1.21 (0.85-1.74) 1.7 (1.3-2.2) 1.13 (0.87-1.46)
normal (18.5-24.9) 135 4.8 (4.3-5.4) 1.00 1.5 (1.3-1.6) 1.00
overweight (25-29.9) 65 4.7 (3.9-5.7) 0.96 (0.78-1.18) 1.6 (1.4-1.8) 1.04 (0.89-1.20)
obese (30+) 72 5.4 (4.8-6.1) 1.11 (0.90-1.37) 1.8 (1.6-1.9) 1.19 (1.02-1.38)

parity
primiparous 125 5.2 (4.5-5.9) 1.00 1.7 (1.5-1.8) 1.00
multiparous 174 4.8 (4.4-5.2) 0.91 (0.76-1.08) 1.5 (1.4-1.6) 0.86 (0.76-0.98)

maternal smoking
non/passive 243 5.1 (4.6-5.5) 1.00 1.6 (1.5-1.7) 1.00
active 56 4.5 (3.9-5.1) 0.91 (0.73-1.14) 1.6 (1.4-1.8) 1.09 (0.93-1.27)

infant sex
female 133 5.3 (4.9-5.8) 1.00 1.8 (1.6-1.9) 1.00
male 166 4.7 (4.2-5.3) 0.86 (0.74-1.01) 1.4 (1.3-1.6) 0.81 (0.73-0.91)

residence within Baltimore
city limits at birth

no 92 4.8 (4.1-5.6) 1.00 1.5 (1.4-1.7) 1.00
yes 207 5.0 (4.6-5.4) 0.94 (0.75-1.17) 1.6 (1.5-1.7) 1.01 (0.86-1.19)

preterm delivery (<37 wk)
no 260 5.0 (4.7-5.5) 1.00 1.6 (1.5-1.7) 1.00
yes 39 4.3 (3.3-5.7) 0.90 (0.70-1.14) 1.4 (1.2-1.6) 0.88 (0.74-1.05)

a GM ) geometric mean. b GM Ratio ) ratio of geometric means. Adjusted for all variables listed in the table. The following data were missing:
4 observations for education, 85 for insurance, and 11 for BMI. Missing data were treated as an indicator term in regression models. Italicized
GM ratio indicates statistically significant (p < 0.05) difference from reference group.
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presence of PFOS in all 15 cord serum samples collected in
Japan, at concentrations ranging from 1.6 to 5.3 ng/mL (32).
In the same study, PFOA was detected in only 3 maternal
samples and no fetal samples (LOQ 0.5 ng/mL). In a recent
German study of 11 plasma cord samples, the geometric
mean PFOS and PFOA concentrations were 6.9 and 3.3 ng/
mL, respectively (34). Finally, in a study of 13 pooled cord
plasma samples in northern Canada, collected from 1994 to
2001, only arithmetic mean concentrations were reported.
The means for PFOS and PFOA were 16.7 and 3.4 ng/mL,
respectively (33), higher than arithmetic means for the present
study (PFOS 6.0 ng/mL; PFOA 1.8 ng/mL).

Very few maternal or infant characteristics were predictors
of cord PFC concentrations. Consistent with studies of adults,
PFOS and PFOA concentrations were relatively constant
across maternal age (29-31). None of the socioeconomic
measures in our study (e.g., education, insurance, marital
status, living in Baltimore City) were associated with PFC
concentrations. Even statistically significant differences
sometimes reflected minor absolute differences in dose. For
example, although male babies had lower concentrations of
PFOS and PFOA than females, the absolute difference in
geometric means was only 0.6 ng/mL for PFOS and 0.3 ng/
mL for PFOA. Overall, our results imply that cord levels are
fairly uniformly distributed by maternal age and socioeco-
nomic characteristics.

Asian and Black infants had somewhat higher PFOS
concentrations than Whites. This is in contrast to an analysis
of pooled serum samples from 2001-2002 NHANES, in which
White females had higher levels than Black females (5) and
to the 1999-2000 NHANES sample, in which no differences
were observed between Blacks and Whites (6). There are
several possible reasons for differences in this relationship,
including random variation or ethnic differences in exposure
patterns between the study populations.

