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I, Ingrid Hsieh-Yee, declare as follows:

I. INTRODUCTION AND QUALIFICATIONS

1. I am over the age of eighteen and otherwise competent to make this
declaration.

2. I have been retained as an independent expert on behalf of Norit
Americas, Inc. (“NORIT”) for proceedings before the United States Patent and
Trademark Office (“PTO”) regarding the authenticity and public availability of
certain prior art references in relation to U.S. Patent No. 12,478,948.

3. [ am being compensated for my time in connection with this Post-
Grant-Review at my current consulting rate. I am also being reimbursed for any
reasonable expenses associated with my work and testimony in this investigation. My
compensation is not contingent on the results of my study, the substance of my
opinions, or the outcome of this matter.

A.  Qualifications and Professional Experience

4. My complete qualifications and professional experience are described
in my academic curriculum vitaec (Appx. A). The following is a brief summary of
my relevant qualifications and professional experience.

5. [ was a professor in the Department of Library and Information Science

at the Catholic University of America for 32 years and was conferred the title of

Professor Emerita in December 2022. I have experience working in an academic
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library, a medical library, and a legislative library. I hold a Ph.D. and a Masters in
Library and Information Studies from the University of Wisconsin-Madison.

6. I am an expert on library cataloging and classification and have
published two editions on this subject, Organizing Audiovisual and Electronic
Resources for Access: A Cataloging Guide (2000 and 2006). I taught a variety of
courses, including Cataloging and Classification, Advanced Cataloging and
Classification, Organization of Internet Resources, Organization of Information,
Metadata, Digital Content Creation and Management, Internet Searches and Web
Design, Information Literacy Instruction, Advanced Information Retrieval and
Analysis Strategies, and The Information Professions in Society. I am familiar with
metadata schema design and implementation. In my teaching, I covered the design
and implementation of metadata in databases, search engines, digital repositories,
digital libraries, and digital archives. | also covered how information organization
affects the discovery and access to digital resources on the Internet. My research
interests cover cataloging and classification, information organization, metadata,
information retrieval, information architecture, digital collections, scholarly
communication, social media, user interaction with information systems, and others.

II. BACKGROUND OF LIBRARY CATALOGING
A.  Machine-Readable Cataloging (“MARC”)

7. [ am very familiar with a library cataloging encoding standard known
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as the “Machine-Readable Cataloging” standard, also known as “MARC,” which
became the national standard for sharing bibliographic data in the United States by
1971 and the international standard by 1973. MARC is the primary communications
protocol for the transfer and storage of bibliographic metadata in libraries. Experts in
my field reasonably rely upon MARC records when forming their opinions.

8. A MARC record consists of several ficlds, each of which contains
specific data about the work. Each field is identified by a standardized, unique, three-
digit code corresponding to the type of data that follows. Appx. B is a true and correct
copy of Parts VII to X of “Understanding MARC Bibliographic: Machine-Readable
Cataloging” (https://www.loc.gov/marc/umb/um07to10.html), a brief description
and tutorial published by the Library of Congress in 2009 that explains commonly
used MARC fields. For example, the personal author of a work is recorded in Field
100, the title is recorded in Field 245, publisher information is recorded in Field 260,
the physical volume and characteristics of a publication are recorded in Field 300,
and topical subjects are recorded in Fields 650. More details of MARC21 format for
Bibliographic Data are available on the Library of Congress website at
https://www.loc.gov/marc/bibliographic/.

0. [ am very familiar with library cataloging and processing practices and
the relationships between OCLC (Online Computer Library Center) and library

catalogs, and how libraries create and share their records to help the public discover

27-
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and access information.

10.  OCLC is the largest bibliographic network of the world, and its
WorldCat database contains more than 609 million records (as of October 2025) from
thousands of member institutions (many of which are libraries of some type) in more
than 100 countries. OCLC was founded in 1967 to promote and support library
cooperation. According to the third article of the “Amended Articles of Incorporation
of OCLC [Online Computer Library Center], Inc.,” OCLC was created “to establish,
maintain, and operate a computerized library network and to promote the evolution
of library use, of libraries themselves, and of librarianship, and to provide processes
and products for the benefit of library users and libraries, including such objectives
as increasing availability of library resources to individual library patrons and
reducing the rate of rise of library per-unit costs, all for the fundamental public
purpose of furthering ease of access to and use of the ever-expanding body of
worldwide scientific, literary, and educational knowledge and information™ (source:
https://www.oclc.org/content/dam/oclc/membership/articles-of-incorporation.pdf).

11.  OCLC members can contribute original cataloging records in MARC
to the system or derive cataloging records from existing records, an activity referred
to as “copy cataloging.” When an OCLC participating institution acquires a work, it
can create an original MARC record for the work in OCLC’s WorldShare system (a

system for catalogers to create and share MARC records), and the system will

_8-
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automatically generate a code for the date of record creation in the yymmdd format,
and the creating library’s OCLC symbol is recorded in subfield “a” of the 040 field.
Once the MARC record is in WorldShare, it becomes available to other OCLC
members for adoption to their local online catalogs (i.e., copy cataloging).

12.  After a MARC record is created in WorldShare, the record is put into
the OCLC WorldCat database. The record also becomes searchable and viewable on
WorldCat.org, a free web portal for users to explore more than 10,000 libraries
worldwide. Records in WorldCat.org, however, are not presented in MARC fields.
Instead, the data elements are labeled to help users interpret the records. Thus, the
information stored in MARC records in the OCLC WorldCat database is available to
the interested public free of charge through the user-friendly WorldCat.org web
portal.

13. In addition, records in the OCLC WorldCat database, which is “the
world’s most comprehensive database of information about library collections”

(https://www.oclc.org/en/worldcat.html), are discoverable on OCLC FirstSearch, a

subscription-based search platform for users to explore proprietary databases.
WorldCat database records on FirstSearch contain more details than records on
WorldCat.org (the free web porta), such as the date of entry data that indicate when

records were added to the OCLC WorldCat database.
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B. Library Online Catalogs

14.  Library online catalogs gained acceptance in the early 1980s and many
libraries migrated their systems to the World Wide Web in the mid-1990s. Library
online catalogs are based on MARC records that represent their collections in order
to help the public understand what materials are publicly accessible in those libraries.
Most libraries with online catalogs have made their catalogs freely available on the
Web. These online catalogs offer user-friendly search interfaces. Strong user interest
in keyword searches and the popularity of Google have led to the “googlization” of
library search systems. As a result, many library catalogs nowadays provide a single
search box for users to conduct keyword searches, with additional support for
searches by author, title, subject terms, and other data elements such as ISBN
(International Standard Book Number). Library catalogs these days also offer
features for users to narrow their search results by language, year, format, and other
elements. Many libraries display MARC records on their online catalogs with labels
for the data elements to help the public interpret MARC records. Many libraries also
offer the option to display MARC records in MARC fields.

15.  Libraries create MARC records for works they acquire, including
books, serials, motion pictures, and publications in other formats. Monograph
cataloging is fairly common in libraries, and most libraries make a newly cataloged

monograph available to the public soon after the cataloging work is completed,
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usually within a week. Libraries can create original cataloging records or use an

existing record in the OCLC WorldCat database to create a copy cataloging record.

As soon as the cataloging record is completed, it is added to the library’s online

catalog for users. If the record is an original record, it is also entered into the OCLC

system. If it is a copy cataloging record, the library’s holding symbol is attached to

the existing original record in the OCLC system to facilitate searching and

interlibrary loan.

16.

I am personally familiar with many online catalogs, databases, digital

repositories, and search engines. In preparing for this declaration, I used the following

authoritative information systems to search for records:

Google Scholar (https://scholar.google.com/)

Internet Archive (https://archive.org/)

JSTOR.org (https://www.jstor.org/)

OCLC FirstSearch (https://firstsearch.oclc.org/; subscription required

for access)

Online catalog of the Catholic University of America
(https://libraries.catholic.edu/)

Online catalog of the Johns Hopkins University Libraries
(https://www.library.jhu.edu/)

Online catalog of the Library of Congress (https://catalog.loc.gov/)

-11-
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e Online catalog of the National Library of Medicine
(https://catalog.nlm.nih.gov/discovery/search?vid=01NLM_INST:01N
LM _INST&lang=en)

e Online catalog of the North Carolina State University Libraries

(https://catalog.lib.ncsu.edu/catalog/)

e Online catalog of the University of Colorado Denver, Auraria Library

(https://library.auraria.edu/)

e Online catalog of the University of New Hampshire Library
(https://library.unh.edu/)

e Online catalog of the University of Wisconsin-Madison General Library
System (https://www.library.wisc.edu/)

e Public Records System of the US Copyright Office
(https://publicrecords.copyright.gov/)

e PubMed (https://pubmed.ncbi.nlm.nih.gov/)

o WorldCat.org, the free web portal (https://search.worldcat.org/)

C.  Scope of this Declaration

17. I'have been asked to offer my opinions on the public availability dates

of the following documents:
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Exhibit Prior Art Document

1004 Kempisty, D. M., Xing, Y., & Racz, L. (Eds.). (2018). Perfluoroalkyl
Substances in the Environment: Theory, Practice, and Innovation,
Taylor & Francis Group, Environmental and Occupational Health
Series, 2018. (“Kempisty”)

1005 Mueller, R., & Yingling, V. (2018, March). Remediation Technologies
and Methods for Per-and Polyfluoroalkyl Substances (PFAS). ITRC
Fact Sheet. 12 pages. (“Mueller”)

1006 McDougall, G. J. (1991, April). The physical nature and manufacture
of activated carbon, Journal of the Southern African Institute of
Mining and Metallurgy, 91(4), 109-120. (“McDougall”)

1007 Mimna, R. (2017, January 30). “Granular Activated Carbon: A Proven
Solution for PFC Removal,” Calgon Carbon Presentation, 30 Jan.
2017, https://www.calgoncarbon.com/app/uploads/PFC-Webinar-
Presentation-1-30-17.pdf. (“Mimna™)

1009 Appleman, T. D., Higgins, C. P., Quifiones, O., Vanderford, B. J.,
Kolstad, C., Zeigler-Holady, J. C., & Dickenson, E. R. (2014, March).
Treatment of poly-and perfluoroalkyl substances in US full-scale water
treatment systems, Water Research, 51, 246-255. (“Appleman”)

1011 Cannon, F. S., Snoeyink, V. L., Lee, R. G., Dagois, G., & DeWolfe, J.
R. (1993, March). Effect of Calcium in field-spent GACs on pore
development during regeneration, Journal-American Water Works
Association, 85(3), 76-89. (“Cannon”)

1013 McNamara, J. D., Franco, R., Mimna, R., & Zappa, L. (2018, January).
Comparison of activated carbons for removal of perfluorinated
compounds from drinking water, Journal-American Water Works
Association, 110(1), E2-E14. (“McNamara™)

1014 Calgon Carbon. (2015). Reactivation Services Frequently Asked
Questions. (“RS FAQ”)

18. I am informed by counsel and understand that a given reference is
“published” upon a satisfactory showing that such a document has been disseminated
or otherwise made publicly available to the extent that persons interested and
ordinarily skilled in the subject matter or art could locate it exercising reasonable
diligence and obtain the document. I have also been informed by counsel and
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understand that materials available in a library constitute “printed publications” if
they are catalogued and indexed according to general library practices and protocols
that make the references available and accessible to members of the interested public.

19.  Ihave been informed by counsel that Patent ‘948 claims April 3, 2019,
as its earliest priority date. I have assessed public accessibility of the documents
referenced below as of this claimed priority date.

20. I have been informed by counsel that the subject matter of this
proceeding generally relates to removal of perfluoroalkyl substances in the
environment.

21. I have been informed by counsel that a “person of ordinary skill in the
art at the time of the invention” (POSA) is a hypothetical person who is presumed to
be familiar with the relevant field and its literature at the time of the inventions. I
have been informed by counsel that this hypothetical person is also a person of
ordinary creativity, capable of understanding the scientific principles and literature
applicable to the pertinent field.

22.  With respect to the 948 Patent, a person of ordinary skill in the art
(POSA) by April 3, 2019, would have a working knowledge of the principles of water
purification and sorbents. A POSA would have gained knowledge of these materials
and processes through a mixture of education and work experience, such as by (i)

having a Bachelor’s degree in environmental engineering, civil engineering,
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mechanical engineering, chemical engineering, or equivalent degree, coupled with
at least three years of experience; (i1) by obtaining a Master’s degree or Doctorate in
environmental engineering, civil engineering, mechanical engineering, chemical
engineering, or equivalent degree, but having less experience; or (iii) by having no
formal degree, but having experience in the relevant field of at least six years.

23. It is my opinion that such a person would have been actively engaged
in learning about the field, possibly through formal instruction, field experience, and
bibliographic resources. By at least April 3, 2019, such a person would have had
access to a vast array of print and electronic resources, including at least the
documents referenced below.

D. Evidence Considered in Forming My Opinion

24.  Inthe preparation of this declaration, I have reviewed EXs-1004, 1005,
1006, 1007, 1009, 1011, 1013, and 1014 referenced in paragraph 17 above, and any
other documents I reference herein. Each of these is a type of material that experts in
my field would reasonably rely upon when forming their opinions. I have provided a
further description of materials I considered in Appx. C.

III. Authenticity and Public Availability of Kempisty (EX-1004)
A.  Authentication

25. EX-1004 is a true and correct copy of partial content of Perfluoroalkyl

Substances in the Environment: Theory, Practice, and Innovation, (“Kempisty”),

-15-
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edited by D. M. Kempisty, Y. Xing and L. Racz and published by CRC Press in 2018,
that I received from counsel. This copy is presented as EX-1004 in this declaration.
26.  Page 1 of EX-1004 is the front cover that shows the title, subtitle,
editors, publisher, and the series that includes Kempisty. Page 2 is title page that
contains the same information as the cover and indicates CRC Press is an imprint of
the Taylor & Francis Group. Page 3 is the copyright page that shows this book has a
“2019” copyright date and Taylor & Francis Group, LLC holds the copyright. This
page also shows the URLSs of the publishers and the Library of Congress Cataloging-
in-Publication Data that shows the ISBN of the hardback copy is “9781498764186”
and the ISBN of the ebook 1s “9780429487125.” Pages 4 to 6 are the table of contents
that shows Kempisty has 21 chapters in four sections, an author index, and a subject
index. Pages 7 and 8 (internal pages xi and xii) are the Foreword. Pages 9 to 11
(internal pages xix to xxi) are the Introduction. Pages 12 to 34 (internal pages 13 to
44) are the text of Chapter 1 “Fluorosurfactants in Firefighting Foams Past and
Present” by Stephen H. Korzeniowski, Robert C. Buck, David M. Kempisty, and
Martial Pabon; pages 45 to 65 (internal pages 303 to 323) are the text of Chapter 13
“Reactivation of Spent Activated Carbon Used for PFAS Adsorption” by John
Matthis and Stephanie Carr; and page 66 to 92 (Internal pages 325 to 351) are the
text of Chapter 14 “Ion Exchange for PFAS Removal” by Steven Woodard, Michael

G. Nichelsen, and Marilyn M. Sinnett.
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27.  To authenticate EX-1004, I located a preview copy of Kempisty from
the publisher Taylor & Francis at

https://api.taylorfrancis.com/content/books/mono/download?identifierName=doi&i

dentifierValue=10.1201/9780429487125&type=googlepdf. This preview file is

presented as Appx. 1004A in this declaration. I have closely compared EX-1004 with
Appx. 1004A and found that the front matter pages and Chapter 1 in EX-1004 and
their corresponding pages in Appx. 1004A are the same, confirming the counsel copy
of Kempisty is the same as the one from the publisher. The publisher’s preview file
does not include Chapter 13 and Chapter 14, but the Chapter 13 and Chapter 14
included in EX-1004 appear to be authentic because these chapters are not missing
any intermediate pages and do not contain marks of alteration.

28.  EX-1004 is in a condition that raises no suspicion about its authenticity.
Specifically, the front matter and Chapter 1 of EX-1004 are the same as their
corresponding pages in the publisher’s preview file (Appx. 1004A). In addition,
Chapter 13 and Chapter 14 of EX-1004 are not missing any intermediate pages, and
show no visible alterations to those pages. Based on my review and analysis, it is my
opinion that EX-1004 is authentic.

B. CRC Press Webpages on Internet Archive

29.  Internet Archive is a digital library that archives scholarly materials,

cultural artifacts, and other web resources on the Internet and provides free public
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access to its collections. I have used Internet Archive in the past and am familiar with
their Wayback Machine and their practice of assigning an extended URL to an
archived resource in the format of http:/www.archive.org/web/[Year in
yyyy][Month in mm][Day in dd][Time code in hh:mm:ss]/[Archived URL] to show
the point of time the archived file was captured.

30.  Because Internet Archive usually does not archive web resources the
moment they appear on the Internet, and a web resource must be available on the
Internet before it can be archived, the archive date of a file captured by the Internet
Archive means that the archived file was available on the Internet before, and
definitely no later than, the archive date.

31.  To determine the public availability date of Kempisty, I searched
Internet Archive for information. Appx. 1004B is a true and correct copy of the CRC
Press webpage for books on Environmental Science. I personally located, identified,
and obtained this archived copy. This is the type of materials experts in my field
would reasonably rely upon when forming their opinions.

32.  Page 1 of Appx. 1004B is a screen capture of a Wayback Machine

calendar that shows this webpage (https://www.crcpress.com/environmental-

science) was archived 41 times between 2014 and 2024, and this particular copy was
archived on “AUG 26 2018~ and available at

https://web.archive.org/web/20180826202517/https://www.crcpress.com/environme
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ntal-science. Pages 2 to 6 are the PDF of this archived copy, and page 5 shows
Kempisty is listed with the book cover, title, editors, and a publication date of “July
30,2018.” Appx. 1004B informs my opinion that CRC Press published Kempisty on
July 30, 2018, and this book was available for public discovery and purchase no later
than August 26, 2018.

C. Library Records for Kempisty

33.  To determine the public availability of Kempisty at libraries, I searched
WorldCat.org, the free web portal, and learned that the Library of Congress (LC) was
one of the holding libraries. Appx. 1004C is a true and correct copy of the MARC
record obtained from LC, an OCLC FirstSearch record, and records from the
University of New Hampshire Library. I personally located, identified, and obtained
these records. They are the type of records experts in my field would reasonably rely
upon when forming their opinions.

34.  Pages 1 to4 of Appx. 1004C show the LC MARC record for Kempisty.
The first six digits of Field 008 show the record was created on “180319” (i.e., March
19, 2018). Field 955 records local cataloging activities, and shows “1 copy rec’d., to
CIP ver.” on “2023-05-25” (meaning one copy was received and sent to the
Cataloging-in-Publication Program for record verification on May 25, 2023).
Subfields “a” and “c” of Field 040 show “DLC” (the OCLC library symbol for the

Library of Congress) created and entered the record into the OCLC WorldCat
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database. Fields 008, 955, and 040 inform my opinion that LC created a pre-
publication record, known as CIP (Cataloging-in-Publication) record), on March 19,
2018, and entered the record into the OCLC WorldCat database to share it with the
OCLC community. After the book was published, LC received a copy and sent it to
the CIP Program on May 25, 2023 to verify the pre-publication record.

35.  Field 010 shows the LC control number (“2018011967”). Fields 020
show the ISBNs of the hardcopy and ebook of this title. Field 245 shows the title,
subtitle, and editors, Field 264 shows the publisher, Field 300 shows the physical
description, Field 490 shows the series title, and Field 504 shows a bibliographical
note for references and indexes. The editors are recorded in Fields 700 to help users
discover this book. The subjects of this book are represented in Field 050 by a Library
of Congress Classification (LCC) number (“TD427.D4”), in Field 082 by a Dewey
Decimal Classification (DDC) number of “628.5/2,” and in Fields 650 by two Library
of Congress subject headings, with “Surface active agents $x Environmental aspects”
(“$x” indicates a topical subheading), and “Fluorocarbons $x Environmental
aspects.”

36. Pages 5 to 7 of Appx. 1004C are the OCLC FirstSearch record that
shows 16 libraries hold this book and have used this record to facilitate the discovery
of this book for their users. The title, editors, publisher, year of publication,

description, series, note, the 13-digit ISBNs for the hardcopy and ebook, LCC, DDC,
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and Library of Congress subject headings (the first two terms in the Descriptor field)
are the same as those presented in the LC MARC record. The Entry field, the
Database field, and the Accession No field show this record was entered into the
OCLC WorldCat database on “20180319” (i.e., March 19, 2018), and its OCLC
record number is 1012206334. This OCLC FirstSearch record confirms that LC
created and entered the pre-publication record for Kempisty on March 19, 2018, into
the OCLC WorldCat database, making this record available on that date for the
OCLC community for copy cataloging.

37. Pages 8 and 9 of Appx. 1004C are the bibliographic record for
Kempisty from the University of New Hampshire Library. The bibliographic record
shows this book is available at the Kingsbury Library with a call number of
“TD427.D4 P3945 2019.” The title, editors, Library of Congress subject headings,
series title, publisher, publication year, physical description, and 13-digit ISBNs are
the same as the information presented in the LC MARC record.

38.  Page 10 is the MARC record, and Field 008 and Field 040 show the
University of New Hampshire Library based their copy cataloging record on the pre-
publication record created by LC on March 19, 2018. As a result, other than data
specific to the local library, this MARC record is nearly identical to the LC record,
meaning the record enables users to discover Kempisty by the Library of Congress

control number (Field 010), ISBNs (Fields 020), title (Field 245), and editors (Fields
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700). Users can also conduct subject searches by subject headings (Fields 650) and
LCC number (Field 945) to discover this book. Field 945 shows a date of “3-11-19”
(i.e., March 11, 2019) for ILL LOAN (meaning interlibrary loan). This date means
that Kempisty was available for interlibrary loan at the University of New Hampshire
Library no later than March 11, 2019.

D. Library Records for the eBook version of Kempisty

39.  To determine the public availability of Kempisty in libraries, I searched
WorldCat.org, the free web portal, and found that most libraries held the eBook
version of this book (“Kempisty eBook™). Appx. 1004D is a true and correct copy of
the publisher webpage for this eBook, available at

https://www.tavlorfrancis.com/books/edit/10.1201/9780429487125/perfluoroalkyl-

substances-environment-yun-xing-leeann-racz-david-kempisty. Page 1 is a screen

capture of the top of this webpage that shows the title, subtitle, editors, edition, “5
August 2018 as the publication date of this eBook, publisher location, publisher,
DOI (digital object identifier), total number of pages, and ISBN of the eBook
(““9780429487125”). The right side of the page instructs visitors to this webpage on
how to access the ebook and the print version. Pages 2 to 8 are the PDF of this
webpage for Kempisty. These pages show the abstract, key features, and individual
chapters for users to access, if they are affiliated with institutions that subscribe to

the Taylor & Francis eBook collection. Page 3 shows the title, authors, and pages of

22

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0022


https://www.taylorfrancis.com/books/edit/10.1201/9780429487125/perfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/books/edit/10.1201/9780429487125/perfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/books/edit/10.1201/9780429487125/perfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/books/edit/10.1201/9780429487125/perfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty

Chapter 1 (*“32 pages”), page 5 shows the title, authors, and pages of Chapter 13 (“22
pages”), and page 6 shows the title, authors, and pages of Chapter 14 (“28 pages”).
These bibliographic details are the same as the information presented in EX-1004,
confirming this eBook has the same content as the print version.

40.  Appx. 1004E is a true and correct copy of three OCLC FirstSearch
records for the Kempisty eBook. I personally located, identified, and obtained these
records from OCLC FirstSearch, a search system for users to explore proprietary
databases, including the OCLC WorldCat database. These records are the type of
records experts in my field would reasonably rely upon when forming their opinions.

41.  Pages 1 to 6 of Appx. 1004E show 102 libraries hold the Kempisty
eBook and use this record to facilitate the discovery and access. The title, subtitle,
editors, publisher location, publication year (“2018”") and the Description field (“1
online resource”) show this record is for the Kempisty eBook. The Access field
contains a link to the ebook on the EBSCOhost platform (see page 7 for a screen
capture of this ebook on EBSCOhost), and the “Materials specified” field includes a
link to Taylor & Francis webpage at

https://www.taylorfrancis.com/books/e/9780429487125, which leads to the ebook

webpage presented as Appx. 1004D above (see page 8 for a screen capture of the top
of this webpage). The Date of Entry field, the Database field, and the Accession No

field show this record was entered into the OCLC WorldCat database on 20180821
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(i.e., August 21, 2018) and its OCLC number is “1049150067.” I have checked the
OCLC WorldShare system and learned that the NetLibrary of Massachusetts created
this record. This OCLC FirstSearch record informs my opinion that the NetLibrary
created a record for the Kempisty eBook on the EBSCOhost platform and entered the
record into the OCLC WorldCat database on August 21, 2018, making this record
available for OCLC members whose libraries provide access to the Kempisty eBook
on EBSCOhost to use it for copy cataloging.

42.  Pages 9 to 13 show 33 libraries hold the Kempisty eBook and use this
record to facilitate the discovery and access. The title, subtitle, editors, publication
year (“2018”) and the Description field (1 online resource”) show this record is for
the Kempisty eBook. The Access field contains a link to the ebook in ProQuest
Ebook Central on the EBSCOhost platform (see page 14 for a screen capture of an
eBook record on ProQuest Ebook Central). The Date of Entry field, the Database
field, and the Accession No field show this record was entered into the OCLC
WorldCat database on 20180825 (i.e., August 25, 2018) and its OCLC number is
“1049914424.” 1 have checked the OCLC WorldShare system and learned that
ProQuest Ebook Library was the creator of this record. This OCLC FirstSearch
record informs my opinion that ProQuest Ebook Library created a record for the
eBook of Kempisty on the ProQuest Ebook Central platform and entered the record

into the OCLC WorldCat database on August 25, 2018, making this record available
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for OCLC members whose libraries provide access to the eBook on ProQuest Ebook
Central to use it for copy cataloging.

43.  Pages 15 to 18 show eight libraries hold the Kempisty eBook and use
this record to facilitate the discovery and access. The title, subtitle, editors,
publication year (“2018”) and the Description field (“1 online resource”) show this
record is for the Kempisty eBook. Several ISBNs are included in this record
(“9780429945021; 0429945027; 9781498764186; 1498764185; 9781138747777,
1138747777 Other: 10.1201/9780429487125). The Access field contains a link to
the Kempisty eBook at

https://nls.1dls.org.uk/welcome.html?ark:/81055/vdc_100066339082.0x000001. I

have checked the OCLC WorldShare system and learned that the National Library of
Scotland created this record. The National Library of Scotland’s record for this ebook
showed that this record is for a “Legal Deposit” eBook that “can only be viewed on
National Library premises” (see page 19 for a screen capture of the top of the library
record). The Date of Entry field, the Database field, and the Accession No field show
this record was entered into the OCLC WorldCat database on 20180908 (i.e.,
September 8, 2018) and its OCLC number is “1053862345.” This OCLC FirstSearch
record informs my opinion that the National Library of Scotland created a record for
the Kempisty eBook, which is a legal deposit copy at their library. The Library

entered their record into the OCLC WorldCat database on September 8, 2018, making
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this record available for OCLC members for copy cataloging. Libraries whose
Kempisty eBook matches the ISBNs in this record would be able to use the record for
copy cataloging.

44. Taken together, the three OCLC FirstSearch records inform my
opinion that the Kempisty eBook is available on several platforms, and at least three
records were created for the Kempisty eBook and entered into the OCLC WorldCat
database in August and September of 2018 to help libraries create copy cataloging
records to facilitate discovery and access to the ebook. It is therefore my conclusion
that the Kempisty eBook became discoverable and accessible to users affiliated with
ebook subscribing institutions on August 21, 2018, August 25, 2018, and September
8,2018.

E. Records of the University of Colorado at Denver

45.  Appx. 1004F is a true and correct copy of the bibliographic and MARC
records for the Kempisty eBook. I personally located, identified, and obtained these
records from the online catalog of the Auraria Library of the University of Colorado
at Denver. They are the type of records experts in my field would reasonably rely
upon when forming their opinions.

46.  Pages 1 to 3 of Appx. 1004F are the bibliographic record. The title,
subtitle, editors, publisher, publication year (“[2018]”), description, series title,

contents, subjects, and ISBN for the ebook (“9780429487125”) match the
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information presented on the publisher’s webpage for this ebook (Appx. 1004D),
confirming this record represents the Kempisty eBook.

47.  Pages 4 and 5 are the MARC record. The first six digits of Field 008
show the record was created on “180928” (i.e., September 28, 2018). Subfield “a”
and “c” of Field 040 show “FIBoTFG” created the record and entered it into the
OCLC WorldCat database. According to the MARC Code List for Organizations
(https://www.loc.gov/marc/organizations/org-search.php), “FIBoTFG” is the code
for Taylor & Francis Group, LLC. Field 005 is a machine-generated field that
automatically records the last time this library modified this MARC record, and it
shows the Auraria Library last modified the record on “20180928140608” (i.e.,
September 28, 2018, at 2 p.m., 6 minutes and 8 seconds). Fields 008, 040, and 005
inform my opinion that the Auraria Library used the record created by Taylor &
Francis on September 28, 2018, for copy cataloging and last modified their record on
the same day, making this record available to their library users on that date.

48.  Field 020 shows the ISBN for the Kempisty eBook. Field 245 shows
the title. Field 250 shows the edition statement. Fields 264 show the ebook
publication date and the copyright date. Field 300 shows this work is an online
resource that has a total of 520 online pages, includes 143 illustrations, and is
available as PDF. Fields 490 and 830 show the series title is recorded as an access

point. Field 505 is a contents note. Field 520 is a summary. Field 530 shows this
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work is also available in print. Field 567 informs users of access issues. Subjects of
this ebook are represented in Field 050 by a Library of Congress Classification (LCC)
number of “TD427.D4” that represents “Detergents. Surfactants” (Library of
Congress Classification Schedule T at
https://www.loc.gov/aba/publications/FreeLCC/LCC_T2024TEXT.pdf); and by two
Library of Congress subject headings in Fields 650, with “Surface active agents” and
“Fluorocarbons” as the main topics, each followed by “Environmental aspects” as a
topical subheading encoded in subfield x (“|x”). These subject representations enable
users to conduct subject searches to discover this ebook.

49.  This MARC record (Appx. 1004F) shows the Kempisty eBook became
discoverable and accessible at the Auraria Library on September 28, 2018. As of that
date, interested users could discover this ebook by the ISBN, title, series title, and
editors. They could also conduct subject searches by the LCC number and the subject
headings to discover this work.

F. Usage Records

50.  Actual usage of a publication is reflected by other publications that
make reference to it. I have reviewed citations to Kempisty on Google Scholar and
found one citation to Kempisty that was first published online in January 2019. This
citation is: Fabelova, L., Loffredo, C. A., Klanova, J., Hilscherova, K., Horvat, M.,

Tihanyi, J., ... & Trnovec, T. (2019, April). Environmental ototoxicants, a potential
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new class of chemical stressors. Environmental research, 171, 378-394. The
publication history on ScienceDirect
(https://www.sciencedirect.com/science/article/pii/S0013935119300477) shows the
manuscript was “Received 22 May 2018, Revised 24 January 2019, Accepted 25
January 2019, Available online 26 January 2019, Version of Record 1 February
2019.” This citation shows Kempisty was used by other researchers before the April
3, 2019, priority date.

G. Summary of My Opinion on Kempisty

51.  EX-1004 contains partial content of Kempisty and is authentic because
it is in a condition that raises no suspicion about its authenticity. Specifically, the
front matter and Chapter 1 in this copy are the same as their counterparts in the
publisher’s preview file (Appx. 1004A). In addition, Chapter 13 and Chapter 14 in
EX-1004 are not missing any intermediate pages, and there are no visible alterations
to the document.

52.  Archived copy of the CRC Press webpage for books on Environmental
Science (Appx. 1004B) shows that Kempisty was discoverable and available for
online purchase on the Internet no later than August 26, 2018. As mentioned earlier,
Internet Archive usually does not archive a web resource as soon as it appears on the
Internet, meaning the archive date tends to lag behind the actual appearance of a web

resource on the Internet. Appx. 1004B shows that by August 26, 2018, CRC Press
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had listed Kempisty as a published work on their website. It is therefore my opinion
that this book was available for user purchase by that date.

53.  The Library of Congress created a pre-publication record for the
Kempisty book on March 19, 2018, and entered their record into the OCLC WorldCat
database, making it available to OCLC members for copy cataloging. The University
of New Hampshire Library used the LC record for copy cataloging, and their record
shows a March 11, 2019 interlibrary loan date, indicating Kempisty was available at
this library by that date (Appx. 1004C).

54.  The publisher’s webpage for the Kempisty eBook (Appx. 1004D)
shows the ebook was published on August 5,2018. Three OCLC FirstSearch records
for the Kempisty eBook (Appx. 1004E) show that these records were created on
August 21 and 25, and September 8, 2018, and available in the OCLC WorldCat
database. In August and September of 2018 these records made the Kempisty eBook
discoverable by OCLC members, subscribers to OCLC FirstSearch, and the general
public that can access to WorldCat.org, the free web portal. Users affiliated with
institutions that subscribed to the Kempisty eBook would be able to access the ebook
on appropriate platforms free of charge.

55.  Records for the Kempisty eBook from the Auraria Library of the
University of Colorado at Denver (Appx. 1004F) show the library based their copy

cataloging record on a record created by Taylor & Francis that published Kempisty
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and the library last revised their record on September 28, 2018, making this ebook
discoverable and accessible from the record for their library users on that date.

56.  Kempisty is used by researchers of an article by Fabelova et al. that was
first published online in January 2019, and published in print in April 2019. The
publication history of this article shows the article was “Accepted 25 January 2019,
Available online 26 January 2019.”

57.  Based on the records and documents I have reviewed, it is my opinion
that Perfluoroalkyl Substances in the Environment: Theory, Practice, and Innovation
that was edited by Kempisty, Xing, and Racz and published by CRC Press as a book
on July 30, 2018, became publicly discoverable and accessible from the publisher
website by August 26, 2018. The print version was publicly available at the
University of New Hampshire Library no later than March 11, 2019. The Kempisty
eBook was published on August 5, 2018, and became discoverable and accessible on
August 26, 2018, on the publisher website. In addition, it became publicly
discoverable at libraries in August and September of 2018. Specifically, the
Kempisty eBook became discoverable and accessible by users of the Auraria Library
of the University of Colorado at Denver no later than September 28, 2018. Citation

history shows an article published online in January 2019 cited to Kempisty.
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IV. AUTHENTICITY AND PUBLIC AVAILABILITY OF MUELLER (EX-
1005)

A. Authentication

58.  EX-100S5 is a true and correct copy of “Remediation Technologies and
Methods for Per- and Polyfluoroalkyl Substances (PFAS),” (“Mueller”), by Robert
Mueller and Virginia Yingling. This document is a fact sheet of the Interstate
Technology & Regulatory Council (ITRC) that I received from counsel. This copy is
presented as EX-100S5 in this declaration.

59.  Page 1 of EX-1005 shows the title, a logo of ITRC, and a note on the
right side stating “ITRC has developed a series of fact sheets that summarize the latest
science and emerging technologies related to PFAS,” and highlights the purpose of
this remediation fact sheet. EX-1005 has a total of 12 pages, including a color figure,
and section 4 explains “the references cited in this fact sheet, and the other ITRC
PFAS fact sheets, are included in one combined list” available on the ITRC web site.
Page 12 shows this fact sheet has a “March 2018 publication date.

60.  To authenticate EX-1005, I personally located, identified, and obtained
a copy of Mueller archived by Internet Archive on December 18, 2018, available at

https://web.archive.org/web/20181218193617/https://pfas-1.itrcweb.org/wp-

content/uploads/2018/03/pfas_fact sheet remediation 3_15 18.pdf. This copy is
presented as Appx. 1005A in this declaration. I have closely compared EX-1005 with
Appx. 1005A and found them to be identical. The only difference is that page 1 of
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Appx. 1005A is a screen capture of the Wayback Machine calendar that shows this
document was archived six times between “18 Dec 2018 and “8 Jul 2024” and this
particular copy was archived on “DEC 18 2018 and available at the URL listed
above.

61. EX-1005is in a condition that raises no suspicion about its authenticity.
Specifically, this copy is not missing any intermediate pages, and there are no visible
alterations to the document. Furthermore, this copy is the same as the copy archived
by Internet Archive (Appx. 1005A). Based on my review and analysis, it is my
opinion that EX-100S5 is authentic.

B.  Availability of PFAS Fact Sheets

62.  Internet Archive is a digital library that archives scholarly materials,
cultural artifacts, and other web resources on the Internet. It provides the public with
free access to its collections. I have used the Internet Archive in the past and am
familiar with their practice of assigning an extended URL to an archived web
resource to show the point of time the archived file was captured.

63.  Internet Archive aims to archive resources posted on the Internet to
inform our understanding of web resources that have been available on the Internet.
Internet Archive has been archiving cached web pages since May 1995, and its
Wayback Machine reached 1 trillion webpages archived in October 2025 (Internet

Archive Blogs, posted on July 1, 2025, at
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milestone-this-october-one-trillion-web-pages-archived/). However, Internet

Archive is not able to archive every web file ever posted on the Internet because the
volume of web files is huge. When the Internet Archive has an archived copy of a
web resource, we can conclude that that particular web resource was available on the
Internet no later than the archive date.

64.  Internet Archive usually does not archive web resources the moment
they appear on the Internet, and a web resource must be available on the Internet first
before it can be archived. The archive date of a file captured by the Internet Archive
therefore is typically later than the date when the file first became publicly accessible
on the Internet. In other words, the archive date means that the archived file was
available on the Internet before, and definitely no later than, the archive date. For
example, if a file was first archived by the Internet Archive on June 1, 2001, that
archive date informs us that the file was available on the Internet for users to discover
no later than June 1, 2001. By that date, users could use search engines such as Google
to conduct keyword searches or title searches to discover the file on the Internet. In
addition, interested users could search the URL of a file or an organization on the
Wayback Machine, a service of the Internet Archive, to determine if the Wayback
Machine has archived a specific file, or web resources from a specific organization.

65.  To determine when Mueller became publicly available on the Internet,
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I searched Internet Archive for records. ITRC announcements, announcements of
other organizations, and usage records of Mueller inform my opinion that Mueller
became publicly available on March 20, 2018. As evidence, [ have personally located,
identified, and obtained Appxs. 1005B to 1005S. They are the types of materials
experts in my field would reasonably rely upon when forming their opinions.

66. 1 have obtained ITRC PFAS webpage archived by Internet Archive in
2017 and 2018 to document the history of Mueller. Appx. 1005B is a true and correct
copy of the ITRC PFAS webpage archived by Internet Archive on November 17,
2017, available at https://web.archive.org/web/20171117143016/https:/pfas-
l.itrcweb.org/. 1 used screen captures to produce this appendix. Page 2 shows
Interstate Technology and Regulatory Council (ITRC) “has developed six fact sheets
to summarize the latest science and emerging technologies for per- and
polyfluoroalkyl substances (PFAS)” and page 3 shows the title of Fact Sheet #6 is
“Remediation Technologies and Methods.” The bottom of page 3 shows “November
2017 as the publication date of this webpage. The link for “Fact sheets” leads to an
archived PFAS Fact Sheets webpage, which is presented as Appx. 1005C in this
declaration. I used screen captures to produce this appendix.

67. Page 1 of Appx. 1005C shows the PFAS Fact Sheets webpage was
archived 253 times between “17 Nov 2017 and “1 Jul 2026 and this particular copy

was archived on “NOV 17 2017, available at
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https://web.archive.org/web/20171117143547 /http://pfas-1.itrcweb.org/fact-sheets.
Page 1 states that this page “includes in the links for the ITRC PFAS fact sheets. The
fact sheets are available as PDF files.” Page 2 shows links to the first three fact sheets,
and indicates the last three fact sheets (“Remediation Technologies and Methods”
included) are “to be published December 2017.”

68.  The availability of the first three fact sheets was shared on Facebook in
November 2017. Appx. 1005D is a true and correct copy of the post of Johnsie Lang
on “November 20, 2017,” on the Facebook of the North Carolina Stop GenX and
Nafion n Water, available at
https://www.facebook.com/groups/353457201741568/permalink/384656191955002
/7rdid=dvFBIZQkBc3VNEQV#. This post shows “ITRC has developed six fact
sheets to summarize the latest science and emerging technologies for per- and
polyfluoroalkyl substances (PFAS)” and the first three fact sheets “were released last
week. Here is the Naming Conventions and Physical and Chemical Properties Sheet,
which contains some useful information.” This post includes a link (“http://pfas-

l.itrcweb.org/.../pfas_fact sheet naming...”) to this fact sheet.

69.  Taken together, Appx. 1005B, Appx. 1005C, and Appx. 1005D inform
my opinion that ITRC announced on November 17, 2017, the development of six fact
sheets on PFAS and the availability of the first three fact sheets on their website, and

the news was shared on Facebook on November 20, 2017.
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http://pfas-1.itrcweb.org/wp-content/uploads/2017/10/pfas_fact_sheet_naming_conventions_11_13_17.pdf?fbclid=IwcGRvZgFleHRuA2FlbQIxMABicmlkETFSWTNyMWtQNTZQNmNyT0Rqc3J0YwZhcHBfaWQQMjIyMDM5MTc4ODIwMDg5MgABHpiHIbYqfBDStAKvphXUIDAgXtKuGAVm0q6m44cDqeu7pcV06kSCi3fXwYpC_aem_vWbBqiHg-7dBxPvnOhHA1Q
http://pfas-1.itrcweb.org/wp-content/uploads/2017/10/pfas_fact_sheet_naming_conventions_11_13_17.pdf?fbclid=IwcGRvZgFleHRuA2FlbQIxMABicmlkETFSWTNyMWtQNTZQNmNyT0Rqc3J0YwZhcHBfaWQQMjIyMDM5MTc4ODIwMDg5MgABHpiHIbYqfBDStAKvphXUIDAgXtKuGAVm0q6m44cDqeu7pcV06kSCi3fXwYpC_aem_vWbBqiHg-7dBxPvnOhHA1Q

70.  The PFAS Fact Sheets webpage later announced a later availability date
for the last three fact sheets. Appx. 1005E is a true and correct copy of the PFAS
Fact Sheets webpage archived by Internet Archive on “JAN 19 2018,” available at
https://web.archive.org/web/20180119214445/http:/pfas-1.itrcweb.org/fact-sheets/.

I used screen captures to produce this appendix. Page 2 shows the first three fact
sheets are available online, and the last three fact sheets are “to be published February
2018.”

C. ITRC Release of Mueller

71.  On March 20, 2018, ITRC announced the availability of three new fact
sheets. Appx. 1005F is a true and correct copy of the ITRC Factbook announcement
on “March 20, 2018.” available at
https://www.facebook.com/profile/100063488651502/search/?q=ITRC%?20thrilled
%20t0%20release%20three%20new%20PFAS. The post announces that “ITRC is
thrilled to release three new PFAS fact sheets!” and this Facebook post shows
“Remediation Technologies and Methods” is one of the fact sheets made publicly
available on that date. This announcement is corroborated by several documents.

72.  Appx. 1005G is a true and correct copy of the webpage of “Interstate
Technology & Regulatory Council (ITRC) News” archived by Internet Archive on
“JUL 19 2019,” available at

http://web.archive.org/web/20190719230817/http://www.itrcweb.org/About/News.
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The Wayback Machine calendar shows the news webpage was archived 48 times
between “19 Jun 2013 and “19 Sep 2024” and the detailed calendar shows the news
webpage was not archived in 2018 at all, so this archived copy of July 19, 2019 is the
first available archived copy after the three new fact sheets became publicly available
on March 20, 2018. Pages 2 to 8 are the PDF of this archived copy and page 4 shows
a news entry of “3/20/2018 — ITRC is thrilled to release three new PFAS fact sheets!
(/web/20190719230817/http://www.itrcweb.org/About/three-new-PFAS-fact-
sheets)”. This link leads to an ITRC announcement on the Internet.

73.  Appx. 1005H is a true and correct copy of the archived ITRC news
announcement on March 20, 2018. Page 1 shows this announcement was archived
three times between August 2019 and April 2021, and this particular copy was
archived on August 25, 2019, available at
http://web.archive.org/web/20190825090656/https://itrcweb.org/ About/three-new-
PFAS-fact-sheets. Page 1 shows “ITRC is thrilled to release three new PFAS fact
sheets” and the date of this news entry is “March 20, 2018.” This archived webpage
shows ITRC released three new PFAS fact sheets, including “Remediation
Technologies and Methods,” on March 20, 2018. Page 2 is the PDF of this archived
webpage that shows users can “Click HERE
(https://web.archive.org/web/20190825090656/https://pfas-1.itrcweb.org/fact-

sheets/) to access the fact sheets.”
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74.  Taken together, archived copies of the ITRC Facebook posting (Appx.
1005F), ITRC News webpage (Appx. 1005G), and the ITRC news announcement on
their website (Appx. 1005H) inform my opinion that ITRC announced the public
release of “Remediation Technologies and Methods” on March 20, 2018, making this
document publicly available on their website on that date.

D.  Public Awareness of Mueller in March and April 2018
75.  The availability of Mueller on March 20, 2018, was publicized by a

number of non-ITRC publications. Appx. 10051 is a true and correct copy of a
MERIT Lab blog post that I personally located, identified, and obtained. Page 1
shows this blog post is available at https://www.meritlabs.com/blog/2018/3/21/just-
the-facts-pfas-fact-sheets-published-by-itrc, with a title of “March 21, 2018. Just The
Facts! PFAS Fact Sheets Published by ITRC.” Pages 2 to 4 are the PDF of this
webpage that shows ITRC “just published three new fact sheets on Per- and
Polyfluoroalkyl Substances (PFAS) along with one updated fact sheet ... These four
PFAS updates from ITRC are the most current guidance available and will provide
environmental professionals with detailed information on PFAS.” The four fact

sheets reported in this post include “Remediation Technologies and Methods

(https://pfas-1.itrcweb.org/wp-

content/uploads/2018/03/pfas_fact sheet remediation 3 15 18.pdf)”. The

“3 15 18.pdf” in the filename indicates Mueller was published on March 15, 2018.
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The blog post also describes what this Remediation fact sheet covers: “The fact sheet
on Remediation Technologies and Methods (https://pfas-1.itrcweb.org/wp-
content/uploads/2018/03/pfas_fact sheet remediation 3 15 18.pdf) explores the
treatment techniques for solid and liquid matrices. Solid remediation treatment
covered include capping, excavation and disposal, sorption and stabilization, and
thermal techniques. The liquid techniques discussed include sorption (e.g., granular
activated carbon), precipitation/flocculation/coagulation, redox manipulation, and
membrane filtration.” Appx. 10051 informs my opinion that this MERIT Lab blog
post publicized the availability of Mueller and described its coverage on March 21,
2018, indicating the author of the post made use of the Mueller fact sheet.

76.  The ITRC’s March 2018 release of Mueller was also publicized on
Facebook. Appx. 1005J is a true and correct copy of a post on the North Carolina
Stop GenX and Nafion in Water Facebook. I personally located, identified, and
obtained this post at
https://www.facebook.com/groups/353457201741568/permalink/433432190410735
/7rdid=QyM5tAdVI2DQ1qi6#. I used screen captures to produce this appendix. Page
1 shows the post by Johnsie Lang on March 22, 2018, that announces that ITRC
“released three new PFAS sheets” (“Mediation Technologies and Methods”
included). The post includes a link to the newly released fact sheets at https://pfas-

l.itrcweb.org/.../pfas_fact sheet fate and... In 2026 this link no longer works and
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leads to a “Not found, error 404” message on the PFAS website.

77.  Another Facebook post also publicized the availability of Mueller in
2018. Appx. 1005K is a true and correct copy of a post of “March 31, 2018 on the
Clean Cape Fear Facebook. I personally located, identified, and obtained this post
from
https://www.facebook.com/CleanCapeFear/posts/pfbid02iCEmLpNueUjCGQn6D1
BC1Bk3kRdu3pMsRCHSPIMSFpAwSNPKhK7P;X73ci8atXabl?rdid=vKLImBdZ
oRUzEvSw#. This post reports that [TRC “released three new PFAS fact sheets this
month.” This post included a link (“https://pfas-
l.itrcweb.org/.../pfas fact sheet fate and...”) to the fact sheets. This link leads to a
“Not found, error 404 message on the PFAS website in 2026. This post of March
31, 2018, also included a link to the PFAS Fact Sheets webpage.

78.  In addition, the availability of Mueller was announced in the “April 1,
2018” issue of TechDirect of the US Environmental Protection Agency. Appx.
1005L is a true and correct copy of this online issue. I personally located, identified,
and obtained this copy from https://clu-
in.org/download/newsltrs/techdirect/td042018.pdf. Page 1 shows the purpose of
TechDirect “is to identify new technical, policy and guidance resources related to the
assessment and remediation of contaminated soil, sediments and groundwater.” The

“New Documents and Web Resources” section on page 5 shows “ITRC Releases

41-

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0041



Three PFAS Fact Sheets” (“Remediation Technologies and Methods” included) and
explains that “ITRC has developed this series of fact sheets to summarize the latest
science and emerging technologies for per- and polyfluoroalkyl substances (PFAS).”
It also shows users can view or download the fact sheets at https:/pfas-

1.itrcweb.org/fact-sheets/.

79.  Taken together, the MERIT Lab post (Appx. 1005I), two Facebook
posts (Appx. 1005J and Appx. 1005K) and the TechDirect post of the US
Environmental Protection Agency (Appx. 1005L) inform my opinion that ITRC
released Mueller and two other fact sheets on March 20, 2018, and the news was
publicized on March 21, 22, 31, and April 1 of 2018 on the Internet by people and
organizations interested in the remediation technologies and methods for PFAS.
Authors of these posts include links to the three new fact sheets to facilitate access.
Although these links no longer work in 2026, in March and April of 2018 readers of
the MERIT Lab post, Facebook posts and the TechDirect post would have been able
to follow the links to access the newly released fact sheets, including Mueller, at that
time, because it is highly unlikely that these authors would provide non-functioning
links to frustrate readers.

E. Usage of Mueller

80.  Usage of Mueller is reflected by the MERIT Lab post (Appx. 10051),

and two other documents. Appx. 1005M is a true and correct copy of the Record of
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Meeting of the Groundwater Issues Subcommittee of the Texas Groundwater
Protection Committee that I personally located, identified, and obtained from
https://tgpc.texas.gov/gwissues/minutes/TGPC GWIminutes2 1Mar2018.pdf. Page 1
shows the document title and “March 21, 2018” as the meeting date. Page 6 shows
“Deba Dutta (DSHS) referred members to the ITRC PFAS Fact Sheets webpage that
was in the handout package. Three new fact sheets had recently been released,”
including “Remediation Technologies and Methods.” Appx. 1005M shows that at
this meeting of March 21, 2018, members of the Subcommittee were informed of the
availability of Mueller and two other fact sheets, and the ITRC PFAS Fact Sheet
webpage was included in the handout package.

81. In addition, Mueller was cited by a 2018 article: Steele, M., Griffith,
C., & Duran, C. (2018). Monthly Variations in Perfluorinated Compound
Concentrations n Groundwater. Toxics, 6(3), 56.
https://doi.org/10.3390/toxics6030056. Appx. 1005N is a true and correct copy of
this article and Mueller is cited as Reference 55: Interstate Technology Regulatory
Council. Remediation Technologies and Methods for Per- and Polyfluoroalkyl

Substances (PFAS). Available online: https://pfas-1.itrcweb.org/wp-content/uploads/

2018/03/pfas_fact sheet remediation 3 15 18.pdf (accessed on 22 March 2018).
The “3 15 18.pdf” mark in the filename indicates Mueller was published on March

15, 2018. This reference shows the authors accessed Mueller on March 22, 2018, two
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days after ITRC announced the release of Mueller.

82.  Taken together, the MERIT Lab post (Appx. 1005I), the Record of
Meeting of the Groundwater Issues Subcommittee of Texas (Appx. 1005M), and the
Steele citation (Appx. 1005N) inform my opinion that ITRC made Mueller publicly
available on March 20, 2018, and interested users made use of this fact sheet on
March 21 and 22 of 2018.

F. Mueller on Internet Archive

83. My research on Internet Archive found Mueller was listed as available
on the PFAS Fact Sheets webpages archived on August 19, 2018 and March 5, 2020.
As evidence, I have personally located, identified, and obtained Appxs. 10050 to
1005S from Internet Archive.

84.  Appx. 10050 is a true and correct copy of the ITRC PFAS Fact Sheets
webpage archived on August 19, 2018, available at

https://web.archive.org/web/20180819033439/https://pfas-1.itrcweb.org/fact-

sheets/. I used screen captures to produce this appendix. Pages 3 and 4 show
“Remediation Technologies and Methods” was “published 3-15-18.” The link for
“Remediation Technologies and Methods” leads to a copy of Mueller archived in
December 2018.

85.  Appx. 1005P is a true and correct copy of the archived Mueller. Page

1 is a Wayback Machine calendar that shows this document was archived six times

_44-

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0044


https://web.archive.org/web/20180819033439/https:/pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20180819033439/https:/pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20180819033439/https:/pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20180819033439/https:/pfas-1.itrcweb.org/fact-sheets/

between “18 Dec 2018 and “8 Jul 2024” and this particular copy was archived on
December 18, 2018, available at

https://web.archive.org/web/20181218193617/https://pfas-1.itrcweb.org/wp-

content/uploads/2018/03/pfas_fact sheet remediation 3_15_18.pdf. The filename

indicates this document has a “3 15 18” publication date. This archived copy shows
Mueller has a total of 12 pages, and the end of page 12 shows a “March 2018”
publication date on the right side. This archived copy is the same as Appx. 1005A
that I discovered earlier.

86.  Asnoted earlier, the archive date of a web resource archived by Internet
Archive means the original web resource is available on the Internet no later than the
archive date, because a web resource must be on the Internet before it can be archived.
This means interested users can use search engines such as Google to search for the
original web resource on the Internet before or on the archive date. For example,
although the PFAS Fact Sheets webpage archived on August 19, 2018 (Appx.
10050) leads to a copy of Mueller archived in December 2018 (Appx. 1005P), if
users accessed the PFAS Fact Sheets webpage on the Internet before or on August
19, 2018, they would be able to follow the link for “Remediation Technologies and
Methods” to access Mueller. Interested users in 2018 also had the option to search
for the archived copy on Internet Archive.

87.  Internet Archive archived Mueller six times (Appx. 1005P), so I
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https://web.archive.org/web/20181218193617/https:/pfas-1.itrcweb.org/wp-content/uploads/2018/03/pfas_fact_sheet_remediation_3_15_18.pdf
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reviewed the archiving history of this fact sheet to determine how long Mueller was
available on Internet Archive. Appx. 1005Q is a true and correct copy of records I
reviewed. I personally located, identified, and obtained these web resources. Page 1
is a detailed Wayback Machine calendar for “https://pfas-1.itrcweb.org/wp-
content/uploads/2018/03/pfas_fact sheet remediation 3 15 18.pdf” (the URL of
Mueller) that shows this document was archived six times from 2018 to 2024, but my
research found that the links after February 16, 2020, lead to a message of “Not found,
error 404” for each archive date. Page 2 of Appx. 1005Q demonstrates the PFAS
system response to the link for a copy archived on August 26, 2020 (

https://web.archive.org/web/20200826110120/https://pfas-1.itrcweb.org/wp-

content/uploads/2018/03/pfas_fact sheet remediation_3_15_18.pdf).

88.  To determine how long Mueller was available for public access, I
reviewed archived copies of the PFAS Fact Sheets webpage and found that a copy
archived on March 5, 2020, showed Mueller was available. I used screen captures to
produce this archived webpage. Page 3 of Appx. 1005Q is a Wayback Machine
calendar that shows this particular copy was archived on “MAR 05 2020,” available
at https://web.archive.org/web/20200305013935/https://pfas-1.itrcweb.org/fact-
sheets/. Page 5 shows “Remediation Technologies and Methods” was “published 3-
15-18” and available. The link for this fact sheet leads to a copy of Mueller archived

on February 16, 2020, available at
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https://web.archive.org/web/20200216215831/https://pfas-1.itrcweb.org/wp-

content/uploads/2018/03/pfas_fact sheet remediation 3 15 18.pdf. This archived

copy is presented as Appx. 1005R in this declaration. I have closely compared EX-
1005, Appx. 1005Q (the copy archived on December 18, 2018), Appx. 1005R, and
found them to be the same.

89.  Since the links for archived copies of Mueller no longer work from
August 26, 2020 on (see Appx. 1005Q), I reviewed archived copies of the PFAS Fact
Sheets webpages on Internet Archive. Appx. 1005S is a true and correct copy of the
PFAS Fact Sheets webpage. I used screen captures to produce this appendix. Page 1
shows this particular copy was archived on “APR 17 2020,” available

https://web.archive.org/web/20200417054249/https://pfas-1.itrcweb.org/fact-

sheets/. The entry for “Remediation Technologies and Methods” on page 3 includes

a note that “the fact sheet has been withdrawn. The user is directed to the guidance
document section 12 for updated information about Treatment Technologies.”

90. Taken together, Appxs. 10050 to 1005S inform my opinion that
“Remediation Technologies and Methods” was “published 3-15-18” and the earliest
archived copy was archived on December 18, 2018. Internet Archive archived this
fact sheet six times between December 2018 and July 2024, but only the December
2018 and February 2020 archived copies are available on Internet Archive, and ITRC

announced on the PFAS Fact Sheets webpage archived on April 17, 2020, that this
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fact sheet was withdrawn.

G. Summary of My Opinion on Mueller

91. EX-1005 is authentic because it contains no signs to raise suspicion
about its authenticity. Furthermore, EX-1005 is the same as an archived copy on
Internet Archive in December 2018 (Appx. 1005A). Based on my review and
analysis, it is my opinion that EX-1005 is authentic.

92.  OnNovember 17,2017, ITRC announced the development of six PFAS
fact sheets, indicating three fact sheets were available, and the other three, including
Mueller, would become available in December 2017 (Appx. 1005C). In a later post,
ITRC moved the availability date for Mueller to February 2018 (Appx. 1005E).

93. On March 20, 2018, ITRC announced the release of three new fact
sheets, including Mueller, on their Facebook (Appx. 1005F). This announcement is
corroborated by their news record (Appx. 1005G) and their announcement on the
Internet (Appx. 1005H). The ITRC release of three new PFAS fact sheets on March
20, 2018, was publicized by a MERIT Lab post (Appx. 1005I), two Facebook posts
(Appxs. 1005J and 1005K), and a post on TechDirect of the US Environmental
Protection Agency (Appx. 1005L). Appxs. 1005 I to 1005L inform my opinion that
after ITRC released Mueller on March 20, 2018, interested users publicized this new
development on March 21, 22, 31, and April 1 of 2018, and readers of those posts in

March up through April 1, 2018 would have been able to follow the links provided
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to access Mueller on the PFAS Fact Sheets webpage on the Internet.

94.  Usage of Mueller is reflected by the MERIT Lab post (Appx. 1005I),
a Record of Meeting (Appx. 1005M), and a published article (Appx. 1005N). These
usage records inform my opinion that after ITRC released Mueller on March 20,
2018, interested users made use of this fact sheet on March 21 and 22 of 2018.

95. My review of the archive history of Mueller found two archived copies
are available on Internet Archive, the first copy was archived in December 2018 and
the second in February 2020 (Appxs. 1005P and 1005R). I also discovered that ITRC
withdrew Mueller in April 2020 (Appx. 1005S).

96.  Based on the records and documents I have reviewed and analyzed, it
is my opinion that Mueller was published on March 15, 2018, and became publicly
accessible on March 20, 2018, when ITRC announced its release. Several posts on
the Internet publicized the ITRC release of three new fact sheets (Mueller included)
on March 21, 22, 31, and April 1 of 2018; and Mueller was used by interested users
on March 21 and 22 of 2018.

V. AUTHENTICITY AND PUBLIC AVAILABILITY OF MCDOUGALL
(EX-1006)

A.  Authentication
97. EX-1006 is a true and correct copy of “The physical nature and

manufacture of activated carbon,” (“McDougall”), by G. J. McDougall, Journal of

the Southern African Institute of Mining and Metallurgy, 91(4), 109-120, that 1
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received from counsel. This copy is presented as EX-1006 in this declaration.

98.  Page 1 of EX-1006 shows the title, author, and synopsis. The top of the
page shows this article appears in “J. S. Afr. Inst. Min. Metall., vol. 91, no. 4. Apr.
1991, pp. 109-120.” The bottom of the page shows this article appears in the “April
1991” issue of Journal of the South African Institute of Mining and Metallurgy. It
also shows this article has a “1991” copyright date and the journal holds the
copyright. A note indicates the paper was received by the journal on “25th October,
1989 and the journal’s ISSN (International Standard Serial Number) is “0038-
223X.” EX-1006 shows McDougall has a total of 12 pages, including 11 figures, two
tables, six equations, and 20 references.

99.  To authenticate EX-1006, I obtained a copy of McDougall from the
publisher at https://journals.co.za/doi/pdf/10.10520/AJA0038223X 2042. This
publisher copy is presented as Appx. 1006A in this declaration. I have closely
compared EX-1006 with this copy and found them to be identical.

100. To show McDougall is available at libraries, I obtained a library copy
for this article from the University of Wisconsin-Madison General Library System.
This copy is presented as Appx. 1006B in this declaration. Pages 3 to 14 of this
appendix show the full text of McDougall. I have closely compared EX-1006 with
this library copy and found them to have the same content for McDougall.

101. EX-1006 is in a condition that raises no suspicion about its authenticity.
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Specifically, this copy is not missing any intermediate pages, and there are no visible
alterations to the document. Furthermore, this copy is the same as the copy from the
journal publisher (Appx. 1006A) and a library copy (Appx. 1006B). Based on my
review and analysis, it is my opinion that EX-1006 is authentic.

B. Date Stamps on the Copy from the University of Wisconsin-
Madison Libraries

102. The library copy of McDougall (Appx. 1006B) includes the front
matter of the journal issue containing McDougall. Page 1 is the cover that identifies
the journal and shows this issue as vol. 91, no. 4 with an issue date of “April 1991
The cover carries two library date stamps. The first stamp shows “Received JUL 24
1991 Univ. Wis. Library” that indicates the university library system received this
issue on July 24, 1991. The second date stamp shows “Kurt F. Wendt Library,
College of Engineering JUL 25 1991 UW-Madison, WI 53706 that indicates the
library of the College of Engineering received this issue on July 25, 1991. A
customary library practice is to put newly received issue through the serial check-in
process, then promptly process it for public access, usually within a week after serial
check in. These two date stamps inform my opinion that the university library system
received the issue on July 24, 1991, processed it, and made it available at the library
of the College of Engineering on July 25, 1991, meaning McDougall became publicly
accessible at the library of the College of Engineering on July 25, 1991.

103. Page 2 is the table of contents of vol. 91, no. 4 that shows the journal’s
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title, ISSN, “April 1991 issue date, and page 109 as the starting page for McDougall.

C. Records of the University of Wisconsin-Madison Libraries

104. Appx. 1006C is a true and correct copy of the bibliographic and MARC
records for the journal containing McDougall. I personally located, identified, and
obtained these records from the online catalog of the University of Wisconsin-
Madison Libraries. These are the type of record experts in my field would reasonably
rely upon when forming their opinions.

105. Pages 2 to 4 present the bibliographic record that shows the journal title,
library holdings (print issues from volume 57 (1956) to volume 94 (1994)), variant
titles, format, language, corporate contributor, publisher, beginning date of the
journal, ISSN, and indexing and abstracting services that index this journal. The title,
ISSN, corporate contributor and publisher match the information presented in the
library copy of McDougall (Appx. 1006B), confirming this record represents the
journal containing McDougall.

106. Pages 5 to 7 are the MARC record. The first six digits of Field 008 show
the record was created on “760825” (i.e., August 25, 1076), and the code of
“c19569999” following the record creation code indicates this publication is a
continuing resource that began publication in 1956 and has no pre-determined
conclusion date. Subfields “a” and “c” of Field 040 show “UDI” created the original

record and entered it into the OCLC WorldCat database for other OCLC members to
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use. According to the Directory of OCLC Members

(https://www.oclc.org/en/contacts/libraries.html), “UDI” is the OCLC symbol for the

library of the US Department of the Interior, Natural Resources. Fields 008 and 040
inform my opinion that the University of Wisconsin-Madison library system used the
record created by the UDI library for copy cataloging.

107.  Field 022 shows the ISSN, Field 245 shows the journal title, Field 246
show three variant titles, and Field 260 shows the publisher and journal beginning
year. Field 362 shows the journal began with vol. 57, no. 1 in August 1956. Field 510
show this journal is fully indexed by Nuclear science abstract and Engineering Index
Month, and selectively indexed by 16 other indexing and abstracting services. These
services make articles published in this journal easier to discover. Field 710 shows
the parent organization of the journal is included in the record to help users discover
this journal.

108. The bibliographic and MARC record show the journal began
publication with vol. 57 in 1956, and the University of Wisconsin-Madison library
system holds vol. 57 to vol. 94 (1956 to 1994) of this journal, and used the original
serial record created by the library of the US Department of Interior, Natural
Resource in 1976 to create their copy cataloging record. The MARC record (Appx.
1006C) made this journal discoverable in the online catalog of this library system.

The date stamps on the library copy of McDougall (Appx. 1006B) show the issue
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containing this article was publicly accessible on July 25, 1991, meaning this journal
was discoverable in the library system no later than July 1991. Interested users would
be able to discover it by the ISSN, title, variant titles, and the parent organization of
this journal.

D. Usage Records

109. Actual usage of a publication is reflected by the publications that make
reference to it. [ have reviewed the citation history of McDougall on Google Scholar
to compile a list of citations before 2008. Appx. 1006D presents five citation and
shows the earliest citation was published in April 1992.

E. Summary of My Opinion on McDougall

110. EX-1006 is authentic because it contains no signs to raise suspicion
about its authenticity. Furthermore, EX-1006 has the same content for McDougall as
the copy from the journal publisher (Appx. 1006A) and a library copy (Appx.
1006B). These three copies show McDougall is included in a journal issue that has
an issue date of April 1991.

111. The date stamps on the library copy (Appx. 1006B) show the university
library system received the issue containing McDougall on July 24, 1991, and the
library of the College of Engineering received this issue on July 25, 1991, making
this issue publicly accessible at the library. The bibliographic and MARC records for

the journal containing McDougall from the University of Wisconsin-Madison
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Library System (Appx. 1006C) show the library system holds the print version of
volumes published from 1956 to 1994, and used an original serial record created in
1976 to create their copy cataloging record, making this journal discoverable in their
library catalog. The date stamps on Appx 1006B show the journal was discoverable
by at least July 1991 in this library system. The MARC record also shows this journal
is fully indexed by two indexing and abstracting services, and partially indexed by
16 other indexing and services, which make the articles of this journal easier to
discover by users. Citation records (Appx. 1006D) shows the earliest citation
appeared in April 1992.

112. Based on the documents and records I have reviewed and analyzed, it
is my opinion that McDougall became publicly accessible on July 25, 1991 at the
library of the College of Engineering of the University of Wisconsin-Madison.

VI. AUTHENTICITY AND PUBLIC AVAILABILITY OF MIMNA (EX-
1007)

A. Authentication

113. EX-1007 is a true and correct copy of “Granular Activated Carbon: A
Proven Solution for PFC Removal,” (“Mimna”), by Richard Mimna of Calgon
Carbon, that I received from counsel. This document is the presentation of a webinar
and is presented as EX-1007 in this declaration.

114. Page 1 is Slide 1 of the presentation that shows the title, authors, a date
of “January 30, 2017,” and a “2017” copyright date with Calgon Carbon Corporation
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as the copyright holder. EX-1007 has a total of 35 slides, including figures and charts.
The final slide shows the file is available at www.calgoncarbon.com/PFOA.

115. To authenticate EX-1007, I searched Internet Archive for records and
located an archived copy of Mimna. This copy is presented as Appx. 1007A in this
declaration. As evidence, [ used a screen capture, included as page 1 of Appx. 1007A,
to show this PDF document was archived once by Internet Archive on “SEP 18 2017
and available at

https://web.archive.org/web/20170918144158/http://www.calgoncarbon.com/wp-

content/uploads/2016/02/PFC-Webinar-Presentation-1-30-17.pdf. I have closely

compared EX-1007 with this archived copy and found them to be the same.

116. EX-1007 is in a condition that raises no suspicion about its authenticity.
Specifically, there are no visible alterations to the document. Furthermore, this copy
is the same as the copy archived by Internet Archive (Appx. 1007A). Based on my
review and analysis, it is my opinion that EX-1007 is authentic.

B. Internet Archive Records

117. Appx. 1007A shows Mimna was archived once on September 18, 2017.
This archive date means that interested users would be able to discover and access
this presentation on this date.

118. Since the final slide of EX-1007 shows this presentation file can be

found at www.calgoncarbon.com/PFOA, I searched this URL in Wayback Machine
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for archived copies. Appx. 1007B is a true and correct archived copy of this webpage
that I personally located, identified, and obtained. This is the type of record experts
in my field would reasonably rely upon when forming their opinions.

119. Page 1 of Appx. 1007B is a screen capture of a Wayback Machine

calendar that shows the PFOA webpage at http://www.calgoncarbon.com/PFOA/

was archived 31 times between 2016 and 2024, and this particular copy was archived
on “FEB 22 2017~ and available at

https://web.archive.org/web/20170222172255/http://www.calgoncarbon.com/PFOA

/. Pages 2 to 4 are the PDF of this archived copy, and page 4 includes a link for
“Webinar: Granular Activated Carbon — A Proven Solution for PFC Removal” that
leads to the archived copy of Mimna at

https://web.archive.org/web/20170918144158/http://www.calgoncarbon.com/wp-

content/uploads/2016/02/PFC-Webinar-Presentation-1-30-17.pdf  (presented as

Appx. 1007A above). As evidence, the Wayback Machine calendar of the archived
copy of Mimna is included as page 5 of Appx. 1007B.

120. Appx. 1007B shows that it is fairly straightforward for interested users
to discover Mimna on Internet Archive in 2017. As of February 22, 2017, interested
users could begin their search on Internet Archive with the PFOA webpage on the
Calgon Carbon website and follow the link for the webinar title to locate and access

Mimna. If the link to Mimna in the archived PFOA webpage did not work because
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Mimna itself was not archived until September 2017, interested users could easily
use a search engine such as Google to access the PFOA webpage on the Internet and
follow the link to Mimna to access the file on the Internet.

C.  Summary of My Opinion on Mimna

121. EX-1007 is authentic because it contains no signs to raise suspicion
about its authenticity. Furthermore, EX-1007 is the same as the copy archived by
Internet Archive (Appx. 1007A). These two copies show Mimna has a “January 30,
2017 presentation date.

122. The PFOA webpage on the Calgon Carbon website (Appx. 1007B)
shows interested users could discover Mimna on February 22, 2017, and Appx.
1007A shows Mimna was publicly discoverable and accessible on September 18,
2017. Taken together, these two records inform my opinion that Mimna was publicly
discoverable and accessible on the Internet as early as February 22, 2017, and an
archived copy of Mimna became publicly accessible on Internet Archive on
September 18, 2017

VII. PUBLIC AVAILABILITY OF APPLEMAN (EX-1009)

123. EX-1009 is a true and correct copy of “Treatment of poly-and

29

perfluoroalkyl substances in US full-scale water treatment systems,” (“Appleman”),
by Appleman et al., Water research, 51, 246-255, that I received from counsel. This

copy is presented as EX-1009 in this declaration.
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124. Page 1 shows the title, authors, eight keywords, and abstract, and
indicates this article appears in “Water Research 51 (2014) 246-255” and is available

on ScienceDirect and the journal homepage at www.elsevier.com/locate/watres. The

article history on this page shows the revised manuscript was accepted on “27
October 2013” and became available online on “7 November 2013.” The bottom of
this page shows “0043-1354" as the ISSN (International Standard Serial Number) of
the journal Water Research, “http://dx.doi.org/10.1016/j.watres.2013.10.067” as the
article’s digital object identifier, “2013” as the copyright date of this article, and
Elsevier as the copyright holder. EX-1009 shows Appleman has a total of 10 pages,
including two figures, two tables, and 52 references.

A.  Copy and Records of the National Library of Medicine

125. To determine the public availability of Appleman, I searched
WorldCat.org, the free web portal to library collections, and learned that the National
Library of Medicine (“NLM”) held the journal containing Appleman. I then obtained
a copy of this article from NLM via a document vendor. This library copy is presented
as Appx. 1009A in this declaration.

126. Page 1 of Appx. 1009A is the issue cover that shows Water Research
is a journal of the International Water Association published by Elsevier and the
journal’s ISSN is 0043-1354. This page identifies the issue as “15 March 2014” and

a library label shows this issue is “Water research. V. 51 (Mar. 15 2014)” that is in
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the General Collection of the library with a call number of “W1 WA692A” and the
library received this issue on “2014-02-25.” This date means the journal issue
containing Appleman was received by NLM on February 25, 2014. A customary
library processing practice is to process a newly received issue promptly after it has
gone through the serial check-in process, usually within a week. It is therefore my
opinion that, after processing, vol. 51 would become publicly accessible by March 4,
2014.

127. Pages 4 to 6 are the table of contents of vol. 51 and page 5 shows
Appleman begins on page 246. Pages 7 to 16 are the full text of Appleman. I have
closely compared EX-1009 with the NLM copy (Appx. 1009A) and found them to
have the same content for Appleman.

128. As evidence that the journal containing Appleman is discoverable at
NLM, I obtained NLM’s records for this journal. Appx. 1009B is a true and correct
copy of the NLM records for Water Research. 1 personally located, identified, and
obtained these records. They are the type of record experts in my field would
reasonably rely upon when forming their opinions.

129. Pages 1 and 2 are the bibliographic record that shows the journal title,
corporate creator, publisher, country of publication, related titles, language,
frequency, ISBNs, medical subject headings, and notes. The title, corporate creator,

ISBN match the information presented in EX-1009A, confirming this serial record
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represents the journal containing Appleman. The record shows full text of this journal
is available online in “Elsevier ScienceDirect Journals Complete” and the Location
Items field shows NLM holds vol 1 to vol. 147 of the print journal.

130. Page 4 is the MARC record, and the first six digits of Field 008 show
the record was created on “670620” (i.e., June 20, 1067). Subfields “a” and “c” of
Field 040 show DNLM created the record and entered it into the OCLC WorldCat
database. According to the MARC Code List for Organizations

(https://www.loc.gov/marc/organizations/org-search.php), DNLM is the code for the

US National Library of Medicine. Fields 008 and 040 inform my opinion that the
National Library of Medicine created this original serial record in June 1967, making
the journal discoverable in the library since then.

131. Field 022 shows the ISSNs for the print and electronic versions of the
journal. Field 245 shows the title, Field 246 shows a variant title, Field 260 shows
the publisher, Field 362 shows the journal began with volume 1 in January 1967, and
Field 310 shows the publication frequency since 2002 has been “Twenty no. a year.”
Field 500 notes the parent organization of this journal. Field 510 show MEDLINE
and PubMed have indexed this journal since January 2001, and Index Medicus
indexes this journal as well. Field 710 shows the International Association on Water
Pollution Research is included to help users discover this journal.

132. The subjects of this journal are represented in Field 060 by a National
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Library of Medicine Classification Number of “W1” that represents ‘“Serials.
Periodicals” in General Medicine (National Library of Medicine Classification

Schedule W, https://classification.nlm.nih.gov/schedules/w); and in Field 650 by a

medical subject heading, “Water Pollution,” and in Field 655 that indicates this
publication is a “Periodical.”

133.  The NLM MARC record has made Water Research discoverable in
their catalog since 1967. Interested users could discover this journal by ISSNs, title,
variant title, and parent organization of the journal. They could also search for this
journal by a subject term such as “Water Pollution” and browse for the journal by the
W1 classification number.

B. Copyright Registration Record

134.  Appx. 1009C is a true and correct copy of the copyright registration
record for “no. 51, 15 March 2014” of Water Research. 1 personally located,
identified, and obtained this record from the Public Records System of the US
Copyright Office at https://publicrecords.copyright.gov/detailed-
record/voyager 27205734. This is the type of record experts in my field would
reasonably rely upon when forming their opinions.

135. The title, copyright claimant, ISSN, and publication frequency match
the information presented in the NLM copy of Appleman (Appx. 1009A) and the

NLM records (Appx. 1009B). The “Issues Registered” field shows no. 51 that has a
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“15 March 2014” issue date was published on “2014-02-10” (i.e., February 10, 2014)
and registered with the Copyright Office on “2014-10-29 (i.e., October 29, 2014).
This record informs my opinion that the journal volume containing Appleman was
published on February 10, 2014.

C. PubMed Metadata Record

136. Since the NLM records (Appx. 1009B) indicate Water Research has
been indexed by PubMed, I obtained the PubMed record for Appleman to determine
when it was indexed. PubMed is an authoritative system that contains “more than 40
million citations for biomedical literature from MEDLINE, life science journals, and
online books” and PubMed metadata records may “include links to full text content
from PubMed Central and publisher web sites” (source:
https://pubmed.ncbi.nlm.nih.gov).

137.  Appx. 1009D is a true and correct copy of the PubMed metadata record
for Appleman that [ personally located, identified, and obtained from

https://pubmed.ncbi.nlm.nih.gov/24275109/. This is the type of record experts in my

field would reasonably rely upon when forming their opinions. I saved the metadata
record in PDF and added the PubMed format of the record to show the record creation
date and other data by data fields.

138. Page 1 of Appx. 1009D shows the title, authors, and abstract of

Appleman, and identifies this article with a note of “Water Res. 2014 Mar 15:51:246-
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55. Doi: 10.1016/j.watres.2013.10.067. Epub 2013 Nov 7” that indicates this article
was published online on November 7, 2013, and included in vol. 51 (March 15, 2014)
of the print journal later. The top of the record shows a full text link to “Elsevier Full-

Text Article” that leads to Elsevier’s webpage for this article at

https://www.sciencedirect.com/science/article/abs/p11/S0043135413008932?via%3

Dihub where users can access the full text if their institutions subscribe to this journal.
The metadata record shows “24275109 as the article’s PMID (PubMed identifier).
The title, authors, publication source, abstract, and keywords in this PubMed
metadata record match the information contained in EX-1009, confirming this
metadata record represents Appleman.

139. Pages 3 to 7 are the PubMed metadata record saved in the PubMed
format to show the data elements in specific fields. I use a copy of the
“MEDLINE/PubMed Data Element (Field) Descriptions”
(https://www.nlm.nih.gov/bsd/mms/medlineelements.html) archived by Internet
Archive on January 27, 2013 (available at

https://web.archive.org/web/20130127130628/https:// www.nlm.nih.gov/bsd/mms/m

edlineelements.html) to interpret this PubMed metadata record with data fields.

140. The “PMID” field on page 3 shows “24275109” as the PubMed
identifier for the metadata record for Appleman. The “STAT” field shows the status

of the record is “MEDLINE” meaning this record is a true MEDLINE record. The
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DCOM (Date Completed) field shows the index record was last processed on
“20140929” (i.e., September 29, 2014).

141. The IS field for “Linking” shows the ISSN for the print journal is
“0043-1354.” Fields VI (volume), DP (date of publication), Ti (title), PG
(pagination), and LID (Location Identifier) show Appleman was published from
pages 246 to 55 in vol. 51 that has an issue date of “2014 Mar 15 and its digital
identifier is “10.1016/j.watres.2013.10.067.” The first FAU (full author) field shows
“Appleman, Timothy D” as the first author. The JT (journal title) field shows
Appleman appears in “Water research.” The EDAT field on page 6 shows an “Entrez
Date” that is the date the record was added to PubMed, and it shows the Appleman
record was entered into PubMed on 2013/11/28 (i.e., November 28, 2013), making
this article discoverable in PubMed on that date. The MHDA field (MeSH Date)
shows the date when medical subject headings are added to a PubMed record, and
the field on page 6 shows ten medical subject headings were added to the Appleman
record on 2014/09/30 (i.e., September 30, 2014).

142. This PubMed metadata record (Appx. 1009D) informs my opinion that
Appleman was published online on November 7, 2013, and became discoverable in
PubMed on November 28, 2013. As of that date, interested users could discover this
record by authors, title, ISSN, journal title, abstract, and author keywords, and follow

the link in the record to access the full text of Appleman on the publisher’s website.
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After medical subject headings were added to this metadata record on September 30,
2014, interested users could use these subject terms to discover Appleman.

143. Asevidence that PubMed was in operation when the PubMed metadata
record for Appleman was entered into PubMed on November 28, 2013, I searched
Internet Archive for records of PubMed. Appx. 1009E is a true and correct copy of
the PubMed webpage archived by Internet Archive. I personally located, identified,
and obtained this archived copy. This is the type of record experts in my field would
reasonably rely upon when forming their opinions.

144. Page 1 of Appx. 1009E is a screen capture of a Wayback Machine
calendar that shows this webpage of PubMed was archived 81,840 times between
1997 and 2026, and this particular copy was archived on “OCT 10 2013” and
available at

https://web.archive.org/web/20131010054145/http://www.ncbi.nlm.nih.gov/pubme

d. Pages 2 and 3 are the PDF of this archived copy. Appx. 1009E shows PubMed
was in operation in October 2013, and users could use it to discover the metadata
record for Appleman and use it to access the full text of this article when the metadata
record for Appleman was added to PubMed on November 28, 2013.

D. Internet Archive record

145.  Appx. 1009F is a true and correct copy of the webpage for vol. 51 of

Water Research archived by Internet Archive. I personally located, identified, and
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obtained. This is the type of record experts in my field would reasonably rely upon
when forming their opinions.

146. Page 1 is a screen capture of a Wayback Machine calendar that shows
this webpage was archived seven times between “22 Jan 2014 and “20 JUL 2015”
and this particular copy was archived on “APR 06 2014” and available at

https://web.archive.org/web/20140406113630/http://www.sciencedirect.com/scienc

e/journal/00431354/51. Pages 2 to 9 are the PDF of this archived copy, and page 8

shows Appleman, as entry #26, was available for online purchase on April 6, 2014.

E. Usage Records

147. The usage of a publication is reflected by other publications that make
reference to it. | have reviewed the citation history of Appleman on Google Scholar
to compile a list of early citations. Appx. 1009G is a list of five citations published
in 2015 that shows the earliest citation appeared in April 2015.

F.  Summary of My Opinion on Appleman

148. The date stamp on the copy of Appleman from the National Library of
Medicine (Appx. 1009A) shows EX-1009 was received on February 25, 2014, and,
after processing, became publicly available at this library by March 4, 2014. NLM
records (Appx. 1009B) show this journal was discoverable in the catalog of the
library in 1967. The copyright registration record for vol. 51 of Water Research

containing Appleman shows the issue was published on February 10, 2014. PubMed
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metadata record for Appleman (Appx. 1009D) shows that after this article was
published online on November 7, 2013, the metadata record for Appleman was
entered into PubMed on November 28, 2013, making it discoverable. As of that date,
interested users could discover this article by its title, authors, abstract, author
keywords and digital object identifier. The PubMed metadata record was enriched
with ten medical subject headings on September 30, 2014, making it possible for
interested users to use medical subject terms to discover Appleman. The archived
webpage for vol. 51 of Water Research (Appx. 1009F) shows Appleman was
available for online purchase on April 6, 2014. Citation records (Appx. 1009G) show
the earliest citation appeared in April 2015.

149. Based on the documents and records I have reviewed and analyzed, it
is my opinion that Appleman was published online on November 7, 2013, and
appeared in a print issue that has a March 2014 issue date. This article became
publicly discoverable on PubMed on November 28, 2013. It became publicly
accessible at the National Library of Medicine on March 4, 2014. In addition, the
article became available for online purchase from the journal website on April 6,
2014.

VIII. AUTHENTICITY AND PUBLIC AVAILABILITY OF CANNON (EX-
1011)

A. Authentication

150. EX-1011 is a true and correct copy of “Effect of Calcium in field-spent
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GACs on pore development during regeneration,” ”Cannon,” by Cannon et al.,
Journal American Water Works Association, 85(3), 76-89, that I received from
counsel. This copy is presented as EX-1011 in this declaration.

151. Page 1 shows the title, authors, abstract, a note that Cannon is published
in “85#3 Journal — American Water Works Association, March 1993, and a “1993”
copyright date for this article with the American Water Works Association as the
copyright holder. EX-1011 shows Cannon has a total of 14 pages, including 16
figures, three tables, and 49 references.

152. To authenticate EX-1011, I searched WorldCat.org, the free web portal,
and learned that the Catholic University of America Libraries held the journal
containing Cannon. I then searched the online catalog of this library system, located
the record for Cannon, and followed the link to obtain a copy of this article from
JSTOR. This JSTOR copy is presented as Appx. 1011A in this declaration. Page 1
of Appx. 1011A is a cover sheet accompanying the downloaded copy that shows the

title, authors, publisher (“Wiley”), and URL (https://www.jstor.rg/stable/41294338),

and indicates Cannon is published as pages 76-89 in “Journal AWWA, March 1993,
Vol. 85, No. 3” that has a theme of “Drinking Water and Health: Balancing Risks”
and an issue date of “March 1993.” These details match the information presented on
the publisher webpage for vol. 85, issue 3 of Journal AWWA at

https://awwa.onlinelibrary.wiley.com/toc/15518833/1993/85/3. This Wiley webpage
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is presented as Appx. 1011B. I have closely compared EX-1011 with Appx. 1011A
and found them to have the same content for Cannon. The differences are that EX-
1011 includes a note that indicates the journal issue contains Cannon, a copyright
date and copyright holder.

153. EX-1011is in a condition that raises no suspicion about its authenticity.
Specifically, this copy is not missing any intermediate pages, and there are no visible
alterations to the document. Furthermore, this copy has the same content as the
publisher copy archived by JSTOR (Appx. 1011A), and the publisher webpage for
vol. 85, issue 3 (Appx. 1011B) confirms Cannon is included in this issue. Based on
my review and analysis, it is my opinion that EX-1011 is authentic.

B. Record of the Catholic University of America Libraries

154. Appx. 1011C is a true and correct copy of the index record for Cannon.
I personally located, identified, and obtained this record at https://wrlc-

cu.primo.exlibrisgroup.com/permalink/0l WRLC CAA/I1ramo0O/cdi_crossref prim

ary 10 1002 j 1551 8833 1993 tb05959 x from the online catalog of the Catholic

University of America Libraries. This is the type of record experts in my field would
reasonably rely upon when forming their opinions.

155. Pages 1 to 3 are the index record for Cannon. Page 1 shows a brief
record of Cannon, including the article title, authors, and source of publication. The

View Online area shows the full text of this article is available in “JSTOR Archival
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Journals and Primary Sources Collection.” The notes also show the coverage of the
archival collection for this journal. Record details for Cannon include the title,
creators, journal issue (“Journal — American Water Works Association, 1993-03, Vol.
85(3), p. 76-89”), subjects, keywords, abstract, publisher, language, source (“JSTOR
Archival Journals and Primary Sources Collection,” ISSN for the print journal
(“0003-150X), ISSN for the electronic journal (“1551-8833”), digital object
identifier (“10.1002/5.1551-8833.1993.tb05959.x”"), and “JAWWAS” as the CODEN
(a six-character alphanumeric code that uniquely identifies a journal). The Links area
shows links for users to “Get PDF” or “Read Online.”

156. The “Read Online” link leads to the JSTOR record for Cannon. A
screen capture of the top of this record is included as page 4 in Appx. 1011C. This
screen capture shows the archived article is from the publisher Wiley. It also shows
the title, authors, journal issue and pages, a URL for the archived article

(https://www.jstor.org/stable/41294338), a link for download, and a display area for

interested users to read this article online.

157. Inthe early 1990s university and colleges were running out of space for
their print journal collections, so JSTOR (short for Journal Storage) was launched to
digitize journal backfiles to help libraries save physical space. JSTOR Archival
Journal Collections serve as a “trusted source for curated, high-quality, full-run

journal collections” and all journals “include the full archival run” (JSTOR overview,
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https://about.jstor.org/products/journals-and-primary-sources/).

158. As evidence that JSTOR’s archive collection of Journal AWWA
includes a full run, I obtained the journal landing page at

https://www.jstor.org/journal/jamewatworass. Appx. 1011D is a true and correct

copy of the journal page that shows the archive collection covers “1914-2020 (Vol.
1, No. 1 — Vol. 112, No. 12).” Page 2 shows the publisher, ISSNs of the print and
electronic versions of the journal, subjects, and “Arts & Sciences X Collection” as
the archival collection that includes this journal.