The estimated lower bound of the benchmark dose
associated with a 5 or 10% change in response (BMDL5 or
BMDL10) can provide a useful basis for comparison. Luebker
et al. estimated a BMDL5 for PFOS and birth weight in rats
of 0.39 mg/kg/day, equivalent to a rat fetal serum concen-
tration of about 34 µg/mL (15). Butenhoff et al. reported
BMDL10s for several postnatal developmental endpoints for
PFOA in rats, ranging from 22 to 44 mg/kg/day, equivalent
to rat fetal serum concentrations from 29 to 59 µg/mL (51).

By contrast, maximum concentrations in our study were 0.035
µg/mL (PFOS) and 0.007 µg/mL (PFOA). Thus, the serum
concentrations of these compounds associated with devel-
opmental effects in rats are several orders of magnitude higher
than what was observed here.

Our findings confirm the presence of in utero exposure
to PFOS and PFOA, and less so, to other PFCs under study.
Our data suggest that exposure is occurring among babies
born in the Baltimore area, although the cord serum
concentrations are lower than those reported among adults
in the United States. Concentrations of PFOS and PFOA were
highly correlated, possibly due to common pathways for
exposure. Further, in utero serum concentrations of PFOS
appear to be higher in Asian and Black babies when compared
to White babies. What was most surprising was a lack of
association between PFOS and PFOA concentrations and
maternal age, socioeconomic status, and inner city residence
(urban vs suburban exposures). The finding that levels were
higher among obese and underweight mothers is interesting
but does not have an obvious explanation. Further research
to identify sources, transport, fate, and pathways of exposure
to PFOS and PFOA to mothers should concentrate on general
exposures, such as drinking water and commonly eaten foods.
The fact that PFOA (and possibly PFOS) concentrations are
slightly decreased with increased parity of mothers implies
that maternal-fetal transfer may be reducing maternal stores.
However, a recent study has indicated that levels of these
compounds in human milk are quite low (52). Thus, direct
transfer during pregnancy may result in a reduction in the
quantities transferred for subsequent pregnancies. Future
studies are needed to examine the extent of maternal-fetal
transfer of these compounds.
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I t was 2000 when the scientific community first became widely aware

that perfluorooctanyl sulfonate (PFOS), then the key ingredient in

3M Company’s popular Scotchgard stain repellent, was being found

at extremely low levels throughout the environment and the human popu-

lation. Since that time, environmental scientists and toxicologists have

begun paying much more attention to PFOS, its sister compound perflu-

orooctanoic acid (PFOA; known for its use in DuPont’s Teflon products),

and other members of the family of perfluoroalkyl acids (PFAAs). As more

tests have been conducted, the research has revealed that laboratory ani-

mals respond in vastly different ways to PFAAs and related compounds,

which can make it difficult to pinpoint the mechanisms underlying the

responses. However, toxicologists are making headway in their under-

standing of these compounds, an important fact in light of new

research suggesting that the levels being found in both people and

animals may have an impact on their health.  

The tremendous variation in the speed with which humans and

laboratory animals can eliminate PFOA is one example of why

understanding how the compounds are processed in the body poses

such a formidable challenge. “You go from hours for the female rat,

to days for the male rat, to months for the monkey, to almost four

years in humans,” explains Jennifer Seed, a branch chief with the

EPA Office of Pollution Prevention and Toxics. 

“We truly don’t understand what are the biological events

that drive this difference,” says Christopher Lau, a lead research

biologist with the EPA National Health and Environmental

Effects Research Laboratory (NHEERL). “Are there binding

protein differences? Do humans have a different set of trans-

porters that is not the same as in animals?” Lau terms these gaps

in understanding “a black hole.”

These gaps render the toxicologist’s goal of extrapolating from

one species to another “a very complex state of affairs,” as Seed puts

it. For this reason, deciphering the human risk posed by exposure to

PFAAs is a major challenge, Lau says. “We need to go to the next level

to identify the underlying events that drive the adverse effects,” he says.
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Anatomy of a PFAA
The compounds used in commercial
perfluorinated formulations are
sometimes identified by the number
of carbon atoms they contain. In
general, the longer the carbon chain
length, the more the PFAA persists in
the body, according to Naomi Kudo,
an associate professor of toxicology
and applied pharmacology at Josai
University in Japan. For example,
perfluorobutane sulfonate (PFBS),
which has 4 carbons, is eliminated in
a little over 1 month in humans, on
average, while PFOA and PFOS (so-
called C8 compounds with 8 carbons
each) are eliminated in 3.8 and 5.4
years, respectively. Perfluorohexane
sulfonate (PFHxS), with 6 carbons, is
an exception to the rule; it is elimi-
nated in 8.5 years. 

3M no longer manufactures PFOS,
and the compound is now used only
in relatively small quantities for
applications for which there is no
acceptable substitute, such as in
semiconductor manufacturing. All
eight of the companies currently
using PFOA—Arkema, Asahi, Ciba,
Clariant, Daikin, DuPont, 3M/Dyneon,
and Solvay Solexis—have agreed to
reduce PFOA releases and levels in
products by 95% by 2010 and to
eliminate their use by 2015. 

The new compounds being intro-
duced to replace PFOA and PFOS fall
into three general groups: the per-
fluoroalkyl sulfonates (a group that
includes PFOS), the perfluoroalkyl
carboxylates (including PFOA), and
the fluorotelomer alcohols, which are
used to produce perfluorinated surfac-
tants and polymers for products
including hair care products, paper products
used in direct contact with food, rug clean-
ers, and lubricants for bicycles, garden tools,
and zippers, according to the nonprofit
Environmental Working Group. 3M is
building its new PFAA products around
compounds containing fewer carbons,
including PFBS, because of their shorter
half-lives in humans, says John Butenhoff, a
corporate scientist in toxicology for 3M’s
Medical Department. 

But some of the new replacement com-
pounds may pose problems of their own.
More than 20 different such compounds
were discussed at a 14–16 February 2007
meeting of the Society of Toxicology (SOT)
on the toxicokinetics and mode of action of
PFAAs and related chemistries. For example,
fluorotelomer alcohols are emerging as the
main remaining source of PFOA in the
environment. These and other “residual”

compounds can be transformed into PFOA
or PFOS as the result of metabolism or envi-
ronmental biodegradation. In a presentation
at the SOT conference, Butenhoff noted that
1% of the total dose of 8-2 fluorotelomer
alcohol given to laboratory rats is metabo-
lized to PFOA. Similarly, other researchers
have observed that N-ethyl-N-(2-hydroxy-
ethyl)perfluorooctoanesulfonamide, a
constituent of coatings used on paper and
cardboard, can be transformed into PFOS
in the environment. It also may produce
PFOA in the atmosphere. 

Other PFAAs being detected in the
environment are also receiving more atten-
tion. The CDC detected not just PFOS and
PFOA but also PFHxS, perfluorononanoic
acid, and perfluorooctane sulfonamide in
every U.S. human blood sample from the
1999–2000 National Health and Nutrition
Examination Survey (NHANES) that was

analyzed for PFAAs, according to
Antonia Calafat, a lead research
chemist at the CDC’s National Center
for Environmental Health. In a paper
in the 1 April 2007 issue of Envi-
ronmental Science & Technology, CDC
researchers also reported finding two
compounds used in surfactants and
coatings on fabric, paper, and uphol-
stery—2-(N-ethyl-perfluorooctane
sulfonamido) acetic acid and 2-(N-
methyl-perfluorooctane sulfonamido)
acetic acid—in more than 90% of
the samples, she says. Similarly, per-
fluorobutyrate (a 4-carbon com-
pound) has been detected in surface
water and public and private wells.
Lau adds that PFOS and PFOA have
been found at locales near PFAA pro-
duction plants and waste disposal
facilities.