159. To determine when JSTOR began providing access to the archival
collection of Journal AWWA, 1 reviewed the JSTOR Global Arts & Sciences X

collection title list at https://www.jstor.org/kbart/collections/asx?fileFormat=xlsx

and learned that the release date for this archival collection was “2012-05-18” (i.e.,
May 18, 2012). I copied the record for Journal AWWA from this list (a spreadsheet)
to produce a PDF. This PDF record is included as pages 4 to 8 in Appx. 1011D. The
archive release date is on page 8. Appx. 1011D informs my opinion that the archival
collection of Journal AWWA includes issues from 1914 to 2020, and JSTOR released
this collection on May 18, 2012, meaning interested users would be able to access
vol. 85, issue 3 (March 1993) that contains Cannon in this archival collection on May

18,2012.
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C. Copyright Registration Record

160. Appx. 1011E is a true and correct copy of the copyright registration
record for vol. 85, no. 3 of Journal American Water Works Association. 1 personally
located, identified, and obtained this record at

https://publicrecords.copyright.gov/detailed-record/voyager 19968847 from the

Public Records System of the US Copyright Office. This is the type of record experts
in my field would reasonably rely upon when forming their opinions.

161. The title, ISSN, and serial publication year (“1993”) show this record
is for issues of Journal American Water Works Association published in 1993. The
Issues Registered field shows “v. 85, no. 3, Mar93” has a publication date of “1993-
03-08” (i.e., March 8, 1993), and a copyright registration date of “1993-03-16" (i.e.,
March 16, 1993).

D.  Usage Records

162. The usage of a publication is reflected by other publications that make
reference to it. I have reviewed the citation history of Cannon on Google Scholar to
compile a list of citations. Appx. 1011F presents a list of five citations published
from 1995 to 1997 and shows the earliest citation appeared in 1995.

E. Summary of My Opinion on Cannon

163. EX-1011 is authentic because it contains no signs to raise suspicion
about its authenticity. Furthermore, EX-1011 has the same content for Cannon as the
publisher copy archived by JSTOR (Appx. 1011A), and the publisher webpage for
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vol. 85, issue 3 (Appx. 1011B) confirms Cannon was published in this issue in March
1993.

164. The index record for Cannon from the Catholic University of America
(Appx. 1011C) shows that after locating this record, interested users can follow the
links to obtain a PDF of the full text of Cannon or read the article on the JSTOR
platform. JSTOR records (Appx. 1011D) show the archival collection for Journal
AWWA includes a full run of the journal minus the “moving wall” period (i.e., the
embargo period of five years), and that JSTOR released the archival collection on
May 18, 2012, meaning interested users would be able to access this archival
collection on that date, including vol. 85, no. 3 that contains Cannon.

165. Copyright registration record for the journal issue containing Cannon
(Appx. 1011E) shows the issue has a publication date of March 8, 1993. Citation
records (Appx. 1011F) show at least five citations were published from 1995 to 1997,
and the earliest citation appeared in 1995.

166. Based on the documents and records I have reviewed and analyzed, it
is my opinion that Cannon became publicly discoverable and accessible soon after
March 8, 1993 when the journal issue containing it was published. Citation history
shows actual usage took place no later than 1995; and JSTOR archival collection of
Journal AWWA became available on May 18, 2012 to users of libraries that

subscribed to this journal. As of May 18,2012, vol. 85, no. 3 (March 1993) containing
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Cannon became available on JSTOR 1n the archival collection for Journal AWWA.

IX. AUTHENTICITY AND PUBLIC AVAILABILITY OF MCNAMARA
(EX-1013)

A. Authentication

167. EX-1013 is a true and correct copy of “Comparison of activated
carbons for removal of perfluorinated compounds from drinking water,”
(“McNamara”), by McNamara et al., Journal American Water Works Association,
110(1), E2-E14, that I received from counsel. This copy is presented as EX-1013 in
this declaration.

168. Page 1 of EX-1013 shows the title, authors, abstract, and four
keywords, and indicates this document is a peer reviewed article published in
“January 2018. 110:1” of Journal AWWA and the pages are numbered E2 to E14.
EX-1013 has a total of 13 pages, including seven tables, four color figures, three
equations, 20 endnotes, and 29 references.

169. To authenticate EX-1013, I searched the online catalog of the Catholic
University of America for McNamara and found a link to an archived copy in JSTOR.
This archived copy is presented as Appx. 1013A in this declaration. Page 1 of Appx.
1013A is a cover sheet accompanying the downloaded copy that shows the title,
authors, publisher (“Wiley”), URL (https://www.jstor.rg/stable/10.2307/26653669),
and indicates McNamara is published as pages E2-E14 in “Journal AWWA, January
2018, Vol. 110, No. 1” that has an issue date of “January 2018.” These details match
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the information presented on the publisher webpage for Vol. 110, Issue 1 of Journal

AWWA at https://awwa.onlinelibrary.wiley.com/toc/15518833/2018/110/1. This

Wiley webpage is presented as Appx. 1013B. I have closely compared EX-1013 with
Appx. 1013A and found them to have the same content for McNamara.

170. EX-1013is in a condition that raises no suspicion about its authenticity.
Specifically, this copy is not missing any intermediate pages, and there are no visible
alterations to the document. Furthermore, this copy has the same content as the
publisher copy archived by JSTOR (Appx. 1013A), and the publisher webpage for
Vol. 110, Issue 1 (Appx. 1013B) confirms McNamara is a peer reviewed article
included in this issue. Based on my review and analysis, it is my opinion that EX-
1013 is authentic.

B. Record of the Catholic University of America Libraries

171. Appx. 1013C is a true and correct copy of the index record for
McNamara. I personally located, identified, and obtained this record at https://wrlc-

cu.primo.exlibrisgroup.com/permalink/01 WRLC CAA/11ramo0O/cdi_proquest_mis

cellaneous 2718337756 from the online catalog of the Catholic University of

America Libraries. This is the type of record experts in my field would reasonably
rely upon when forming their opinions.
172. Pages 1 and 2 are the index record for McNamara. Page 1 shows a brief

record for McNamara, including the article title, authors, and source of publication.
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The View Online area shows the full text of this article is available in “JSTOR
Archival Journals and Primary Sources Collection.” The notes also show the
coverage of the archival collection for this journal. Record details for McNamara
include the title, creators, journal issue (“Journal — American Water Works
Association, 2018-01, Vol.110(1), p.E2-E14”), subjects, keywords, abstract,
publisher, language, source (“JSTOR Archival Journals and Primary Sources
Collection,” ISSN for the print journal (“0003-150X"), ISSN for the electronic
journal (“1551-8833”), digital object identifier (“10.5942/jawwa.2018.110.0003).
173.  The link to view full text in “JSTOR Archival Journals and Primary
Sources Collection” leads to the JSTOR record for McNamara. A screen capture of
the top of this record is included as page 3 in Appx. 1013C. This screen capture
shows the archived article is from the publisher Wiley. It also shows the title, authors,
journal issue and pagination, a URL for the archived article

(https://www.]jstor.org/stable/26653669), a link for download, and a display area for

interested users to read this article online.

C. Copyright Registration Record

174. Appx. 1013D is a true and correct copy of the copyright registration
record for vol. 110, no. 1 of Journal American Water Works Association. | personally
located, 1dentified, and obtained this record at

https://publicrecords.copyright.gov/detailed-record/voyager 30108947 from the
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Public Records System of the US Copyright Office. This is the type of record experts
in my field would reasonably rely upon when forming their opinions.

175. The title, ISSN, and serial publication year (“2018”’) show this record
is for issues of Journal American Water Works Association published in 2018. The
Issues Registered field shows vol. 110, no. 1, January 2018 has a publication date of
“2018-01-15” (i.e., January 15, 2018), and a copyright registration date of “2018-03-
05” (i.e., March 5, 2018).

D. Records of the Johns Hopkins University Libraries

176. To determine the public availability date of McNamara at libraries, I
searched WorldCat.org for libraries holding the journal containing this article and
learned that the Johns Hopkins University Libraries held the print and online versions
of Journal AWWA. 1 then obtained records from this library system. Appx. 1013E is
a true and correct copy of the bibliographic and MARC records for Journal AWWA
that I personally located, identified, and obtained. They are the type of records experts
in my field would reasonably rely upon when forming their opinions.

177. Pages 1 to 3 are the bibliographic record that shows the print journal is
stored offsite with a call number of “TD 201 .A51.” Record details include the journal
title, creator, subject, MESH subjects, genre, other title, related title, publisher, date,
frequency, LC number, ISSN (“0003-150X"), and general notes.

178. Pages 4 and 5 are the MARC record. The first six digits of Field 008
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show the record was created on “860207” (i.e., February 7, 1986), and the code of
“c19489999” following the record creation date indicates this publication is a
continuing resource that began publication in 1948 and has no pre-determined
conclusion date. Subfields “a” and “c” of Field 040 show DLC created the original
serial record and entered it into the OCLC WorldCat database. According to the
Directory of OCLC Members (https://www.oclc.org/en/contacts/libraries.html),
DLC is the OCLC symbol for the Library of Congress. Field 005 is a machine
generated field that automatically records the date and time of the latest update to this
record, and it shows the latest update date was “20180119150900” (i.e., January 19,
2018, at 3 p.m., 9 minutes, 0 second). Field 946 is a note with a date of “1/19/2018”
(i.e., January 19, 2018) that indicates “Cancel print; online coming via our Wiley
package” on that date, meaning the library system canceled the print journal and
would provide future access to this journal via their online subscription with Wiley.
The date of this note matches the last update date in Field 005. Fields 008, 040, 005
and 946 inform my opinion that the Johns Hopkins University library system used
the record created by the Library of Congress to create their copy cataloging record,
and last updated their copy cataloging record on January 19, 2018 when they canceled
the print version and switched to the electronic version of the journal.

179. Field 022 shows the ISSN of the print journal, Field 245 shows the title,

Field 246 shows a variant title, and Field 260 shows the publisher since 1948. Field

-79-

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0079



362 shows the journal began with vol. 40, no. 1 in January 1948, and Field 310 shows
the publication frequency is “Monthly.” Field 500 explains that the publisher
information has changed since 1985. Field 710 shows the American Water Works
Association is included to help users discover this journal.

180. The subject of this print journal is represented in Field 050 by a Library
of Congress Classification number of “TD201” that represents English periodicals
for the subject of “Water supply for domestic and industrial purposes” (Library of
Congress Classification Schedule T,

https://www.loc.gov/aba/publications/FreeLCC/LCC _T2019TEXT.pdf); and in

Field 650 by a Library of Congress subject heading with “Water-supply engineering”
as the main heading, followed by “Periodicals” as a form heading encoded in subfield
“v”. These subject representations enable users to conduct subject searches to
discover this journal.

181. The MARC record (Appx. 1013E) shows the Johns Hopkins University
library system created a copy cataloging record for the print version of Journal
AWWA and made this journal discoverable in their library catalog. Users could search
for this journal by ISSNs, title, variant title, and the parent organization of the journal.
On January 19, 2018, the library system canceled the print subscription and provided
access to this journal via their Wiley online package from then on. This change to

online access is reflected in the library record for McNamara (Appx. 1013F) that I
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obtained from the online catalog of the library system at

https://catalyst.library.jhu.edu/permalink/01JHU INST/62l0s8/cdi_proquest_miscel

laneous_2718337756.

182. Page 1 shows the title, authors, abstract, source of publication for
McNamara and indicates the library holds the print and online versions of Journal —
American Water Works Association. The “View Online” area shows full text is
available from JSTOR Archival Journals and Primary Sources Collection (the entire
run of the journal from 1914, except for the most recent six years), Wiley Online
Library Database Model 2026 (coverage from 1997), and Wiley Online Library
Journals (coverage from 1997). The record also shows older print issues are stored
offsite. Record details include the title, authors, source of publication, subject
keywords, abstract, publisher, ISSNs and the digital object identifier for McNamara.
Interested users can access the full text by following the links to “Get PDF” or “Read
Online.”

183. Taken together, the journal records (Appx. 1013E) and the record for
McNamara (Appx. 1013F) inform my opinion that the Johns Hopkins University
library system subscribed to the print version of Journal American Water Works
Association, and changed their subscription format from print to online on January
19, 2018. From that date on, interested users would be able to access full text of this

journal from JSTOR and Wiley online services.
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184. Electronic journal publishers provide access to new issues based on a
set schedule of a journal or a continuous rolling model, making new articles available
as soon as they are ready. Since the publication frequency of Journal AWWA is
monthly, it is my opinion that the publisher Wiley would make vol. 110, no. 1
(January 2018) available to users in January 2018, and definitely no later than
February 2018. This means that McNamara became publicly discoverable and
accessible no later than February 2018 at the Johns Hopkins University Libraries.

E. Summary of My Opinion on McNamara

185. EX-1013 is authentic because it contains no signs to raise suspicion
about its authenticity. Furthermore, EX-1013 has the same content for McNamara as
the publisher copy archived by JSTOR (Appx. 1013A), and the publisher webpage
for vol. 110, issue 1 (Appx. 1013B) confirms McNamara was published in this issue
in January 2018.

186. Copyright registration record for the journal issue containing
McNamara (Appx. 1013C) shows the issue has a publication date of January 15,
2018. The journal records from the Johns Hopkins University Libraries (Appx.
1013D) show the library holdings began with vol. 40, no. 1 (January 1948) and the
library system changed their subscription to this journal from print to electronic on
January 19, 2018, meaning access to this journal since that date has been online. Since

electronic journal publishers provide access to new issues on an established schedule
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of a journal or on a rolling model such as daily update, it is my opinion that after the
journal issue containing McNamara was published on January 15, 2018, interested
users at the Johns Hopkins University Libraries would be able to access this issue
(and McNamara contained therein) online no later than February 2018.

187. Based on the documents and records I have reviewed and analyzed, it
is my opinion that users of the Johns Hopkins University Libraries would be able to

discover and access McNamara online from Wiley no later than February 2018.

X. AUTHENTICITY AND PUBLIC AVAILABILITY OF RS FAQ (EX-
1014)

A. Authentication

188. EX-1014 is a true and correct copy of “Reactivation Services
Frequently Asked Questions,” (“RS FAQ”), from Carlgon Carbon that I received
from counsel. This document addresses seven questions: How is spent carbon
reactivated? How are the emissions from the reactivation process treated? Will
reactivated carbon work for my application? What is the advantage of reactivating
spent carbon? Is reactivated carbon suitable for use in drinking water? If spent carbon
is returned, can it be replaced with virgin carbon? Can hazardous spent carbons be
returned for reactivation? The bottom of page 2 shows the contact information of

Carlgon Carbon and their website address (www.calgoncarbon.com). This copy is

presented as EX-1014 in this declaration.
189. To authenticate EX-1014, I searched Internet Archive for copies of this
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document. Appx. 1014A is a true and correct copy of RS FAQ. I personally located,
identified, and obtained this copy from Internet Archive. This is the type of material
experts in my field would reasonably rely upon when forming their opinions.

190. Page 1 of Appx. 1014A is a screen capture of a Wayback Machine

calendar that shows this webpage (http://www.calgoncarbon.com/wp-

content/uploads/2015/02/Reactivation_Services FAQ.pdf) was archived once by

Internet Archive on “APR 19 2016”7 and available at

https://web.archive.org/web/20160419140003/http://www.calgoncarbon.com/wp-

content/uploads/2015/02/Reactivation_Services FAQ.pdf. Pages 2 and 3 are the

PDF of this archived copy that shows this document addresses seven questions. I have
closely compared EX-1014 with this archived copy and found them to be the same.

191. EX-1014is in a condition that raises no suspicion about its authenticity.
Specifically, this text flows clearly, and there are no visible alterations to the
document. Furthermore, this copy is the same as the copy archived by Internet
Archive (Appx. 1014A). Based on my review and analysis, it is my opinion that EX-
1014 is authentic.

B. Discovery of RS FAQ

192. The archive date of Appx. 1014A shows that an archived copy of RS
FAQ became publicly discoverable and accessible on Internet Archive on April 19,

2016. The discovery of this archived copy of RS FAQ is straightforward. Appx.
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1014B and Appx. 1014C are true and correct copies of Calgon Carbon webpages that
I consulted to locate RS FAQ. These webpages are the type of material experts in my
field would reasonably rely upon when forming their opinions.

193. Page 1 of Appx. 1014B is a screen capture of a Wayback Machine
calendar that shows the Calgon Carbon website landing page at

http://www.calgoncarbon.com has been archived 1,001 times between 1997 and

2026, and this particular copy was archived on “JUL 05 2015 and available at

https://web.archive.org/web/20150705234254/http://www.calgoncarbon.com/.

Pages 2 to 5 are the PDF of this archived copy that shows the services, products,
expertise, and news about the company.

194. Page 5 is a screen capture of the Products menu, archived on July 5,
2015, that shows links to product subject areas, and the second link on the menu is
“Reactivated Services.” This link leads to the webpage for Reactivation Services.
Page 7 is a screen capture of an archived webpage for Reactivation Services. It shows

the webpage at http://www.calgoncarbon.com/reactivation-services/ was archived 65

times between “5 Jul 2015 and “21 May 2026” and available at

https://web.archive.org/web/20150705031533/http://www.calgoncarbon.com/reacti

vation-services/.

195. Appx. 1014C is a true and correct copy of the webpage for Reactivation

Services archived by Internet Archive on July 5, 2015. Page 1 is a screen capture of
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a Wayback Machine calendar. Pages 2 to 4 are the PDF of this archived webpage that
describes the features and benefits of Calgon Carbon Reactivation Services and the
application of such services in six areas. In addition, this webpage presents links to
resources related to reactivation services, including ‘“Reactivation Services
Frequently Asked Questions.” This link leads to an archived copy of RS FAQ. The
screen capture presented as page 5 of Appx. 1014C shows this document was
archived once by Internet Archive on “APR 19 2016.” This archived RS FAQ is the
same as the file presented as Appx. 1014A above.

196. Taken together, Appx. 1014B and Appx. 1014C show that the Calgon
Carbon website and their webpage for Reactivation Services were on the Internet by
July 5, 2015. By July 2015 interested users could use search engines such as Google
or Bing to locate these web resources on the Internet. Since the archived webpage for
Reactivation Services included a link to RS FAQ, it is my opinion that Calgon Carbon
intended to make RS FAQ available to interested users on the Internet no later than
July 2015. This means that when interested users followed the link to RS FAQ on the
Reactivation Services webpage on the Internet in July 2015, they would be able to
access RS FAQ.

197. As for discovery of RS FAQ on Internet Archive, interested users
would be able to find archived copies of the Calgon Carbon website and their

webpage for Reactivation Services on July 5, 2015, but they might not be able to find
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the archived copy of RS FAQ through the FAQ link in the archived webpage for
Reactivation Services, because RS FAQ was not archived by Internet Archive until
April 19, 2016. Nevertheless, interested users in July 2015 had an option to find RS
FAQ on the Internet, as described above.

C. Summary of My Opinion on RS FAQ

198. EX-1014 is authentic because it contains no signs to raise suspicion
about its authenticity. Furthermore, EX-1014 is identical to an archived copy on
Internet Archive (Appx. 1014A).

199. RS FAQ was archived by Internet Archive (Appx. 1014A) once on
April 19, 2016, meaning interested users would be able to discover and access this
archived copy of RS FAQ no later than April 19, 2016.

200. The public availability of RS FAQ on the Internet was, in fact, much
earlier. A web file has to appear on the Internet before it can be archived. Copies of
the Calgon Carbon website and their webpage for Reactivation Services archived on
July 5, 2015 (Appxs. 1014B and 1014C) mean that these web resources were
available on the Internet by that date and interested users could use search engines
like Google to discover these web resources. Since the Reactivation Services
webpage archived on July 5, 2015 included a link to RS FAQ, interested users would
be able to visit the Reactivation Services webpage on the company’s website on the

Internet and follow the RS FAQ link to access this document.
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201. Based on the documents and records I have reviewed and analyzed, it
is my opinion that “Reactivation Services Frequently Asked Questions” became
publicly available for user discovery and access on July 5, 2015, through the Calgon
Carbon webpage for Reactivation Services. An archived copy of this document

became available for public access on Internet Archive on April 19, 2016.

XI. SUMMARY OF FINDINGS

202. The public availability dates of the prior art documents discussed in this

declaration are presented in the table below:

Prior Art Document Earliest Public
Availability Date

EX-1004

Kempisty, D. M., Xing, Y., & Racz, L. (Eds.). (2018). August 26, 2018

Perfluoroalkyl Substances in the Environment: Theory,
Practice, and Innovation, Taylor & Francis Group,
Environmental and Occupational Health Series, 2018.
EX-1005

Mueller, R., & Yingling, V. (2018, March). Remediation March 20, 2018
technologies and methods for per-and polyfluoroalkyl
substances (PFAS). 12 pages.

EX-1006

McDougall, G. J. (1991, April). The physical nature and July 25, 1991
manufacture of activated carbon, Journal of the Southern
African Institute of Mining and Metallurgy, 91(4), 109-120.

EX-1007
Mimna, R. (January 30, 2017). “Granular Activated Carbon: | February 22,
A Proven Solution for PFC Removal,” Calgon Carbon 2017

Presentation, 30 Jan. 2017,
https://www.calgoncarbon.com/app/uploads/PFC-Webinar-
Presentation-1-30-17.pdf.

EX-1009

Appleman, T. D., Higgins, C. P., Quifiones, O., Vanderford, March 4, 2014
B. J., Kolstad, C., Zeigler-Holady, J. C., & Dickenson, E. R.
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(2014, March). Treatment of poly-and perfluoroalkyl
substances in US full-scale water treatment systems, Water
Research, 51, 246-255.

EX-1011

Cannon, F. S., Snoeyink, V. L., Lee, R. G., Dagois, G., & By 1995;
DeWolfe, J. R. (1993, March). Effect of Calcium in field- archived copy
spent GACs on pore development during regeneration, available on May

Journal-American Water Works Association, 85(3), 76-89. 18,2012
EX-1013
McNamara, J. D., Franco, R., Mimna, R., & Zappa, L. (2018, | February 2018
January). Comparison of activated carbons for removal of
perfluorinated compounds from drinking water, Journal-
American Water Works Association, 110(1), E2-E14.
EX-1014

Calgon Carbon. (2015). Reactivation Services Frequently July 5, 2015
Asked Questions. Counsel copy.

XII. Conclusion

203. Insigning this Declaration, I recognize that the Declaration will be filed
as evidence in a contested case before the Patent Trial and Appeal Board of the United
States Patent and Trademark Office. I also recognize that I may be subject to cross-
examination in this proceeding. If required, I will appear for cross-examination at the
appropriate time.

204. I hereby declare that all statements made herein of my own knowledge
are true and that all statements made on information and belief are believed to be true,
and further that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both,

under 18 U.S.C. § 1001.
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Dated: o 0] as0/ Respectfully submitted,

Ingrid Hsieh-Yee, Ph.D./
Annapolis, Maryland
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Appendix A.

Ingrid Hsieh-Yee
Professor Emerita
Dept. of Library and Information Science
Catholic University of America
Washington, D.C. 20064
E-mail: hsiehyee@cua.edu

Education

Ph.D. 1990. Library and Information Studies, University of Wisconsin-Madison
Minors: Sociology and Psychology

M.A. 1984. Library and Information Studies, University of Wisconsin-Madison.
M.A. 1983. Comparative Literature, University of Wisconsin-Madison.

B.A. 1980. Foreign Languages and Literature, National Taiwan University.

Work Experience

Professor, School/Dept. of Library and Information Science, Catholic University of America,
1990-2022 (Assistant Professor, 1990-1996; Associate Professor, 1997-2004; Professor
2004-2022; Professor Emerita 2022)

Co-Chair, Dept. of Library and Information Science, Catholic University of America, June 2015-
August 2016.

Acting Dean, School of Library and Information Science, Catholic University of America,
January 2010-June 2012.

Cataloger, Dept. of Legislative Reference Library, Annapolis, Maryland, 1989-1990.
Lecturer, School of Library and Information Studies, University of Wisconsin-Madison, 1988.

Teaching Assistant, School of Library and Information Studies, University of Wisconsin-
Madison, 1986-1988.

Cataloger, Health Sciences Library, University of Wisconsin-Madison, 1984-1986.

Areas of Teaching and Research Interests

Information Organization and Access; Metadata; Cataloging & Classification; Information
Architecture; Information Retrieval; Digital Archives, Repositories & Libraries; Social Media;
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Scholarly Communication; Information Behavior; Health Informatics; Human Computer
Interaction; Usability Studies

Grants & Honors

Cultural Heritage Information Management Project. IMLS grant. Amount: $498,741. Period:
Aug. 2012 to July 2015. Co-PI with Dr. Youngok Choi.

D.C. Health Information Technology (HIT4): Building Capacity & Providing Access in Our
Nation’s Capital. Dept. of Labor H2B Training Grant. Grant amount: $4,175,500. Grant
period: Nov. 2011 to Dec. 2015. Partner with the Metropolitan School of Professional
Studies of the Catholic University of America, Children’s National Medical Center, D.C.
Department of Employment Services, Holy Cross Hospital, Howard University, Center
for Urban Progress, Providence Hospital, and Sibley Memorial Hospital.

Capital Health Careers Project. Department of Labor Healthcare Sector and Other High Growth
and Emerging Industries Grant. Grant amount: $4,953,999. Grant period: March 2010 —
February 2013. Awarded to a group of healthcare organizations and educational
institutions in Washington, D.C. Providence Health Foundation of Providence Hospital
(Lead institution). Part of the grant supported the development of a Master’s degree
program in Information Technology with a concentration in Health Information
Technology offered by the School of Library and Information Science.

The Washington D.C. School Librarians Project. IMLS grant. Grant amount: $412,660. Grant
period: Aug. 2007 — June 2011. The School partnered with the District of Columbia
Public Schools (DCPS) and the District of Columbia Library Association to educate and
mentor school media specialists for the DCPS system. PI, Jan. 2010 to June 2011.

SIG Member of the Year, American Society for Information Science and Technology (2009).

Most Outstanding Paper of OCLC Systems & Services (2001).

ALISE Research Grant (2001).

Most Outstanding Paper of OCLC Systems & Services (2000).

Research Grant from ERIC (1999-2000).

Best Research Paper Award; Association for Library and Information Science Education (1998).

Research Grants, Catholic University of America. 1991, 1992, 1993, 1996, 1998, 1999, 2004,
2005, 2006, 2007, 2013-14.

Cooperative Faculty Research Grant, Consortium of Universities in the Washington
Metropolitan Area (1993-1994).
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Cooperative Research Grant, Council on Library Resources (1993-1994).

Journal of the American Society for Information Science Best Paper Award (1993).
ASIS/ISI Information Science Doctoral Dissertation Scholarship (1989).

HEA Title 1IB Fellowship (Dept. of Education) (1989)

Chinese-American Librarians Association Scholarship (1987).

Beta Phi Mu (1985).

Vilas Fellowship, University of Wisconsin-Madison. 1984

Publications

Kimura, M., & Hsieh-Yee, 1. (2026?). Relationships Recording in Authority and Bibliographic
Data: What is Recorded and How Much? Revised manuscript submitted to Cataloging &
Classification Quarterly in July 2026.

Hsieh-Yee, I. (2021). Can We Trust Social Media? Internet Reference Services Quarterly, 1-15.
Published online: 28 July, 2021. 10.1080/10875301.2021.1947433.

Bailey, T., & Hsieh-Yee, 1. (2020). Combating the Sharing of False Information: History,
Framework & Literacy Strategies, Internet Reference Services Quarterly, 24 (1-2), 9-30.

Choi, Y., and Hsieh-Yee, I. (2010). Finding Images in an OPAC: Analysis of User Queries,
Subject Headings, and Description Notes. Canadian Journal of Information and Library
Science, 34(3): 271 — 295.

Hsieh-Yee, 1. (2008). Educating Cataloging Professionals in a Changing Information
Environment. Journal of Education for Library and Information Science, 46(2): 93-106.

Vellucci, S. L., Hsieh-Yee, 1., and Moen, W.E. (2007). The Metadata Education and Research
Information Commons (MERIC): A Collaborative Teaching and Research Initiative.
Education for Information, 25(3&4): 169-178.

NISO Framework for Guidelines for Building Good Digital Collections. 3" ed. Baltimore, MD:
National Information Standards Organization, 2007. Also available online:
http://www.niso.org/framework/framework3.pdf (NISO Working Group members:
Priscilla Caplan (chair), Grace Agnew, Murtha Baca, Tony Gill, Carl Fleischhauer, Ingrid
Hsieh-Yee, Jill Koelling, and Christie Stephenson.)
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Choi, Y., Hsieh-Yee, 1., and Kules, B. (2007). Retrieval Effectiveness of TOC and LCSH.
Proceedings of the Joint Conference on Digital Libraries, pp. 233-234.

Vellucci, S., and Hsieh-Yee, 1. (2007). They Didn’t Teach Me That in Library School! Building
a Digital Teaching Commons to Enhance Metadata Teaching, Learning and Research.

Proceedings of the National Conference of the Association of College and Research
Libraries, Baltimore, MD, pp. 26-31.

Mitchell, Vanessa, and Ingrid Hsieh-Yee. (2007). Converting Ulrich’s Subject Headings to
FAST Headings: A Feasibility Study. Cataloging & Classification Quarterly, 45(1): 59-
85.

Hsieh-Yee, 1., Tang, R., and Zhang, S. (2007). User Perceptions of a Federated Search System.
IEEFE Technical Committee on Digital Libraries Bulletin, Summer 3(2) (URL =
http://www.ieee-tcdl.org).

Tang, R., Hsieh-Yee, 1., and Zhang, S. (2007). User Perceptions of MetaL.ib Combined Search:
An Investigation of How Users Make Sense of Federated Searching." Internet Reference
Services Quarterly, 12(12): 211-236.

Hsieh-Yee, 1., Tang, R., and Zhang, S. (2006). User Perceptions of a Federated Search System.
Proceedings of the Joint Conference on Digital Libraries, June 11-15, 2006, Chapel Hill,
p. 338.

Hsieh-Yee, 1. (2006). Organizing Audiovisual and Electronic Resources for Access: A
Cataloging Guide. 2nd ed. Westport, Conn.: Libraries Unlimited.

NISO A Framework of Guidance for Building Good Digital Collections. 2nd ed. Bethesda, MD:
National Information Standards Organization, 2004. Framework Advisory Group: Grace
Agnew, Liz Bishoff, Priscilla Caplan (Chair), Rebecca Gunther and Ingrid Hsieh-Yee.

Hsieh-Yee, 1. (2004). Cataloging and Metadata Education in North American LIS Programs.
Library Resources & Technical Services, 48(1): 59-68.

Hsieh-Yee, 1. (2004). Cataloging and Metadata Education. In Gary E. Gorman (Ed.),
International Yearbook of Library and Information Management 2003: Metadata
Applications and Management, (pp.204-234). London: Facet Publishing.

Yee, P. L., Hsieh-Yee, 1., Pierce, G.R., Grome, R., and Schantz, L. (2004). Self-Evaluative
Intrusive Thoughts Impede Successful Searching on the Internet. Computers in Human
Behavior, 20(1): 85-101.

Hsieh-Yee, 1. (2003). Cataloging and Metadata Education: A Proposal for Preparing Cataloging
Professionals of the 21st Century. A report submitted to the ALCTS-Education Task
Force in response to Action Item 5.1 of the Bibliographic control of Web Resources: A
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5
Library of Congress Action Plan. Approved by the Association for Library Collections
and Technical Services. Web version available since April 2003 at
http://lcweb.loc.gov/catdir/bibcontrol/CatalogingandMetadataEducation.pdf.

Hsieh-Yee, I. (2002). Cataloging and Metadata Education: Asserting a Central Role in
Information Organization. Cataloging & Classification Quarterly 34('%): 203-222.

Hsieh-Yee, 1., and Smith, M. (2001). The CORC Experience: Survey of Founding Libraries, Part
I. OCLC Systems & Services, 17: 133-140. (Received "The Most Outstanding Paper of
OCLC Systems & Services in 2001" award.)

Hsieh-Yee, 1., and Smith, M. (2001). The CORC Experience: Survey of Founding Libraries, Part
II, Automated Tools and Usage. OCLC Systems & Services, 17: 166-177. (Received
"The Most Outstanding Paper of OCLC Systems & Services in 2001" award.)

Hsieh-Yee, 1. (2001). ERIC User Services: Changes and Evaluation for the Future. Government
Information Quarterly, 18: 31-42.

Hsieh-Yee, Ingrid. (2001). Research on Web Search Behavior. Library and Information Science
Research, 23: 167-185.

Logan, E., and Hsieh-Yee, 1. (2001). Library and Information Science Education in the Nineties.
Annual Review of Information Science and Technology, 35: 425-477.

Hsieh-Yee, 1. (Ed.) (2001). Library and Information Science Research, 23 (2). A special issue in
honor of the retirement of Douglas L. Zweizig.

Hsieh-Yee, 1. (2000). ERIC User Services: Evaluation in a Decentralized Environment.
Washington, D.C.: Dept. of Education.

Hsieh-Yee, Ingrid. (2000). Organizing Audiovisual and Electronic Resources for Access: A
Cataloging Guide. Littleton, CO: Libraries Unlimited.

Hsieh-Yee, I. (2000). Organizing Internet Resources: Teaching Cataloging Standards and
Beyond. OCLC Systems & Services, 16: 130-143. (Received "The Most Outstanding
Paper of OCLC Systems & Services in 2000" award.)

Hsieh-Yee, 1. (1998). The Retrieval Power of Selected Search Engines: How Well Do They
Address General Reference Questions and Subject Questions? Reference Librarian, 60:
27-47.

Hsieh-Yee, I. (1998). Search Tactics of Web Users in Searching for Texts, Graphics, Known
Items and Subjects: A Search Simulation Study. Reference Librarian, 60: 61-85.
(Received the 1997 Best ALISE Research Paper Award.)
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Hsieh-Yee, . (1997). Access to OCLC and Internet Resources: LIS Educators' Views and
Teaching Practices. RQ, 36: 569-86.

Hsieh-Yee, L. (1997). Teaching Online and CD-ROM Resources: LIS Educators' Views and
Practices. Journal of Education for Library and Information Science, 38: 14-34.

Hsieh-Yee, 1. (1996). The Cataloging Practices of Special Libraries and Their Relationship with
OCLC. Special Libraries, 87: 10-20.

Hsieh-Yee, 1. (1996). Modifying Cataloging Practice and OCLC Infrastructure for Effective
Organization of Internet Resources. In Proceedings of the OCLC Internet Cataloging
Colloquium. [Online]. Available: http://www.oclc.org/oclc/man/collog/hsieh.htm

Hsieh-Yee, I. (1996). Student Use of Online Catalogs and Other Information Channels. College
& Research Libraries, 57: 161-175.

Hsieh-Yee, L. (1995). Ten entries in James S. C. Hu (Ed.), Encyclopedia of Library &
Information Science, 913, 1028-29, 1036, 1037, 1145-46, 1514, 1575, 1763-64, 2216-27,
2378-79. Taipei, Taiwan: Sino-American Publishing. (Topics include "Advanced
Technology/Libraries," "Information Ethics," "Instruction on Cataloging and
Classification," "Instruction on Reference Services.")

Hsieh-Yee, 1. (1993). Effects of Search Experience and Subject Knowledge on Online Search
Behavior: Measuring the Search Tactics of Novice and Experienced Searchers. Journal
of the American_Society for Information Science, 44: 161-174. (Received the 1993 Best
JASIS Paper Award.)

Presentations

Bailey, T. & Hsieh-Yee, 1. (February 2020). The Phenomena of Sharing Misinformation and the
Need for Information Literacy. Presented at the 2020 Bridging the Spectrum Symposium,
Washington, D.C., February 14, 2020.

Hsieh-Yee, I. and Fragan-Fly, J. (May 2018) Trends, Design & Strategies for Digital Scholarship
Services. Presented at the 2018 Maryland/Delaware Library Association Conference,
Cambridge, MD.

Hsieh-Yee, I. (February, 2018) Research Data Management: What It Takes to Succeed.
Presented at the 10" Bridging the Spectrum Symposium, Washington, D.C.

Hsieh-Yee, 1. (February, 2017) Research Data Management: New Competencies and
Opportunities for Information Professionals. Presented at the 9th Bridging the Spectrum
Symposium, Washington, D.C.
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7
Hsieh-Yee, 1. and Lawton, P. (February, 2017) Enhancing Catholic Portal Searches with User
Terms and LCSH. Presented at the 9th Bridging the Spectrum Symposium, Washington,
D.C.

Hsieh-Yee, 1. (2016, October) Visualizing Data for Information. Presented at the 2016 Virginia
Library Association Conference, Hot Springs, VA.

Hsieh-Yee, L. (2016, August) Religious Materials Toolbox for Archivists: Solutions to Problems
Facing the Profession. Presented at Archives * Records 2016, Atlanta, GA.

Hsieh-Yee, I. and Lawton, P. (2016, March) Enhancing Retrieval of Catholic Materials with
LCSH Knowledge Structure. Presented at the 2016 Catholic Library Association
Conference, San Diego, CA.

Fagan-Fry, J. and Hsieh-Yee, 1. (2016, February) Approaches to Digital Scholarship at Top
Universities around the World: Scholarly Publishing in the Digital Age. Presented at the
8th Bridging the Spectrum Symposium, Washington, D.C.

Hsieh-Yee and Fagan-Fry, J. (2016, January) Innovative Services for Digital Scholarship at Top
100 Research Libraries of the World. Poster presented at the 2016 Annual Conference of
the Association for Library and Information Science Education, Boston, Mass.

Hsieh-Yee, I. and Lawton, P. (2015, June). Crowdsourcing terms for CRRA portal themes. Poster
presented at the third CRRA symposium and annual meeting, Bringing the created
toward the Creator: Liturgical art and design since Vatican II. Catholic Theological
Union, Chicago, Illinois.

Hsieh-Yee, 1. and Lawton, P. (2015, February). Crowdsourcing terms for thematic exploration in
the Catholic Portal. Poster presented at the 7" Annual Bridging the Spectrum
Symposium, Washington, D.C.

Hsieh-Yee, 1., James, R., and Fagan-Fry, J. (2015, February). Support for digital scholarship at
top university libraries of the world. Poster presented at the 7" Annual Bridging the
Spectrum Symposium, Washington, D.C.

Hsieh-Yee, 1., Zhang, S., Lin, K., and Cherry, S. (2015, February). Thus said the end users:
Summon experience and support for research workflows. Poster presented at the 7
Annual Bridging the Spectrum Symposium, Washington, D.C.

Yontz, E., Hsieh-Yee, 1., & Houston, S. (2015, February). Healthy Heroes Summer Reading
Club: Developing healthy youth at public libraries. 11th Annual Jean Mills Health
Symposium, Greenville, North Carolina.
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8
Yontz, E., Hsieh-Yee, L., and Houston, S. (2015, January). Healthy youth and libraries: A pilot
study. Association for Library & Information Science Education (ALISE) Annual
Conference, Chicago, Illinois.

Hsieh-Yee, 1. (2014, May). Linking CRRA resources to portal themes via authority files.
Presented at the Catholic Research Resources Alliance 2014 Membership Meeting,
Marquette, WI.

Hsieh-Yee, 1. (2014, April). Enhancing subject access to CRRA resources. Presented at the 2014
Catholic Library Association Conference, Pittsburgh, PA.

Hsieh-Yee, 1. (2014, January). Health Information Technology Program: Educational
entrepreneurship in action. Presented at the 2014 annual Conference of the Association
for Library and Information Science Education, Philadelphia, PA

Hsieh-Yee, 1., Zhang, S., Lin, K., and Cherry, S. (2014, January). Discovering information
through Summon: An analysis of user search strategies and search success. Paper
presented at the 6th Bridging the Spectrum Symposium, Washington, D.C.

Hsieh-Yee, 1. (2012, December). National Digital Stewardship Alliance and SLIS at CUA:
An Educational Partnership. Paper presented at Best Practices Exchange: Acquiring,
Preserving, and Providing Access to Government Information in the Digital Era,
Annapolis, MD

Choi, Y. and Hsieh-Yee, 1. (2010, January). Finding Images in an OPAC: Analysis of User
Queries, Subject Headings, and Description Notes. Paper presented at 2" Annual
Bridging the Spectrum Symposium, Catholic University of America, Washington, D.C.

Hsieh-Yee, 1. and Coogan, J. (2010, January). Google Scholar vs. Academic Search Premier:
What Libraries and Searchers Need to Know. Paper presented at 2! Annual Bridging the
Spectrum Symposium, Catholic University of America, Washington, D.C.

Hsieh-Yee, 1. (2009, November). Information Science Education: An LIS School’s Perspective.
Paper presented at Annual Meeting of the American Society for Information Science and
Technology, Vancouver, British Columbia, Canada.

Hsieh-Yee, 1., Menard, E., Ya-Ning Chen, A., Shu-Jiun Chen, S., Kalfatovic, M. R., Wisser. K.
M. (2009, November). Information Organization in Libraries, Archives and Museums:
Converging Practices and Collaboration Opportunities. Presented at Annual Meeting of
the American Society for Information Science and Technology, Vancouver, British
Columbia, Canada. (Organizer and moderator of this panel.)

Hsieh-Yee, I. and Coogan, J. (2009, July). Catching up to Google Scholar: The Retrieval Power
of Academic Search Premier and Google Scholar. Poster presented at American Library
Association Conference, Chicago, Illinois.
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Hsieh-Yee, 1., with the CUA Scholarly Communications Project Team. (2009, January). Digital
Scholarship@CUA: Developing an Institutional Repository for CUA. Poster presented at
1*' Annual Bridging the Spectrum Symposium, Catholic University of America,
Washington, D.C.

Wise, M., Cylke, K., and Hsieh-Yee, 1. (2009, January). Digital Talking Books: Meeting the
Needs of the Blind and the Handicapped. Paper presented at the Bridging the Spectrum
Symposium, Catholic University of America, Washington, D.C.

Hsieh-Yee, 1. (2009, January). User Expectations of MERIC. Presented at the Information
Organization Competencies for the 21st Century Discussion Session of the 2009
Conference of the Association for Library and Information Science Education, Denver,
Colorado.

Choi, Y., and Hsieh-Yee, I. (2008,November). Subject Access for Images in an OPAC. Annual
Meeting of the American Society for Information Science and Technology, Columbus,
Ohio. (Also co-organized a panel on Retrieving and Using Visual Resources: Challenges
and Opportunities for Research and Education.)

Hsieh-Yee, L. (2008, June). Educating Cataloging Professionals in a Changing Information
Environment. National Taiwan University, Taipei, Taiwan.

Vellucci, S. L., Moen, W.E., Hsieh-Yee, 1., Marson, B., and Wisser, K. (2008, January)
Building a Metadata Education and Research Community through MERIC (Metadata
Education and Research Information Commons): Demo and Stakeholder Input. A panel
presented at the 2008 Conference of the Association for Library and Information Science
Education, Philadelphia, Pennsylvania.

Hsieh-Yee, 1., Chot,Y. and Kules, B. (2007, October). Searching for Books and Images in
OPAC: Effects of LCSH, TOC and Subject Domains. A poster presented at the American
Society for Information Science and Technology Annual Meeting, Milwaukee,
Wisconsin.

Hsieh-Yee, 1. and Coogan, J. (2007, August) Google Scholar vs. Academic Search Premier: A
Comparative Analysis. Presented to the Faculty and Staff of the University of the District
of Columbia.

Hsieh-Yee, 1. and Coogan, J. (2007, June). Google Scholar vs. Academic Search Premier: A
Comparative Analysis. Presented to the Washington Research Library Consortium
Community, Catholic University of America, Washington, D.C.

Hsieh-Yee, L., Choi, Y., and Kules, B.. (2007, June). What Users Need for Subject Access: Table
of Contents or Subject Headings? A poster presented at the 2007 American Library
Association Annual Conference, Washington, D.C., June 2007.
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Choi, Y., Hsieh-Yee, 1., and Kules, B. (2007, June). Retrieval Effectiveness of TOC and LCSH.
A paper presented at the Joint Conference on Digital Libraries 2007, Vancouver, Canada.

Vellucci, S. L., Hsieh-Yee, 1., and Moen, W.E. (2007, May). If We Build It, Will They Come?
Building a Community of Practice for Metadata Stakeholders. A poster presented at the
Rutgers University Research Day, Bridgeton, New Jersey.

Hsieh-Yee, 1. (2007, May). Federated Searching: User Experience & Perceptions. International
Conference on Information Organization & Retrieval, National Taiwan University,
Taipei, Taiwan.

Hsieh-Yee, 1. (2007, May). Search Performance of Google Scholar and Academic Search
Premier. International Conference on Information Organization & Retrieval, National
Taiwan University, Taipei, Taiwan.

Hsieh-Yee, 1. (2007, May) MERIC: Building a Digital Commons for Metadata Education &
Research. International Conference on Information Organization & Retrieval, National
Taiwan University, Taipei, Taiwan.

Hsieh-Yee, 1., and Coogan, J. (2007, March/April). A Comparative Analysis of Google Scholar
and Academic Search Premier. Poster presented at the Association of College &
Research Libraries 13th National Conference, Baltimore, Maryland.

Vellucci, S. L. and Hsieh-Yee, I. (2007, March/April) They Didn’t Teach Me That in Library
School! Building a Digital Teaching Commons to Enhance Metadata Teaching, Learning
and Research. On-site presentation and Webcast by Elluminate. A contributed paper
presented at the Association of College & Research Libraries 13th National Conference,
Baltimore, Maryland. The acceptance rate for contributed paper was 20%. This paper was
one of 10 conference papers chosen for live webcast during the conference.

Moen, W., Hsieh-Yee, 1. and Vellucci, S.L. (2007, January) A DSpace Foundation for a
Teaching & Research Commons: The Metadata Education and Research Information
Commons. A poster session presented at the Open Repositories Conference 2007, San
Antonio, Texas.

Tang, R., Hsieh-Yee, 1., and Zhang, S. (2006, November) User Perception of MetaLib Combined
Search. Paper presented at the Annual Meeting of the American Society for Information
Science and Technology, Austin, Texas, Nov. 2006.

Hsieh-Yee, 1. (2006, November). Federated Searching: User Perceptions, System Design, and
Library Instructions. Paper presented at the Annual Meeting of the American Society for
Information Science and Technology, Austin, Texas. (Panel organizer, moderator,
presenter).
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Hsieh-Yee, 1. (2006, November). Building a Digital Teaching Commons to Enhance Teaching
and Learning: The MERIC Experience and Challenges. Paper presented at the Annual
Meeting of the American Society for Information Science and Technology, Austin,
Texas. (Panel organizer, moderator, presenter)

Hsieh-Yee, 1. (2006, September). Search Performance of Google Scholar and Academic Search
Premier. Paper presented at the ERIC Publishers Meeting, Washington, D.C.

Hsieh-Yee, 1., Zhang, S., and Rong Tang, R. (2006, June). User Perceptions of a Federated
Search System. Poster presented at Joint Conference on Digital Libraries, Chapel Hill,
North Carolina.

Hsieh-Yee, I. and Zhang, S. (2006, June). Preparing Users for Federated Search: Implications
of a MetalLib User Perceptions Study. Paper presented at the 2006 Ex Libris User Groups
of North America Conference, Knoxville, Tennessee.

Hsieh-Yee, 1. (2006, January). MERIC Organizations and Navigation. Paper presented at the
2006 ALISE Annual Conference, San Antonio, Texas.

Hsieh-Yee, 1. (2006, January). Metadata and Cataloging Education: Recommended
Competencies. Paper presented at the 2006 ALISE Annual Conference, San Antonio,
Texas.

Hsieh-Yee, 1. (2005, November). Digital Library Evaluation: Progress & Next Steps.
Presentation at the Annual Meeting of the American Society for Information Science &
Technology, Charlotte, North Carolina.

Hsieh-Yee, 1. (2005, August). Providing Access to Digital Content: Issues for DL Managers.
Presentation at MDK 12 Digital Library Steering Committee Meeting, Columbia,
Maryland.

Hsieh-Yee, 1. (2005, April). Enhancing Teaching and Learning: The Role of School Library
Media Specialists. Presentation at Meeting of the Baltimore County Public School
System School Media Specialists, Baltimore, Maryland.

Hsieh-Yee, 1. (2005, January). Subject Access and Users: Insights & Inspirations from Marcia J.
Bates. Paper presented at the Historical Perspectives SIG, 2005 Conference of the
Association for Library and Information Science Education, Boston, Massachusetts.

Hsieh-Yee, 1. (2005, January). Electronic Resource Management: Practice, Employer
Expectations, & CE Interests. Paper presented at Technical Services Education SIG, 2005
Conference of the Association for Library and Information Science Education, Boston,
Massachusetts.
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Hsieh-Yee, 1. (2004, October). Library Professionals for the Digital Age: Competencies &
Preparation. Paper presented at Bibliographic Access Management Team meeting,
Library of Congress, Washington, D.C.

Hsieh-Yee, 1. (2004, January). Cataloging and metadata expertise for the digital era. Presented
at Preparing 21% Century Cataloging and Metadata Professionals: A Workshop for
Educators and Trainers, San Diego and sponsored by ALCTS, ALISE, LC, and OCLC.

Hsieh-Yee, 1. (2004, January). Educating catalogers for the digital era. Paper presented at the
Technical Services SIG, 2004 Conference of the Association for Library and Information
Science Education, San Diego.

Hsieh-Yee, 1. (2003, July). Cataloging Education for the 21 Century. A presentation at the
Library of Congress, Washington, D.C.

Hsieh-Yee, 1. (2002, January) Metadata Education and Research Priorities: A Delphi Study of
Metadata Experts. Presentation at the 2002 Conference of the Association for Library
and Information Science Education, New Orleans.

Hsieh-Yee, 1. (2001, November). 4 Delphi Study of Metadata: Preliminary Findings. Poster
session at the 2001 Annual Meeting of the American Society for Information Science &
Technology, Washington, D.C.

Hsieh-Yee, 1. (2001, June). Resources on Asian American Children: Analysis of Retrieval by
Search Engines and WorldCat. Presentation at the National Conference on Asian Pacific
American Librarians, San Francisco.

Hsieh-Yee, 1. (2001, January). Delphi Study on Metadata: Project Design. Presentation at
Research Awards Session, Association for Library & Information Science Education,
Washington, D.C.

Hsieh-Yee, 1. (2000, May). Web Search Behavior Research: Progress and Implications.
Presentation at the Symposium on Evaluating Library and Information Science Research,
University of Wisconsin-Madison, Madison, Wisconsin.

Hsieh-Yee, 1. (2000, March). ERIC User Services: Evaluation in a Decentralized Environment.
Presentation at the National ERIC Joint Directors/Technical Meeting, Arlington,
Virginia.

Hsieh-Yee, 1. (2000, January). Enhancing Learning with Web Technology. Presentation at
Faculty Conversations, Catholic University of America, Washington, D.C.

Hsieh-Yee, 1. (2000, January). From Surrogates to Objects: CUA’s Approaches to Organizing
Electronic Resources. Paper presentation at the Annual Conference of the Association
for Library and Information Science Education, San Antonio, Texas.
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Yee, P., and Hsieh-Yee, 1. (1997, November). Individual Differences in Search Behavior on the
WWW. A poster session presented at the 38th Annual Meeting of the Psychonomic
Society, Philadelphia, Pennsylvania.

Hsieh-Yee, 1. (1997, April). Research + Marketing + Preparation = Job! Presented at the
"Workshop on Resume and Interview Techniques," Special Libraries Association,
Student Chapter, Catholic University of America, Washington, D.C.

Hsieh-Yee, L. (1997, February). Creating CyberCatalogers: Education and Training.
Presentation at ALA's Midwinter Meeting, Washington, D.C.

Hsieh-Yee, 1. (1997, February). Search Tactics of Web Users in Searching for Texts, Graphics,
Known Items and Subjects: A Search Simulation Study. Presented at the Conference of
the Association for Library and Information Science Education, Washington, D.C.

Hsieh-Yee, Ingrid. "Beginning Your Special Library/Information Center Career." Presented at
SLA's "Career Day," Jan. 11, 1997, Catholic University of America.

Hsieh-Yee, L. (1996, September). The Roles of Library and Information Scientists in Managing
Electronic Information. Presentation at Hamilton College, Clinton, New York.

Hsieh-Yee, 1. (1996, May). The Future of Cataloging as a Profession. Presented at "The
Cataloging Forum, Library of Congress, Washington, D.C.

Hsieh-Yee, L. (1994, October). The Impact of the Internet on OPACs. Presented at the Third
Workshop on User Interfaces for OPACs, Library of Congress, Washington, D.C.

Reports

Hsieh-Yee, 1., with Knowledge Management Competencies and Performance Action Group of
the Federal Knowledge Management Initiative. “From Knowledge Management
Competencies to Improved Organizational Performance.” April 9, 2009.

Hsieh-Yee, 1., with Knowledge Practices Action Group of the Federal Knowledge Management
Initiative. “KM Practice in Government Agencies: Findings and Recommendations.”
April 9, 2009.

Hsieh-Yee, 1. “Delphi Study on Metadata.” 2001. Three quarterly reports submitted to the
Association for Library and Information Science Education.

Hsieh-Yee, L. “College Students' Information Channels: Patterns of Use and Possible Factors in
Channel Selection.” 1995. Submitted to the Catholic University of America.

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0103



14
Hsieh-Yee, I. “The Information-Seeking Patterns of Scholars and Their Use of an Online
Information System.” 1994. Submitted to the Council on Library Resources.

Book Reviews

Review of The Measurement and Evaluation of Library Services, by Sharon L. Baker and F.
Wilfrid Lancaster. Information Processing and Management 30 (1994): 450-52.

Review of Subject Access to Films and Videos, by Sheila S. Intner and William E. Studwell; and
Cataloging Unpublished Nonprint Materials, by Verna Urbanski with Bao Chu Chang
and Bernard L. Karon. Information Processing and Management 30 (1994): 449-50.

Review of Automated Information Retrieval in Libraries: A Management Handbook, by Vicki
Anders. Journal of Library and Information Science 19 (1993): 98-100.

Review of Full Text Databases, by Carol Tenopir and Jung Soon Ro. Information Processing
and Management 28 (1992): 667-68.

Review of Descriptive Cataloging for the AACR2R And USMARC: A How-to-Do It Workbook,
by Larry Millsap and Terry Ellen Ferl. Information Processing and Management 28
(1992): 809-11.

Review of MARC Manual: Understanding and Using MARC Records, by Deborah J. Byrne.
Information Processing and Management 28 (1992): 537-38.

Service
Professional Associations and Societies

e Library of Congress. RDA Training Program for the Profession. Co-authored with Tim
Carlton. 2013-2014.

e 2014 Digital Preservation Outreach & Education Survey. Contributed to the design

of the survey, 2014.

National Digital Stewardship Alliance. Outreach Committee. 2011-2014.

National Digital Stewardship Residency Program. Advisory Group, 2012-2013.

FEDLINK Health Information Technology Advisory Council, 2011-2015.

2012 Joint Conference on Digital Libraries. Program Planning Committee, Pre-

Conference Proposals Review Committee, 2012

Catholic Research Resources Alliance. Five-Year Strategic Plan Task Force, 2011-2012

e Institute of Museum and Library Services. Grant reviewer. 2004, 2005, 2010.

e Association for Library and Information Science Education.
* ALISE Bodan Wynar Research Paper Award Committee, 2015, 2016, 2017
* ALISE Eugene Garfield Dissertation Award Competition, Jury, 2013, 2014
* ALISE Research Grant Competition Committee. Chair, 2012
* Pratt-Severn Faculty Innovation Award. Chair, 2009, 2010
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* ALISE Doctoral Poster Jury, 2012
* “Information Organization Competencies for the 21st Century” Discussion session
leader. 2009 Conference of the Association for Library and Information Science
Education.
* Assisted Technical Services SIG Convener in organizing a program, ‘““Building a
Metadata Education and Research Community through MERIC (Metadata Education and
Research Information Commons): Demo and Stakeholder Input” for the 2008 ALISE
conference.
* Association for Library Collections and Technical Services/Association for Library and
Information Science Education (ALCTS/ALISE) Metadata Education and Research
Information Center (MERIC) Advisory Board, Co-Chair (with Sherry Vellucci), 2005-
2007. Chair, 2008-2009 (leading the effort to build MERIC, a repository and
collaborative space for metadata educators, practitioners, and researchers)
* Technical Services SIG, Convener, 2004-2005. Organized a program on “Electronic
Resources Management: Current Practices, Employer Expectations, and Teaching
Strategies” for the 2005 conference in Boston, Massachusetts.
* Technical Services SIG, Convener, 2003-2004. Organized a program on “Organizing
Information with Metadata: Desired Competencies and Teaching Innovations” for the
2004 conference.
* Technical Services SIG, Convener, 1999-2000. Organized a program on "Teaching the
Organization of Electronic Resources" for the 2000 conference.
* Curriculum SIG, Co-convener (with Sibyl Moses), 1996-97. Organized a program on
“Government Information Policy” for the 1997 conference.

American Society for Information Science & Technology.

* Reviewer, Conference program panel submissions and poster submissions, 2005, 2006,
2007, 2009, 2011, 2012, 2013, 2014, 2015, 2016, 2017

* Nomination Committee, 2009-2011

* Information Science Education Special Interest Group. American Society for
Information Science and Technology. Chair-Elect, 2007-2008. Chair 2008-2009.

* Committee on Information Science Education. 1999-2006.

* Committee on Information Science Education. Organizing Committee for an
orientation program for students at ASIS annual meetings, 1999-2001

* Committee on Information Science Education. Sub-committee on Student Welfare
(focusing on issues related to master's education), 1998-2001

* SIG ED. Organizing Committee for the "Seminar on Research and Career
Development" for junior researchers. 1995-96 (chair), 1997-2001

* ISI Doctoral Dissertation Proposal Scholarship Jury, 1997; 2001, 2002

* Pratt-Severn Best Student Research Paper Award Jury. Chair. 1997

* 1998 Midyear Meeting (referee of contributed papers), 1997

* Organizer and moderator of the ASIS Doctoral Forum and the Doctoral Research
Seminar 1994-1995

* SIG Human Computer Interaction. Chair-Elect, Chair, 1993-1995

* Doctoral Forum Award Jury, 1995

* Best Student Paper Award Jury, 1995
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American Library Association.

* Committee on Accreditation, External Review Panelist, 2009- (site visiting team 2013-
2014; site visiting team 2016-2017)

* Association for Library Collections and Technical Services Task Force on
Competencies and Education for a Career in Cataloging, member, 2008-2009

* Facilitator for “What They Don't Teach in Library School: Competencies, Education
and Employer Expectations for a Career in Cataloging,” an Association for Library
Collections and Technical Services Preconference, June 22, 2007 in Washington, D.C.
Also a local liaison for bringing this program to the Catholic University of America.

* Facilitator for a discussion on "Effect of Electronic Resources on Technical Services" at
ALA's Midwinter Meeting held in Feb. 1997 in Washington, D.C.

* International Relations Committee, Subcommittee Task Force for IFLA and China,
1994-1997

Virginia Association of School Librarians. Scholarships and Awards Committee. 2010-
2012

Federal Knowledge Management Initiative, Knowledge Management Practices Action
Group. Member. 2009 (leading the effort to build a knowledge management repository)
Federal Knowledge Management Initiative, Knowledge Management Competencies &
Learning Action Group. Member. 2009 (developing an action plan for helping
government knowledge workers and government agencies to develop knowledge
management competencies)

National Center for Education Statistics. Technical Review Panel. 2008.

External evaluator for a case of promotion to full professorship. University of Tennessee.
2008.

National Information Standards Organization (NISO). Advisory Board, Revision of
“IMLS Framework of Guidance for Building Good Digital Collections,” 2004, 2007.
Library of Congress, Bibliographic Control of Web Resources: A Library of Congress
Action Plan. Principal Investigator of Action Item 5.1, focusing on cataloging and
metadata education for students and new librarians, 2002-2003. (worked with the
Association for Library Collections and Technical Services, Education Task Force)

Chinese American Librarians Association

* Chinese American Librarians Association Outstanding Library Leadership Award in
Memory of Dr. Margaret Chang Fung, Award Committee, 2016-2017

* Achievement Award Jury, 2000-2001

* CALA Goal 2000 Task Force, 1997

* Scholarship Committee, 1995, 1996-1997 (chair)

* Board of Directors, 1994-1997

* Publication Committee, 1993-1995

* International Relations Committee, 1993-1996
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Sailor®™ Assessment Advisory Group (An impact study of Sailor, Maryland's Public
Information Network), 1995

Editorial boards
Journal of Library & Information Science. Editorial Board, 2012-
Chinese American Librarians Association, Occasional Papers Series. Editorial
Board, 2009-2016.
Library Quarterly. Editorial Board, 2003-2008
Bulletin of the Medical Library Association, 1994-97
Newsletter editor for the Chinese American Librarians Association, 1989-92

Referee for the following journals
Information Processing and Management
Journal of Digital Information
Journal of Education for Library and Information Science
Journal of Information Science
Journal of Library & Information Science
Journal of Library Metadata
Journal of the American Society for Information Science & Technology
Library and Information Science Research
Library Quarterly

Expert reviewer, “Digital Library” course, Evaluation module, University of North
Carolina, Chapel Hill, 2007-2008.

Expert reviewer, “Information Organization” course, University of Michigan, Ann Arbor.
2007.

Catholic University of America

Academic Senate Committee on Appointments and Promotions, 2005-2008
Academic Senate Committee on Committees and Rules, 2009-2012, 2019-2022
Academic Senate representative (for School of Arts & Sciences), 2017-2020
Academic Senate representative (for School of Library & Information Science) 2003-
2012

Academic Senate Library Committee, Interim Chair (2007), Member, 2008-2012
Academic Senate Committee on Computing, 1995-2003

President’s Administrative Council, 2010-2012
Deans’ Council, 2010-2012

Academic Leadership Group, 2010-2012
Graduate Board, 2010-2012
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School of Arts & Sciences, Committee on Appointments and Promotions, 2015-2019
School of Arts & Sciences, Academic Council, 2015-2016.
School of Arts & Sciences, Ordinary Professor Group, 2013-
Doctoral Dissertation Defense Committee, Chair, Dept. of Psychology, 2016, 2017, 2018,
2019, 2020, 2021, 2022
Doctoral Dissertation Defense Committee, Chair, Dept. of Education, 2014, 2015, 2017,
2018, 2019
Doctoral Dissertation Defense Committee, Chair, National Catholic School of Social
Services, 2019, 2020, 2021
Doctoral Dissertation Defense Committee, Chair, School of Nursing, 2006, 2008
CUA Scholarly Communication Project Team, Member (2007), Chair, 2008-2009
Dean Search Committee, 1992-1994, 1998-1999, 2002-2003, 2006-2007
Fulbright Review Panel, 2006
CUA Service Learning Advisory Board, 2001-2002
CUA Faculty Conversations on Enhancing Teaching and Learning through
Technology, Planning Group, 1999-2001
CUA Initiative on Technology and Teaching, 1998-2001

Dept. of Library and Information Science

Admissions Committee, 2007-2009, Chair 2010-2012, Member 2013-2015, Member
2018-2022

Appointments and Promotions Committee, 1991-2022

Student advisement, 1990-2022

4+1 Bachelor to Master program, Program Advisor, 2014-2022

LIS Minor, Advisor, 2017-2022

Curriculum Committee, 2020-21 (Member), 2021-2022 (Chair)

Scholarship & Awards Committee, 2016-2018, 2020-21

Comprehensive examination editor, 2020-21

Symposium, Colloquium, Lecture Series Committee, May 2018-May 2020 (Chair)
Symposium and Colloquium Committee, fall 2016-May 2018

Bridging the Spectrum Symposium session moderator, 2018, 2019, 2020, 2021
Organization of Information Core Course Outcomes Assessment, 2019, 2020

The Information Professions in Society Core Course Outcomes Assessment, 2019, 2020
Community Services Librarianship, Course of Study Review and Revision, 2020
Organization of Information, Course of Study Review and Revision, 2019
Organization of Information, Competency and Course Offerings Review, 2018-2019
Accreditation presentation, Chair, June 2015-August 2016

Interim Co-Chair, June 2015-August 2016.

Blended/OWL Learning Committee, spring 2016-2018

Technology Committee, fall 2016-2017

Comprehensive examination editor, 2016-2017, reader (every year since 1990)
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LIS Advisory Board, 2015-2016 (chair); fall 2016- May 2018 (member)
Committee on Planning and Assessment, 2015-2016 (chair)
Senior Faculty Committee, 2014-2016.
Accreditation Steering Committee, 2014-2016 (Chair, 2015-2016)
Accreditation Students Standard Committee, co-chair, 2014-2016
Accreditation Mission, Goals, and Objectives Standard Committee, co-chair, 2014-2016
Accreditation Curriculum Standard, member 2014-2-16
Accreditation Administration and Finance Standard, member 2014-2016
Cultural Heritage Information Management Project (IMLS-funded), Co-PI, 2012-2015
Cultural Heritage Information Management Forum (scheduled for June 2015), Co-
Organizer, 2013-2015
Health Information Technology Interim Review Committee, 2015 (chair)
Health Sciences Librarianship Advisory Group, 2015- (chair)
Comprehensive examination editors, 2013-2014, 2016-2017
National Digital Stewardship Alliance liaison, 2011-2014
Advisory Board, Chair 2010-2012
Academic Honesty Committee, Chair, 2008-2012
Blended Learning Committee, 2010-2012
Colloquium Committee, 2010-2012
Comprehensive Examination Administration, 2010-2012
Cultural Heritage Information Management Advisory Committee, 2010-2012 (chair),
2013-
Curriculum Committee, 1991-2003, 2007-2009, Chair 2010-2012, member 2013-
Curriculum Subcommittee on Comprehensive Examination, Chair 2009-2012
Health Information Technology Advisory Board, Chair 2010-2012. Member 2013-
Health Sciences Advisory Committee, 2009, Chair 2010-2012. Member 2013-
HIT Expert Forum, Chair 2012. Member 2013-2015
Health Information Technology Student Group Advisor, 2011-2012
State Council for Higher Education of Virginia, SLIS Representative, 2010-2012
Symposium Planning Committee, 2010-2012
Website Management Team, Chair, 2010-2012
Urban School Librarianship Project (IMLS-Funded), PI, 2007-2011 (chair, 2010-11)
Failing Grades Committee, 1995-1997 (chair), 2000-2001 (chair), 2004-2005 (chair),
2007 (chair)-2011
Faculty Search Committee, 1994-1998, 2002-2004, 2006 (chair), Fall 2007-2009, Chair
fall 2009-2012
Recruitment Committee, Chair 2010-2012
Strategic Planning Committee, Chair 2010-2012
Technology Committee, 2010-2012
Accreditation Advisory Committee, 2007-2009
Accreditation Coordinating Committee, 2007-2009
Accreditation Steering Committee, 2007-2009
SLIS Advisory Group, 2007-2009
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Accreditation Curriculum Standard Committee, Co-chair, 2007-2009
Accreditation Faculty Standard Committee, Co-chair, 2007-2009
LSC 551 Information Organization Review Team, Co-chair, 2008-2009, 2015-2016.
Curriculum Subcommittee on Portfolios, 2009
LSC 555 Information Systems in Libraries and Information Centers Review Team,
contributor, 2008-2009
Redesign of LSC 730 Use and Users of Libraries and Information. 2009-
Development of a metadata institute that was taught as LSC 715 Organization of Internet
Resources in 2008. The institute is being revised and will be offered in 2010 under a new
course title.
Development of lesson plans, assignments, and evaluation rubrics for LSC 606,
Cataloging and Classification, for the School’s NCATE accreditation. 2008
Howard and Mathilde Rovelstad Scholarship Committee, Chair, 2004-2007
Assistant Dean Search Committee, Chair, Fall 2007
Liaison to the Association for Library Collections and Technical Services to bring its
preconference program, Cataloging Education and Employer Expectations, to CUA
during the 2007 American Library Association Annual Meeting in Washington, D.C.
Organizer of the colloquium presentation and reception for Tamar Sadeh of Ex Libris on
PRIMO June 2007
Practicum review and design (work with potential supervisors, such as the American
Indian Museum internship description revision) 2006-
Comprehensive examinations (edits, proctoring, and grading), 1990-
SLIS Web site redesign: Comments and suggestions. Fall 2007
Conducted surveys of current students and alumni in preparation for the 2005 re-
accreditation, 2004-2005
Technology Committee, 1992-1999 (chair, 1996-1998), 2002-2003 (member)
Colloquia Committee 1997-1999, 2002-2003.
Advisor of the CUA Student Chapter of the American Society for Information Science
and Technology, 2002-2003
Visiting Professor Search Committee, 1999, 2000, 2001
Leader, Participation in the CORC experiment, 1999-2000
Advisor of the Special Libraries Association Student Chapter, 1993-1999; the group was
recognized for outstanding leadership by SLA in 1999.
COA planning Committee, Task Force on Electronic Presentation of SLIS Reports (team
leader) 1997-1998
COA Planning Committee, Subcommittee on Technology 1996-1998
NLM practicum coordinator, 1997-1998
Computer Literacy Workshops: Assisted with the development and evaluation of the
workshops, 1996-1998
Leader, Participation in the InterCat project, 1995-1997
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Understanding MARC Bibliographic: Parts 7 to 10 https://www.loc.gov/marc/umb/um07to10.html

Appendix B.

Library of Congress >> MARC >> Understanding MARC

MARUC 21 Reference Materials

Part VII: A Summary of Commonly Used MARC 21 Fields
Part VIII: A List of Other Fields Often Seen in MARC Records
Part IX: The Leader

Part X: Field 008 for Books

Part VII:

A Summary of
Commonly Used MARC 21 Fields

This is a summary of the MARC 21 tags used most frequently by libraries in entering
their own bibliographic records. For full listings of all MARC 21 tags, indicators, and
subfield codes, see MARC 21 Format for Bibliographic Data.

In the explanations on these pages:

Tags -- The tags (3-digit numbers) are followed by the names of the fields they represent.
In this summary, and in the MARC 21 Format for Bibliographic Data, if a tag can appear
more than once in one bibliographic record, it is labeled repeatable (R). If it can only be
used once, it is labeled non-repeatable (NR). For example, a catalog record can have
several subjects, so the tags for subject added entries (6XX) are labeled repeatable (R).

Indicators -- The use of indicators is explained in fields where they are used. Indicators
are one-digit numbers. Beginning with the 010 field, in every field -- following the tag --
are two character positions, one for Indicator 1 and one for Indicator 2. The indicators are
not actually defined in all fields, however. And it is possible that a 2nd indicator will be
used, while the 1st indicator remains undefined (or vice versa). When an indicator is
undefined, the character position will be represented by the character # (for blank space).

Subfield codes -- All the data in each field (beginning with the 010 field) is divided into
subfields, each of which is preceded by a delimiter-subfield code combination. The most
common subfield codes used with each tag are shown. Each subfield code is preceded by
the character $, signifying a delimiter. The name of the subfield follows the code.

In general, every field MUST have a subfield 'a’' ($a). One exception that is often seen is in
Field 020 (ISBN), when the ISBN information (subfield $a) is unavailable but the price
(subfield $c¢) is known. Some subfields are repeatable. In this summary, repeatability is
noted for only the more common repeatable subfields.

Examples: Examples follow the explanation for each field. For clarity, one space has been
placed between the tag and the first indicator, one space has been placed between the
second indicator and the first delimiter- subfield code, and one space has been inserted
between the delimiter-subfield code and the subfield data.
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010 Library of Congress Control Number -- (LCCN)
(NR, or Not Repeatable
Indicators undefined.
Subfield used most often:
$a -- Library of Congress control number

Example: 010 ## $a #4##86000988#

020 International Standard Book Number -- (ISBN)
(R, or Repeatable)
Indicators undefined.
Subfields used most often:
$a -- International Standard Book Number
$c -- Terms of availability (often a price)
$z -- Cancelled/invalid ISBN (R)

Example: 020 ## $a 0877547637

040 Cataloging source -- (NR)
Indicators undefined.
Subfields used most often:
$a -- Original cataloging agency
$c -- Transcribing agency
$d -- Modifying agency (R)

Example: 040 ## $a DLC
$c DLC
$d gwhs

100 Main entry -- Personal name -- (primary author)
(NR; there can be only one main entry)
Indicator 1: Type of personal name entry element
0 -- Forename
1 -- Surname (this is the most common form)
3 -- Family name
Indicator 2 undefined.
Indicator 2 became obsolete in 1990. Older records may display 0 or 1
Subfields used most often:
$a -- Personal name
$b -- Numeration
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$c -- Titles and other words associated with a name (R)
$q -- Fuller form of name
$d -- Dates associated with a name (generally, year of birth)

Example: 100 1# $a Gregory, Ruth W.
$q (Ruth Wilhelme),
$d 1910-

130 Main entry -- Uniform title -- (NR)
Indicator 1: Nonfiling characters
0-9 -- Number of nonfiling characters present (for initial articles, including
spaces)
Indicator 2 undefined.
Indicator 2 became obsolete in 1990. (See 100 above.)
Subfields used most often:
$a -- Uniform title
$p -- Name of part/section of a work (R)
$1 -- Language of a work
$s -- Version
$f -- Date of a work

Example: 130 0# $a Bible.
$p O0.T.
$p Psalms.

240 Uniform title (NR)
Indicator 1: Uniform title printed or displayed
0 -- Not printed or displayed
1 -- Printed or displayed (most common)
Indicator 2: Nonfiling characters
0-9 -- Number of nonfiling characters present (for initial articles, including
spaces)
Subfields used most often:
$a -- Uniform title
$1 -- Language of a work
$f -- Date of a work

Example: 240 10 $a Ile mystérieuse.
$1 English.
$f 1978
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245 Title Statement (NR)
Indicator 1: Title added entry
(Should the title be indexed as a title added entry?)
0 -- No title added entry
(indicates a title main entry; i.e. no author is given)
1 -- Title added entry
(the proper indicator when an author given in 1XX; the most common
situation)
Indicator 2: Nonfiling characters
0-9 -- Number of nonfiling characters present, including spaces; usually set at
zero, except when the title begins with an article; e.g., for The robe, the
second indicator would be set to 4. The letters 7, 4, e, and the space
following them are then ignored in alphabetizing titles. The record will
be automatically filed under "7" -- for Robe.
Subfields used most often:
$a -- Title proper
$h -- Medium (often used for non-book media)
$p -- Name of part/section of a work (R)
$b -- Reminder of title (subtitles, etc.)
$c - Remainder of title page transcription/Statement of responsibility

Example: 245 14 $a The DNA story :
$b a documentary history of gene
cloning /
$c James D. Watson, John Tooze.

246 Varying form of title (R)
Indicator 1: Note/title added entry controller
1 -- Note, title added entry
3 -- No note, title added entry
Indicator 2: Type of title
# -- No information provided
0 -- Portion of title
1 -- Parallel title
4 -- Cover title
8 -- Spine title
Subfield used most often:
$a -- Title proper

Example: 246 3# $a Four corners power review

250 Edition statement (NR)
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Indicators undefined.
Subfield used most often:
$a -- Edition statement

Example: 250 ## $a 6th ed.

260 Publication, distribution, etc. (Imprint) (R)

Indicator 1: Sequence of publishing statements
# -- No information provided

Indicator 2: Undefined

Subfields used most often:
$a -- Place of publication, distribution, etc. (R)
$b -- Name of publisher, distributor, etc. (R)
$c -- Date of publication, distribution, etc. (R)

Example: 260 ## $a New York :
$b Chelsea House,
$c 1986.

300 Physical description (R)
Indicators undefined.
Subfields used most often:
$a -- Extent (number of pages) (R)
$b -- Other physical details (usually illustration information)
$c -- Dimensions (cm.) (R)
$e -- Accompanying material (for example, "teacher's guide" or "manual™)

Example: 300 ## $a 139 p.
$b ill. ;
$c 24 cm.

440 Series statement / Added entry--Title
This field was made obsolete in 2008 to simplify the series statement. See 490 and
830.

490 Series statement (No added entry is traced from field) (R)
Indicator 1: Specifies whether series is traced (whether an 8XX tag is also present)
0 -- Series not traced
1 -- Series traced (8XX is in record)
Indicator 2 undefined.
Subfield used most often:
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$a -- Series statement (R)
$v -- Volume number (R)

Example: 490 1# $a Colonial American craftsmen

500 General note (R)
Indicators undefined.
Subfield used most often:
$a -- General note (Used when no specialized note field has been defined for
the information. Examples: Notes regarding the index; the source of the title;
variations in title; descriptions of the nature, form, or scope of the item.)

Example: 500 ## $a Includes index.

504 Bibliography, etc. note (R)
Indicators undefined.
Subfield used most often:
$a -- Bibliography, etc. note

Example: 504 ## $a Includes bibliographical
references.

505 Formatted contents note (R)

Indicator 1: Type of contents note
0 -- Complete contents
1 -- Incomplete contents (used with multivolume set when some volumes are
not yet published)
2 -- Partial contents

Indicator 2: Level of content designation
# -- Basic

Subfield used most often:
$a -- Formatted contents note

Example: 505 0# $a Pride and prejudice —— Emma
—— Northanger Abbey.

520 Summary, etc. note (R)
Indicator 1: Display constant controller
# -- Summary
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1 -- Review
2 -- Scope and content
3 -- Abstract

Indicator 2 undefined

Subfields used most often
$a -- Summary, abstract, or annotation
$b -- Expansion of summary note

Example: 520 ## $a This basic guide to parliamentary
procedure tells how to conduct
and participate in a meeting
properly.

600 Subject added entry -- Personal name (R)
Indicator 1: Type of personal name entry element
0 -- Forename
1 -- Surname (this is the most common form)
3 -- Family name
Indicator 2: Subject heading system/thesaurus (identifies the specific list or file
which was used)
0 -- Library of Congress Subject Headings
1 -- LC subject headings for children's literature
2 -- Medical Subject Headings
3 -- National Agricultural Library subject authority file
4 -- Source not specified
5 -- Canadian Subject Headings
6 -- Répertoire de vedettes-maticre
7 -- Source specified in subfield $2

(Note regarding Sears subject headings: The MARC 21 format does not provide an
assigned indicator for Sears subject headings. Therefore, an indicator of 7 is used, and the
MARC defined code "sears" is placed in subfield $2.)

Subfields used most often:
$a -- Personal name (surname and forename)
$b -- Numeration
$c -- Titles and other words associated with a name (R)
$q -- Fuller form of name
$d -- Dates associated with a name (generally, year of birth)
$t -- Title of a work
$v -- Form subdivision (R)
$x -- General subdivision (R)
$y -- Chronological subdivision (R)
$z -- Geographic subdivision (R)
$2 -- Source of heading or term (used with 2nd indicator of 7)

https://www.loc.gov/marc/umb/um07to10.html
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Example: 600 10 $a Shakespeare, William,
$d 1564-1616
$x Comedies
$x Stage history.

Example: 600 10 $a Shakespeare, William,
$d 1564-1616
$x Knowledge
$z Rome
$v Congresses.

Notice that subfields $v, $x, and $z in the 600 field are repeatable. Subfields $v, $x, $y,
and $z do not have to be in alphabetical order. They will be in the order prescribed by the
instructions given by the subject heading system.

610 Subject added entry -- Corporate name (R)

Indicator 1:Type of corporate name entry element
0 -- Inverted name (not used with AACR2)
1 -- Jurisdiction name
2 -- Name in direct order

Indicator 2: Subject heading system/thesaurus.
See indicator 2 under 600

Subfields used most often:
$a -- Corporate name or jurisdiction name as entry element
$b -- Subordinate unit (R)
$v -- Form subdivision (R)
$x -- General subdivision (R)
$y -- Chronological subdivision (R)
$z -- Geographic subdivision (R)
$2 -- Source of heading or term (used with 2nd indicator of 7)

Example: 610 10 $a United States.
$b Army Air Forces
$v Biography.

650 Subject added entry -- Topical term (Most subject headings fit here.) (R)
Indicator 1: Level of subject
# -- No information provided
Indicator 2: Subject heading system/thesaurus
(identifies the specific list or file which was used)
0 -- Library of Congress Subject Headings
1 -- LC subject headings for children's literature
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2 -- Medical Subject Headings

3 -- National Agricultural Library subject authority file
4 -- Source not specified

5 -- Canadian Subject Headings

6 -- Répertoire de vedettes-maticre

7 -- Source specified in subfield $2

Note regarding Sears subject headings: The MARC 21 format does not provide an
assigned indicator for Sears subject headings. Therefore, an indicator of 7 is used, and the
MARC defined code "sears" is placed in subfield $2.)

Subfields used most often:
$a -- Topical term
$v -- Form subdivision (R)
$x -- General subdivision (R)
$y -- Chronological subdivision (R)
$z -- Geographic subdivision (R)
$2 -- Source of heading or term used with 2nd indicator of 7)

Example: 650 #0 $a Theater
$z United States
$v Biography
$v Dictionaries.

Notice that subfields $v, $x, and $z in the 650 field are repeatable. Subfields $v, $x, $y,
and $z do not have to be in alphabetical order. They will be in the order prescribed by the
instructions given by the subject heading system.

651 Subject added entry -- Geographic name (R)
Indicator 1: undefined.
Indicator 2: Subject heading system/thesaurus.
See indicator 2 under 600
Subfields used most often:
$a -- Geographic name
$v -- Form subdivision (R)
$x -- General subdivision (R)
$y -- Chronological subdivision (R)
$z -- Geographic subdivision (R)
$2 -- Source of heading or term (used with 2nd indicator of 7)

Example: 651 #0 $a United States
$x History
$v Chronology.
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Notice that subfields $v, $x, and $z in the 651 field are repeatable. Subfields $v, $x, $y,
and $z do not have to be in alphabetical order. They will be in the order prescribed by the
instructions given by the subject heading system.

700 Added entry -- Personal name (R)

Indicator 1: Type of personal name entry element
0 -- Forename
1 -- Surname (this is the most common form)
3 -- Family name

Indicator 2: Type of added entry
# -- No information provided (most common; co-authors, editors, etc.)
2 -- Analytical entry (The values for Indicator 2 changed in 1994 with Format
Integration, and older records may display additional values. An analytical
entry involves an author/title of an item contained in a work.)

Subfields used most often:
$a -- Personal name
$b -- Numeration
$c -- Titles and other words associated with a name (R)
$q -- Fuller form of name
$d -- Dates associated with a name (generally, year of birth)
$e -- Relator term (such as ill.) (R)
$4 -- Relator code (R)

Example: 700 1# $a Baldridge, Letitia.

710 Added entry -- Corporate name (R)

Indicator 1: Type of corporate name entry element
0 -- Inverted name (not used with AACR2)
1 -- Jurisdiction name
2 -- Name in direct order

Indicator 2: Type of added entry.
See Indicator 2 under 700
# -- No information provided
2 -- Analytical entry

Subfields used most often:
$a -- Corporate name or jurisdiction name as entry element
$b -- Subordinate unit (R)

Example: 710 2# %$a Sunburst Communications (Firm)

740 Added entry -- Uncontrolled related/analytical title (R)
Indicator 1: Nonfiling characters
0-9 -- Number of nonfiling characters present (for initial articles, including
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spaces)

Indicator 2:Type of added entry. See Indicator 2 under 700
# -- No information provided
2 -- Analytical entry
(This field was redefined in 1994 with Format Integration. Prior to 1994, the
field was also used for variant titles, such as a different wording on a spine
title. In records created since Format Integration, those variant tiles appear in a
246 field.)

Subfield used most often:
$a -- Title

Example: 740 02 $a Uncle Vanya.

800 Series added entry -- Personal name (R)

Indicator 1: Type of personal name entry element
0 -- Forename
1 -- Surname
3 -- Family name

Indicator 2 undefined.

Subfields used most often:
$a -- Personal name
$b -- Numeration
$c -- Titles and other words associated with a name (R)
$q -- Fuller form of name
$d -- Dates associated with a name (generally, year of birth)
$t -- Title of a work (the series)
$v -- Volume number

Example: 800 1# $a Fisher, Leonard Everett.
$t Colonial American craftsmen.

830 Series added entry -- Uniform title (R)

Indicator 1 undefined.

Indicator 2: Nonfiling characters
0-9 -- Number of nonfiling characters present (for initial articles, including
spaces)

Subfield used most often:
$a -- Uniform title
$v -- Volume number

Example: 830 #0 $a Railroads of America (Macmillan)
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[ Back to Top of Page ]

Part VIII:

A List of Other Fields
Often Seen in MARC Records

001  Control number

003  Control number identifier

005  Date and time of latest transaction

006  Fixed-length data elements -- additional material characteristics

007  Physical description fixed field

008  Fixed length data elements (See Part X)

022  International Standard Serial Number (ISSN)

037  Source of acquisition

041  Language code

043  Geographic area code

050  Library of Congress call number

060  National Library of Medicine call number

082  Dewey Decimal classification number (the one recommended
by the Library of Congress; locally-assigned call numbers may
appear elsewhere)

110 Main entry -- Corporate name (less frequent under AACR2
rules)

256  Computer file characteristics

263  Projected publication date
(indicates a CIP -- Cataloging in Publication -- record)

306  Playing time

508  Creation/production credits note

510  Citation/references note (review sources)

511  Participant or performer note

521  Target audience note (first indicator: 0 = reading grade level, 1
= interest age level, 2 = interest grade level, 3 = special
audience characteristics, 4 = motivation interest level)

530  Additional physical form available note

538  System details note

586  Awards note

656  Index term -- Occupation

730  Added entry -- Uniform title

852  Location

856  Electronic location and access

9XX Reserved for local use. (They are used by vendors, systems, or
individual libraries to exchange additional data)

[ Back to Top of Page ]
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Part IX:

The Leader

There are 24 positions in the Leader, numbered from 00 to 23. For fuller explanation, see
the MARC 21 Format for Bibliographic Data.

00-04  Record length (calculated by the computer for each record)
05 Record status

a = increase in encoding level

¢ = corrected or revised

d = deleted

n = new

p = increase in encoding from prepublication (previous CIP)
06 Type of record

= language material

= printed music

= manuscript music

= cartographic material

manuscript cartographic material

projected medium

nonmusical sound recording

musical sound recording

2-dimensional nonprojectable graphic

computer file

kit

mixed materials

= 3-dimensional artifact or naturally occurring object
= manuscript language material

07 Bibliographic level

~ "D o g XTI 0o Ao W
Il

a = monographic component part
b = serial component part
¢ = collection
d = subunit
1 = integrating resource
m = monograph/item
s = serial
08 Type of control
# = no specified type
a = archival
09 Character coding scheme
# = MARC-8
a = UCS/Unicode
10 Indicator count (always "2")

11 Subfield code count (always "2")
12-16  Base address of data (calculated by the computer for each record)

17 Encoding level
# = full level
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19

20
21
22
23

1 = full level, material not examined
2 = less-than-full level, material not examined
3 = abbreviated level

4 = core level

5 = partial (preliminary) level

7 = minimal level

8 = prepublication level (CIP)

u = unknown

z = not applicable

Descriptive cataloging form

# = non-ISBD

a = AACR2

1 = ISBD

u = unknown

Multipart resource record level

# = Not specified or not applicable
a = Set

b = Part with independent title

c Part with dependent title

https://www.loc.gov/marc/umb/um07to10.html

Length of the length-of-field portion (always "4")
Length of the starting-character-position portion (always "5")
Length of the implementation-defined portion (always "0")

Undefined (always "0")

Part X:

[ Back to Top of Page ]

Field 008 for Books

Field 008 is used for Fixed Length Data Elements ("Fixed Field Codes"). There are 40
character positions in field 008, numbered from 00-39. Undefined positions must contain
either a blank (#) or a fill character (| ). Positions 00-17 and 35-39 are defined the same
way for all media.

The information shown here for positions 18-34 applies only to books. For explanation of
all the positions below and for positions 18-34 for other media, see the MARC 21 Format
for Bibliographic Data.

Note that field 008 has no indicators or subfield codes.

00-05

06

Date entered on file (YYMMDD),
where Y=year, M=month, and D=day
Type of date/publication status:

b = no dates given; B.C. date involved
e = detailed date

s = single known date/probable date
m = multiple dates
r

= reprint/reissue date (Date 1) and original date (Date 2)

6/23/26, 6:02 PM
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07-10
11-14

n = dates unknown

q = questionable date

t = publication date and copyright date
| = no attempt to code

Date 1/beginning date of publication
Date 2/ending date of publication

Date fields contain the year(s) of publication. The type of date(s) in these elements are
specified in fixed field element 06: Type of date/publication status. (For further details, see
the field 008 description in the MARC 21 Format for Bibliographic Data.)

15-17

Place of publication, production, or execution
For example:

pk# = Pakistan

cau = California (US)

(For a full list of codes used in these positions, see the MARC Code List for Countries.)