Polar Bears, Pandas, and People
Although a growing body of research
is focused on other PFAAs, PFOA and
PFOS have been the subject of the
lion’s share of study to date. Both com-
pounds are found throughout the
environment—from polar bears living
in Greenland, to giant pandas in
China, to albatrosses on the Midway
Atoll in the middle of the Pacific
Ocean. The compounds are also wide-
ly dispersed in surface waters, accord-
ing to 3M. 

At the SOT meeting in February,
researchers from the New Jersey
Department of Environmental Pro-
tection (NJDEP) reported detecting
PFOA in drinking water samples
from 78% of 23 treatment plants
sampled and PFOS in samples from
57% of the plants. The finding

prompted the NJDEP to recommend in
February 2007 that the state move toward
regulating PFOA in water. Currently New
Jersey recommends that the concentration
of PFOA in drinking water be less than
0.04 ppb. 

This value is significantly lower than the
Site-Specific Action Level of 0.5 ppb devel-
oped by the U.S. EPA as part of a consent
order in 2006 with DuPont for drinking
water in Ohio and West Virginia impacted
by DuPont’s Washington Works facility in
West Virginia. (This action level applies only
to the DuPont–West Virginia settlement;
there is no federal standard for PFOA in
drinking water.) The highly publicized C8
Study conducted by Edward Emmett and
colleagues the University of Pennsylvania has
examined drinking water exposures to PFOA
among Ohio and West Virginia residents liv-
ing near the Washington Works plant. At the
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Human exposure to PFAAs comes through myriad sources
including contaminated drinking water and household
products treated with stain or water repellants.



Environmental Health Perspectives • VOLUME 115 | NUMBER 5 | May 2007 A 253

start of the study, the PFOA concentrations
in the blood serum of residents in Little
Hocking, Ohio, were  up to 89 times higher
than the U.S. average, according to a report
by Emmett in the August 2006 Journal of
Occupational and Environmental Medicine.
At press time, investigators on the study
expected any day to release results of whether
use of bottled drinking water had reduced
these concentrations. 

The NJDEP findings “suggest that
PFOA is commonly present in public water
systems not known to be specifically con-
taminated by a point source,” says Gloria
Post, a toxicologist with the department.
Additionally, Emmett’s Journal of Occupa-
tional and Environmental Medicine paper
indicates that even low concentrations of
PFOA in drinking water may significantly
contribute to levels found in the general
population.

People can also be exposed to PFOA and
PFOS due to poor disposal practices. In
Germany, industrial waste contaminated
with high concentrations of PFAAs was
mixed with soil by a recycling company.
Although the amended soil was later
declared illegal as a “soil improver,” it was
nonetheless used by farmers in the Arnsberg

agricultural area in the country’s North
Rhine–Westfalia state, according to Martin
Kraft of the state’s Ministry of the Environ-
ment and Conservation, Agriculture, and
Consumer Protection. When Kraft and his
colleagues analyzed how PFOA and PFOS
had spread through the environment, they
found concentrations of the two compounds
together reached 148 ppb in surface waters
and 0.6 ppb in drinking water, according to
a poster he presented at the SOT meeting.
The concentrations in edible fish including
trout, chub, and eel reached as high as
1.2 ppm, with a median of 133 ppb. In
comparison, similar fish from unpolluted
waters contained an average of 4 ppb.

PFOA was the predominant compound
detected in serum from the area’s people,
whose average serum levels of the compound
were 6 to 8 times higher than an unexposed
region of the country, Kraft says. In a
German-language government document
published 15 March 2007, Kraft and his col-
leagues reported that the average serum
PFOA concentration in Arnsberg children
was 22.1 ppb, in women it was 24.9 ppb,
and in men it was 27.4 ppb. 