18-21

22

23

Illustrations (up to 4 codes):
= no illustrations
= illustrations
maps
portraits
charts
plans
plates
music
facsimiles
i coats of arms
j genealogical tables
forms
samples
= phonodisc, phonowire, etc.
= photographs
= illuminations
| = no attempt to code
Target audience:
= unknown or not specified
= preschool
= primary
pre-adolescent
adolescent
= adult
specialized
= general
= juvenile
= no attempt to code
orm of item:
= none of the following
= microfilm

#
a
b
c
d
e
f
g
h
i
J
k
1
m
0
p

#
a
b
(¢
d
€
f
g
]

|

F
#
a
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24-27

28

29

#
g
k
n

m

z
#
z
u

0
0

b
c
d

f

r

s

|

N

a

b

c

d

e

f

i

J

1 = legislation
m

0

p

q

r

s

t

u

v

w

|

G

i

f

a

s

c

1

|
C
1

= microfiche
= microopaque
= large print
= braille
= regular print reproduction
= electronic
no attempt to code
ature of contents (up to 4):
= no specified nature of contents
abstracts/summaries
bibliographies (is one or contains one)
= catalogs
dictionaries
= encyclopedias
= handbooks
= legal articles
= indexes
= patent document
= discographies

= theses
= surveys of literature
= reviews
= programmed texts
= filmographies
= directories
statistics
technical reports
= standards/specifications
legal cases and notes
= law reports and digests
= treaties
= no attempt to code
overnment publication:
= not a government publication
= international intergovernmental
= federal/national
= autonomous or semi-autonomous component
state, provincial, territorial, dependent, etc.
multistate
multilocal
local
= other type of government publication
= government publication -- level undetermined
= unknown if item is government publication
= no attempt to code
onference publication:
= not a conference publication
= conference publication
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30 Festschrift:
0 = not a festschrift
1 = festschrift
| = no attempt to code
31 Index:
0 = noindex
1 = index present
| = no attempt to code
32 Undefined (since 1990) (Earlier records may contain the values 0 or 1)
# = Undefined
| = no attempt to code
33 Literary form:
0 = not fiction (not further specified)
1 = fiction (not further specified)
¢ = comic strips
d = dramas
e = essays
f = novels
h = humor, satires, etc.
i = letters
j = short stories
m = mixed forms
p = poetry
s = speeches
u = unknown
| = no attempt to code
34 Biography:
# = no biographical material
a = autobiography
b = individual biography
¢ = collective biography
d = contains biographical information
| = no attempt to code
35-37  Language:

A three-letter code. For example: eng fre ger spa rus ita

(For a full list of codes used in these positions, see the MARC Code List for Languages.)

38 Modified record:
# = not modified
X = missing characters (because of characters unavailable in MARC character
set)
s = shortened
d = "dashed-on" information omitted
r = completely romanized/printed cards in script
o = completely romanized/printed cards romanized
| = no attempt to code
39 Cataloging source:
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= national bibliographic agency
cooperative cataloging program
other sources

unknown

= no attempt to code

— e a0 FH*
Il

[ Back to Top of Page ]

— |

[ Back to Table of Contents ] -- [ Continue to Part 11 ]

Library of Congress
Library of Congress Help Desk ( 10/27/2009 )
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Appendix C. Materials Considered

Exhibit/ Description

Appendix

Ex. 1004 | Kempisty, D. M., Xing, Y., & Racz, L. (Eds.). (2018). Perfluoroalky!
Substances in the Environment: Theory, Practice, and Innovation, Taylor
& Francis Group, Environmental and Occupational Health Series, 2018.
(“Kempisty”)

Appx. Preview of Kempisty, available from the publisher at

1004A https://api.taylorfrancis.com/content/books/mono/download?identifierNam
e=doi&identifierValue=10.1201/9780429487125&type=googlepdf.

Appx. Publisher webpage for Environmental Science Titles, archived by Internet

1004B Archive on August 26, 2018, available at
https://web.archive.org/web/20180826202517/https://www.crcpress.com/e
nvironmental-science.

Appx. Library of Congress MARC record for the print version of Kempisty,

1004C available at https://Iccn.loc.gov/2018011967 (select “MARC record”);
OCLC FirstSearch record for the print version of Kempisty (subscription
required for access); and the bibliographic and MARC records for the print
version of Kempisty, available at
https://unh.primo.exlibrisgroup.com/permalink/01USNH_UNH/1gs8dob/a
Ima991014401959805221 from the online catalog of the University of
New Hampshire Library.

Appx. Publisher webpage for the eBook version of Kempisty, available at

1004D https://www.taylorfrancis.com/books/edit/10.1201/9780429487125/perflu
oroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty.

Appx. OCLC FirstSearch records for the eBook version of Kempisty

1004E (subscription required for access), including OCLC records 1049150067,
1049914424, 1053862345.

Appx. Bibliographic and MARC records for the eBook version of Kempisty,

1004F available at https://skyline.ucdenver.edu:443/record=b4238690 from the
online catalog of the University of Colorado Denver, Auraria Library.

Ex. 1005 | Mueller, R., & Yingling, V. (2018, March). Remediation Technologies
and Methods for per-and polyfluoroalkyl substances (PFAS). ITRC Fact
Sheet. 12 pages. (“Mueller”)

Appx. Copy of Mueller, archived by Internet Archive on December 18, 2018,

1005A available at

https://web.archive.org/web/20200417054249/https://pfas-
1.itrcweb.org/fact-sheets/
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https://api.taylorfrancis.com/content/books/mono/download?identifierName=doi&identifierValue=10.1201/9780429487125&type=googlepdf
https://api.taylorfrancis.com/content/books/mono/download?identifierName=doi&identifierValue=10.1201/9780429487125&type=googlepdf
https://api.taylorfrancis.com/content/books/mono/download?identifierName=doi&identifierValue=10.1201/9780429487125&type=googlepdf
https://api.taylorfrancis.com/content/books/mono/download?identifierName=doi&identifierValue=10.1201/9780429487125&type=googlepdf
https://web.archive.org/web/20180826202517/https://www.crcpress.com/environmental-science
https://web.archive.org/web/20180826202517/https://www.crcpress.com/environmental-science
https://web.archive.org/web/20180826202517/https://www.crcpress.com/environmental-science
https://web.archive.org/web/20180826202517/https://www.crcpress.com/environmental-science
https://lccn.loc.gov/2018011967
https://lccn.loc.gov/2018011967
https://unh.primo.exlibrisgroup.com/permalink/01USNH_UNH/1gs8dob/alma991014401959805221
https://unh.primo.exlibrisgroup.com/permalink/01USNH_UNH/1gs8dob/alma991014401959805221
https://unh.primo.exlibrisgroup.com/permalink/01USNH_UNH/1gs8dob/alma991014401959805221
https://unh.primo.exlibrisgroup.com/permalink/01USNH_UNH/1gs8dob/alma991014401959805221
https://www.taylorfrancis.com/books/edit/10.1201/9780429487125/perfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/books/edit/10.1201/9780429487125/perfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/books/edit/10.1201/9780429487125/perfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/books/edit/10.1201/9780429487125/perfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://web.archive.org/web/20200417054249/https://pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20200417054249/https://pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20200417054249/https://pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20200417054249/https://pfas-1.itrcweb.org/fact-sheets/

AppxX. ITRC PFAS webpage archived by Internet Archive on November 17,

1005B 2017, available at
https://web.archive.org/web/20171117143016/https:/pfas-1.itrcweb.org/.

AppxX. PFAS Fact Sheets webpage archived on “NOV 17 2017,” available at

1005C https://web.archive.org/web/20171117143547/http://pfas-
1.itrcweb.org/fact-sheets.

Appx. The post of Johnsie Lang, dated “November 20, 2017,” on the Facebook of

1005D the North Carolina Stop GenX and Nafion in Water, available at
https://www.facebook.com/groups/353457201741568/permalink/3846561
91955002/?rdid=dvFBIZQkBc3VNEQV#.

Appx. The PFAS Fact Sheets webpage archived by Internet Archive on “JAN 19

1005E 2018,” available at
https://web.archive.org/web/20180119214445/http:/pfas-
1.itrcweb.org/fact-sheets/.

Appx. ITRC Factbook announcement on “March 20, 2018 of the release of three

1005F new PFAS fact sheets, available at
https://www.facebook.com/profile/100063488651502/search/?q=ITRC%?2
Othrilled%20t0%20release%20three%20new%20PFAS.

Appx. The webpage of “Interstate Technology & Regulatory Council (ITRC)

1005G News” archived by Internet Archive on July 19, 2019, available at
http://web.archive.org/web/20190719230817/http://www.itrcweb.org/Abo
ut/News.

Appx. ITRC announcement of the release of three new PFAS fact sheets on the

1005H PFAS website, archived by Internet Archive on August 25, 2019, available
at
http://web.archive.org/web/20190825090656/https://itrcweb.org/About/thr
ce-new-PFAS-fact-sheets.

Appx. MERIT Lab blog post of March 21, 2018, available at

10051 https://www.meritlabs.com/blog/2018/3/21/just-the-facts-pfas-fact-sheets-
published-by-itrc.

Appx. A post by Johnsie Lang on March 21, 2018, on the North Carolina Stop

1005J GenX and Nafion in Water Facebook, available at
https://www.facebook.com/groups/353457201741568/permalink/4334321
90410735/?7rdid=QyM5tAdVI2DQ1qi6#.

Appx. A “March 31, 2018” post on the Clean Cape Fear Facebook about the

1005K ITRC release of three new PFAS fact sheets, available at

https://www.facebook.com/CleanCapeFear/posts/pfbid02iCEmLpNueUjC
GOn6D1BC1Bk3kRdu3pMsRCHSPIMSFpAwSNPKhK7PiX73ci8afXabl
2rdid=vKLImBdZoRUzEvSw#.
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https://web.archive.org/web/20171117143016/https:/pfas-1.itrcweb.org/
https://web.archive.org/web/20171117143016/https:/pfas-1.itrcweb.org/
https://web.archive.org/web/20171117143547/http://pfas-1.itrcweb.org/fact-sheets
https://web.archive.org/web/20171117143547/http://pfas-1.itrcweb.org/fact-sheets
https://web.archive.org/web/20171117143547/http://pfas-1.itrcweb.org/fact-sheets
https://web.archive.org/web/20171117143547/http://pfas-1.itrcweb.org/fact-sheets
https://www.facebook.com/groups/353457201741568/permalink/384656191955002/?rdid=dvFBIZQkBc3VNEQV
https://www.facebook.com/groups/353457201741568/permalink/384656191955002/?rdid=dvFBIZQkBc3VNEQV
https://www.facebook.com/groups/353457201741568/permalink/384656191955002/?rdid=dvFBIZQkBc3VNEQV
https://www.facebook.com/groups/353457201741568/permalink/384656191955002/?rdid=dvFBIZQkBc3VNEQV
https://web.archive.org/web/20180119214445/http:/pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20180119214445/http:/pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20180119214445/http:/pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20180119214445/http:/pfas-1.itrcweb.org/fact-sheets/
https://www.facebook.com/profile/100063488651502/search/?q=ITRC%20thrilled%20to%20release%20three%20new%20PFAS
https://www.facebook.com/profile/100063488651502/search/?q=ITRC%20thrilled%20to%20release%20three%20new%20PFAS
https://www.facebook.com/profile/100063488651502/search/?q=ITRC%20thrilled%20to%20release%20three%20new%20PFAS
https://www.facebook.com/profile/100063488651502/search/?q=ITRC%20thrilled%20to%20release%20three%20new%20PFAS
http://web.archive.org/web/20190719230817/http://www.itrcweb.org/About/News
http://web.archive.org/web/20190719230817/http://www.itrcweb.org/About/News
http://web.archive.org/web/20190719230817/http://www.itrcweb.org/About/News
http://web.archive.org/web/20190719230817/http://www.itrcweb.org/About/News
http://web.archive.org/web/20190825090656/https://itrcweb.org/About/three-new-PFAS-fact-sheets
http://web.archive.org/web/20190825090656/https://itrcweb.org/About/three-new-PFAS-fact-sheets
http://web.archive.org/web/20190825090656/https://itrcweb.org/About/three-new-PFAS-fact-sheets
http://web.archive.org/web/20190825090656/https://itrcweb.org/About/three-new-PFAS-fact-sheets
https://www.meritlabs.com/blog/2018/3/21/just-the-facts-pfas-fact-sheets-published-by-itrc
https://www.meritlabs.com/blog/2018/3/21/just-the-facts-pfas-fact-sheets-published-by-itrc
https://www.meritlabs.com/blog/2018/3/21/just-the-facts-pfas-fact-sheets-published-by-itrc
https://www.meritlabs.com/blog/2018/3/21/just-the-facts-pfas-fact-sheets-published-by-itrc
https://www.facebook.com/groups/353457201741568/permalink/433432190410735/?rdid=QyM5tAdVl2DQ1qi6
https://www.facebook.com/groups/353457201741568/permalink/433432190410735/?rdid=QyM5tAdVl2DQ1qi6
https://www.facebook.com/groups/353457201741568/permalink/433432190410735/?rdid=QyM5tAdVl2DQ1qi6
https://www.facebook.com/groups/353457201741568/permalink/433432190410735/?rdid=QyM5tAdVl2DQ1qi6
https://www.facebook.com/CleanCapeFear/posts/pfbid02iCEmLpNueUjCGQn6D1BC1Bk3kRdu3pMsRCHSP9mSFpAw5NPKhK7PjX73ci8afXabl?rdid=vKLImBdZoRUzEvSw
https://www.facebook.com/CleanCapeFear/posts/pfbid02iCEmLpNueUjCGQn6D1BC1Bk3kRdu3pMsRCHSP9mSFpAw5NPKhK7PjX73ci8afXabl?rdid=vKLImBdZoRUzEvSw
https://www.facebook.com/CleanCapeFear/posts/pfbid02iCEmLpNueUjCGQn6D1BC1Bk3kRdu3pMsRCHSP9mSFpAw5NPKhK7PjX73ci8afXabl?rdid=vKLImBdZoRUzEvSw
https://www.facebook.com/CleanCapeFear/posts/pfbid02iCEmLpNueUjCGQn6D1BC1Bk3kRdu3pMsRCHSP9mSFpAw5NPKhK7PjX73ci8afXabl?rdid=vKLImBdZoRUzEvSw
https://www.facebook.com/CleanCapeFear/posts/pfbid02iCEmLpNueUjCGQn6D1BC1Bk3kRdu3pMsRCHSP9mSFpAw5NPKhK7PjX73ci8afXabl?rdid=vKLImBdZoRUzEvSw
https://www.facebook.com/CleanCapeFear/posts/pfbid02iCEmLpNueUjCGQn6D1BC1Bk3kRdu3pMsRCHSP9mSFpAw5NPKhK7PjX73ci8afXabl?rdid=vKLImBdZoRUzEvSw

AppxX. April 1, 2018 issue of TechDirect of the US Environmental Protection
1005L Agency that publicized the release of Mueller, available at from
https://clu-in.org/download/newsltrs/techdirect/td042018.pdf.
AppxX. The Record of Meeting of the Groundwater Issues Subcommittee of the
1005M Texas Groundwater Protection Committee that I personally located,
identified, and obtained from
https://tgpc.texas.gov/gwissues/minutes/TGPC_GWIminutes21Mar2018.p
df.
Appx. Steele, M., Griffith, C., & Duran, C. (2018). Monthly Variations in
1005N Perfluorinated Compound Concentrations in Groundwater. Toxics, 6(3),
56. https://doi.org/10.3390/toxics6030056.
Appx. ITRC PFAS Fact Sheets webpage archived by Internet Archive on August
10050 19, 2018, available at
https://web.archive.org/web/20180819033439/https://pfas-
1.itrcweb.org/fact-sheets/.
Appx. Copy of Mueller, archived by Internet Archive on December 18, 2018,
1005P available at
https://web.archive.org/web/20181218193617/https://pfas-
l.itrcweb.org/wp-
content/uploads/2018/03/pfas_fact sheet remediation 3 15 18.pdf.
Appx. PFAS Fact Sheets webpage archived by Internet Archive on March 5,
1005Q 2020, available at
https://web.archive.org/web/20200305013935/https://pfas-
1.itrcweb.org/fact-sheets/.
Appx. Copy of Mueller, archived by Internet Archive on February 16, 2020,
1005R available at
https://web.archive.org/web/2020021621583 1/https://pfas-
l.itrcweb.org/wp-
content/uploads/2018/03/pfas_fact sheet remediation 3 15 18.pdf.
Appx. PFAS Fact Sheets webpage, archived by Internet Archive on April 17,
1005S 2020, available at
https://web.archive.org/web/20200417054249/https://pfas-
1.itrcweb.org/fact-sheets/.
Ex. 1006 | McDougall, G. J. (1991, April). The physical nature and manufacture of
activated carbon. Journal of the Southern African Institute of Mining and
Metallurgy, 91(4), 109-120. (“McDougall”)
App. Copy of McDougall, available at
1006A https://journals.co.za/doi/pdf/10.10520/AJA0038223X 2042 from the

publisher’s website.
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https://clu-in.org/download/newsltrs/techdirect/td042018.pdf
https://clu-in.org/download/newsltrs/techdirect/td042018.pdf
https://tgpc.texas.gov/gwissues/minutes/TGPC_GWIminutes21Mar2018.pdf
https://tgpc.texas.gov/gwissues/minutes/TGPC_GWIminutes21Mar2018.pdf
https://tgpc.texas.gov/gwissues/minutes/TGPC_GWIminutes21Mar2018.pdf
https://tgpc.texas.gov/gwissues/minutes/TGPC_GWIminutes21Mar2018.pdf
https://doi.org/10.3390/toxics6030056
https://doi.org/10.3390/toxics6030056
https://web.archive.org/web/20180819033439/https://pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20180819033439/https://pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20180819033439/https://pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20180819033439/https://pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20181218193617/https://pfas-1.itrcweb.org/wp-content/uploads/2018/03/pfas_fact_sheet_remediation_3_15_18.pdf
https://web.archive.org/web/20181218193617/https://pfas-1.itrcweb.org/wp-content/uploads/2018/03/pfas_fact_sheet_remediation_3_15_18.pdf
https://web.archive.org/web/20181218193617/https://pfas-1.itrcweb.org/wp-content/uploads/2018/03/pfas_fact_sheet_remediation_3_15_18.pdf
https://web.archive.org/web/20181218193617/https://pfas-1.itrcweb.org/wp-content/uploads/2018/03/pfas_fact_sheet_remediation_3_15_18.pdf
https://web.archive.org/web/20181218193617/https://pfas-1.itrcweb.org/wp-content/uploads/2018/03/pfas_fact_sheet_remediation_3_15_18.pdf
https://web.archive.org/web/20181218193617/https://pfas-1.itrcweb.org/wp-content/uploads/2018/03/pfas_fact_sheet_remediation_3_15_18.pdf
https://web.archive.org/web/20200305013935/https://pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20200305013935/https://pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20200305013935/https://pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20200305013935/https://pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20200216215831/https://pfas-1.itrcweb.org/wp-content/uploads/2018/03/pfas_fact_sheet_remediation_3_15_18.pdf
https://web.archive.org/web/20200216215831/https://pfas-1.itrcweb.org/wp-content/uploads/2018/03/pfas_fact_sheet_remediation_3_15_18.pdf
https://web.archive.org/web/20200216215831/https://pfas-1.itrcweb.org/wp-content/uploads/2018/03/pfas_fact_sheet_remediation_3_15_18.pdf
https://web.archive.org/web/20200216215831/https://pfas-1.itrcweb.org/wp-content/uploads/2018/03/pfas_fact_sheet_remediation_3_15_18.pdf
https://web.archive.org/web/20200216215831/https://pfas-1.itrcweb.org/wp-content/uploads/2018/03/pfas_fact_sheet_remediation_3_15_18.pdf
https://web.archive.org/web/20200216215831/https://pfas-1.itrcweb.org/wp-content/uploads/2018/03/pfas_fact_sheet_remediation_3_15_18.pdf
https://web.archive.org/web/20200417054249/https://pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20200417054249/https://pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20200417054249/https://pfas-1.itrcweb.org/fact-sheets/
https://web.archive.org/web/20200417054249/https://pfas-1.itrcweb.org/fact-sheets/

App.

Library copy of McDougall, obtained from the University of Wisconsin-

1006 Madison General Library System.

App. Bibliographic and MARC records for Journal of the Southern African

1006 Institute of Mining and Metallurgy that contains McDougall, available at
https://search.library.wisc.edu/catalog/999543521702121 from the online
catalog of the University of Wisconsin-Madison General Library system.

App. Citations to McDougall, obtained from Google Scholar.

1006D

Ex. 1007 | Mimna, R. (January 30, 2017). “Granular Activated Carbon: A Proven
Solution for PFC Removal,” Calgon Carbon Presentation, 30 Jan. 2017,
https://www.calgoncarbon.com/app/uploads/PFC-Webinar-Presentation-1-
30-17.pdf. (“Mimna™)

Appx. Copy of Mimna archived by Internet Archive on September 18, 2017,

1007A available at
https://web.archive.org/web/20170918144158/http://www.calgoncarbon.c
om/wp-content/uploads/2016/02/PFC-Webinar-Presentation-1-30-17.pdf.

Appx. Web page for “Perfluorinated Compounds (PFCs), Perfluorooctane

1007B Sulfonate (PFOS) and Perfluorooctanoic Acid (PFOA),” archived by
Internet Archive on February 22, 2017, available at
https://web.archive.org/web/20170222172255/http://www.calgoncarbon.c
om/PFOA/, and a screen capture of the top of Mimna archived by Internet
Archive on September 18, 2017, available at
https://web.archive.org/web/20170918144158/http://www.calgoncarbon.c
om/wp-content/uploads/2016/02/PFC-Webinar-Presentation-1-30-17.pdf

Ex. 1009 | Appleman, T. D., Higgins, C. P., Quifiones, O., Vanderford, B. J., Kolstad,
C., Zeigler-Holady, J. C., & Dickenson, E. R. (2014, March). Treatment of
poly-and perfluoroalkyl substances in US full-scale water treatment
systems, Water Research, 51, 246-255. (“Appleman”)

Appx. Library copy of Appleman, obtained from the National Library of

1009A Medicine.

Appx. Bibliographic and MARC records for Water Research, available at

1009B https://catalog.nlm.nih.gov/permalink/0INLM INST/7b9;10/alma9938140
3406676 from the online catalog of the National Library of Medicine.

Appx. Copyright registration record for vol. 51 of Water Research, available at

1009C https://publicrecords.copyright.gov/detailed-record/voyager 27205734
from the Public Records System of the US Copyright Office.

Appx. PubMed record for Appleman, available at

1009D https://pubmed.ncbi.nlm.nih.gov/24275109/.
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https://web.archive.org/web/20170918144158/http://www.calgoncarbon.com/wp-content/uploads/2016/02/PFC-Webinar-Presentation-1-30-17.pdf
https://web.archive.org/web/20170918144158/http://www.calgoncarbon.com/wp-content/uploads/2016/02/PFC-Webinar-Presentation-1-30-17.pdf
https://web.archive.org/web/20170918144158/http://www.calgoncarbon.com/wp-content/uploads/2016/02/PFC-Webinar-Presentation-1-30-17.pdf
https://web.archive.org/web/20170918144158/http://www.calgoncarbon.com/wp-content/uploads/2016/02/PFC-Webinar-Presentation-1-30-17.pdf
https://web.archive.org/web/20170222172255/http://www.calgoncarbon.com/PFOA/
https://web.archive.org/web/20170222172255/http://www.calgoncarbon.com/PFOA/
https://web.archive.org/web/20170222172255/http://www.calgoncarbon.com/PFOA/
https://web.archive.org/web/20170222172255/http://www.calgoncarbon.com/PFOA/
https://web.archive.org/web/20170918144158/http://www.calgoncarbon.com/wp-content/uploads/2016/02/PFC-Webinar-Presentation-1-30-17.pdf
https://web.archive.org/web/20170918144158/http://www.calgoncarbon.com/wp-content/uploads/2016/02/PFC-Webinar-Presentation-1-30-17.pdf
https://web.archive.org/web/20170918144158/http://www.calgoncarbon.com/wp-content/uploads/2016/02/PFC-Webinar-Presentation-1-30-17.pdf
https://web.archive.org/web/20170918144158/http://www.calgoncarbon.com/wp-content/uploads/2016/02/PFC-Webinar-Presentation-1-30-17.pdf
https://pubmed.ncbi.nlm.nih.gov/24275109/
https://pubmed.ncbi.nlm.nih.gov/24275109/

Appx. PubMed webpage archived by Internet Archive on October 10, 2013,

1009E available at
https://web.archive.org/web/20131010054145/http://www.ncbi.nlm.nih.go
v/pubmed.

AppxX. Webpage for vol. 51 of Water Research, archived by Internet Archive on

1009F April 6, 2014, available at
https://web.archive.org/web/20140406113630/http://www.sciencedirect.co
m/science/journal/00431354/51.

Appx. Citation records, obtained from Google Scholar.

1009G

EX-1011 | Cannon, F. S., Snoeyink, V. L., Lee, R. G., Dagois, G., & DeWolfe, J. R.
(1993, March). Effect of Calcium in field-spent GACs on pore
development during regeneration, Journal-American Water Works
Association, 85(3), 76-89. (“Cannon”)

Appx. Copy of Cannon, obtained from JSTOR at

1011A https://www.jstor.org/stable/41294338.

Appx. Wiley webpage for vol. 85, issue 3 of Journal AWWA, available at

1011B https://awwa.onlinelibrary.wiley.com/toc/15518833/1993/85/3.

Appx. Bibliographic record for Cannon, available at https://wrlc-

1011C cu.primo.exlibrisgroup.com/permalink/01 WRLC CAA/11ramo0/cdi_cros
sref primary 10 1002 j 1551 8833 1993 tb05959 x from the online
catalog of the Catholic University of America Libraries, and the top of the
JSTOR record for Cannon.

Appx. Landing page of Journal American Water Works Association on JSTOR,

1011D available at https://www.jstor.org/journal/jamewatworass; and JAWWA
record from the JSTOR Global Arts& Sciences X collection list, available
at https://www.jstor.org/kbart/collections/asx ?fileFormat=xIsx.
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Ex. 1013 | McNamara, J. D., Franco, R., Mimna, R., & Zappa, L. (2018, January).
Comparison of activated carbons for removal of perfluorinated compounds
from drinking water, Journal American Water Works Association, 110(1),
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Questions. (“RS FAQ”)
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1014A available at
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om/wp-content/uploads/2015/02/Reactivation_Services_FAQ.pdf.
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om/wp-content/uploads/2015/02/Reactivation Services FAQ.pdf.

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0134



https://awwa.onlinelibrary.wiley.com/toc/15518833/2018/110/1
https://awwa.onlinelibrary.wiley.com/toc/15518833/2018/110/1
https://wrlc-cu.primo.exlibrisgroup.com/permalink/01WRLC_CAA/11ramo0/cdi_proquest_miscellaneous_2718337756
https://wrlc-cu.primo.exlibrisgroup.com/permalink/01WRLC_CAA/11ramo0/cdi_proquest_miscellaneous_2718337756
https://wrlc-cu.primo.exlibrisgroup.com/permalink/01WRLC_CAA/11ramo0/cdi_proquest_miscellaneous_2718337756
https://wrlc-cu.primo.exlibrisgroup.com/permalink/01WRLC_CAA/11ramo0/cdi_proquest_miscellaneous_2718337756
https://wrlc-cu.primo.exlibrisgroup.com/permalink/01WRLC_CAA/11ramo0/cdi_proquest_miscellaneous_2718337756
https://wrlc-cu.primo.exlibrisgroup.com/permalink/01WRLC_CAA/11ramo0/cdi_proquest_miscellaneous_2718337756
https://www.jstor.org/stable/26653669?seq=1
https://www.jstor.org/stable/26653669?seq=1
https://publicrecords.copyright.gov/detailed-record/voyager_30108947
https://publicrecords.copyright.gov/detailed-record/voyager_30108947
https://catalyst.library.jhu.edu/permalink/01JHU_INST/b9593h/alma991011100399707861
https://catalyst.library.jhu.edu/permalink/01JHU_INST/b9593h/alma991011100399707861
https://catalyst.library.jhu.edu/permalink/01JHU_INST/b9593h/alma991011100399707861
https://catalyst.library.jhu.edu/permalink/01JHU_INST/b9593h/alma991011100399707861
https://catalyst.library.jhu.edu/permalink/01JHU_INST/62los8/cdi_proquest_miscellaneous_2718337756
https://catalyst.library.jhu.edu/permalink/01JHU_INST/62los8/cdi_proquest_miscellaneous_2718337756
https://catalyst.library.jhu.edu/permalink/01JHU_INST/62los8/cdi_proquest_miscellaneous_2718337756
https://catalyst.library.jhu.edu/permalink/01JHU_INST/62los8/cdi_proquest_miscellaneous_2718337756
https://web.archive.org/web/20160419140003/http://www.calgoncarbon.com/wp-content/uploads/2015/02/Reactivation_Services_FAQ.pdf
https://web.archive.org/web/20160419140003/http://www.calgoncarbon.com/wp-content/uploads/2015/02/Reactivation_Services_FAQ.pdf
https://web.archive.org/web/20160419140003/http://www.calgoncarbon.com/wp-content/uploads/2015/02/Reactivation_Services_FAQ.pdf
https://web.archive.org/web/20160419140003/http://www.calgoncarbon.com/wp-content/uploads/2015/02/Reactivation_Services_FAQ.pdf
https://web.archive.org/web/20150705234254/http://www.calgoncarbon.com/
https://web.archive.org/web/20150705234254/http://www.calgoncarbon.com/
https://web.archive.org/web/20150705234254/http://www.calgoncarbon.com/
https://web.archive.org/web/20150705234254/http://www.calgoncarbon.com/
https://web.archive.org/web/20150705031533/http://www.calgoncarbon.com/reactivation-services/
https://web.archive.org/web/20150705031533/http://www.calgoncarbon.com/reactivation-services/
https://web.archive.org/web/20150705031533/http://www.calgoncarbon.com/reactivation-services/
https://web.archive.org/web/20150705031533/http://www.calgoncarbon.com/reactivation-services/
https://web.archive.org/web/20160419140003/http://www.calgoncarbon.com/wp-content/uploads/2015/02/Reactivation_Services_FAQ.pdf
https://web.archive.org/web/20160419140003/http://www.calgoncarbon.com/wp-content/uploads/2015/02/Reactivation_Services_FAQ.pdf
https://web.archive.org/web/20160419140003/http://www.calgoncarbon.com/wp-content/uploads/2015/02/Reactivation_Services_FAQ.pdf
https://web.archive.org/web/20160419140003/http://www.calgoncarbon.com/wp-content/uploads/2015/02/Reactivation_Services_FAQ.pdf

APPENDIX 1004A

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0135



EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0136



Perfluoroalkyl Substances
in the Environment

Theory, Practice, and Innovation

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0137



ENVIRONMENTAL AND OCCUPATIONAL HEALTH SERIES
Series Editors:
LeeAnn Racz
Bioenvironmental Engineer, US Air Force, Brandon, Suffolk,UK
Adedeji B. Badiru

Professor and Dean, Graduate School of Engineering and Management, AFIT, Ohio

Handbook of Respiratory Protection: Safeguarding Against Current and Emerging Hazards
LeeAnn Racz, Robert M. Eninger, and Dirk Yamamoto

Perfluoroalkyl Substances in the Environment: Theory, Practice, and Innovation
David M. Kempisty,Yun Xing, and LeeAnn Racz

For more information about this series, please visit: https://www.crcpress.com/Environmental-and-
Occupational-Health-Series/book-seriess/ CRCENVOCCHEASER

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0138



Perfluoroalkyl Substances
in the Environment

Theory, Practice, and Innovation

Edited by
David M. Kempisty
Yun Xing
LeeAnn Racz

CRC Press
Taylor &Francis Group
Boca Raton London New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0139



CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway N'W, Suite 300
Boca Raton, FL 33487-2742

© 2019 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original US Government works
Printed on acid-free paper
International Standard Book Number-13: 978-1-4987-6418-6 (Hardback)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts
have been made to publish reliable data and information, but the author and publisher cannot assume
responsibility for the validity of all materials or the consequences of their use. The authors and publishers
have attempted to trace the copyright holders of all material reproduced in this publication and apologize
to copyright holders if permission to publish in this form has not been obtained. If any copyright material
has not been acknowledged please write and let us know so we may rectify in any future reprint.

Except as permitted under US Copyright Law, no part of this book may be reprinted, reproduced, trans-
mitted, or utilized in any form by any electronic, mechanical, or other means, now known or hereafter
invented, including photocopying, microfilming, and recording, or in any information storage or retrieval
system, without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright
.com (http://www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood
Drive, Danvers, MA 01923, 978-750-8400. CCC is a not-for-profit organization that provides licenses and
registration for a variety of users. For organizations that have been granted a photocopy license by the
CCC, a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are
used only for identification and explanation without intent to infringe.

Library of Congress Cataloging-in-Publication Data

Names: Kempisty, David M., editor. | Xing, Yun (Writer on chemistry) | Racz,
LeeAnn, editor.

Title: Perfluoroalkyl substances in the environment : theory, practice, and innovation /
editors, David M. Kempisty, Yun Xing, LeeAnn Racz.

Description: Boca Raton : CRC Press, Taylor & Francis Group, 2018. | Series:
Environmental and occupational health series

Identifiers: LCCN 2018011967| ISBN 9781498764186 (hardback : alk. paper) |
ISBN 9780429487125 (ebook)

Subjects: LCSH: Surface active agents--Environmental aspects. |
Fluorocarbons--Environmental aspects.

Classification: LCC TD427.D4 P3945 2018 | DDC 628.5/2--dc23

LC record available at https://lccn.loc.gov/2018011967

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0140


http://www.copyright.com
http://www.copyright.com
http://www.copyright.com
http://www.copyright.com
http://www.copyright.com
http://www.copyright.com
https://lccn.loc.gov
https://lccn.loc.gov
http://www.taylorandfrancis.com
http://www.taylorandfrancis.com
http://www.crcpress.com
http://www.crcpress.com

Dedicated to those who endeavor to ensure
abundant, clean water for future generations.

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0141



EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0142


http://taylorandfrancis.com
http://taylorandfrancis.com

Contents

FOT@WOId ...t et e e e e eetae e e e enaes X1
EIEOTS ot et ettt et e et e e e eaae e eaaeeeaneeeans xiii
CONETIDULOLS ©.vveeieeiiiee e ettt ettt ettt e eeett e e e eetae e e e e etteeeeeetbeeeeeeaaeeeeeessaeeeeesseeeeennnees XV
INErOAUCHION . .....viieiiii ettt e e e et e e et e eaaeeeaaeean Xix

SECTION I Introduction and Analysis

Chapter 1 Fluorosurfactants in Firefighting Foams: Past and Present.................. 3

Stephen H. Korzeniowski, Robert C. Buck, David M. Kempisty,
and Martial Pabon

Chapter 2 Per- and Polyfluoroalkyl Substance Analysis to Support Site
Characterization, Exposure, and Risk Management.......................... 35

Kavitha Dasu, David M. Kempisty, and Marc A. Mills

Chapter 3 Understanding Precursor Contributions: The Total Oxidizable
Precursor ASSAY ...c...ooieiiiriiiieeieee et 67

Bharat Chandramouli

SECTION Il Regulations

Chapter 4 Managing Risk from Perfluorinated Compounds in Drinking

Steve Via

Chapter 5 Emerging Contaminant Monitoring as a Host Nation Guest:
An Environmental Health Professional’s Perspective........................ 91

Andrew J. Wagner

Chapter 6 Uncharted Waters: Challenges for Public Water Systems
Addressing Drinking Water Health Advisory Levels for PFOS
ANd PFOA ..ot e 103

Miranda Brannon

vii
EX-1040

Norit Americas, Inc. v. Calgon Carbon Corporation
0143



viii Contents

Chapter 7 Challenges of Managing Emerging Contaminants: Historical
Per- and Polyfluorinated Alkyl Substance Use in the US Air

R. Hunter Anderson and David M. Kempisty

SECTION Il  Toxicology

Chapter 8 Human Health Risk Assessment of Perfluorinated Chemicals........ 123

Penelope Rice

Chapter 9  Perfluoroalkyl Substance Toxicity from Early-Life Exposure......... 171
David Klein and Joseph M. Braun

Chapter 10 PFAS Isomers: Characterization, Profiling, and Toxicity ................ 203
Yun Xing, Gabriel Cantu, and David M. Kempisty

SECTION 1V Remediation

Chapter 11 Water Treatment Technologies for Targeting the Removal
of Poly- and Perfluoroalkyl Substances...........ccccceevevieerienieenieennen. 241

Eric R. V. Dickenson and Edgard M. Verdugo

Chapter 12 Oxidation and Reduction Approaches for Treatment
of Perfluoroalkyl SUbStances..........cccceeueecvenieviiniencneeneniceeeenene 255

Blossom N. Nzeribe, Selma M. Thagard, Thomas M. Holsen,
Gunnar Stratton, and Michelle Crimi

Chapter 13 Reactivation of Spent Activated Carbon Used for PFAS
AQSOTPHION ..ottt ettt ettt st siee e 303

John Matthis and Stephanie Carr

Chapter 14 Ion Exchange for PFAS Removal.........cccccoeviiiiiniinininciicncnene. 325
Steven Woodard, Michael G. Nickelsen, and Marilyn M. Sinnett

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0144



Contents

Chapter 15

Chapter 16

Chapter 17

Chapter 18

Chapter 19

Chapter 20

Chapter 21

Occurrence of Select Perfluoroalkyl Substances at US Air

Force Aqueous Film-Forming Foam Release Sites Other

than Fire Training Areas: Field Validation of Critical Fate

and TranSport PrOPerti€s ......cccvevveerieenieiiiienieeieesieeeese e 353

R. Hunter Anderson, G. Cornell Long, Ronald C. Porter,
and Janet K. Anderson

A Preliminary Treatment Train Study: Removal of

Perfluorinated Compounds from Postemergency Wastewater

by Advanced Oxidation Process and Granular Activated

Carbon AdSOTPLON .......coeviririietinienerteteteteeeetee et 373

Sean M. Dyson, Christopher Schmidt, and John E. Stubbs

Remediation of PFAS-Contaminated Soil ............ccoovvvviiiiiiiinnnnenn. 383

Konstantin Volchek, Yuan Yao, and Carl E. Brown

Soil and Groundwater PFAS Remediation: Two Technology
EXAMPIES ..ottt e e 405

David F. Alden, John Archibald, Gary M. Birk,
and Richard J. Stewart

Per- and Polyfluoroalkyl Substances in AFFF-Impacted Soil
and Groundwater and Their Treatment Technologies...................... 417

Bo Wang, Abinash Agrawal, and Marc A. Mills

Short-Chain PFAS: Their Sources, Properties, Toxicity,
Environmental Fate, and Treatment..........cccceevvieiiiieeieeeeeieeceieiennns 447

Yuan Yao, Justin Burgess, Konstantin Volchek, and Carl E. Brown

Case Study: Pilot Testing Synthetic Media and Granular
Activated Carbon for Treatment of Poly- and Perfluorinated
Alkyl Substances in Groundwater............cceceveervereeneneencrvenennns 467

Brandon Newman and John Berry

AUROE INAEX..........ooiiiiiiieie et ens 485

SUDJECt INAEX .......ooviiiiiiieieeiee ettt 487

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0145



EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0146


http://taylorandfrancis.com
http://taylorandfrancis.com

Foreword

Addressing the issues that poly- and perfluoroalkyl substances (PFAS) raise will
be an enduring challenge for our generation of environmental engineers and chem-
ists. Other classes of trace organic chemicals, such as pharmaceuticals and personal
care products, may raise concerns wherever and whenever wastewater impacts our
aquatic environment; however, to quote Calvin Coolidge, “Nothing in this world
can take the place of persistence.” In this manner, PFAS seem to have cornered the
market.

It is not just the extreme persistence of their multiple carbon-fluorine bonds that
have captured our attention. The unique surfactant behavior of many PFAS, particu-
larly those associated with the use of aqueous film-forming foams (AFFFs), which are
the focus of this book, is leading to many complications as we consider the environ-
mental fate and transport of these otherwise relatively mobile substances. Moreover,
as much as one might want to simplify the PFAS world into just perfluorooctanoate
(PFOA) and perfluorooctane sulfonate (PFOS), the chemistry, and everything that
goes along with it, is much more complex than I think many of us imagined when
we first started to study these chemicals. It is not just about the anions—there are
neutrals and cations too! Indeed, developing multiple lines of analytical evidence to
demonstrate that one has accurately accounted for the diverse chemistry of PFAS
present at AFFF-impacted sites is a current focus of many research groups. Though I
am a reluctant analytical chemist, I seem to be more often suggesting that we simply
embrace the complexity of the PFAS chemistry (as best we can) in the environment
if we want any hope of making sense of the complicated web of precursors and
products.

Of course, it is not just the chemistry of the PFAS themselves and what happens
to them in the environment that is so complex: the multitude of uses of PFAS has
also led to considerable confusion, or at least complexity, related to sources of expo-
sure. Folks can get confused pretty quickly when you explain that the chemicals that
they have used to keep stains off of their carpets and clothing are kissing cousins
of those that were used to put out fuel fires and are now contaminating their drink-
ing water supply. Never mind the fact that we are really only starting to scratch the
surface with respect to understanding their toxicity. Nevertheless, the exposures that
are happening and have happened are real, and the public is left wanting at least an
explanation, if not a solution, to this complicated problem.

This leads me to why this book and why now. On the whole, this collection of
information is just what is needed at this point in time. In November 2016 the US
Environmental Protection Agency issued its long-anticipated health advisories
for PFOS and PFOA in US drinking water supplies. Since then, there has been
an onslaught of media coverage of the issue, with local press outlets reporting on
every new groundwater plume. As a result, many nonacademicians are having to
quickly come up to speed on a variety of topics and issues specific to PFAS. For
those who have not been directly engaged with the scientific discussions on PFAS for
the past 15 years, this could seem a very daunting task. What this book provides is
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xii Foreword

information not just on the complicated chemistry and nomenclature, but also on the
toxicology, regulatory approaches, analytical chemistry, and perhaps most impor-
tantly, the diverse ways in which environmental engineers are trying to remediate
PFAS. Though it is downright impossible to capture every PFAS issue, particularly
in this rapidly expanding research environment, Drs. Kempisty, Racz, and Xing have
included a broad array of perspectives and cover an even broader array of PFAS top-
ics. At the very minimum, this book will serve as an excellent gateway to the wild
world of PFAS. Whether you are a federal, state, or local government official being
thrust into the PFAS world, a student wanting to learn what all the fuss is about, or
simply a member of the public trying to understand just why these chemicals are so
difficult to treat, I would encourage you to engage with this book as much as you can.
Take notes. Look up references. Follow your passion.
Good luck!

Christopher Higgins
Department of Civil and Environmental Engineering
Colorado School of Mines, Golden, Colorado
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Introduction

Per- and polyfluorinated alkyl substances (PFAS), often referred to as per- (and
poly-) fluorinated compounds, have been used for years, providing desirable proper-
ties to many everyday products we use. From nonstick cookware to stain-resistant
coatings on clothing and upholstery and even in our personal care products, per-
fluorinated compounds are common in our everyday environment. Particularly
in the aviation and firefighting communities, perfluorinated chemicals have been
incorporated into the agents used to fight hydrocarbon-based fires. A pivotal event
highlighting the need for the best firefighting agent possible was a shipboard fire
aboard the USS Forrestal in 1967. In the end, 134 sailors lost their lives, countless
more were injured, and the loss of aircraft and ship damage was substantial. Lack
of standardization, inadequate firefighting procedures, and a lack of capabilities for
the firefighting operations were identified as major lessons learned from the incident.
Improvements to the firefighting agents were made as a result of the tragic fire, and
the use of aqueous film-forming foam (AFFF) containing perfluorinated compounds
gained popularity over similar protein-based foams. AFFF use has continued, and
although effective in extinguishing Class B hydrocarbon-based fires, perfluorinated
compounds also have negative aspects associated with them; most notably, exposure
has been linked to adverse health effects in humans. Other concerns include the
long biological half-life in humans (on the order of years) and their persistence in
the environment for periods of years and tens of years after application. Soluble in
water, PFAS are now being identified in drinking water sources. Research continues
to determine adverse health effect contributions due to various exposure routes, but
nonetheless, a remedy for drinking water sources is needed.

This book discusses the various challenges of PFAS in our environment today.
First, the diverse number of per- and polyfluorinated compounds is vast. In order
to establish some kind of boundary condition for the scope of this book, discus-
sion is primarily centered around PFAS contained in the firefighting and aviation
community. Some discussion is involved outside of this scope, but it is limited.
Section I, “Introduction and Analysis,” provides background of the issues we face
today. Chapter 1 sheds light on the history, nomenclature, and chemistry associated
with the compounds in the PFAS suite. Discussion on the different types of firefight-
ing foams and the military specification requirements is also covered in this chapter.

There are analytical challenges with reaching statistically reproducible detection
limits. In addition to the detection of the trace concentrations, the ubiquitous pres-
ence of potentially cross-contaminating Teflon and other fluorinated compounds in
an analytical laboratory make the baseline analytical work center requirements more
stringent than those for other more common environmental contaminants. Chapters
2 and 3 provide an overview of the various detection methods available to determine
PFAS concentrations in various environmental media.

Regulatory perspectives, discussed in Section II, are another dynamic landscape,
and navigating them presents another challenge. The US Environmental Protection
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Agency released a health advisory in 2016 stating that water with a combined per-
fluorooctane sulfonate (PFOS) and perfluorooctanoate (PFOA) concentration under
70 parts per trillion would result in no adverse health effects. The language went on
to state that the advisory was not to be used for regulatory purposes, but with the lack
of a maximum contaminant level for any perfluorinated substance, the health advi-
sory has become a de facto regulatory limit. Further complicating things, individual
states have established different allowable limits of PFAS to finished drinking water.
Although not yet passed, New Jersey’s Drinking Water Quality Institutes has recom-
mended setting a limit of 14 parts per trillion for PFOA and 13 parts per trillion for
another perfluorinated substance, the nine-carbon perfluorononanoic acid. Different
concentrations and different regulatory language (maximum contaminant limits,
health advisories, and summed concentrations) complicate remedial goals, drinking
water standards, and risk communication language for agencies working in multiple
states, such as often occurs in the aviation and defense communities. Chapters 4
through 7 explore these regulatory perspectives and give practical recommendations
for operating with these changing requirements.

Section III discusses toxicological profiles, which are still being developed and
advanced. Chapter 8 is a comprehensive review of the human health risks associated
with exposure to PFAS. Toxicity with early life exposures is discussed further in
Chapter 9. Isomers are another suite of PFAS that deserve toxicological investiga-
tion; depending on the manufacturing process, up to 30% of the finished PFAS prod-
uct can be in an isomer form. The toxicological profile for these isomers is different
than that of their straight-chained counterparts and is discussed in Chapter 10.

Determining the true toxicity, reacting to the changing regulatory landscape, and
being aware of analytical and sampling challenges all present challenges to the com-
munity responsible for developing a PFAS management strategy. Perhaps the most
challenging aspect of dealing with legacy PFAS contamination is the remediation of
impacted soil and water. Remedial treatment objectives influenced by changing reg-
ulatory standards and advisories can make identifying efficient and effective reme-
diation methods difficult. A considerable portion of this book, Section IV, discusses
methods employed with varying degrees of success. The remediation of soil media
and short-chain PFAS compounds are covered in Chapters 17 and 21. Conventional
approaches for treating PFAS-impacted water, such as activated carbon and its reac-
tivation of spent media, are discussed in Chapters 11 and 13. More novel approaches
employing redox processes are covered in Chapter 12. Additionally, combinations of
the treatment technologies, such as an advanced oxidization process with activated
carbon and ion exchange and activated carbon polishing, are covered in Chapters 14
and 16.

Although perfluorinated compounds are a daunting challenge across multiple
fronts, there is a plethora of ongoing work to resolve these challenges. This book
explores the challenges across the topical areas of regulation and management, toxi-
cology, environmental remediation, and analytical sampling and analysis. The text
also provides insight into the great amount of work progressing to address the chal-
lenges. We hope the readers find this text helpful in understanding the complexities
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to a greater level. Our goal for this text is to have the analytical chemist and oth-
ers practicing in the environmental engineering field appreciate PFAS regulatory
issues and to increase understanding of PFAS toxicology. At the same time, an equal
motivation for assembling this effort is to leave readers with an optimistic view of
the meritorious efforts underway and the promising advances being seen across the
PFAS spectrum.

David M. Kempisty
Yun Xing
LeeAnn Racz
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1.1 INTRODUCTION

Fluorosurfactants are a unique class of surfactants whose properties originate from
the substitution of hydrogen with fluorine along the carbon backbone that makes up
the hydrophobic part of a surfactant (Taylor 1999; Kissa 2001; Pabon and Corpart
2002; Buck et al. 2012). Fluorinated surfactants have been commercially available
since the 1950s. The most common commercial fluorosurfactants contain a perfluo-
roalkyl moiety, F(CF,),~, bound to a spacer group that is connected to a cationic,

n >’

anionic, amphoteric, or nonionic functional group (Figure 1.1).
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The functional group
can be nonionic,
cationic, anionic, or
amphoteric

Perfluoroalkyl chain, F(CF,),- @ Connector 1 Functional group ‘

The connector is a series of atoms that connects the
perfluoroalkyl chain to the hydrophobilic functional group of the
fluorosurfactant

FIGURE 1.1 Fluorosurfactant schematic.

The carbon-fluorine bond is very strong. The atomic volume and ionic radius of
fluorine shield carbon from a chemical attack. Thus, the perfluoroalkyl moiety is
very rigid compared with the analogous hydrocarbon equivalent. The rigidity, ionic
character, and large molecular volume of the perfluoroalkyl moiety drive the unique
adsorption and aggregation behavior of fluorosurfactants. Moreover, the perfluoro-
alkyl functional moiety has very low surface energy and is both hydrophobic and
oleophobic. Therefore, in both aqueous and hydrocarbon solutions, fluorosurfactants
have a driving force to move to the air-liquid interface. The high chemical and ther-
mal stability, surface tension lowering, and efficacy at low concentration (e.g., 100
parts per million [ppm]) have led to the widespread use of fluorosurfactants where
traditional hydrocarbon or silicone surfactants cannot achieve the required perfor-
mance. In parallel to a high number of other uses, these and other properties have
made fluorosurfactants useful and valuable in aqueous film-forming foam (AFFF),
which is used to extinguish high hazard hydrocarbon and polar solvent fires.

1.2  FLUOROSURFACTANT CHEMISTRY

The two primary commercial production processes employed to synthesize the
perfluoroalkyl moiety that is used to make fluorosurfactants are electrochemical
fluorination (ECF) and the fluorotelomer process (Figure 1.2) (Taylor 1999; Kissa
2001; Pabon and Corpart 2002; Buck et al. 2011, 2012). Among the first commer-
cially available fluorosurfactants were perfluoroalkyl sulfonates (PFSAs) (e.g.,
perfluorooctane sulfonate [PFOS], C¢F,,SO;7) and perfluoroalkyl carboxylic acids
(PFCAs) (e.g., perfluorooctanoic acid [PFOA], C,F,;COOH), manufactured using
the ECF process (Taylor 1999; Kissa 2001; Pabon and Corpart 2002; Buck et al.
2012). Subsequently, fluorosurfactants derived from the fluorotelomer process were
introduced some time later (10—15 years after ECF products). A wide array of fluo-
rosurfactants containing typical surfactant terminal functionalities (e.g., anionic,
cationic, amphoteric, and nonionic) have been made and used (Taylor 1999; Pabon
and Corpart 2002; Buck et al. 2012).

1.2.1  ELecTROCHEMICAL FLUORINATION (ECF) PROCESS

A general synthetic scheme for synthesis of ECF-based products is shown in Figure
1.2(a). ECF accomplishes the substitution of hydrogen with fluorine by electrolysis of
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Electrochemical fluorination (ECF) process

H(CH,),SO,F n=4,6,8,10

ECF l e~ + HF
F(CF,),SO,F ——> C,FSOsM M =H, NH,, K, Na, ...

Perfluoroalkane sulfonyl fluoride Perfluoroalkane sulfonate

F(CF,),SO,NH,

Perfluoroalkane sulfonamide

F(CF5),SO,N(Me)CH,CH,OH  —»| Fluorosurfactants

N-Methyl perfluoroalkane sulfonamido alcohol

|

F(CF,),SO,N(Me)CH,CH,0C(0)CH=CH,

Acrylate monomer

ECF-produced materials have up to 30% branched perfluoroalkyl
(a) chains and contain odd and even carbon chain lengths.

Fluorotelomer process

CF;CF,-1 + CF,=CF,

|

CF,1-1 n=6,810,12
Perfluoroalkyl iodide (Telomer A)

CH,=CH,

v

C,Fyn1CHyCH,l == Fluorosurfactants

A

Fluorotelomer iodide (Telomer B)

- C,F,,,;CH,CH,S0,Cl

Fluorotelomer sulfonyl chloride

+—— C,F,,,,CH,CH,OH
Fluorotelomer alcohol

Fluorotelomer materials have linear, even carbon number perfluoroalkyl chains.

(b)

FIGURE 1.2 The two primary commercial processes to synthesize the perfluoroalkyl
moiety: (a) the ECF process and (b) the telomerization process.

alkane sulfonyl chlorides or fluorides of the type H(CH,),,,SO,X, where X is Cl or
F in a hydrogen fluoride (HF) solution (Alsmeyer et al. 1994). ECF is a free radical
process yielding perfluoroalkane sulfonyl fluoride molecules with both linear and
branched perfluoroalkyl chains and chain length homologues. For example, an eight-
carbon starting material (e.g., octane sulfonyl fluoride) would yield a perfluoroalkane
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6 Perfluoroalkyl Substances in the Environment

sulfonyl fluoride mixture composed of roughly 80% linear and 20% branched perflu-
oroalkyl chains and odd and even three- to eight-carbon-chain-length homologues. It
is also worth noting that the electrolysis of alkane sulfonyl fluoride may also yield a
homologous series of perfluorocarboxylic acids as impurities in percentage amounts.
The perfluoroalkane sulfonyl fluoride is then reacted to create raw materials that can
be used to make fluorosurfactants. Note that the “connector” in the ECF chemistry is
a sulfonamidoalkyl group, —-SO,N(R)CH,CH,—, as shown in Figure 1.2(a). The his-
toric production using ECF manufactured long-chain perfluorohexanesulfonyl (C6),
perfluorooctane sulfonyl (C8), and perfluorodecane sulfonyl (C10) products, with the
majority being C8, of which PFOS is the most well-known product. When 3M, the
major global ECF manufacturer, withdrew from PFOS, PFOA, and related chemistry
in 2000-2002, it transitioned to short-chain, C4, perfluorobutane sulfonyl chemistry.
The reader is reminded that the short-chain (C4, perfluorobutane sulfonyl) ECF-
based fluorosurfactants are not used in AFFF because to date, no AFFF formulation
containing them has met required firefighting specifications.

1.2.2  FLUOROTELOMER PROCESS

The second route most widely practiced for the synthesis of a perfluoroalkyl moi-
ety is the fluorotelomer process (Taylor 1999; Pabon and Corpart 2002; Buck 2011,
2012). In the fluorotelomer process, tetrafluoroethylene (TFE) is oligomerized with
perfluoroethyl iodide (PFEI) (CF;CF,l), yielding a mixture of exclusively linear,
even-carbon-number perfluoroalkyl iodides that are commonly called Telomer A.
The fluorotelomer chain length could range up to n = 20, but was primarily n = 6,
8, 10, and 12, with 6 and 8 predominant in commercial products. Ethylene is then
inserted into Telomer A to make Telomer B, perfluoroalkyl ethyl iodide raw mate-
rial, which may then be reacted to make fluorotelomer alcohol raw material and/or
acrylate/methacrylate monomers. These raw materials or other types are then used
to manufacture fluorosurfactants, as shown in Figure 1.2(b). Historic fluorotelomer-
based fluorosurfactants contained mainly n = 6 (C6) and n = 8 (C8) perfluoroalkyl
moieties (C,F,,,,—), with the majority being C6. As the major global fluorotelomer
manufacturers have fulfilled their commitment to no longer make long-chain C8
chemistry (USEPA 2010), the short-chain C6 fluorotelomer-based fluorosurfactants
are presently made and used.

1.3 LONG CHAIN AND SHORT CHAIN:
TERMINOLOGY AND STRUCTURES

The historic use of fluorosurfactants, including their use in firefighting foams, has
partially contributed to the widespread presence of PFOS and PFOA, aka long-
chain perfluoroalkyl substances, in the environment. The discovery of environmen-
tal contamination began with the work by Moody and Field (1999) and continues
today (Anderson et al. 2016). In 2000, 3M announced that it would exit from C8
manufacture, including PFOS and PFOA and all commercial products related to
them (3M 2000). In 2006, eight major fluorochemical global manufacturers com-
mitted to exiting the manufacture and use of PFOA, longer-chain homologues, and
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related substances by the end of 2015 (USEPA 2010). Concurrent with these actions,
the Stockholm Convention concluded that PFOS and PFOA meet the criteria to be
classified as persistent, bioaccumulative, and toxic (PBT) substances (Stockholm
Convention 2009; Matthies et al. 2016).

The PBT properties of the long-chain perfluoroalkyl substances, PFOS and PFOA,
and the related long-chain raw materials and commercial products were the driving
force behind manufacturers ceasing manufacture of these long-chain chemistries and
transitioning to short-chain chemistry. To continue to deliver the unique and valuable
properties of fluorosurfactants in uses where they are necessary for performance and
to eliminate long-chain products, manufacturers have developed additional short-
chain alternatives with fewer fluorinated carbons. The data on these alternatives are
admittedly less than the data on their long-chain counterparts, but still exist in a
considerable measure. Available data on short-chain fluorotelomer-based raw mate-
rials, products, and degradation products show that the short-chain alternatives have
a more favorable environmental and human health profile (Environ 2014; Environ
2016; Buck 2015). Numerous short-chain products have been approved by regulators,
and significant data are being required before the commercialization of new short-
chain products. Therefore, today, short-chain ECF-based fluorosurfactants contain
the perfluorobutane sulfonyl moiety, C,F,SO,—, while fluorotelomer-based fluoro-
surfactants contain the perfluorohexylethyl moiety, C,F,;CH,CH,—. Readers should
note that there is a clear and distinct difference in what is considered long chain
and short chain based on the origin chemistry and its connection to the correspond-
ing perfluoroalkyl acid (PFAA) (Figure 1.3). Within the perfluoroalkane sulfonate
(PFSA) family, all substances with a carbon chain length greater than or equal to six
are considered long chain. In contrast, within the perfluorocarboxylic acid (PFCA)
family, all substances with a carbon chain length greater than or equal to eight are
considered long chain. This comes about because of the significant difference in bio-
accumulation and toxicity properties between perfluorohexane sulfonate (PFHxS)
and perfluorohexanoic acid (PFHxA), both called C6s, but with dramatically differ-
ent properties (Gannon et al. 2011).

Long-chain Short-chain
Perfluoroalkane sulfonate

PFSA
nz6 n<5

PEDS, PFOS, PFHxS CiFani1SO5(H) PEBS

Perfluoroalkyl carboxylate

x>8 x<7
PFCA
PFDA, PENA, PFOA PFHxA, PFPeA,
C,_,F5,_COOH PEBA

FIGURE 1.3 Long-chain versus short-chain PFAAs. (Adapted from Organisation for
Economic Co-operation and Development, Portal on per and poly fluorinated chemicals,
2017. http://www.oecd.org/chemicalsafety/portal-perfluorinated-chemicals/aboutpfass/.)
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Foam, fluorosurfactants, and firefighting have been inextricably linked for the
past 50 years following the invention of AFFF in the 1960s. With the unique film-
forming and surface tension properties provided by fluorosurfactants (Kissa 2001;
Pabon and Corpart 2002), the category of AFFF was created approximately 50 years
ago. This invention and subsequent application of fluorosurfactants for use in Class B
foam concentrates forever changed the capability of firefighters worldwide to extin-
guish and rapidly control large-scale hydrocarbon liquid and polar solvent fires. This
introductory chapter provides an overview of fluorosurfactant use in AFFF foams
and concentrates. Subsequent chapters discuss challenges arising with the historic
use of AFFF and the discovery of per- and poly-fluoroalkyl substances, PFAS, in the
environment. Chapters explore issues associated with the remediation of impacted
environmental media, particularly soil and water. The current regulatory landscape
is also surveyed. The lack of published regulatory limits, and instead the presence of
advisory limits, drives new decision logic regarding remedial options. Sampling and
analysis considerations ensuring the integrity of analytical data at the low parts per
trillion (ppt) range are discussed. Also, the ongoing development of the toxicologi-
cal picture of PFAS is discussed in detail, as are efforts to understand the ecologi-
cal impact of PFAS in the environment. The reader is also directed to a summary
documenting the history and issues facing the use of AFFF prepared by the Fire
Protection Association of Australia (FPAA 2017).

1.4 FIREFIGHTING FOAM BEFORE FLUOROSURFACTANTS

The need for and use of firefighting foams followed the introduction and wide-scale
use of liquid hydrocarbons and later polar solvent fuels. Historically, water was used
as the primary firefighting agent. However, water is more dense than liquid hydro-
carbons and sinks, rendering it an ineffective bottom layer below a burning hydro-
carbon surface. The ability to dilute or “lighten” water with air in concert with a
foaming surfactant created a firefighting foam that floated on the burning liquid and
prevented flammable vapor evolution. This higher-surface-area aqueous foam also
provided a heat sink for the absorption of radiant heat and thus helped cool the burn-
ing surface and surrounding areas.

The early history of foam development was documented by Ratzer (1956). The
earliest efforts to extinguish hydrocarbon liquid and/or petroleum fires were accom-
plished with aqueous mixtures of sodium bicarbonate, saponin (a glycoside with
foaming characteristics), and acidic aluminum sulfate to extinguish a naphtha fire
(Johnson 1877; Ratzer 1956). Concurrently, foam mechanically created from a solu-
tion of ammonium soap with dissolved borax (or ammonium sulfate) in a vessel that
was connected to a gas cylinder containing either ammonia, nitrogen, or carbon
dioxide under pressure was also developed (Gates 1903). The gas was used to force
the liquid out of the vessel into another container. Additional cylinder gas was used
to further enhance the foam generated in this mechanical process. By 1912, this
equipment was broadly used in England (Ratzer 1956). Efforts ensued to find suit-
able materials to make mechanical foams more viable and effective. In 1937, water-
soluble protein products were created by digestion of hoof or horn meal that were
superior for mechanical foam generation (Weissenborn 1939). Consequently, other
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groups developed protein-based air foam concentrates that provided favorable fire-
fighting characteristics (Friedrich 1940; Katzer 1943; Ratzer 1944).

1.5 FLUOROSURFACTANTS IN AFFF

The invention of fluorosurfactants provided revolutionary new technology to advance
firefighting foam. The initial discovery and innovation were catalyzed because the
US Navy was simultaneously spraying a protein foam and a Class A powder (also
called “dry chemical”) to fight Class B fires aboard ships. The Class A powder was
helping to control the fire but was also partially breaking down the foam blanket,
like any solid powder can do on classical aqueous foams. In 1963 (Gipe and Peterson
1972), it was shown that the addition of fluorosurfactants to a protein foam allowed
that foam not to be significantly affected by a simultaneous projection of a Class
A powder. After that first discovery, work continued on film-forming fluoroprotein
(FFFP) and AFFF, where the foam was “lightened” further using fluorosurfactants.
Incorporating fluorosurfactants dramatically lowered the foam’s aqueous surface
tension, delivering unprecedented rapid wetting and spreading and establishing a
new standard for effectively extinguishing hydrocarbon fuel fires. The full-scale
implementation of that discovery was accelerated by the July 1967 USS Forrestal
tragedy, during which more efficient firefighting foams could have limited the propa-
gation of the jet fuel fire that took place on the flight deck. Additionally, specific
fluorosurfactants were also used to generate foam (e.g., amphoteric fluorosurfactants
having a positive and a negative charge on their hydrophilic part).

The first work on AFFF containing fluorosurfactants was carried out by the Naval
Research Laboratory and 3M in the early 1960s and led to the development of 3M’s
“Lightwater” AFFF products based on ECF chemistry (Gipe and Peterson 1972). As
discussed above, there are two principal chemical processes for the synthesis of the
perfluoroalkyl moiety to make fluorosurfactants used in AFFF: ECF and fluorotel-
omerization. Figure 1.4 provides structural examples of ECF-based and fluorotel-
omer-based fluorosurfactants that have been developed and used by the firefighting
industry over four decades (Pabon and Corpart 2002; Buck et al. 2012; Place and
Field 2012; Backe et al. 2013; Barzen-Hanson et al. 2017). Figure 1.4 shows struc-
tures of various fluorosurfactants, to include different functional types (e.g., betaine,
sulfonate, carboxylate, and n-oxide), historic versus present-day products, and long-
chain and short-chain fluorosurfactants.

1.5.1 ECF-BAsep FLuoROSURFACTANTS UseD IN AFFF

ECF-based fluorosurfactants used in AFFF are shown in Figure 1.4. As mentioned
earlier, the ECF process was the first implemented to produce fluorosurfactants. The
ECEF process is also called the Simons process (Simons 1949). The two types of key
fluorinated intermediates used to produce the ECF fluorosurfactants of Figure 1.4
are represented in Figure 1.5. They are obtained by the full fluorination of their cor-
responsing hydrocarbon acid chloride and sulfochloride homologues. The full fluo-
rination of alkyl acid chlorides also generates by-products that consist of fluorinated
alkyl chains terminated by a fluorinated furan and pyran group (Banks et al. 1994).
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FIGURE 1.4 (a-d) ECF-based and (e—k) fluorotelomer-based fluorosurfactants used in
AFFF. (Adapted from Place, B.J., and Field, J.A., Environmental Science & Technology, 46,
7120-7127, 2012.)

Key intermediates

Before electrofluorination: ~ C Hn:+1SO,Cl CnH,,,,;COCl
i !
After electrofluorination: C,F,,,1SO,F C,F,,,COF
Products n=8 PFOS .
n=6 PFHxS

FIGURE 1.5 Key intermediates used for the production of the ECF fluorosurfactants pre-
sented in Figure 1.4.
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These by-products were mainly used as fluids for the electronic industry. Increasing
the number of carbon of the alkyl chain of the starting acid chloride (n value on
Figure 1.4) increases the fraction of by-products that are produced.

Four major types of surfactants are used in ECF-based firefighting foams.
Perfluoralkane sulfonates and perfluorocarboxylates are anionic surfactants, perfluo-
roalkane sulfamido amines are cationic surfactants, and perfluoroalkane sulfonamide
amino carboxylates are amphoteric surfactants. Most firefighting foams are formu-
lated with a mixture of anionic and amphoteric fluorosurfactants. Interestingly, typical
amphoteric ECF fluorosurfactants, such as the one presented in Figure 1.4 (perfluoroal-
kane sulfonamido carboxylate), have their positive and negative charges on two distinct
groups of the tertiary amine. For ECF-based fluorosurfactants, the amphoteric structure
is designed in such a way that the isoelectric point of the surfactant is at the typical pH
of the firefighting foam concentrate (in the range of pH 7-8.5). Cationic surfactants can
be added as a minor fraction of the fluorosurfactant mixture for specific formulations.

The ECF process induces the formation of both linear and branched perfluoro-
alkyl moieties. Fluorotelomers are only linear for all processes starting with PFEIL.
In terms of performance in firefighting foams, branched fluorosurfactants are not
as efficient as equivalent linear fluorosurfactants (Taylor 1999; Kissa 2001). This
implies that, on average, to obtain a similar performance level, a firefighting foam
based on an ECF-produced surfactant requires a higher fluorine content than a
fluorotelomer-based firefighting foam. Historically, ECF-based fluorosurfactant fire-
fighting foams used mainly long-chain perfluorooctane (C8) and perfluorohexane
(C6) sulfonyl surfactants. In the early 2000s, attempts had been made to use short-
chain ECF-based perfluorobutane sulfonyl fluorosurfactants. However, these did not
meet the AFFF performance requirements stipulated in military specifications.

1.5.2  FLUOROTELOMER-BASED FLUOROSURFACTANT USED IN AFFF

Fluorotelomer-based surfactants used in AFFF are shown in Figure 1.4 and are
nominally derived from three structural families: (1) a thiol (—S-) in the spacer (e.g.,
—CH,CH,-S-CH,-), (2) a sulfonyl (-SO,-) in the spacer (e.g., -CH,CH,—SO,-N-),
or (3) an alkyl spacer (e.g., -CH,CH,CH,— or -CFHCH,CH,-) between the perfluo-
roalkyl (C F,,,,—) moiety and the surfactant functionality.

Figure 1.4 shows that the fluorotelomer-based surfactants used in firefighting
foams are either amphoteric (fluorotelomer thioamido sulfonates or fluorotelomer
sulfamido betaines, fluorotelomer betaines), cationic (fluorotelomer sulfamido
amines), or anionic (fluorotelomer sulfonates).

Historically, as of the early 1970s, fluorotelomer-based surfactants used in firefight-
ing foams contained perfluoroalkyl moieties, F(CF,),—, with n = 6 or a mixture of
different perfluoroalkyl chains with n = 6, 8, and 10 carbons, with a majority (>50%)
comprised of n = 6. Today, all currently produced fluorotelomer-based surfactants (by
Voluntary Stewardship Program signees; USEPA 2010) used in firefighting foams are
based on C6 raw materials that contain a six-carbon perfluoroalkyl moiety, C,F ;—.
Historical accounts (Cortina and Korzeniowski 2008; Place and Field 2012; Backe et
al. 2013; Kleiner 2016; Barzen-Hanson et al. 2017) note that the fluorotelomer chem-
istry employed in the AFFF products used either a perfluoroalkyl moiety with n = 6
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or a mixture of n = 6 (C6) and n = 8 (C8). This clearly means (not implies) that the
fluorotelomer-based fluorosurfactants used in the early Ansul/Ciba-Geigy and Eau et
Feu (Atochem) consisted of either short-chain or both short- and long-chain fluorosur-
factants, from the mid-1970s onward. Back in those days, as surprising as it can be for
nonspecialists, some producers where able to pass the performance requirements of
the most demanding standard in the world (MIL-F-24385 1969) by using fluorosurfac-
tants made with a perfluoroalkyl moiety, C,F,,,,—, where n = 6 only.

Fluorotelomer chemistry (Figure 1.4 lower part) was used to produce both the
Ciba-Geigy Lodyne™ and Atochem Forafac™ branded surfactants. Atochem’s fluo-
rosurfactant business was acquired by DuPont in 2002. This business was spun out
into Chemours in 2015 and is now part of the Capstone™ line of products. Likewise,
the Ciba-Geigy Lodyne firefighting fluorosurfactant and foam stabilizer business
was acquired by the Chemguard Specialty Chemicals Division from Ciba Specialty
Chemicals in 2003-2004. The Chemguard Chemicals Division became part of the
Tyco group in 2011, and Tyco was acquired by Johnson Controls in 2016. Each of
these chemistries used the basic fluorotelomer scheme. The Ciba-Geigy/Chemguard
fluorotelomer-based surfactants were generally characterized by the -CH,CH,—S—
CH,- linkage. Likewise the Atochem/DuPont/Chemours fluorotelomer-based flu-
orosurfactants contained the —CH,CH,—SO,—N- linkage. The Qualified Products
List (QPL) discussed below has all short-chain fluorotelomer products on the cur-
rent 2017 QPL list for military specification MIL-F-24385F, the current acceptance
specification used in the US Department of Defense (USDOD) (MIL-F-24385 1969).

1.6 FIREFIGHTING FOAMS: TYPES AND COMPOSITION

Fires are classified by the proper extinguishing agent. Class A fires consist of ordi-
nary combustibles, such as wood, paper, fabric, and most kinds of trash. Water is usu-
ally used to extinguish Class A fires. For Class A, high-expansion and fluorine-free
foams (F3, nonfluorinated hydrocarbon surfactants) are used. A Class B fire arises
from flammable liquids or flammable gases, petroleum greases, tars, oils, oil-based
paints, solvents, lacquers, or alcohols. Using water on a Class B fire (e.g., an oil-
based liquid fire) is extremely dangerous. Petroleum-based fires burn significantly
hotter (>350°F) than the boiling point of water (212°F). When water is placed on a
petroleum-based fire, it instantly vaporizes to form steam, which expands rapidly,
causing the liquid hydrocarbon liquid to splatter, cause burns, and spread the fire.
Hence, AFFF is preferred for extinguishing high-hazard Class B fires.

In use, AFFF concentrate is mixed with either freshwater or seawater by a pro-
portioning nozzle (Figure 1.6). The foam forms spontaneously upon ejection from
the nozzle. A thin layer of AFFF foam rapidly spreads over the hydrocarbon fuel sur-
face, acting as a thermal and evaporation barrier to inhibit and eventually extinguish
combustion. The “film-forming” characteristic refers to the fact that both in applica-
tion and even after the foam has dissipated, the aqueous layer formed from the AFFF
concentrate mixture remains on the flammable liquid hydrocarbon surface, thereby
preventing reignition. This occurs because the fluorosurfactant makes the surface
tension of the water lower than the surface tension of the hydrocarbon, enabling it to
float on the hydrocarbon surface at the air interface.
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\ Firewater and Treated
. firewater and
° — combustion — .
. combustion
Premix products
/' products
AFFF Foaming
solution
Formulation Dilution Expansion Firefighting Cleanup
operations

FIGURE 1.6 Schematic of AFFF concentrate and its use. It shows in pictorial form the
ingredients used to concentrate foam to deploy to firewater.

1.6.1 Tvypes ofF FIREFIGHTING Foam

There are a number of ways to classify firefighting foams. One way is by chemical type,
and another is by expansion ratio. In general, expansion ratios are classified as (1) low-
expansion foams (with an expansion ratio of <20), (2) medium-expansion foams (hav-
ing an expansion ratio from 20 to 200), and (3) high-expansion foams (with expansion
ratios of >200). We will focus on the two chemical types of firefighting foams: (1) F3
that are fluorine-free and (2) AFFF containing fluorosurfactants, with a focus on AFFF.
Historically, nonfluorinated mechanical protein-type foams are derived from either
hydrolyzed protein-rich animal or vegetable materials using alkali/lime. Vegetable
materials were developed later and used in a “synthetic” formulation whose origin is
from hydrocarbon-derived materials. Beginning in the 1960s, various fluorosurfactants
were developed and incorporated into both types of synthetic and protein-based fire-
fighting foam agents (Briggs 1996). Further, it is also well known that water-miscible
liquids, such as polar solvents (e.g., alcohols and ketones), tend to destroy conventional
foams. To overcome this characteristic, formulations were created that contained
polymeric/gel-type materials, which help prevent foam destruction. These types of foam
agents are called alcohol resistant (AR). For current-generation fluorine-free foams,
there is basic F3, as well as alcohol-resistant fluorine-free foam (AR-FFF). It should be
noted that protein, high-expansion, Class A, and most training foams have historically
been fluorine-free. The types of firefighting foam are shown in Figure 1.7.

Fluorine-free foam (F3) Fluorinated foams
- Basic fluorine-free foam (FFF) - Fluoroprotein (FP)
- Protein - Film-forming fluoroprotein (FFFP)

- Alcohol-resistant protein (AR-P) - Alcohol-resistant film-forming fluoroprotein (AR-FFFP)
- Synthetic - Aqueous film-forming foam (AFFF)
- Alcohol-resistant aqueous film-forming foam (AR-AFFF)

FIGURE 1.7 Types of firefighting foam.
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1.6.2 AFFF INGREDIENTS AND COMPOSITION

The precise chemical composition of AFFF formulations is generally proprietary
confidential business information as the ingredients are viewed by AFFF manufac-
turers and formulators as providing unique competitive benefit to their products. A
firefighting foam is obtained by the dilution of a foam concentrate in water (gener-
ally a 3% or 6% foam concentrate, v/v). This water—foam concentrate mixture is
called a foaming solution or premix (Figure 1.6).

The foaming base of a foam concentrate consists of either a mixture of hydrocarbon
surfactants or a hydrolyzed protein. Synthetic foam concentrates can be distinguished
from protein foam concentrates according to the foaming base. To simplify matters,
our discussion on ingredients and composition only involves synthetic foam concen-
trates made from surfactants. The types of firefighting foams are listed in Figure 1.7.

In general, AFFF concentrates contain four main ingredients: (1) water, (2) sur-
factants (to provide the foam and film-forming properties), (3) solvents, and (4) vari-
ous additives and modifiers. As previously stated, water-soluble polymers are added
to obtain AR-AFFF. Typical ingredients are shown in Figure 1.8. Water is the major
ingredient and generally is more than 60% of the composition.

Typically, a synthetic foam concentrate designed to be diluted at 3% into water
contains from 5% to 10% by weight of hydrocarbon surfactants. High-performance
foam concentrates also contain one or several fluorosurfactants. Fluorosurfactants,
given their relatively high expense and effectiveness at low concentration, are a
minor but critical ingredient in AFFF. The fluorosurfactant plays a role in the
formation of the foam as well as the formation of a water film at the surface of the
solvent. In active matter, they account for 0.6—1.5 wt% of the total weight of a foam
concentrate. Fluorosurfactants also provide oil repellency to firefighting foams,
and this property is key when foams are used in larger-scale and real conditions.

The formation of the water film at the surface of the hydrocarbon has the result
that the emission of solvent vapors is stopped or highly reduced. As those vapors are

Surfactants (15—-18%)

Fluorosurfactants (<2%)
Hydrocarbon surfactants

[\X/ater, Diluent (>60%)

Solvents (up to 20%)
Butyl carbitol 1H-Benzotriazole

Protein-based surfactants

Synthetic detergent mixtures
and others

AFFF
concentrate
Propylene glycol N-Propanol Kdditives/modiﬁers
Hexylene glycol Triethanolamine Acetic acid Polysaccharide gum
1,2-Propanediol Ethylene glycol Biocide Sodium chloride
2-Butoxyethanol Polyethylene glycol Dichlorephene Nonylphenol ethoxylate
t-Butanol and others EDTA 2-Biphenylol sodium salt

Methyl-1H-Benzotriazole Ferrous sulfate Corrosion inhibitors

Propylene glycol t-Butyl ether Zinc oxide Sucrose

Magnesium sulfate heptahydrate
Tetraethylene glycol dimethyl ether Foam stabilizers/boosters
Diethylene glycol monobutyl ether &others

FIGURE 1.8 Type of ingredients for a 3% foam concentrate.
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the fire source, it is very important to stop their emission. This water film formation
occurs when the spreading coefficient (SC) of the foaming solution is positive. This
coefficient is defined in Equation 1.1:

SC=As—(AHC+7yL) (1.1)

where vy is the surface tension of the solvent, yyc is the interfacial tension between
the solvent and the foaming solution, and vy, is the surface tension of the aqueous
foaming solution.

The use of hydrocarbon surfactants reduces the solvent—foaming solution inter-
facial tension (yyc), and fluorinated surfactants provide the foaming solution with a
particularly low surface tension (y,). Without a suitable choice of these two types of
components, the spreading coefficient of a foaming solution on a solvent would be
negative and extinction impossible.

There are debates in the industry about the existence of an aqueous film with AFFF at
elevated temperature conditions, but foams having the capacity to form an aqueous film
at regular temperature demonstrate, in most cases, higher performances than F3 foams.
A foam concentrate also contains polar solvents (up to 20 wt%) that contribute to the
foam stability. 1,2-Propanediol and similar types of solvents are used to reduce the freez-
ing point of foam concentrates stored in refineries, civil airports, or drilling platforms.

In addition to the classic foam concentrates, AR foam concentrates are polyva-
lent and can be used to extinguish polar solvent fires, such as ethers, ketones, or
alcohols. Polar solvents are miscible in water and can solubilize most hydrocarbon
and fluorinated surfactants. This results in the almost instantaneous disappearance
of the firefighting foam when it is placed at the surface of the solvent. The most
common solution to obtain a stable foam in contact with the polar solvent involves
the addition of water-soluble polymers such as polysaccharide to the foam concen-
trate. In contact with the polar solvent, the polymer precipitates to form a protective
layer at the interface that isolates the foam from the polar solvent and prevents its
destruction. Modern AR-AFFF also contains water-soluble polymers modified with
fluorotelomers. Additives providing anticorrosion, antimicrobial activity, and other
properties are all part of typical AFFF formulations.

A generalized view of a typical AFFF Type 3 (3%) concentrate composition based
on data taken from company websites, safety data sheet documents, company fact
sheets, and various reverse engineering efforts and analytical testing is shown in
Figure 1.9 (Cortina 2012). In Figure 1.9, a representative composition of the foam
that is actually applied to a fire, a 3% AFFF concentrate diluted with 97 parts water,
is shown. In this example, the combination of surfactants and solvents is approxi-
mately 1% of the final solution as employed in firefighting.

1.7 QUALIFIED PRODUCTS LIST (QPL)

AFFF is a highly efficient firefighting agent for extinguishing flammable liquid
(Class B) fires. AFFF concentrates used by the US military must meet the require-
ments set forth in military specification MIL-F-24385 (1969). The specification is
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Surfactants—ca. 0.52%; Solvents—
2% ca. 0.49%; additives—balance
0

v k |

16%
‘Water Water
65% Surfactants Surfactants
17% Solvents Solvents
Additives Additives
ca. 98.9%
General AFFF concentrate Solution in use: 3%
composition concentrate/97% water

Surfactants: Majority are hydrocarbon; minority are fluorosurfactants

FIGURE 1.9 Pie chart showing the composition of a Type 3 (3%) AFFF concentrate.

under the control of the Naval Sea Systems Command, and the Naval Research
Laboratory is the designated institution for certification evaluation for the USDOD’s
AFFF QPL. AFFF is used globally by the US military, by the militaries of other
countries, and in the majority of civilian applications worldwide as either a 3%
(Type 3) or a 6% (Type 6) concentrate. The military specification AFFF concen-
trates are effective against a wide variety of Class B liquid hydrocarbon fire threats.
Special formulations exist for use against alcohol and other water-miscible fuels.

The early use of fluorosurfactants in firefighting foams (AFFF) is well documented
in a Naval Research Laboratory report (Gipe and Peterson 1972). The first fluorosur-
factant work was a collaborative effort between the US Navy and 3M and began
around 1961. This effort resulted in the 1964 introduction of the first AFFF product
into Navy firefighting service inventory, the ECF-based 3M product FC-183. FC-194,
which replaced FC-183 about 3 years later, was less viscous and could be used at a 6%
concentrate strength in freshwater with conventional foam-proportioning equipment.
However, FC-194 had a significant drawback. FC-194 could not be used with seawa-
ter, essential for deployment on naval vessels. Subsequently, a seawater-compatible
AFFF, FC-195, was developed, but it was never submitted for qualification under
what became the well-known QPL and military specification MIL-F-24385, issued
on November 21, 1969. The first AFFF on the QPL was FC-196 from 3M in 1969.
Improvements and modifications to the AFFF agents continued. The next-generation
AFFF, FC-200, had a pH of >7 and corrosion inhibitors added to limit any agent
attack in seawater on the stainless steel storage vessels. FC-200 was QPL approved
in January 1972. Of note, the FC-200 fluorine content (2.1% w/v) was significantly
reduced in this formulation compared with its FC-196 predecessor (3.2% w/v).

For the first 4 years the QPL existed (1969-1973), 3M AFFFs containing ECF-
based fluorosurfactants were the only products qualified under MIL-F-24385. 3M’s
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development partnership with the Navy lasted nearly 10 years (~1963-1973) before
the next product and company became listed. AFFF containing fluorotelomer-based
fluorosurfactants from National Foam was qualified on the QPL in late 1973, fol-
lowed by Ansul using a Ciba-Geigy fluorotelomer-based fluorosurfactant in 1974—
1975. These products had between 0.7% and 0.83% w/v fluorine, or less than half of
fluorine of the ECF product FC-200. In 1981, two more products were added to the
QPL: 3M’s FC-206C and Ansul’s AFC-5, which contained 0.94% w/v and 0.61%
w/v fluorine, respectively (Barzen-Hanson et al. 2017). In 1993, 3M’s Lightwater™
FC-203CF contained 1.8 wt% fluorine while National Foam’s Aer-O-Water 3EM
contained 0.85 wt% fluorine; both were listed on the QPL (Kleiner and Jho 2009).
Each of these products had passed the US military’s QPL specification MIL-F-
24385. The data indicate that the AFFF containing fluorotelomer-based fluorosur-
factants provided firefighting performance equal to that of the ECF-based AFFF
products with substantially less fluorosurfactant content.

A chronology of the QPL is shown in Figure 1.10, with AFFF product descrip-
tions given in Table 1.1. Even though ECF-based long-chain products (e.g., PFOS
containing) are still in inventory at various sites globally (Darwin 2011), none are on
the QPL today, in 2017. The reader is reminded that the short-chain (C4, perfluoro-
butane sulfonyl) ECF-based fluorosurfactants are not used in AFFF because, to date,
no AFFF formulation containing them has been qualified. There has been significant
changes in the QPL over the past 6 years (2011-2017) as the transition to AFFF con-
taining short-chain C6 fluorotelomer-based surfactants has occurred.

With 3M’s exit (Type 6 withdrawn January 3, 2007, and Type 3 withdrawn August
8, 2010) from long-chain ECF-based fluorosurfactant manufacture for AFFF in the
last decade, National Foam is the longest-standing company on the list, having come
onto the QPL in 1973, followed close behind by Ansul (today Johnson Controls). Both
Angus and Buckeye came off the QPL within the past 2 years, while at the same time
ICL/Auxquimia (2015; now Perimeter Solutions), Amerex/Solberg (2016), and Dafo
Fomtec AB are recent additions. Chemguard (since 1997) and Fire Service Plus (Type
6 added May 2011) are also on the May 2017 QPL (Figure 1.10). It is also noteworthy

19169 19175 19180 19185 19190 19195 2(}00 20105 2(}10 20115 2]017
[ I I I I I I I I LIL
| Initial in 1969  MIL-F-24385 FC-196 in 5/70 3M |
| Initial in 1973 National Foam
| Initial in 1974 (Ciba-Geigy) Ansul

| Angus |
| e |

| Buckeye |

Amerex/Solberg

Dafo Fomtec AB

FIGURE 1.10 QPL chronology: 1969-2017 (MIL-F-24385) as of May 12, 2017.
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TABLE 1.2
QPL List (March 2018) MIL Spec MIL-F 24385
Type 3, 3% AFFF Type 6, 6% AFFF
Product Name Supplier Product Name Supplier
AER-O-WATER 3E-C6 National Foam, Inc. AER-O-WATER National Foam, Inc.
AFFF 6EM-C6 AFFF
ANSULITE AFC-3MS Tyco Fire Protection ANSULITE TYCO Fire Protection
3% AFFF Products (JCI) AFC-6MS 6% AFFF Products (JCI)
ARCTIC 3% MIL- Amerex Corp., The ARCTIC 6% Amerex Corp., The
SPEC AFFF Solberg Company MILSPEC AFFF Solberg Company
CHEMGUARD Tyco Fire Protection CHEMGUARD TYCO Fire Protection
C306-MS 3% AFFF Products (JCI) C606MS 6% AFFF Products (JCI)
PHOS-CHEK 3% ICL Performance FIREADE MILSPEC Fire Service Plus, Inc.
AFFF MS Products (now 6 (Jan 2018)
Perimeter Solutions)
TRIDOL-C6 M3 AFFF National Foam, Inc. TRIDOLC6 M6 National Foam, Inc.
AFFF
FOMTEC AFFF 3% M:  Dafo Foamtec AB PHOS-CHEK 6% ICL Performance
SWE & USA Milspec AFFF Products (now
(12/17) Perimeter Solutions)
FIREADE Milspec 3 Fire Service Plus, Inc.

Source: http://qpldocs.dla.mil/search/parts.aspx?qpl=1910

that while three of the companies (National Foam, Ansul, and Chemguard) have been
on the QPL for many years, there are an equal number of new entrants to qualify for
arguably the world’s most difficult fire standard. These new QPL entrants are Fire
Service Plus (FSP); Solberg Corporation; ICL, who purchased Auxquimia’s Class
B foam business in 2014; Now Perimeter Solutions; and Dafo Fomtec AB. Current
(2018) QPL AFFF products for Class B fires are shown in Table 1.2. The short-chain
fluorosurfactants in all these products are C6 fluorotelomer-based products.

1.8 FIREFIGHTING FOAM SELECTION AND USE

The selection of a firefighting agent to extinguish a Class B fire is front and center
today more so than it has been over the past 15 years due to the widespread environ-
mental presence from historic use of AFFF (Willson 2016a). Numerous fire journal
articles (and other media) have appeared debating the pros and cons of both general
types of firefighting agents, F3 and AFFF containing fluorosurfactants. The selec-
tion decision requires a thoughtful consideration of multiple criteria, such as fire
performance, life safety benefits, property protection, and environmental impact,
including whether control of spent firewater is possible or practical. Balancing these
criteria presents a set of difficult choices for regulators, firefighters, and those who
routinely handle flammable liquids and require rapid fire extinguishment and control
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to protect human life and property. A recent firefighting foam seminar in Singapore
(SAA-IAFPA 2016) provided an open forum for discussion of these decision-
making criteria, including numerous presentations highlighting critical insights into
why AFFF is often chosen (Castro 2016; Jho 2016; Plant 2016; Willson 2016b). To
illustrate the issues, performance, and fundamental property parameters, this section
discusses foam properties (Table 1.3) and environmental properties (Table 1.4).