For the U.S. population, CDC re-
searchers analyzed NHANES samples

collected in 1999–2000 to produce the first
nationally representative survey of PFAAs,
and these data are meant to serve as a base-
line, Calafat says. The average concentration
of PFOS in the 1,562 serum samples col-
lected from people aged 12 years and older
was 30.4 ppb, whereas the average concen-
tration of PFOA was 5.2 ppb. The levels in
men were slightly higher, on average, than
those in women, and the people with the
highest levels of the compounds also were
the most educated. 

PFOA and PFOS have also been detect-
ed in human breast milk and babies’ blood.
A Swedish study in the February 2007 issue
of EHP calculated that the total amount of
PFAAs transferred to breastfeeding infants
was approximately 200 ng/day. 

3M researchers have collected some evi-
dence that the company’s decision to phase
out production of materials including
PFOS and greatly reduce its use of PFOA
by the end of 2002 was already beginning
to affect levels of the compounds three
years later. In a pilot study published in
the May 2007 issue of Chemosphere, 3M
researchers compared concentrations of
PFOA and PFOS in plasma samples taken
from 40 American Red Cross donors in the
Minneapolis–St. Paul area in 2005 with
100 samples taken five years earlier from
the same general population. They found
that the average concentrations of both
PFOA and PFOS in the donor samples
dropped by more than 50% over that five-
year period, says Geary Olsen, a staff scien-
tist with 3M’s Corporate Occupational
Medicine Department.

The information gleaned from 3M’s
pilot study is not directly comparable to the
PFAA data from the 1999–2000 NHANES
because it is a random sample and not sta-
tistically representative of the U.S. popula-
tion, Olsen acknowledges. However, he
points out that a study of concentrations of
PFOA and PFOS in American Red Cross
donations in six cities in 2000, which was
published in the December 2003 issue of
EHP, produced numbers that were nearly
identical to what the CDC has reported for
the same time frame. 3M has just complet-
ed analyzing the samples from a follow-up
study conducted in 2006 that involves sam-
ples from the same six cities and expects to
submit them for publication later this year.
The company hopes these new data will
validate the drops in PFAA concentrations
seen in the pilot study, Olsen adds. 

Health Effects in Animal Studies
In animal studies, toxicologists have seen that
high doses of both PFOS and PFOA cause
cancer, physical development delays, endo-
crine disruption, and neonatal mortality. ThisTr
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PFAAs are ubiquitous in the environment, found on every continent in the world, 
in numerous mammal, fish, and bird species. 



last effect is arguably the most dramatic result
of laboratory animal tests with PFOS and
PFOA. “Animals are born, they look quite
healthy and pink, and then they die quite
rapidly,” Seed says. Other studies show
that the compounds can impact growth
and development and disrupt the body’s
hormone and immune systems.  

In older animals, toxicological studies
have shown that the compounds cause liver
and pancreatic tumors. A number of stud-
ies have demonstrated the ability of both
PFOS and PFOA to bind to peroxisome
proliferator–activated receptors (PPARs), a
class of receptors associated with carcino-
genesis. In addition to being investigated as
a cause of the cancers seen in laboratory
animals, PPAR activation is believed to
affect fetal growth and immune function. 

Much of the research conducted to
date has focused on the ability of PFAAs
to act as PPAR agonists by triggering
a response to a key receptor isoform,
PPAR-α. New research is beginning to
show that the compounds affect other
aspects of the body’s biochemistry, Seed
says; in fact, both PFOA and PFOS may
have multiple mechanisms of action. 

By working with mice genetically engi-
neered not to contain PPAR-α, Barbara
Abbott, a research biologist at NHEERL,
implicated that isoform in the neonatal
mortality caused by PFOA exposure.
Because PFOA is a fairly potent PPAR-α
agonist (much more so than PFOS), the
work suggests that different mechanisms
are responsible for the PFOS-induced
neonatal mortality seen in animals. “Both
PFOS and PFOA cause neonatal mortality,
and it is tempting to suggest that they have
the same mode of action, but in reality, they
may not at all,” points out John Rogers,
chief of the Developmental Biology Branch
of the NHEERL Reproductive Toxicology
Division.