TABLE 1.3

Foam Properties: Comparison of AFFF and F3

Foam Property Advantage AFFF2 F3
Fuel repellency Yes Yes No
Film formation Yes Yes No
Foam spreading on fuel Yes Yes No
Fuel spreading on foam No No Yes
Fuel shedding High High Low
Fuel pickup Low Low High
Fuel emulsification Low Low High
Flammability of contaminated foam Low Low High
Degradation of contaminated foam Low Low High
Heat resistance of foam High High High

2 Includes short-chain AFFF.

TABLE 1.4
Environmental Properties: Comparison of Short-Chain Formulations
of AFFF and F3

Environmental Property Advantage AFFF2 F3
Aquatic toxicity Low Yes No
Persistence No Yes No
Reduced foam, water resources used, and Yes Yes No

wastewater generation

Reduced smoke and breakdown products Yes Yes No
generated

Risk to life safety Low Low Higher

Escalation potential Low Low High

Bioaccumulation No No® No

Disposal through PTOW or WWTP Yes Yes® Yes

Note: PTOW = publicly owned treatment works; WWTP = wastewater treatment plant.
2 Includes short-chain AFFF.

® Short-chain AFFF.

¢ With pretreatment.
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Critical foam properties required to fight a Class B fire that are evaluated in selecting
a firefighting agent are presented in Table 1.3, comparing AFFF (containing short-chain
fluorosurfactants) and F3. For example, in hydrocarbon-type Class B fires, a firefighting
agent that has fuel repellency, sheds the fuel, forms a film, is not contaminated by the
fuel, and rapidly spreads across the burning fuel surface is highly advantaged versus an
agent that does not have these critical properties. These properties are clear advantages
of AFFF containing fluorosurfactants that fundamentally differentiate AFFF from F3.
Both AFFF and F3, in general, appear to have a high resistance to heat, although one
can argue that the mechanism for this heat resistance is different. For AFFF, the fluoro-
surfactants used in the formulation have better chemical and heat resistance than hydro-
carbon surfactants. F3 is given a high rating as it believed that the current generation of
fluorine-free foams have high loadings of polysaccharides (sugars and gums) to boost
drain times and thus trap or keep water longer in the foam matrix. The presence of the
trapped water should provide greater heat resistance.

The environmental properties of short-chain AFFF and F3 are shown in Table
1.4. Whereas the foam properties show many clear advantages for AFFF (Table 1.3),
the environmental properties require discussion and explanation. Aquatic toxicity
data for firefighting foam products have been discussed (FFFC 2006; Plant 2016).
The available data show that AFFF products have significantly lower acute aquatic
toxicity than the F3 used in comparative fire testing. The basis is also shown in Table
1.5 (FFFC 2006). Both indicate very clearly that each of the three AFFF products
have significantly lower toxicity in both the rainbow trout and the fathead minnows.
A lower LCs, indicates the agent is more toxic.

Another important environmental property is persistence. The stability of the
carbon—fluorine bonds in fluorosurfactants makes them and/or their terminal bio-
degradation products stable and therefore persistent in the environment (see Section
1.11 for a discussion). In contrast, F3s are made with hydrocarbon ingredients that
are generally expected to biodegrade under normal forseeable environmental condi-
tions and thus are not considered persistent.

The next five properties in Table 1.4, from reduced foam and water resources
used, deserve some discussion. AFFF has been selected as the product with the more

TABLE 1.5

Aquatic Toxicity Comparison

96 h LC;, Test Fingerling Rainbow Trout 96 h LC;, Flow-Through Test Fathead Minnow
Agent LC;, (mg/L) Agent LC;, (mg/L)
Wetting agent 1.06 Wetting agent 0.887

F3-A 63 F3-A 171

F3-B 71 F3-B 171
MIL-SPEC AFFF 2176 MIL-SPEC AFFF 884
AR-AFFF 3536 AR-AFFF 1487

UL AFFF 5657 UL AFFF 1726

Note: UL = Underwriters Laboratories.
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desirable firefighting characteristics when compared with F3. The advantage origi-
nates from the demonstrated performance of AFFF versus F3 when considering time
to control the fire to overall extinguishment time. It is generally accepted that AFFF
will knock down, control, and extinguish Class B fires faster than F3. Some argue
that there are some fire test data that show equal performance in putting out a fire.
However, the majority of fire test data show AFFF perform superiorly to F3 (see
Section 1.9). That AFFF extinguishes a fire faster leads to lower foam usage, reduced
water usage, and reduced smoke and breakdown products due the shorter control
and extinguishment times. With reduced foam and water resources used, it follows
that firewater runoff and wastewater generation are also reduced. In light of faster
control and extinguishment times, the edge for life safety risk is also given to AFFF.
Life safety risk includes firefighters and any other personnel in the fire’s vicinity.
In considering these properties as a whole, faster fire control in the view of many
leads to a lower fire escalation potential, thus making AFFF the selection for use in
a large-scale high-hazard Class B fire event.

The present-day short-chain C6 fluorotelomer-based products, raw material and
degradation products, have been shown to have a more favorable toxicological and
environmental profile than historic long-chain equivalents (FluoroCouncil 2017).
Further, fluorotelomer-based C6 short-chain alternatives have been shown through
various evaluations not to be bioaccumulative under current regulatory criteria
(Conder et al. 2008). F3 is generally considered biodegradable and not bioaccumula-
tive. The last environmental property, disposal, is very important. It is essential that
all firefighting foams be properly disposed. Both the Fire Fighting Foam Coalition
(FFFC) (2016a, 2016b) and FPA A (2017) have provided industry guidance for proper
foam disposal. Foam, spent foam, and firewater must be disposed of according to
local and state (and other government) authorities’ requirements.

In summary, selection of a firefighting foam for Class B fires involves consider-
ation of multiple criteria, as shown in Tables 1.3 and 1.4. Over the years, many have
invoked the phrase “fit for purpose” as guidance for selection. If the firefighter needs
rapid knockdown and control, rapid extinguishment, extended burnback times, and
the best life safety performance and asset protection, the choice in 2017 is clearly
AFFF containing fluorosurfactants. F3 performance has improved dramatically over
the past few years and has been selected by some users instead of AFFF where per-
formance meets their requirements for life safety and ultimate property and asset
protection. F3s have achieved many internationally recognized certifications, but to
date not MIL-F-24385. A research initiative funded by the Strategic Environmental
Research and Development Program (SERDP) titled “Fluorine-Free Aqueous Film
Forming Foam,” dated October 29, 2015, seeks research proposals to identify a
fluorine-free foam that meets or exceeds the performance criteria required in MIL-
F-24385 (SERDP 2015).

1.9 AFFF AND F3: FIELD TEST PERFORMANCE AND EFFICACY

In addition to foam and environmental properties, actual efficacy comparisons in
the field are essential to assess fire performance and select firefighting foam. The
FFFC has published two studies comparing field test performance and the efficacy of
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AFFF and F3 (FFFC 2014, 2017). In 2011, the Naval Research Laboratory presented
field test results of AFFF agents and F3 (Williams et al. 2011). AFFF extinguish-
ment times on 28 ft? pool fires tested at full strength were on average 77% faster for
gasoline, 88% faster for methylcyclohexane (MCH), and 70% faster for heptane than
those of F3. For isooctane, the tested AFFF was unable to form a film and the F3
extinguished the fire 10% faster, highlighting the importance of film formation to
foam performance. The AFFF tests extinguished the heptane and gasoline fires in
21-28 seconds. The time required to pass the MIL-F-24385 is 30 seconds. The F3
was unable to extinguish any gasoline or heptane fire in less than 30 seconds. To be
on the QPL, AFFF products must meet these requirements to be used for military
applications. The Federal Aviation Administration (FAA 2011) requires all US air-
ports to carry AFFF agents that meet MIL-F-24385 and are listed on the QPL. In
another field study reported at the 2013 Reebok Foam Conference, VS Focum (2013)
summarized the company’s F3 development. The presentation contained side-by-
side field test data done at the same facility under the same conditions comparing the
fire performance of AFFF and F3. The results showed that AFFF performed signifi-
cantly better than F3 in spray extinction tests (0.785 m?) using heptane, gasoline, and
Kerosene Jet A-1, and in Spray Pan Fire Out tests in sizes 0.25, 0.785, and 7.06 m?,
while the values were similar in the 4.52 m?test. The Naval Research Laboratory has
conducted field tests comparing AFFF and F3 (Hinnant et al. 2017a, 2017b). In pool
fire tests, AFFF achieved extinguishment in 18 seconds, compared with 40 seconds
for the F3. In foam degradation tests, F3 degraded after 1-2 minutes, while AFFF
lasted 35 minutes before degrading (longer is better). Similar results from a series
of foam degradation tests on AFFF and F3 were published earlier in International
Fire Fighter in 2012 (Jho 2012). At a 2016 foam seminar (SAA-TIAFPA 2016), field
fire test results conducted on five commercially available short-chain fluorotelomer-
based AFFFs and five commercially available F3 were presented (Castro 2016).
The tests were run on four fuels: gasoline, heptane, Jet A-1, and diesel. The results
showed that AFFF performed significantly better than F3 on all fuels except diesel,
where they both put out the fire. None of the F3s were able to extinguish Jet A-1.

Benefits to Firefighters Key Firefighting Foam Properties

- Reduced risk to life safety of the firefighters - Suppression of flammable vapor release

and those in the adjacent community

- Reduced release of toxic products of + Cooling the fuel surface

combustion - Protection from reignition and flashback

- Rapid fire extinguishment
P 8 - Resist degradation due to radiant heat

- Reduced potential for the fire to spread

- Resist mixi ith the fuel
- Reduced use of foam and water leading to esist mixing wi etue

reduced firewater effluent, including both

- Resist spreading over the fuel surface
foam and products of combustion

- Resist breakdown by the fuel (e.g., polar solvents)

FIGURE 1.11 FPAA information bulletin: “Selection and Use of Firefighting Foam” (From
FPAA, Selection and use of firefighting foams, Information bulletin, Version 2.0, January
2017. http://www.fpaa.com.au/.)
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Jet A-1 is the fuel used in International Civil Aviation Organization fire tests, which
determine the acceptability of foams for airport use in many countries.

Lastly, the reader is directed to a recently published information bulletin titled
“Selection and Use of Firefighting Foams,” authored by the FPAA (2017). The
FPAA has neatly articulated what a high level of firefighting performance pro-
vides firefighters, regardless of whether the foam contains fluorine (Figure 1.11).
Additionally, the bulletin describes key foam properties that align with those pre-
sented in Table 1.3.

1.10 AFFF USE: BEST PRACTICES

It is imperative that the firefighting foam be fit for purpose. AFFFs should not be
used for typical Class A fires (such as wood), forest fires and wildfires, residential
fires, electrical fires (Class C), kitchens—commercial and residential, and com-
puter, server, and any telecommunications equipment fires. In addition, AFFF
products should not be used on a small car or truck fire where the potential for a
large fuel spill is small and where water will suffice to extinguish the fire. AFFF
is the foam of choice for fires where there is the potential for a significant flam-
mable liquid hazard or where the rapid extinguishment of hydrocarbon fuel was
necessary to avoid harm to people and/or property (e.g., armaments). This is why
typical historic use of AFFFs has been in military operations, marine operations,
and petroleum terminal, processing, and operations, as well as chemical and other
industrial facilities. Considerations when determining the use of AFFF are many.
The conversation appears to have shifted from performance to presence, and persis-
tence is what really matters. Having perspective is critical in this discussion. Users
of PFAS-containing products must consider the toxicological profile; the potential
for exposure; the prevention of emissions; the protection of people, property, and
the environment; and the use of risk-based analyses versus solely the precautionary
principle (Figure 1.12) (Korzeniowski 2017).

AFFF safe handling, proper use, and disposal are essential. When it is appropri-
ate to use AFFF and how a Class B fire is fought and extinguished are important. A
universal consideration is minimizing human exposure and environmental release
while protecting people and property. The potential environmental impact of Class B
foam usage is critically important. There are three primary sources of potential envi-
ronmental impact: (1) the fire’s combustion products, (2) the AFFF foam itself, and
(3) resulting firewater. Foam and firewater must be disposed of in compliance with
local, state, and/or country regulations. All foams have the potential to contaminate
surrounding areas where foam has been used and the potential to be harmful to the
environment if the fire is not fought properly with the right products and if the fire-
water effluent is not managed appropriately.

Fluorosurfactants are highly stable and do not mineralize by biodegradation (see
Section 1.11). As a result, AFFF emissions to the environment from historic use in
fire training and firefighting have left a measurable environmental footprint, even
decades after use according to recently published research (Anderson et al. 2016).
The importance of proper use, handling, and disposal of AFFF has thus become a
subject of intense discussion (Seow 2013; DEHP 2016a, 2016b; USEPA 2016). In
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Many factors need to be considered
Presence when using PFAS products:

» Environmental presence reduction
» Exposure potential
« Persistence of PFAS products
« Prevention of emissions
» Mobility of some PFAS products
Performance Persistence ¢ Full use of a risk-based analysis vs.
PFAS solely invoking the precautionary
principle: perspective
« Toxicological profile
«» Performance and End-use attributes
Prevention « Protection of people, property and the
environment
« Use levels to achieve desired results
« Availability of non-fluorinated products
Perspective Precaution that meet/exceed performance needs:
“AAs”

Profile Potential

Considerations

Protection

FIGURE 1.12 AFFF use considerations and best practices. (Adapted from FFFC, Best prac-
tice guidance for use of Class B firefighting foams, 2016. https://docs.wixstatic.com/ugd/331
cad_188bf72¢523c46adac082278ac019a7b.pdf. FFFC, Guidance for fluorinated firefighting
foams, 2016. www.fffc.org.)

response, guidance has been developed and promulgated by manufacturers and regu-
lators to AFFF users to cease the use of AFFF for training and only use it in active
firefighting to protect people and property. The Umwelt Bundes Amt (UBA) (the
German Environment Agency), in collaboration with firefighting foam manufactur-
ers and firefighters, published guidance for the proper use, handling, and disposal of
AFFF in 2013 (UBA 2013). The two industry groups, FFFC and FPAA, have done a
significant amount of work to raise awareness for best practices and proper use and
disposal of foam. The FFFC published both a best practice guidance document and
a flyer detailing critical best practices in handling AFFF to fight Class B fires (FFFC
2016a, 2016b). As described earlier, the FPAA has also recently provided guidance
on foam use (FPAA 2017). The FFFC, FPAA, and UBA documents should be con-
sulted before use of Class B foam. In brief, everyone using AFFF should diligently
work to eliminate foam discharge to the environment. A first way to ensure this is
to be sure that all training foams are nonfluorinated. AFFF and firewater should be
contained followed by treatment and approved disposal to ensure minimal or no
releases to the environment. Advanced planning, preparation, and practice are ways
to identify and prevent uncontrolled foam or firewater releases and thereby minimize
the environmental impact from firefighting events. Lastly, active monitoring of foam
generation and delivery systems for leaks and proper preventative maintenance of
foam systems should be a requirement.

AFFF products containing fluorosurfactants provide the firefighter with the most
effective agents on the market today. As set forth in the FFFC guidance document
(FFFC 2016a, 2016b), not only is AFFF the product of choice for Class B fires, but
also the use of the multipurpose AR-AFFF or AR-FFFP foam concentrates allows
the firefighter to stock one product that can be used to extinguish either a hydrocarbon
or a polar solvent fire. Not using the correct foam agent would result in ineffective
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Ruiliang Pu
August 21, 2017

Advanced imaging spectral technology and hyperspectral analysis
techniques for multiple applications are the key features of the book. This
book will present in one volume complete solutions from concepts,
fundamentals, and methods of acquisition of hyperspectral data to
analyses and applications of...

Shark Research: Emerging Technologies and Applications for the
Field and Laboratory

Jeffrey C Carrier, Michael R. Heithaus, Colin A. Simpfendorfer
August 24, 2018

Over the last decade, the study of shark biology has benefited from the
development, refinement, and rapid expansion of novel techniques and
advances in technology. These have given new insight into the fields of
shark genetics, feeding, foraging, bioenergetics, imaging, age and growth,
movement,...

Grasslands of the World: Diversity, Management and
Conservation

Victor R. Squires, Jirgen Dengler, Limin Hua, Haiying Feng
August 22,2018

This book begins with a brief account of the extraordinary sequence of
events that led to emergence of grasslands as major vegetation
formations that now occupy some of the driest and hottest and the
highest and coldest on earth as well as vast steppes and prairies in more
temperate climes. It is...

Nickel in Soils and Plants

Christos Tsadilas, Jorg Rinklebe, Magdi Selim
August 21, 2018

Nickel (Ni), the fifth common element on the earth is widespread in the
environment. Recently Ni has been proved essential for normal growth of
many organisms, and at the same time Ni can become toxic to organisms
when high in concentration. In several parts of the world, high Ni
concentrations are...

Lake Governance
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Velma I. Grover, Gail Krantzberg
August 15, 2018

The Lake Governance book will focus on comparative analysis of
governance structures by examining policy, legal and institutional
structures of current transboundary commissions to develop a common
framework for good governance of transboundary lakes. Cooperation
among nations sharing natural...

GPS Tracking with GPS Tracking with Java EE Components: Challenges of
Java EE Components: Connected Cars
Challenges of

Connected Cars Kristof Beiglbéck

August 14, 2018

GPS Tracking with Java EE Components: Challenges of Connected Cars
highlights how the self-driving car is actually changing the automotive
industry, from programing embedded software to hosting services and
data crunching, in real time, with really big data. The book analyzes how
the challenges of...

Geologic Disposal of High-Level Radioactive Waste

Roland Pusch, Raymond N Yong, Masashi Nakano
August 14,2018

This new book presents the best practices for the disposal of high-level
radioactive waste, and compares the leading methodologies of Very Deep
Hole (VDH) and Mined Repository (MR) approaches. It also assesses their
respective waste isolation capacities in both the short- and long-term, and
weighs...

Constructability: A Tool for Project Management

Sharmin Khan
August 14, 2018

This book focuses on Constructability, a project management tool and its
effectiveness in promotion of sustainable development and architecture.
Constructability concentrates on the optimum use of construction
knowledge and experience in planning, engineering, procurement and
field operations to...
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Hydrogeology: Groundwater Science and Engineering

Alain Dassargues
August 01, 2018

This text combines the science and engineering of hydrogeology in an
accessible, innovative style. As well as providing physical descriptions and
characterisations of hydrogeological processes, it also sets out the
corresponding mathematical equations for groundwater flow and solute/
heat...

Health and Safety Management: An Alternative Approach to
Reducing Accidents, Injury and lllness at Work

John White
July 31,2018

Human error contributes to at least 80% of workplace accidents and near-
misses. By applying the principles of marginal gain and using lessons
drawn from the high risk world of outdoor adventure, this book provides a
variety of practical solutions that will reduce the incidence of human error
in the...

Perfluoroalkyl Substances in the Environment: Theory, Practice,
and Innovation

David M. Kempisty, Yun Xing, LeeAnn Racz
July 30, 2018

Perfluoroalkyl substances are compounds that have been around since
the 1950s. Only recently has their adverse human health and ecological
consequences become known. There are books that either investigate the
chemistry or explore the toxicity of these compounds. This is the only book
that will...

The Indian Ocean Tsunami

Tad S. Murty, U. Aswathanarayana, Niru Nirupama
July 30, 2018

The Indian Ocean tsunami of December 2004 is considered to have been
one of the worst natural disasters in history, affecting twelve countries,
from Indonesia to Somalia. 175,000 people are believed to have lost their
lives, almost 50,000 were registered as missing and 1.7 million people
were...
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Bioavailability, Leachability, Chemical Speciation, and
Bioremediation of Heavy Metals in the Process of Composting

Jiwan Singh, Ajay Kalamdhad
July 24,2018

Currently, it is a serious concern to manage waste in the environment.
Therefore, detailed knowledge of heavy metals, their eco-toxicological and
health effects and ecofriendly approaches for their immobilization and

detoxification is urgently required to control and minimize the
environmental...
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https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotauthors:format=BI:numrecs=10:dbname=WorldCat::termh1=Kempisty%5C%2C+David+M.%5C%2C:indexh1=pn%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotauthors:format=BI:numrecs=10:dbname=WorldCat::termh1=Xing%5C%2C+Yun:indexh1=pn%3D:termh2=Writer+on+chemistry%5C%2C:indexh2=pn%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotauthors:format=BI:numrecs=10:dbname=WorldCat::termh1=Xing%5C%2C+Yun:indexh1=pn%3D:termh2=Writer+on+chemistry%5C%2C:indexh2=pn%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotauthors:format=BI:numrecs=10:dbname=WorldCat::termh1=Xing%5C%2C+Yun:indexh1=pn%3D:termh2=Writer+on+chemistry%5C%2C:indexh2=pn%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotauthors:format=BI:numrecs=10:dbname=WorldCat::termh1=Xing%5C%2C+Yun:indexh1=pn%3D:termh2=Writer+on+chemistry%5C%2C:indexh2=pn%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotauthors:format=BI:numrecs=10:dbname=WorldCat::termh1=Racz%5C%2C+LeeAnn%5C%2C:indexh1=pn%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotauthors:format=BI:numrecs=10:dbname=WorldCat::termh1=Racz%5C%2C+LeeAnn%5C%2C:indexh1=pn%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotauthors:format=BI:numrecs=10:dbname=WorldCat::termh1=Racz%5C%2C+LeeAnn%5C%2C:indexh1=pn%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotauthors:format=BI:numrecs=10:dbname=WorldCat::termh1=Racz%5C%2C+LeeAnn%5C%2C:indexh1=pn%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surface+active+agents%22:indexh1=su%3D:termh2=%22Environmental+aspects.%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surface+active+agents%22:indexh1=su%3D:termh2=%22Environmental+aspects.%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surface+active+agents%22:indexh1=su%3D:termh2=%22Environmental+aspects.%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surface+active+agents%22:indexh1=su%3D:termh2=%22Environmental+aspects.%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Fluorocarbons%22:indexh1=su%3D:termh2=%22Environmental+aspects.%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Fluorocarbons%22:indexh1=su%3D:termh2=%22Environmental+aspects.%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Fluorocarbons%22:indexh1=su%3D:termh2=%22Environmental+aspects.%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Fluorocarbons%22:indexh1=su%3D:termh2=%22Environmental+aspects.%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surface+active+agents.%22:indexh1=su%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surface+active+agents.%22:indexh1=su%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surface+active+agents.%22:indexh1=su%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surface+active+agents.%22:indexh1=su%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Fluorocarbons%22:indexh1=su%3D:termh2=%22adverse+effects%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Fluorocarbons%22:indexh1=su%3D:termh2=%22adverse+effects%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Fluorocarbons%22:indexh1=su%3D:termh2=%22adverse+effects%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Fluorocarbons%22:indexh1=su%3D:termh2=%22adverse+effects%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Water+Pollutants%2C+Chemical%22:indexh1=su%3D:termh2=%22analysis%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Water+Pollutants%2C+Chemical%22:indexh1=su%3D:termh2=%22analysis%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Water+Pollutants%2C+Chemical%22:indexh1=su%3D:termh2=%22analysis%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Water+Pollutants%2C+Chemical%22:indexh1=su%3D:termh2=%22analysis%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surface-Active+Agents%22:indexh1=su%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surface-Active+Agents%22:indexh1=su%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surface-Active+Agents%22:indexh1=su%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surface-Active+Agents%22:indexh1=su%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Water+Purification%22:indexh1=su%3D:termh2=%22methods%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Water+Purification%22:indexh1=su%3D:termh2=%22methods%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Water+Purification%22:indexh1=su%3D:termh2=%22methods%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Water+Purification%22:indexh1=su%3D:termh2=%22methods%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surfactants%22:indexh1=su%3D:termh2=%22Aspect+de+l%27environnement.%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surfactants%22:indexh1=su%3D:termh2=%22Aspect+de+l%27environnement.%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surfactants%22:indexh1=su%3D:termh2=%22Aspect+de+l%27environnement.%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surfactants%22:indexh1=su%3D:termh2=%22Aspect+de+l%27environnement.%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Hydrocarbures+fluore%CC%81s%22:indexh1=su%3D:termh2=%22Aspect+de+l%27environnement.%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Hydrocarbures+fluore%CC%81s%22:indexh1=su%3D:termh2=%22Aspect+de+l%27environnement.%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Hydrocarbures+fluore%CC%81s%22:indexh1=su%3D:termh2=%22Aspect+de+l%27environnement.%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Hydrocarbures+fluore%CC%81s%22:indexh1=su%3D:termh2=%22Aspect+de+l%27environnement.%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surfactants.%22:indexh1=su%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surfactants.%22:indexh1=su%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surfactants.%22:indexh1=su%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surfactants.%22:indexh1=su%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22surface+active+agent.%22:indexh1=su%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22surface+active+agent.%22:indexh1=su%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22surface+active+agent.%22:indexh1=su%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22surface+active+agent.%22:indexh1=su%3D:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Fluorocarbons%22:indexh1=su%3D:termh2=%22Environmental+aspects%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Fluorocarbons%22:indexh1=su%3D:termh2=%22Environmental+aspects%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Fluorocarbons%22:indexh1=su%3D:termh2=%22Environmental+aspects%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Fluorocarbons%22:indexh1=su%3D:termh2=%22Environmental+aspects%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surface+active+agents%22:indexh1=su%3D:termh2=%22Environmental+aspects%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surface+active+agents%22:indexh1=su%3D:termh2=%22Environmental+aspects%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surface+active+agents%22:indexh1=su%3D:termh2=%22Environmental+aspects%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?searchtype=hotsubjects:format=BI:numrecs=10:dbname=WorldCat::termh1=%22Surface+active+agents%22:indexh1=su%3D:termh2=%22Environmental+aspects%22:indexh2=su%3D:operatorh1=AND:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=error/badsearch.html

FirstSearch: Libraries that Own Item https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?f ..

Class Descriptors: LC: TD427.D4; Dewey: 628.5/2; NLM: QV 633.5.H3
Responsibility: edited by David M. Kempisty, Yun Xing, LeeAnn Racz.

Vendor Info: Ingram Library Services YBP Library Services YBP Library
Services (INGR YANK YANK)

Document Type: Book
Entry: 20180319
Update: 20250801
Accession No: OCLC: 1012206334

Database: \WorldCat

g g ﬁ Current database: WorldCat Total Libraries: 16
E-mail Print Return Help
English | Espafiol | Francais | | | I | Options |

Comments | Exit

© 1992-2026 OCLC

Terms & Conditions

For information on how your personal data is processed when you use FirstSearch, please see
your institution's privacy policy.

30f3 7/28/26,9:23 PM
EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0272


https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=html/records.html:format=BI:numrecs=10:indexh1=:termh1=lc%3ATD427.D4:dbname=WorldCat:searchtype=hotlc
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=html/records.html:format=BI:numrecs=10:indexh1=:termh1=lc%3ATD427.D4:dbname=WorldCat:searchtype=hotlc
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=html/records.html:format=BI:numrecs=10:indexh1=:termh1=lc%3ATD427.D4:dbname=WorldCat:searchtype=hotlc
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=html/records.html:format=BI:numrecs=10:indexh1=:termh1=lc%3ATD427.D4:dbname=WorldCat:searchtype=hotlc
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=html/records.html:format=BI:numrecs=10:indexh1=:termh1=dd%3A628.5%2F2:dbname=WorldCat:searchtype=hotdewey
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=html/records.html:format=BI:numrecs=10:indexh1=:termh1=dd%3A628.5%2F2:dbname=WorldCat:searchtype=hotdewey
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=html/records.html:format=BI:numrecs=10:indexh1=:termh1=dd%3A628.5%2F2:dbname=WorldCat:searchtype=hotdewey
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSQUERY?sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:next=html/records.html:bad=html/records.html:format=BI:numrecs=10:indexh1=:termh1=dd%3A628.5%2F2:dbname=WorldCat:searchtype=hotdewey
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=email:entityemailresultset=1:entityemailnumrecs=1:entityemailrecno=2:entityemailpageprev=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=email:entityemailresultset=1:entityemailnumrecs=1:entityemailrecno=2:entityemailpageprev=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=email:entityemailresultset=1:entityemailnumrecs=1:entityemailrecno=2:entityemailpageprev=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=email:entityemailresultset=1:entityemailnumrecs=1:entityemailrecno=2:entityemailpageprev=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=holdings:pagetype=print:entityprinting=true:entitycurrecno=2:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=holdings:pagetype=print:entityprinting=true:entitycurrecno=2:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=holdings:pagetype=print:entityprinting=true:entitycurrecno=2:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=holdings:pagetype=print:entityprinting=true:entitycurrecno=2:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?next=html/record.html:bad=html/record.html:fetchtype=searchresults:resultset=1:numrecs=1:recno=2:format=FI:entityemailill=false:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?next=html/record.html:bad=html/record.html:fetchtype=searchresults:resultset=1:numrecs=1:recno=2:format=FI:entityemailill=false:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?next=html/record.html:bad=html/record.html:fetchtype=searchresults:resultset=1:numrecs=1:recno=2:format=FI:entityemailill=false:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?next=html/record.html:bad=html/record.html:fetchtype=searchresults:resultset=1:numrecs=1:recno=2:format=FI:entityemailill=false:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
javascript:popup('help')
javascript:popup('help')
javascript:popup('help')
javascript:popup('help')
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=en:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=en:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=en:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=en:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=en:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=en:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=es:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=es:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=es:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=es:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=es:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=es:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=fr:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=fr:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=fr:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=fr:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=fr:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=fr:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=ar:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=ar:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=ar:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=ar:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=ja:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=ja:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=ja:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=ja:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=ko:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=ko:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=ko:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=ko:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=zh:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=zh:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=zh:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=zh:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=zs:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=zs:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=zs:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPrefs?language=zs:pagename=holdings:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=prefs:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=prefs:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=prefs:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=prefs:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=prefs:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=prefs:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
javascript:popup('Comments')
javascript:popup('Comments')
javascript:popup('Comments')
javascript:popup('Comments')
javascript:popup('Comments')
javascript:popup('Comments')
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSLOGOFF?logoffmethod=user:next=html/login_en.html:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSLOGOFF?logoffmethod=user:next=html/login_en.html:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSLOGOFF?logoffmethod=user:next=html/login_en.html:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSLOGOFF?logoffmethod=user:next=html/login_en.html:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSLOGOFF?logoffmethod=user:next=html/login_en.html:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSLOGOFF?logoffmethod=user:next=html/login_en.html:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSLOGOFF?logoffmethod=user:next=html/login_en.html:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSLOGOFF?logoffmethod=user:next=html/login_en.html:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagetype=return_frameset:linktype=oclclogo:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:entityframedscrolling=yes:entityframedurl=https%3A%2F%2Fwww.oclc.org%2F:entityframedtitle=:entityframedtimeout=30
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagetype=return_frameset:linktype=oclclogo:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:entityframedscrolling=yes:entityframedurl=https%3A%2F%2Fwww.oclc.org%2F:entityframedtitle=:entityframedtimeout=30
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagetype=return_frameset:linktype=oclclogo:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:entityframedscrolling=yes:entityframedurl=https%3A%2F%2Fwww.oclc.org%2F:entityframedtitle=:entityframedtimeout=30
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagetype=return_frameset:linktype=oclclogo:sessionid=fsap12pxm1-1680-ms5egzfb-74cw6y:entitypagenum=5:0:entityframedscrolling=yes:entityframedurl=https%3A%2F%2Fwww.oclc.org%2F:entityframedtitle=:entityframedtimeout=30
javascript:popup('fslegal')
javascript:popup('fslegal')
javascript:popup('fslegal')
javascript:popup('fslegal')
javascript:popup('fslegal')
javascript:popup('fslegal')

TOP

SEND TO

FIND IT

DETAILS

BROWSE SHELF

LINKS

BOOK
(™2 versions found. See all versions >

Perfluoroalkyl substances in the environment : theory, practice, and innovation

2019

Available at Kingsbury Library Kingsbury Library (TD427.D4 P3945 2019) >

Chapters of this book (29) »

Send to

EXPORT BIBTEX

AN
=
EXPORT TO EMAIL

EXCEL

@ = (2]
DIRECT LINK PRINT DIRECT EXPORT
TORIS

https://unh.primo.exlibrisgroup.com/permalink/01USNH_UNH/e9tt32/alma991014401959805221

Find It

< BACK TO LOCATIONS
LOCATION ITEMS

Kingsbury Library

E COPY DIRECT LINK TO CLIPBOARD

Please sign in to check if there are any request options. 'El Signin

Available , Kingsbury Library ; TD427.D4 P3945 2019

(1 copy, 1 available, 0 requests)

Item in place
Sign in for availability information

Details

Title
Creator

Subject

Related titles
Series

Publisher
Publication Date
Format

Source
Identifier

Browse Shelf

—-A
-

Perfluoroalkyl substances in the environment : theory, practice, and innovation

Kempisty, David M., editor. >

Xing, Yun (Writer on chemistry) editor. »

Racz, LeeAnn, editor. >

Surface active agents -- Environmental aspects >
Fluorocarbons -- Environmental aspects »
Available in other form: Perfluoroalkyl Substances
Environmental and occupational health series. >
Boca Raton, FL : CRC Press, Taylor & Francis Group
2019

XXi, 498 pages ; 24 cm.

Library Catalog

LC: 2018011967

ISBN : 9781498764186

ISBN : 1498764185

ISBN : 9781138747777

ISBN : 1138747777

OCLC: (OCoL(C)1012206334

in the Environment : Theory, Practice, and Innovation

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0273


https://unh.primo.exlibrisgroup.com/discovery/search?query=creator%2Cexact%2CKempisty%2C%20David%20M.%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&facet=creator%2Cexact%2CKempisty%2C%20David%20M.&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=creator%2Cexact%2CKempisty%2C%20David%20M.%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&facet=creator%2Cexact%2CKempisty%2C%20David%20M.&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=creator%2Cexact%2CKempisty%2C%20David%20M.%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&facet=creator%2Cexact%2CKempisty%2C%20David%20M.&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=creator%2Cexact%2CKempisty%2C%20David%20M.%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&facet=creator%2Cexact%2CKempisty%2C%20David%20M.&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=creator%2Cexact%2CKempisty%2C%20David%20M.%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&facet=creator%2Cexact%2CKempisty%2C%20David%20M.&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=creator%2Cexact%2CKempisty%2C%20David%20M.%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&facet=creator%2Cexact%2CKempisty%2C%20David%20M.&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=creator%2Cexact%2CXing%2C%20Yun%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&facet=creator%2Cexact%2CXing%2C%20Yun&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=creator%2Cexact%2CXing%2C%20Yun%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&facet=creator%2Cexact%2CXing%2C%20Yun&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=creator%2Cexact%2CXing%2C%20Yun%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&facet=creator%2Cexact%2CXing%2C%20Yun&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=creator%2Cexact%2CXing%2C%20Yun%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&facet=creator%2Cexact%2CXing%2C%20Yun&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=creator%2Cexact%2CXing%2C%20Yun%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&facet=creator%2Cexact%2CXing%2C%20Yun&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=creator%2Cexact%2CXing%2C%20Yun%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&facet=creator%2Cexact%2CXing%2C%20Yun&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=creator%2Cexact%2CRacz%2C%20LeeAnn%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&facet=creator%2Cexact%2CRacz%2C%20LeeAnn&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=creator%2Cexact%2CRacz%2C%20LeeAnn%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&facet=creator%2Cexact%2CRacz%2C%20LeeAnn&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=creator%2Cexact%2CRacz%2C%20LeeAnn%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&facet=creator%2Cexact%2CRacz%2C%20LeeAnn&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=creator%2Cexact%2CRacz%2C%20LeeAnn%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&facet=creator%2Cexact%2CRacz%2C%20LeeAnn&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=creator%2Cexact%2CRacz%2C%20LeeAnn%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&facet=creator%2Cexact%2CRacz%2C%20LeeAnn&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=creator%2Cexact%2CRacz%2C%20LeeAnn%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&facet=creator%2Cexact%2CRacz%2C%20LeeAnn&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=sub%2Cexact%2CSurface%20active%20agents%20--%20Environmental%20aspects%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=sub%2Cexact%2CSurface%20active%20agents%20--%20Environmental%20aspects%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=sub%2Cexact%2CSurface%20active%20agents%20--%20Environmental%20aspects%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=sub%2Cexact%2CSurface%20active%20agents%20--%20Environmental%20aspects%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=sub%2Cexact%2CSurface%20active%20agents%20--%20Environmental%20aspects%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=sub%2Cexact%2CSurface%20active%20agents%20--%20Environmental%20aspects%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=sub%2Cexact%2CFluorocarbons%20--%20Environmental%20aspects%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=sub%2Cexact%2CFluorocarbons%20--%20Environmental%20aspects%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=sub%2Cexact%2CFluorocarbons%20--%20Environmental%20aspects%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=sub%2Cexact%2CFluorocarbons%20--%20Environmental%20aspects%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=sub%2Cexact%2CFluorocarbons%20--%20Environmental%20aspects%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=sub%2Cexact%2CFluorocarbons%20--%20Environmental%20aspects%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=title%2Cexact%2CEnvironmental%20and%20occupational%20health%20series.%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=title%2Cexact%2CEnvironmental%20and%20occupational%20health%20series.%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=title%2Cexact%2CEnvironmental%20and%20occupational%20health%20series.%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=title%2Cexact%2CEnvironmental%20and%20occupational%20health%20series.%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=title%2Cexact%2CEnvironmental%20and%20occupational%20health%20series.%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?query=title%2Cexact%2CEnvironmental%20and%20occupational%20health%20series.%2CAND&tab=LibraryCatalog&search_scope=MyInstitution&vid=01USNH_UNH%3AMAIN&mode=advanced&offset=0
https://unh.primo.exlibrisgroup.com/discovery/fulldisplay?docid=alma991014401959805221&context=L&vid=01USNH_UNH:MAIN&lang=en&adaptor=Local%20Search%20Engine&tab=LibraryCatalog
https://unh.primo.exlibrisgroup.com/discovery/fulldisplay?docid=alma991014401959805221&context=L&vid=01USNH_UNH:MAIN&lang=en&adaptor=Local%20Search%20Engine&tab=LibraryCatalog
https://unh.primo.exlibrisgroup.com/discovery/fulldisplay?docid=alma991014401959805221&context=L&vid=01USNH_UNH:MAIN&lang=en&adaptor=Local%20Search%20Engine&tab=LibraryCatalog
https://unh.primo.exlibrisgroup.com/discovery/fulldisplay?docid=alma991014401959805221&context=L&vid=01USNH_UNH:MAIN&lang=en&adaptor=Local%20Search%20Engine&tab=LibraryCatalog
https://unh.primo.exlibrisgroup.com/discovery/fulldisplay?docid=alma991014401959805221&context=L&vid=01USNH_UNH:MAIN&lang=en&adaptor=Local%20Search%20Engine&tab=LibraryCatalog
https://unh.primo.exlibrisgroup.com/discovery/fulldisplay?docid=alma991014401959805221&context=L&vid=01USNH_UNH:MAIN&lang=en&adaptor=Local%20Search%20Engine&tab=LibraryCatalog
https://unh.primo.exlibrisgroup.com/discovery/fulldisplay?docid=alma991014401959805221&context=L&vid=01USNH_UNH:MAIN&lang=en&adaptor=Local%20Search%20Engine&tab=LibraryCatalog
https://unh.primo.exlibrisgroup.com/discovery/fulldisplay?docid=alma991014401959805221&context=L&vid=01USNH_UNH:MAIN&lang=en&adaptor=Local%20Search%20Engine&tab=LibraryCatalog
https://unh.primo.exlibrisgroup.com/discovery/fulldisplay?docid=alma991014401959805221&context=L&vid=01USNH_UNH:MAIN&lang=en&adaptor=Local%20Search%20Engine&tab=LibraryCatalog
https://unh.primo.exlibrisgroup.com/discovery/fulldisplay?docid=alma991014401959805221&context=L&vid=01USNH_UNH:MAIN&lang=en&adaptor=Local%20Search%20Engine&tab=LibraryCatalog
https://unh.primo.exlibrisgroup.com/discovery/chapters?vid=01USNH_UNH%3AMAIN&query=any%2Ccontains%2Calma991014401959805221&search_scope=MyInstitution&tab=LibraryCatalog&type=chapters&docid=alma991014401959805221&mfacet=frbrgroupid%2Cinclude%2Ccdi_proquest_ebookcentralchapters_5493332_10_20%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_18_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_proquest_ebookcentralchapters_5493332_7_12%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_proquest_ebookcentralchapters_5493332_166_262%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_8_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_12_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_21_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_2_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_15_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_17_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_proquest_ebookcentralchapters_5493332_9_16%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_5_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_proquest_ebookcentralchapters_5493332_77_104%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_proquest_ebookcentralchapters_5493332_11_24%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_proquest_ebookcentralchapters_5493332_8_14%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_3_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_6_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_14_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_20_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_11_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_10_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_13_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_7_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_16_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_19_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_proquest_ebookcentralchapters_5493332_118_144%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_4_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_9_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_1_version2%2C1&isRelatedItems=true&context=L
https://unh.primo.exlibrisgroup.com/discovery/chapters?vid=01USNH_UNH%3AMAIN&query=any%2Ccontains%2Calma991014401959805221&search_scope=MyInstitution&tab=LibraryCatalog&type=chapters&docid=alma991014401959805221&mfacet=frbrgroupid%2Cinclude%2Ccdi_proquest_ebookcentralchapters_5493332_10_20%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_18_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_proquest_ebookcentralchapters_5493332_7_12%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_proquest_ebookcentralchapters_5493332_166_262%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_8_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_12_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_21_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_2_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_15_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_17_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_proquest_ebookcentralchapters_5493332_9_16%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_5_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_proquest_ebookcentralchapters_5493332_77_104%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_proquest_ebookcentralchapters_5493332_11_24%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_proquest_ebookcentralchapters_5493332_8_14%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_3_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_6_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_14_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_20_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_11_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_10_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_13_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_7_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_16_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_19_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_proquest_ebookcentralchapters_5493332_118_144%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_4_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_9_version2%2C1&mfacet=frbrgroupid%2Cinclude%2Ccdi_informaworld_taylorfrancisbooks_10_1201_9780429487125_1_version2%2C1&isRelatedItems=true&context=L
https://unh.primo.exlibrisgroup.com/discovery/search?vid=01USNH_UNH%3AMAIN&lang=en
https://unh.primo.exlibrisgroup.com/discovery/search?vid=01USNH_UNH%3AMAIN&lang=en
https://library.unh.edu/services/technical-support/report-library-access-problem
https://library.unh.edu/services/technical-support/report-library-access-problem
https://www.library.unh.edu/research-support/ask-a-librarian
https://www.library.unh.edu/research-support/ask-a-librarian
https://libraryguides.unh.edu/az.php
https://libraryguides.unh.edu/az.php
http://libraryguides.unh.edu/?b=s
http://libraryguides.unh.edu/?b=s
https://unh.primo.exlibrisgroup.com/discovery/search?tab=CourseReserves&search_scope=CourseReserves&vid=01USNH_UNH%3AMAIN&lang=en&offset=0
https://unh.primo.exlibrisgroup.com/discovery/search?tab=CourseReserves&search_scope=CourseReserves&vid=01USNH_UNH%3AMAIN&lang=en&offset=0
https://unh.primo.exlibrisgroup.com/discovery/favorites?vid=01USNH_UNH%3AMAIN&lang=en&section=search_history
https://unh.primo.exlibrisgroup.com/discovery/favorites?vid=01USNH_UNH%3AMAIN&lang=en&section=search_history
https://unh.primo.exlibrisgroup.com/discovery/favorites?vid=01USNH_UNH%3AMAIN&lang=en&section=items
https://unh.primo.exlibrisgroup.com/discovery/favorites?vid=01USNH_UNH%3AMAIN&lang=en&section=items
http://library.unh.edu/
http://library.unh.edu/
http://library.unh.edu/
http://library.unh.edu/

Links

Display Source Record[4

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0274


https://unh.primo.exlibrisgroup.com/discovery/sourceRecord?vid=01USNH_UNH%3AMAIN&docId=alma991014401959805221&recordOwner=01USNH_UNH
https://unh.primo.exlibrisgroup.com/discovery/sourceRecord?vid=01USNH_UNH%3AMAIN&docId=alma991014401959805221&recordOwner=01USNH_UNH
https://unh.primo.exlibrisgroup.com/discovery/sourceRecord?vid=01USNH_UNH%3AMAIN&docId=alma991014401959805221&recordOwner=01USNH_UNH
https://unh.primo.exlibrisgroup.com/discovery/sourceRecord?vid=01USNH_UNH%3AMAIN&docId=alma991014401959805221&recordOwner=01USNH_UNH
https://unh.primo.exlibrisgroup.com/discovery/sourceRecord?vid=01USNH_UNH%3AMAIN&docId=alma991014401959805221&recordOwner=01USNH_UNH
https://unh.primo.exlibrisgroup.com/discovery/sourceRecord?vid=01USNH_UNH%3AMAIN&docId=alma991014401959805221&recordOwner=01USNH_UNH
https://unh.primo.exlibrisgroup.com/discovery/sourceRecord?vid=01USNH_UNH%3AMAIN&docId=alma991014401959805221&recordOwner=01USNH_UNH
https://unh.primo.exlibrisgroup.com/discovery/sourceRecord?vid=01USNH_UNH%3AMAIN&docId=alma991014401959805221&recordOwner=01USNH_UNH
https://unh.primo.exlibrisgroup.com/discovery/sourceRecord?vid=01USNH_UNH%3AMAIN&docId=alma991014401959805221&recordOwner=01USNH_UNH
https://unh.primo.exlibrisgroup.com/discovery/sourceRecord?vid=01USNH_UNH%3AMAIN&docId=alma991014401959805221&recordOwner=01USNH_UNH

leader ©1848cam a2200445 i 4500

001 991014401959805221

005 20241118162558.0

008 18031952019 flua b 001 0 eng

010 ##$a2018011967

020 ##$29781498764186 $ghardcover ; $qgalkaline paper

020 ##$a1498764185 $qghardcover ; $qgalkaline paper

020 ##$a9781138747777 $qpaperback

020 ##$a1138747777 $qpaperback

020 ##$29781498764193 $qelectronic book

020 ##$29780429487125 $qgelectronic book

035 ##$a(0CoLC) 1012206334 $z(0CoLC)1012281733

040 ##$aDLC $beng $erda $cDLC $dYDX $dOCLCO $dOCLCQ $dDLC $dOCLCF $dYDX $d0OCLCO
042 ##$apcc

049 ##$aNHME

082 00$a628.5/2 $223

245 00%$aPerfluoroalkyl substances in the environment : $btheory, practice, and innovation / $cedited by David M. Kempisty, Yun Xing,
264 #1$aBoca Raton, FL : $bCRC Press, Taylor & Francis Group, $c[2019]

300 ##$axxi, 498 pages ; $c24 cm.