At the SOT meeting, Kudo presented
research showing that the way male rats
process low doses of PFOA differs from
how they process high doses. These stud-
ies show that the compound is preferen-
tially taken up by the liver and is more
likely to be excreted from the liver into
the bile only at higher doses. Kudo’s
research may help account for why 3M
plant workers exposed to low doses tend-
ed to retain the compound in their bodies

for such long periods, while
laboratory rats exposed to
high doses quickly removed
the compound from their
bodies, she says. The work
may also explain why female
rats can rid their bodies of
PFOA so much more quickly
than males can, according to
Butenhoff.

Scientists have also made
some progress in understand-
ing how PFOA and PFOS
cause neonatal mortality in
laboratory mice. Researchers
at the EPA have determined
that newborn mice treated
with these substances that
appeared to be unable to
breathe were biochemically
mature and genetically nor-
mal, Rogers said at the SOT
meeting. The latest hypothe-
sis is that PFOS may impede
the function of the endoge-
nous pulmonary surfactant
needed to inflate the lungs,
he says. 

The Human Health
Impact
What does all this mean for
human health? To provide a
more useful context for com-
paring human data with the
insights derived from animal

studies, researchers working with laborato-
ry animals should be determining the con-
centrations of PFAAs in the bodies of their
test subjects, rather than simply reporting
the administered dose, stresses Melvin
Andersen, director of the Computational
Biology Division of The Hamner Institutes
For Health Research. 

Although most of the studies showing
adverse effects in laboratory animals
involved much higher levels of PFOS and
PFOA than are actually being seen in
humans and other animals, as-yet unpub-
lished research conducted at environmen-
tally relevant concentrations  suggests that
exposure at such levels may have an effect
on humans.

Researchers at The Johns Hopkins
University found PFOA in 100% and
PFOS in 99% of 297 serum samples col-
lected in 2004 and 2005 from the umbili-
cal cords of children born in Baltimore,
according to Lynn Goldman, a pediatrician
and epidemiologist at the Bloomberg
School of Public Health. Overall, the levels
were lower than in adults, but the highest
concentration of PFOS detected was
34.8 ppb, says Goldman, who stresses that
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Laboratory mice exposed
prenatally to PFOS and
PFOA develop more slow-
ly and suffer a higher rate
of neonatal mortality than
nonexposed mice (left).
Once PFOA-exposed mice
reach adulthood, howev-
er, they are more likely to
become obese (above).
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these unpublished results need to be con-
firmed. The source of the PFOA and PFOS
in the infants’ blood was unclear, though
research published online 12 January 2007
in the International Archives of Occupational
and Environmental Health suggests that
transplacental transfer may account for it. 

In addition to revealing a statistically
significant correlation between infants born
with higher levels of PFOS and PFOA and
decreased birth weight and head circumfer-
ence, the Johns Hopkins study unearthed a
correlation between the compounds and
the scores the babies earned on the ponder-
al index, which measures fetal body mass
and can serve as a rough approximation of
nutritional status. “The lower the ponderal
index, the higher the [cord serum] PFOS
and PFOA [concentrations],” Goldman
says. Other studies have suggested that low
birth weight may be a risk factor for obesi-
ty, diabetes, and cardiovascular diseases
later on. 

The Johns Hopkins researchers also cor-
related the babies’ PFOA (but not PFOS)
concentrations with their total circulating
thyroxine levels, Goldman says. Higher con-
centrations of PFOA and PFOS were linked
with longer gestational periods, as well. This
raises the question of whether these com-
pounds are transported more readily later in
pregnancy, or accumulate with the fetus
during pregnancy, says Goldman.

Unlike the CDC study, the Johns
Hopkins research did not find any correla-
tion between the socioeconomic status of

the parents and the children’s blood PFOA
and PFOS concentrations, which Gold-
man says is “quite remarkable.” Because
the babies were born into families from a
wide socioeconomic range, and because
other research points to consumer prod-
ucts as the source of the compounds,
Goldman says the new study suggests that
if consumer products are the source, “they
are the ones everyone in our [study] group
is using.”

Given the association in Goldman’s
research of higher levels of PFOS and
PFOA with lower ponderal index scores,
some researchers wonder if this finding
could tie in with new evidence connecting
high levels of PFOA in rodent pups to obe-
sity later in life. The research to date shows
that the offspring of exposed pregnant
mice have a dose-related increase in obesi-
ty, Rogers explains. “By the time they’re
obese,” he says, “they have very little
remaining PFOA and their liver is back to
normal size.” 

One hypothesis for why this is happen-
ing is that PFOA could be acting as a
hypolipidemic agent in increasing fatty
acid metabolism, according to Rogers. In
other words, the PFOA treatment is “essen-
tially asserting an [undernourished] envi-
ronment in utero.” 

“We know that these compounds affect
fatty acid metabolism,” Seed says. “Maybe
something is happening in the developing
organism that is interfering with the pro-
gram of energy metabolism.” 

Rogers says this fits with what is
known as fetal programming syndrome in
human infants, in which children who
experience a prenatal environment chroni-
cally short of nutrients and are then reared
with an abundance of food are more likely
to become overweight. “Whatever is hap-
pening that mediates its effects on lipid
metabolism, whether through PPAR-α or
otherwise, could be very important,” he
says. “We know very little about what’s
going with the fetus in terms of metabolic
programming. The environment, in a very
critical period of development, might
affect metabolism or shift metabolism for a
lifetime.” 

However, Lau points out that PFOA is
but one of a number of environmental con-
taminants that are being linked to adult
obesity. Follow-up research is in order to
more carefully pinpoint the events that lead
to obesity, perhaps by looking at gene
expression or protein markers for adipogen-
esis earlier in test animals’ lifetimes. 

More  re sea rch  i s  needed ,  agree s
Suzanne Fenton, the EPA research biolo-
gist who conducted most of the research
linking prenatal PFOA exposure in mice
with adult obesity. She says the latest data
suggest this effect is being seen at dosages
below 1 mg of PFOA per kg of body
weight (the actual amount of PFOA in the
animals’ blood was not determined). Her
studies also revealed PFAA-induced abnor-
malities in other mouse tissues, including
the ovaries, mammary glands, and spleen.to
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Prenatal exposure to PFOS and PFOA has been correlated with changes in body weight and
head circumference in human infants. Postnatal exposures, as through breastfeeding, have
unknown effects. 



Immunotoxicity: The Case of
Atlantic Dolphins

In light of research suggesting that PFOA
and PFOS both cause potent suppression of
the adaptive immune system, in 2006 the
EPA Science Advisory Board called for
immunotoxicity to be the subject of more
study. The EPA is currently conducting
such studies and has replicated findings
showing that PFOA suppresses the primary
immune response, says Robert Luebke, a
research biologist with the NHEERL
Immunotoxicology Branch. The researchers
are looking for PPAR-α activity, but there
are some indications that something else
may be going on, he says. He and his col-
leagues have noticed that the adrenal glands
of treated mice are somewhat enlarged,
which fits with reports that corticosteroid
levels rise in PFOA-treated animals. 

The first research to suggest that the
levels of PFAAs being detected in wild ani-
mals could be impacting their immune sys-
tems involved bottlenose dolphins believed
to have “the highest [PFOS levels] ever
reported in any wildlife species,” according
to Margie Peden-Adams, an assistant pro-
fessor at the Medical University of South
Carolina Department of Pediatrics and
Marine Biomedicine and Environmental
Science Center. At the SOT meeting, she
presented a poster discussing her work
with an international team that analyzed

blood samples collected from 89 dolphins
living near Charleston, South Carolina,
and Indian River Lagoon, Florida. The ani-
mals harbored concentrations of PFOA
that were approximately twice the levels
that the CDC found in U.S. citizens, but
their average levels of PFOS were 20 to 40
times higher, according to an analysis pub-
lished by a team of University of Guelph
researchers in the 1 October 2006 edition
of Environmental Science & Technology. 

In conjunction with collaborators at
Clemson University and the Mystic Aquar-
ium, Peden-Adams helped develop a suite
of assays to test immune function in the
bottlenose dolphin. “We did not find over-
whelming suppression [associated with
PFAAs],” she says. For example, the
researchers observed no alterations in T-cell
proliferation or NK-cell activity. However,
lysozyme activity was suppressed, B-cell
proliferation was stimulated, and numbers
of various lymphocytes increased. “The
immune system is very compensatory, and
often when one thing is suppressed, anoth-
er thing may be increased,” she says. 

“It is important to note that any devi-
ation on the continuum of possible
immune effects from normal homeostasis
is considered an alteration,” Peden-Adams
stresses. “Suppressed immune function
can lead to increased vulnerability to
pathogens, but enhanced immune func-
tion can be detrimental as well, leading to

hypersensitivity reactions, allergy, and
autoimmune reactions.” 

For comparison, Peden-Adams and her
colleagues dosed B6C3F1 mice with PFOS
at concentrations comparable to those
found in the dolphins. “The effects on
antibody production seen in the mice are
what would be expected based on studies
with PFOA and PFDA [perfluorodecanoic
acid] and . . . occurred at environmentally
relevant exposure levels as compared to
control animals,” she says. This new
research is noteworthy because no studies
to date have determined the immune
effects of PFOS, and “no other laboratories
we are aware of are assessing [these
effects],” Peden-Adams says.

Next Up for PFAA Research
The toxicological research conducted to
date wtih PFAAs shows “profound changes
in the biochemistry of [test] animals,”
Andersen says. “I believe that enough work
has been done to have a hypothesis that
most of the responses are coming from some
receptor-mediated processes.” Andersen
therefore proposes that it makes sense for
the research community to move forward
with low-dose studies that attempt to look
for genetic or genomic changes associated
with effects such as immunotoxicity and
reproductive toxicity. Rogers agrees,
although he points out that such low-dose
studies can be very difficult to conduct
because the effects are more subtle, and car-
rying them out can involve the use of hun-
dreds of test animals. 

“Doing more human population studies
is another approach,” says Goldman, who
adds that closer collaboration between toxi-
cologists and epidemiologists would aid
such an effort immensely. In animal studies,
toxicologists can “look directly at biomark-
ers and molecular changes in the brain, kid-
ney, and the liver—anywhere they wish—
whereas in human studies, we are limited by
what is available without creating an exces-
sive burden on research subjects,” she says. 

“If we’re going to bring the fields clos-
er together, we need to have human epi-
demiological research that is focusing more
on mechanisms,” Goldman adds. For
example, she says that environmental
health research would be much more rele-
vant to epidemiologists if toxicologists
would work toward identifying biomarkers
in human serum that are indicative of risk.
“If we’re interested in what the effects are
in humans, then one of the things I think
we need to do better is to begin thinking
about modes of action in people as well as
toxicology,” she concludes. 

Kellyn S. Betts
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Studies of bottlenose dolphins with some of the highest levels of PFOS reported in wild
animals indicate that the chemical may affect immune function. 
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ERRATUM

In the May Focus article,
“Perfluoroalkyl Acids: What Is the
Evidence Telling Us?” [Environ
Health Perspect 115:A250–A256
(2007)], the caption on page A254
should have read “Once PFOA-
exposed mice reach adulthood, how-
ever, they are more likely to become
obese (above)”; PFOS (perfluoro-
octanyl sulfonate) exposure in utero
has not been linked to later obesity
in laboratory animals. In addition,
the caption on page A255 may be
interpreted as implying causality
between prenatal exposure to PFOS
and PFOA (perfluorooctanoic acid)
and altered body weight and head
circumference in human infants.
This was not EHP’s intention. In
fact, although an association has been
shown, causality has not been estab-
lished. On the same page, the journal
identified as Archives of Occupational
and Environmental Health is actually
International Archives of Occupational
and Environmental Health.

EHP regrets the errors.