336 ##$atext $btxt $2rdacontent.

337 ##$aunmediated $bn $2rdamedia.

338 ##$avolume $bnc $2rdacarrier.

490 0#$aEnvironmental and occupational health series.

504 ##$alncludes bibliographical references and indexes.

583 1#$acommitted to retain $c20160630 $d20310630 $fEAST $uhttp://eastlibraries.org/retained-materials $5NhU $zEAST
650 #0$aSurface active agents $xEnvironmental aspects.

650 #0%$aFluorocarbons $xEnvironmental aspects.

700 1#$aKempisty, David M., $eeditor.

700 1#$aXing, Yun $c(Writer on chemistry) $eeditor.

700 1#%$aRacz, LeeAnn, $eeditor.

902 ##$a190515

907 ##%$a.b51815977 $bbe $c—

910 ##$aoclcybp

945 ##$aTD427.D4 $bP3945 2019 $gl1 $h0 $i34600019531737 $k03-11-2019 15:48 $lbes  $n2018-19 ILL LOAN 3-11-19 ALB $neap $o0- $gq- $r— ¢

994 ##$abe
999 ##$b1l $c190104 $dm $ea $T- $90

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0275



APPENDIX 1004D

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0276



EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0277



Perfluoroalkyl Substances in the Environment | Theory, Practice, and |

About Us (/about-us) Subjects v Browse v Products v

Librarian Resources (https://librarianresources.taylorandfrancis.com/?_ga=undefined)

2/26/26, 11:04 PM

Request a trial (/request-trial)

What's New!! (https://librarianresources.taylorandfrancis.com/library-insights/collection-development-management/whats-

new-on-taylor-francis-ebooks/?_ga=undefined)

Home (https://www.taylorfrancis.com) > Engineering & Technology (https://www.taylorfrancis.com/search?subject=SCEC&context=ubx) >

Chemical Engineering (https://www.taylorfrancis.com/search?subject=SCEC03&context=ubx) > Industr|

(https://www.taylorfrancis.com/search?subject=SCEC03508&context=ubx) > Perfluoroalkyl Substances i

Book

ial Hygiene

n the Environment

You do not have access to this content

Perfluoroalkyl Substances in the
Environment

Theory, Practice, and Innovation

currently. Please click 'Get Access' button
to see if you or your institution have
access to this content.

GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CU

Edited By David M. Kempisty (/search?contributorName=David M.
Kempisty&contributorRole=editor&redirectFromPDP=true&context=ubx), Yun

Xing (/search?contributorName=Yun

Xing&contributorRole=editor&redirectFromPDP=true&contg

Racz (/search?contributorName=LeeAnn

Xt=

o erH\bag( ’alber‘iﬁfa\\/grgion of this book

for personal use or request an inspection

Racz&contributorRole=editor&redirectFromPDP=true&contgyt=ubx)

Edition 1st Edition

(https://www.routledge.com/textbooks/evaluation/9781498"
ga=undefined) >»

First Published 2018

eBook Published 5 August 2018

GO TO ROUTLEDGE.COM (HTTPS://WWW.ROUTLEDGE.COM/PI

Pub. Location Boca Raton

Imprint CRC Press

DOl https://doi.org/10.1201/9780429487125
(https://doi.org/10.1201/9780429487125),

Pages 520

eBook ISBN 9780429487125

Accessibility Disclaimer “Subjects Engineering & Technology, Physical Sciences

ABSTRACT

Per- and polyfluorinated alkyl substances (PFAS), often referred to as per- (and poly) fluorinated comp
book discusses the various challenges of PFAS in our environment today, including their historical use
compounds in today's dynamic regulatory landscape and includes several chapters on various remedi

Key Features:

.
* In-depth analysis of PFAS toxicology
¢ Detailed descriptions of conventional and state-of-the-art remediation technologies
.

Practical recommendations for dealing with PFAS in a dynamic regulatory landscape

* Robust discussion of important sampling and analytical considerations

Perfluoroalkyl Substances in the Environment: Theory, Practice, and Innovation explores the challenges ac
management strategies to effectively protect this and future generations.

https://www.taylorfrancis.com/books/edit/10.1201/9780429487125/perfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty

METRICS

Share
40

(https://badge.dimensions.ai/defgls/doi/10.1201/978042948712
domain=https://www.taylorfrancis.com)

Citations Citation

Obtain Rights & Permissions for this
content.

ounds{(PECs),-have been-used foryears-in-many-everyd
as HIEH TS RERMISHANS(HITAS A A L PBFB ARG S Of

ation techniques.

Comprehensive overview of per- and polyfluorinated alkyl substances (PFAS) historical use arREGRFEBaBEIKSa! properties which help us understand 1

2
©

ross the topical areas of regulation and management, tc

Page 10of 7
EX-1040

Norit Americas, Inc. v. Calgon Carbon Corporation

0278


https://www.taylorfrancis.com/
https://www.taylorfrancis.com/
https://www.taylorfrancis.com/search?subject=SCEC&context=ubx
https://www.taylorfrancis.com/search?subject=SCEC&context=ubx
https://www.taylorfrancis.com/search?subject=SCEC03&context=ubx
https://www.taylorfrancis.com/search?subject=SCEC03&context=ubx
https://www.taylorfrancis.com/search?subject=SCEC0350&context=ubx
https://www.taylorfrancis.com/search?subject=SCEC0350&context=ubx
https://www.taylorfrancis.com/about-us
https://www.taylorfrancis.com/about-us
https://www.taylorfrancis.com/books/#
https://www.taylorfrancis.com/books/#
https://www.taylorfrancis.com/books/#
https://www.taylorfrancis.com/books/#
https://www.taylorfrancis.com/books/#
https://www.taylorfrancis.com/books/#
https://www.taylorfrancis.com/request-trial
https://www.taylorfrancis.com/request-trial
https://librarianresources.taylorandfrancis.com/?_ga=undefined
https://librarianresources.taylorandfrancis.com/?_ga=undefined
https://librarianresources.taylorandfrancis.com/library-insights/collection-development-management/whats-new-on-taylor-francis-ebooks/?_ga=undefined
https://librarianresources.taylorandfrancis.com/library-insights/collection-development-management/whats-new-on-taylor-francis-ebooks/?_ga=undefined
https://www.taylorfrancis.com/search?contributorName=David%20M.%20Kempisty&contributorRole=editor&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=David%20M.%20Kempisty&contributorRole=editor&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Yun%20Xing&contributorRole=editor&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Yun%20Xing&contributorRole=editor&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=LeeAnn%20Racz&contributorRole=editor&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=LeeAnn%20Racz&contributorRole=editor&redirectFromPDP=true&context=ubx
https://doi.org/10.1201/9780429487125
https://doi.org/10.1201/9780429487125
https://www.routledge.com/textbooks/evaluation/9781498764186?_ga=undefined
https://www.routledge.com/textbooks/evaluation/9781498764186?_ga=undefined
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.routledge.com/Perfluoroalkyl-Substances-in-the-Environment-Theory-Practice-and-Inn/Kempisty-Racz-Xing/p/book/9781498764186?_ga=undefined
https://www.routledge.com/Perfluoroalkyl-Substances-in-the-Environment-Theory-Practice-and-Inn/Kempisty-Racz-Xing/p/book/9781498764186?_ga=undefined
https://badge.dimensions.ai/details/doi/10.1201/9780429487125?domain=https://www.taylorfrancis.com
https://badge.dimensions.ai/details/doi/10.1201/9780429487125?domain=https://www.taylorfrancis.com
https://www.taylorfrancis.com/books/edit/10.1201/9780429487125/perfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty/rights-and-permissions
https://www.taylorfrancis.com/books/edit/10.1201/9780429487125/perfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty/rights-and-permissions

Perfluoroalkyl Substances in the Environment | Theory, Practice, and |

TABLE OF CONTENTS

Section | | 2 pages

Introduction and Analysis

Chapter 1| 32 pages

Fluorosurfactants in Firefighting Foams (/chapters/mono/10.1201/9780429487125-
1/fluorosurfactants-firefighting-foams-stephen-korzeniowski-robert-buck-david-

kempisty-martial-pabon?context=ubx&refld=3b75407e-fa7c-4c74-8c2e-e176e0fa2fd5)

Past and Present

By Stephen H. Korzeniowski (/search?contributorName=Stephen H.

Korzeniowski&contributorRole=author&redirectFromPDP=true&context=ubx), Robert

C. Buck (/search?contributorName=Robert C.
Buck&contributorRole=author&redirectFromPDP=true&context=ubx), David M.
Kempisty (/search?contributorName=David M.
Kempisty&contributorRole=author&redirectFromPDP=true&context=ubx), Martial
Pabon (/search?contributorName=Martial

Pabon&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

Chapter 2 | 32 pages

Per- and Polyfluoroalkyl Substance Analysis to Support Site Characterization,
Exposure, and Risk Management (/chapters/mono/10.1201/9780429487125-2/per-
polyfluoroalkyl-substance-analysis-support-site-characterization-exposure-risk-

management-kavitha-dasu-david-kempisty-marc-mills?context=ubx&refld=e2c5bd7e-

676d-4933-9b08-30e98a80d1a3)

By Kavitha Dasu (/search?contributorName=Kavitha
Dasu&contributorRole=author&redirectFromPDP=true&context=ubx), David M.
Kempisty (/search?contributorName=David M.
Kempisty&contributorRole=author&redirectFromPDP=true&context=ubx), Marc A.
Mills (/search?contributorName=Marc A.

Mills&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

Chapter 3 | 14 pages

Understanding Precursor Contributions (/chapters/mono/10.1201/9780429487125-
3/understanding-precursor-contributions-bharat-chandramouli?
context=ubx&refld=e5200163-83b8-49fa-b552-681f9f8e65ec)

The Total Oxidizable Precursor Assay

By Bharat Chandramouli (/search?contributorName=Bharat

Chandramouli&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

Section Il | 2 pages

Regulations

Chapter 4 | 8 pages

Managing Risk from Perfluorinated Compounds in Drinking Water
(/chapters/mono/10.1201/9780429487125-4/managing-risk-perfluorinated-
compounds-drinking-water-steve-via?context=ubx&refld=1ach8631-8c89-418a-a7b0-
51305fcd17b0)

By Steve Via (/search?contributorName=Steve

https://www.taylorfrancis.com/books/edit/10.1201/9780429487125/perfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty

2/26/26, 11:04 PM

Book

Petroleum
Contaminated

Soils, Volume |l
By Paul T. Kostecki

/pookyERECEY GIHBLT MR ERER AN comoainzcur

ntaminated-soils-volume-ii-paul-kostecki)

a

Book

Trace Elements
in the

Environment
Edited By M.N.V.
Prasad, Kenneth S....

(/books/edit/10.1201/9781420032048/trace-
elements-environment-prasad-kenneth-sajwan-
ravi-naidu)

Book

Environmentat
GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CURI
Impacts o

Treated Wood
Edited By Timothy G.
Townsend, Helena...

(/books/mono/10.1201/9781420006216/environmental-
impacts-treated-wood-timothy-townsend-helena-
solo-gabriele)

GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CURI

GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CURI

Page 2 of 7
EX-1040

Norit Americas, Inc. v. Calgon Carbon Corporation

0279


https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-1/fluorosurfactants-firefighting-foams-stephen-korzeniowski-robert-buck-david-kempisty-martial-pabon?context=ubx&refId=3b75407e-fa7c-4c74-8c2e-e176e0fa2fd5
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-1/fluorosurfactants-firefighting-foams-stephen-korzeniowski-robert-buck-david-kempisty-martial-pabon?context=ubx&refId=3b75407e-fa7c-4c74-8c2e-e176e0fa2fd5
https://www.taylorfrancis.com/search?contributorName=Stephen%20H.%20Korzeniowski&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Stephen%20H.%20Korzeniowski&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Robert%20C.%20Buck&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Robert%20C.%20Buck&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=David%20M.%20Kempisty&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=David%20M.%20Kempisty&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Martial%20Pabon&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Martial%20Pabon&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-2/per-polyfluoroalkyl-substance-analysis-support-site-characterization-exposure-risk-management-kavitha-dasu-david-kempisty-marc-mills?context=ubx&refId=e2c5bd7e-676d-4933-9b08-30e98a80d1a3
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-2/per-polyfluoroalkyl-substance-analysis-support-site-characterization-exposure-risk-management-kavitha-dasu-david-kempisty-marc-mills?context=ubx&refId=e2c5bd7e-676d-4933-9b08-30e98a80d1a3
https://www.taylorfrancis.com/search?contributorName=Kavitha%20Dasu&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Kavitha%20Dasu&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=David%20M.%20Kempisty&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=David%20M.%20Kempisty&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Marc%20A.%20Mills&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Marc%20A.%20Mills&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-3/understanding-precursor-contributions-bharat-chandramouli?context=ubx&refId=e5200163-83b8-49fa-b552-681f9f8e65ec
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-3/understanding-precursor-contributions-bharat-chandramouli?context=ubx&refId=e5200163-83b8-49fa-b552-681f9f8e65ec
https://www.taylorfrancis.com/search?contributorName=Bharat%20Chandramouli&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Bharat%20Chandramouli&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-4/managing-risk-perfluorinated-compounds-drinking-water-steve-via?context=ubx&refId=1acb8631-8c89-418a-a7b0-51305fcd17b0
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-4/managing-risk-perfluorinated-compounds-drinking-water-steve-via?context=ubx&refId=1acb8631-8c89-418a-a7b0-51305fcd17b0
https://www.taylorfrancis.com/search?contributorName=Steve%20Via&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Steve%20Via&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/books/edit/10.1201/9781003760214/petroleum-contaminated-soils-volume-ii-paul-kostecki
https://www.taylorfrancis.com/books/edit/10.1201/9781003760214/petroleum-contaminated-soils-volume-ii-paul-kostecki
https://www.taylorfrancis.com/books/edit/10.1201/9781420032048/trace-elements-environment-prasad-kenneth-sajwan-ravi-naidu
https://www.taylorfrancis.com/books/edit/10.1201/9781420032048/trace-elements-environment-prasad-kenneth-sajwan-ravi-naidu
https://www.taylorfrancis.com/books/mono/10.1201/9781420006216/environmental-impacts-treated-wood-timothy-townsend-helena-solo-gabriele
https://www.taylorfrancis.com/books/mono/10.1201/9781420006216/environmental-impacts-treated-wood-timothy-townsend-helena-solo-gabriele

Perfluoroalkyl Substances in the Environment | Theory, Practice, and | 2/26/26, 11:04 PM

Via&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

Chapter 5| 12 pages

Emerging Contaminant Monitoring as a Host Nation Guest
(/chapters/mono/10.1201/9780429487125-5/emerging-contaminant-monitoring-host- GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CURI
nation-guest-andrew-wagner?context=ubx&refld=13e2c8f6-14f0-4255-9559-
49cc7733b32¢)

An Environmental Health Professional’s Perspective 1

By Andrew J. Wagner (/search?contributorName=Andrew J.

Wagner&contributorRole=author&redirectFromPDP=true&context=ubx)
Abstract v

Chapter 6 | 10 pages

Uncharted Waters (/chapters/mono/10.1201/9780429487125-6/uncharted-waters-
miranda-brannon?context=ubx&refld=1a25e046-25a1-4233-9181-141a1 789fb56) GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CURI

Challenges for Public Water Systems Addressing Drinking Water Health Advisory Levels for PFOS and
PFOA

By Miranda Brannon (/search?contributorName=Miranda

Brannon&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

Chapter 7 | 8 pages

Challenges of Managing Emerging Contaminants
(/chapte rs/mono/10.1201/97804294871 25—7/chaIIenges—managing—emerging— GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CUR|
contaminants-hunter-anderson-david-kempisty?context=ubx&refld=7939a013-252e-
47d7-b8d2-0c8a268421e7)

Historical Per- and Polyfluorinated Alkyl Substance Use in the US Air Force

By R. Hunter Anderson (/search?contributorName=R. Hunter
Anderson&contributorRole=author&redirectFromPDP=true&context=ubx), David M.
Kempisty (/search?contributorName=David M.

Kempisty&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

Section Il | 2 pages

Toxicology

Chapter 8 | 48 pages

Human Health Risk Assessment of Perfluorinated Chemicals

(/chapters/mono/10.1201/9780429487125-8/human-health-risk-assessment- GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CUR!
perfluorinated-chemicals-penelope-rice?context=ubx&refld=d3704ee5-d151-418a-
abde-5aebbe4e2f45)

By Penelope Rice (/search?contributorName=Penelope

Rice&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

Chapter 9 | 32 pages

Perfluoroalkyl Substance Toxicity from Early-Life Exposure

(/chapters/mono/10.1201/9780429487125-9/perfluoroalkyl-substance-toxicity-early- GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CUR|
life-exposure-david-klein-joseph-braun?context=ubx&refld=d2dde48c-7eb3-4f13-90aa-
ad720d5e7de6)

By David Klein (/search?contributorName=David

Klein&contributorRole=author&redirectFromPDP=true&context=ubx), Joseph M.

Draiin lleaavrh2rantrihiitarNlama—lacanh

https://www.taylorfrancis.com/books/edit/10.1201/9780429487125/perfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty Page 3 of 7
EX-1040

Norit Americas, Inc. v. Calgon Carbon Corporation
0280


https://www.taylorfrancis.com/search?contributorName=Steve%20Via&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Steve%20Via&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-5/emerging-contaminant-monitoring-host-nation-guest-andrew-wagner?context=ubx&refId=13e2c8f6-14f0-4255-9559-49cc7733b32c
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-5/emerging-contaminant-monitoring-host-nation-guest-andrew-wagner?context=ubx&refId=13e2c8f6-14f0-4255-9559-49cc7733b32c
https://www.taylorfrancis.com/search?contributorName=Andrew%20J.%20Wagner&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Andrew%20J.%20Wagner&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-6/uncharted-waters-miranda-brannon?context=ubx&refId=1a25e046-25a1-4233-9181-141a17a9fb5a
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-6/uncharted-waters-miranda-brannon?context=ubx&refId=1a25e046-25a1-4233-9181-141a17a9fb5a
https://www.taylorfrancis.com/search?contributorName=Miranda%20Brannon&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Miranda%20Brannon&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-7/challenges-managing-emerging-contaminants-hunter-anderson-david-kempisty?context=ubx&refId=7939a013-252e-47d7-b8d2-0c8a268421e7
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-7/challenges-managing-emerging-contaminants-hunter-anderson-david-kempisty?context=ubx&refId=7939a013-252e-47d7-b8d2-0c8a268421e7
https://www.taylorfrancis.com/search?contributorName=R.%20Hunter%20Anderson&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=R.%20Hunter%20Anderson&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=David%20M.%20Kempisty&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=David%20M.%20Kempisty&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-8/human-health-risk-assessment-perfluorinated-chemicals-penelope-rice?context=ubx&refId=d3704ee5-d151-418a-abde-5ae6be4e2f45
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-8/human-health-risk-assessment-perfluorinated-chemicals-penelope-rice?context=ubx&refId=d3704ee5-d151-418a-abde-5ae6be4e2f45
https://www.taylorfrancis.com/search?contributorName=Penelope%20Rice&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Penelope%20Rice&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-9/perfluoroalkyl-substance-toxicity-early-life-exposure-david-klein-joseph-braun?context=ubx&refId=d2dde48c-7eb3-4f13-90aa-ad720d5e7de6
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-9/perfluoroalkyl-substance-toxicity-early-life-exposure-david-klein-joseph-braun?context=ubx&refId=d2dde48c-7eb3-4f13-90aa-ad720d5e7de6
https://www.taylorfrancis.com/search?contributorName=David%20Klein&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=David%20Klein&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Joseph%20M.%20Braun&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Joseph%20M.%20Braun&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty

Perfluoroalkyl Substances in the Environment | Theory, Practice, and | 2/26/26, 11:04 PM

DIaUII \/DTAl LI LUTILIMULULINGTTIT—JUDTPI VL

Braun&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

Chapter 10 | 36 pages

PFAS Isomers (/chapters/mono/10.1201/9780429487125-10/pfas-isomers-yun-xing-
gabriel—cantu—david—kempisty?context=ubx&refld=1 a8cf56¢-f61a-490e-b013- GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CUR|
e28e5b9fbbed)

Characterization, Profiling, and Toxicity

By Yun Xing (/search?contributorName=Yun
Xing&contributorRole=author&redirectFromPDP=true&context=ubx), Gabriel Cantu
(/search?contributorName=Gabriel
Cantu&contributorRole=author&redirectFromPDP=true&context=ubx), David M.
Kempisty (/search?contributorName=David M.

Kempisty&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

Section IV | 2 pages

Remediation

Chapter 11 | 14 pages

Water Treatment Technologies for Targeting the Removal of Poly- and Perfluoroalkyl
Substances (/chapters/mono/10.1201/9780429487125-11/water-treatment- GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CUR|
technologies-targeting-removal-poly-perfluoroalkyl-substances-eric-dickenson-edgard-
verdugo?context=ubx&refld=771cf0b5-2365-4c8f-a0a6-e89280dba062)

By Eric R. V. Dickenson (/search?contributorName=Eric R. V.
Dickenson&contributorRole=author&redirectFromPDP=true&context=ubx), Edgard
M. Verdugo (/search?contributorName=Edgard M.

Verdugo&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

Chapter 12 | 48 pages

Oxidation and Reduction Approaches for Treatment of Perfluoroalkyl Substances
(/chapters/mono/1 0.1201/9780429487125-1 2/o><idation—reduction—approaches— GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CUR|
treatment-perfluoroalkyl-substances-blossom-nzeribe-selma-thagard-thomas-holsen-
gunnar-stratton-michelle-crimi?context=ubx&refld=fb0964eb-73e9-46ed-8f41-
a172c9146b7c¢)

By Blossom N. Nzeribe (/search?contributorName=Blossom N.
Nzeribe&contributorRole=author&redirectFromPDP=true&context=ubx), Selma M.
Thagard (/search?contributorName=Selma M.
Thagard&contributorRole=author&redirectFromPDP=true&context=ubx), Thomas M.
Holsen (/search?contributorName=Thomas M.
Holsen&contributorRole=author&redirectFromPDP=true&context=ubx), Gunnar
Stratton (/search?contributorName=Gunnar
Stratton&contributorRole=author&redirectFromPDP=true&context=ubx), Michelle
Crimi (/search?contributorName=Michelle

Crimi&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

Chapter 13 | 22 pages

Reactivation of Spent Activated Carbon Used for PFAS Adsorption

(/chapters/mono/10.1201/9780429487125-13/reactivation-spent-activated-carbon- GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CURI
https://www.taylorfrancis.com/books/edit/10.1201/9780429487125/perfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty Page 4 of 7
EX-1040

Norit Americas, Inc. v. Calgon Carbon Corporation
0281


https://www.taylorfrancis.com/search?contributorName=Joseph%20M.%20Braun&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Joseph%20M.%20Braun&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-10/pfas-isomers-yun-xing-gabriel-cantu-david-kempisty?context=ubx&refId=1a8cf56c-f61a-490e-b013-e28e5b9fbbed
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-10/pfas-isomers-yun-xing-gabriel-cantu-david-kempisty?context=ubx&refId=1a8cf56c-f61a-490e-b013-e28e5b9fbbed
https://www.taylorfrancis.com/search?contributorName=Yun%20Xing&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Yun%20Xing&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Gabriel%20Cantu&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Gabriel%20Cantu&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=David%20M.%20Kempisty&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=David%20M.%20Kempisty&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-11/water-treatment-technologies-targeting-removal-poly-perfluoroalkyl-substances-eric-dickenson-edgard-verdugo?context=ubx&refId=771cf0b5-2365-4c8f-a0a6-e89280dba062
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-11/water-treatment-technologies-targeting-removal-poly-perfluoroalkyl-substances-eric-dickenson-edgard-verdugo?context=ubx&refId=771cf0b5-2365-4c8f-a0a6-e89280dba062
https://www.taylorfrancis.com/search?contributorName=Eric%20R.%20V.%20Dickenson&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Eric%20R.%20V.%20Dickenson&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Edgard%20M.%20Verdugo&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Edgard%20M.%20Verdugo&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-12/oxidation-reduction-approaches-treatment-perfluoroalkyl-substances-blossom-nzeribe-selma-thagard-thomas-holsen-gunnar-stratton-michelle-crimi?context=ubx&refId=fb0964eb-73e9-46ed-8f41-a172c9146b7c
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-12/oxidation-reduction-approaches-treatment-perfluoroalkyl-substances-blossom-nzeribe-selma-thagard-thomas-holsen-gunnar-stratton-michelle-crimi?context=ubx&refId=fb0964eb-73e9-46ed-8f41-a172c9146b7c
https://www.taylorfrancis.com/search?contributorName=Blossom%20N.%20Nzeribe&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Blossom%20N.%20Nzeribe&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Selma%20M.%20Thagard&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Selma%20M.%20Thagard&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Thomas%20M.%20Holsen&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Thomas%20M.%20Holsen&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Gunnar%20Stratton&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Gunnar%20Stratton&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Michelle%20Crimi&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Michelle%20Crimi&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-13/reactivation-spent-activated-carbon-used-pfas-adsorption-john-matthis-stephanie-carr?context=ubx&refId=51384313-b68b-4961-9c43-43b3d624f29f
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-13/reactivation-spent-activated-carbon-used-pfas-adsorption-john-matthis-stephanie-carr?context=ubx&refId=51384313-b68b-4961-9c43-43b3d624f29f
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty

Perfluoroalkyl Substances in the Environment | Theory, Practice, and | 2/26/26, 11:04 PM

USEU-PIdS-dasOrpuorn-jonm-rmdunis-stepndrie-carr fCOneXt=upxs&rerna=s 13845 1 5- L

b68b-4961-9c43-43b3d624f29f)

By John Matthis (/search?contributorName=John
Matthis&contributorRole=author&redirectFromPDP=true&context=ubx), Stephanie
Carr (/search?contributorName=Stephanie

Carr&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

Chapter 14 | 28 pages

lon Exchange for PFAS Removal (/chapters/mono/10.1201/9780429487125-14/ion-
exchange-pfas-removal-steven-woodard-michael-nickelsen-marilyn-sinnett? GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CUR!
context=ubx&refld=ce912da3-4175-43a1-bebd-4e44243ef0d6)

By Steven Woodard (/search?contributorName=Steven
Woodard&contributorRole=author&redirectFromPDP=true&context=ubx), Michael G.
Nickelsen (/search?contributorName=Michael G.
Nickelsen&contributorRole=author&redirectFromPDP=true&context=ubx), Marilyn
M. Sinnett (/search?contributorName=Marilyn M.

Sinnett&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

Chapter 15 | 20 pages

Occurrence of Select Perfluoroalkyl Substances at US Air Force Aqueous Film-Forming
Foam Release Sites Other than Fire Training Areas GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CUR|
(/chapters/mono/10.1201/9780429487125-15/occurrence-select-perfluoroalkyl-
substances-us-air-force-aqueous-film-forming-foam-release-sites-fire-training-areas-
hunter-anderson-cornell-long-ronald-porter-janet-anderson?
context=ubx&refld=9ce69546-f8a3-4b7d-b14a-a540f3135e51)

Field Validation of Critical Fate and Transport Properties

By R. Hunter Anderson (/search?contributorName=R. Hunter
Anderson&contributorRole=author&redirectFromPDP=true&context=ubx), G. Cornell
Long (/search?contributorName=G. Cornell
Long&contributorRole=author&redirectFromPDP=true&context=ubx), Ronald C.
Porter (/search?contributorName=Ronald C.
Porter&contributorRole=author&redirectFromPDP=true&context=ubx), Janet K.
Anderson (/search?contributorName=Janet K.

Anderson&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

Chapter 16 | 10 pages

A Preliminary Treatment Train Study (/chapters/mono/10.1201/9780429487125-
16/preliminary-treatment-train-study-sean-dyson-christopher-schmidt-john-stubbs? GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CUR!
context=ubx&refld=575172f5-e112-4a16-8a84-86698cd64e32)

Removal of Perfluorinated Compounds from Postemergency Wastewater by Advanced Oxidation
Process and Granular Activated Carbon Adsorption

By Sean M. Dyson (/search?contributorName=Sean M.
Dyson&contributorRole=author&redirectFromPDP=true&context=ubx), Christopher
T. Schmidt (/search?contributorName=Christopher T.
Schmidt&contributorRole=author&redirectFromPDP=true&context=ubx), John E.
Stubbs (/search?contributorName=John E.

Stubbs&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

https://www.taylorfrancis.com/books/edit/10.1201/9780429487125/perfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty Page 5 of 7

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0282


https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-13/reactivation-spent-activated-carbon-used-pfas-adsorption-john-matthis-stephanie-carr?context=ubx&refId=51384313-b68b-4961-9c43-43b3d624f29f
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-13/reactivation-spent-activated-carbon-used-pfas-adsorption-john-matthis-stephanie-carr?context=ubx&refId=51384313-b68b-4961-9c43-43b3d624f29f
https://www.taylorfrancis.com/search?contributorName=John%20Matthis&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=John%20Matthis&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Stephanie%20Carr&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Stephanie%20Carr&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-14/ion-exchange-pfas-removal-steven-woodard-michael-nickelsen-marilyn-sinnett?context=ubx&refId=ce912da3-4175-43a1-bebd-4e44243ef0d6
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-14/ion-exchange-pfas-removal-steven-woodard-michael-nickelsen-marilyn-sinnett?context=ubx&refId=ce912da3-4175-43a1-bebd-4e44243ef0d6
https://www.taylorfrancis.com/search?contributorName=Steven%20Woodard&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Steven%20Woodard&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Michael%20G.%20Nickelsen&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Michael%20G.%20Nickelsen&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Marilyn%20M.%20Sinnett&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Marilyn%20M.%20Sinnett&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-15/occurrence-select-perfluoroalkyl-substances-us-air-force-aqueous-film-forming-foam-release-sites-fire-training-areas-hunter-anderson-cornell-long-ronald-porter-janet-anderson?context=ubx&refId=9ce69546-f8a3-4b7d-b14a-a540f3135e51
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-15/occurrence-select-perfluoroalkyl-substances-us-air-force-aqueous-film-forming-foam-release-sites-fire-training-areas-hunter-anderson-cornell-long-ronald-porter-janet-anderson?context=ubx&refId=9ce69546-f8a3-4b7d-b14a-a540f3135e51
https://www.taylorfrancis.com/search?contributorName=R.%20Hunter%20Anderson&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=R.%20Hunter%20Anderson&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=G.%20Cornell%20Long&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=G.%20Cornell%20Long&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Ronald%20C.%20Porter&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Ronald%20C.%20Porter&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Janet%20K.%20Anderson&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Janet%20K.%20Anderson&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-16/preliminary-treatment-train-study-sean-dyson-christopher-schmidt-john-stubbs?context=ubx&refId=575172f5-e112-4a16-8a84-86698cd64e32
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-16/preliminary-treatment-train-study-sean-dyson-christopher-schmidt-john-stubbs?context=ubx&refId=575172f5-e112-4a16-8a84-86698cd64e32
https://www.taylorfrancis.com/search?contributorName=Sean%20M.%20Dyson&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Sean%20M.%20Dyson&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Christopher%20T.%20Schmidt&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Christopher%20T.%20Schmidt&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=John%20E.%20Stubbs&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=John%20E.%20Stubbs&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty

Perfluoroalkyl Substances in the Environment | Theory, Practice, and |

Lnapter 1/ | 22 pages

Remediation of PFAS-Contaminated Soil (/chapters/mono/10.1201/9780429487125-
17/remediation-pfas-contaminated-soil-konstantin-volchek-yuan-yao-carl-brown?
context=ubx&refld=7c572b01-fd54-44c0-b9a5-8c7bde048b7c)

By Konstantin Volchek (/search?contributorName=Konstantin
Volchek&contributorRole=author&redirectFromPDP=true&context=ubx), Yuan Yao
(/search?contributorName=Yuan
Yao&contributorRole=author&redirectFromPDP=true&context=ubx), Carl E. Brown
(/search?contributorName=Carl E.

Brown&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

Chapter 18 | 12 pages

Soil and Groundwater PFAS Remediation (/chapters/mono/10.1201/9780429487125-
18/soil-groundwater-pfas-remediation-david-alden-john-archibald-gary-birk-richard-
stewart?context=ubx&refld=a8d74b75-989f-4b46-8ec5-504af28bc4f2)

Two Technology Examples
By David F. Alden (/search?contributorName=David F.

Alden&contributorRole=author&redirectFromPDP=true&context=ubx), John
Archibald (/search?contributorName=Jjohn
Archibald&contributorRole=author&redirectFromPDP=true&context=ubx), Gary M.
Birk (/search?contributorName=Gary M.
Birk&contributorRole=author&redirectFromPDP=true&context=ubx), Richard J.
Stewart (/search?contributorName=Richard J.

Stewart&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

Chapter 19 | 30 pages

Per- and Polyfluoroalkyl Substances in AFFF-Impacted Soil and Groundwater and Their
Treatment Technologies (/chapters/mono/10.1201/9780429487125-19/per-
polyfluoroalkyl-substances-afff-impacted-soil-groundwater-treatment-technologies-bo-
wang-abinash-agrawal-marc-mills?context=ubx&refld=e5178202-a3c5-4c85-a4db-
f3d90c188fe4)

By Bo Wang (/search?contributorName=Bo
Wang&contributorRole=author&redirectFromPDP=true&context=ubx), Abinash
Agrawal (/search?contributorName=Abinash
Agrawal&contributorRole=author&redirectFromPDP=true&context=ubx), Marc A.
Mills (/search?contributorName=Marc A.

Mills&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

Chapter 20 | 20 pages

Short-Chain PFAS (/chapters/mono/10.1201/9780429487125-20/short-chain-pfas-yuan-
yao-justin-burgess-konstantin-volchek-carl-brown?context=ubx&refld=7ea6d93c-beeb-
4440-ae57-3530959e5494)

Their Sources, Properties, Toxicity, Environmental Fate, and Treatment

By Yuan Yao (/search?contributorName=Yuan
Yao&contributorRole=author&redirectFromPDP=true&context=ubx), Justin Burgess
(/search?contributorName=Justin
Burgess&contributorRole=author&redirectFromPDP=true&context=ubx), Konstantin
Volchek (/search?contributorName=Konstantin

Volchek&contributorRole=author&redirectFromPDP=true&context=ubx), Carl E.

2/26/26, 11:04 PM

GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CURI

GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CURI

GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CURI

GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CURI

https://www.taylorfrancis.com/books/edit/10.1201/9780429487125/perfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty

EX-1040

Norit Americas, Inc. v. Calgon Carbon Corporation

0283

Page 6 of 7


https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-17/remediation-pfas-contaminated-soil-konstantin-volchek-yuan-yao-carl-brown?context=ubx&refId=7c572b01-fd54-44c0-b9a5-8c7bde048b7c
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-17/remediation-pfas-contaminated-soil-konstantin-volchek-yuan-yao-carl-brown?context=ubx&refId=7c572b01-fd54-44c0-b9a5-8c7bde048b7c
https://www.taylorfrancis.com/search?contributorName=Konstantin%20Volchek&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Konstantin%20Volchek&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Yuan%20Yao&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Yuan%20Yao&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Carl%20E.%20Brown&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Carl%20E.%20Brown&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-18/soil-groundwater-pfas-remediation-david-alden-john-archibald-gary-birk-richard-stewart?context=ubx&refId=a8d74b75-989f-4b46-8ec5-504af28bc4f2
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-18/soil-groundwater-pfas-remediation-david-alden-john-archibald-gary-birk-richard-stewart?context=ubx&refId=a8d74b75-989f-4b46-8ec5-504af28bc4f2
https://www.taylorfrancis.com/search?contributorName=David%20F.%20Alden&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=David%20F.%20Alden&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=John%20Archibald&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=John%20Archibald&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Gary%20M.%20Birk&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Gary%20M.%20Birk&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Richard%20J.%20Stewart&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Richard%20J.%20Stewart&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-19/per-polyfluoroalkyl-substances-afff-impacted-soil-groundwater-treatment-technologies-bo-wang-abinash-agrawal-marc-mills?context=ubx&refId=e5178202-a3c5-4c85-a4db-f3d90c188fe4
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-19/per-polyfluoroalkyl-substances-afff-impacted-soil-groundwater-treatment-technologies-bo-wang-abinash-agrawal-marc-mills?context=ubx&refId=e5178202-a3c5-4c85-a4db-f3d90c188fe4
https://www.taylorfrancis.com/search?contributorName=Bo%20Wang&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Bo%20Wang&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Abinash%20Agrawal&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Abinash%20Agrawal&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Marc%20A.%20Mills&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Marc%20A.%20Mills&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-20/short-chain-pfas-yuan-yao-justin-burgess-konstantin-volchek-carl-brown?context=ubx&refId=7ea6d93c-beeb-4440-ae57-3530959e5494
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-20/short-chain-pfas-yuan-yao-justin-burgess-konstantin-volchek-carl-brown?context=ubx&refId=7ea6d93c-beeb-4440-ae57-3530959e5494
https://www.taylorfrancis.com/search?contributorName=Yuan%20Yao&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Yuan%20Yao&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Justin%20Burgess&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Justin%20Burgess&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Konstantin%20Volchek&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Konstantin%20Volchek&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Carl%20E.%20Brown&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Carl%20E.%20Brown&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty

Perfluoroalkyl Substances in the Environment | Theory, Practice, and | 2/26/26, 11:04 PM
Brown (/search?contributorName=Carl E.
Brown&contributorRole=author&redirectFromPDP=true&context=ubx)
Abstract v

Chapter 21 | 18 pages

Case Study (/chapters/mono/10.1201/9780429487125-21/case-study-brandon-
newman—joh n—berry?context=ubx&refld=4e75d1 95-aacd-42c3-80fe-9a4f8530b302) GET ACCESS (HTTPS://WWW.TAYLORFRANCIS.COM/LOGIN?CURI

Pilot Testing Synthetic Media and Granular Activated Carbon for Treatment of Poly- and Perfluorinated
Alkyl Substances in Groundwater

By Brandon Newman (/search?contributorName=Brandon
Newman&contributorRole=author&redirectFromPDP=true&context=ubx), John Berry
(/search?contributorName=John

Berry&contributorRole=author&redirectFromPDP=true&context=ubx)

Abstract v

-

(https://www.taylorfrancis.com)

Policies Journals Corporate Help & Contact [
Privacy Policy (https://informa.com/privacy-policy/) Taylor & Francis Online Taylor & Francis Group Students/Researchers

- . (https://www.tandfonline.com/?(https://taylorandfrancis.com/?(https://help.taylorfrancis.com/students_researchers?
Terms & Conditions (/terms-and-conditions/) _ga=undefined) _ga=undefined) _gazundefined) (
Cookie Policy (/cookie-policy/) Librarians/Institutions {
Accessibility (https://help.taylorfrancis.com/librarians_institutions?
(https://help.taylorfrancis.com/librarians_institutions/s/article/Accessibility- _ga=undefined)

Statement?_ga=undefined)

Registered in England & Wales No. 3099067

5 Howick Place | London | SW1P TWG © 2026 Informa UK Limited
https://www.taylorfrancis.com/books/edit/10.1201/9780429487125/perfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty Page 7 of 7
EX-1040

Norit Americas, Inc. v. Calgon Carbon Corporation
0284


https://www.taylorfrancis.com/
https://www.taylorfrancis.com/
https://informa.com/privacy-policy/
https://informa.com/privacy-policy/
https://www.taylorfrancis.com/terms-and-conditions/
https://www.taylorfrancis.com/terms-and-conditions/
https://www.taylorfrancis.com/cookie-policy/
https://www.taylorfrancis.com/cookie-policy/
https://help.taylorfrancis.com/librarians_institutions/s/article/Accessibility-Statement?_ga=undefined
https://help.taylorfrancis.com/librarians_institutions/s/article/Accessibility-Statement?_ga=undefined
https://www.tandfonline.com/?_ga=undefined
https://www.tandfonline.com/?_ga=undefined
https://taylorandfrancis.com/?_ga=undefined
https://taylorandfrancis.com/?_ga=undefined
https://help.taylorfrancis.com/students_researchers?_ga=undefined
https://help.taylorfrancis.com/students_researchers?_ga=undefined
https://help.taylorfrancis.com/librarians_institutions?_ga=undefined
https://help.taylorfrancis.com/librarians_institutions?_ga=undefined
https://www.linkedin.com/company/taylor-&-francis-group/
https://www.linkedin.com/company/taylor-&-francis-group/
https://www.taylorfrancis.com/search?contributorName=Carl%20E.%20Brown&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Carl%20E.%20Brown&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-21/case-study-brandon-newman-john-berry?context=ubx&refId=4e75d195-aacd-42c3-80fe-9a4f8530b302
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429487125-21/case-study-brandon-newman-john-berry?context=ubx&refId=4e75d195-aacd-42c3-80fe-9a4f8530b302
https://www.taylorfrancis.com/search?contributorName=Brandon%20Newman&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=Brandon%20Newman&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=John%20Berry&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/search?contributorName=John%20Berry&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty
https://www.taylorfrancis.com/login?current_url=https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2Fedit%2F10.1201%2F9780429487125%2Fperfluoroalkyl-substances-environment-yun-xing-leeann-racz-david-kempisty

APPENDIX 1004E

EX-1040
Norit Americas, Inc. v. Calgon Carbon Corporation
0285



FirstSearch: Libraries that Own Item

FirstSearch

Libraries that Own Iltem

https://firstsearch-oclc-org.us 1 .proxy.openathens.net/WebZ/FSFETCH?f...

« This screen shows libraries that own the item you selected.

University Libraries

| Back to CUA Libraries

Home Databases Searching Results Staff View | My Account | Options | Comments | Exit | Hide tips
List of Records Detailed Record Marked Records Saved Records [Go to page v 1
g g ﬁ Current database: WorldCat Total Libraries: 102
E-mail Print Return Help
Title: Perfluoroalkyl substances in the environment : theory, practice, and innovation Author: Kempisty, David M Accession Number:
1049150067
All Libraries that Own Item: "Perfluoroalkyl substances..."( Record for Item | Get This Item )
Location Library Local Holdings Code
US,VA il GEORGE MASON UNIV VGM

Us,CA SAINT MARY'S COL LIBR GHo
Us,CA SHARP MEM HOSP LIBR SMV
Us,CA UNIV OF CALIFORNIA, IRVINE CuI
us, co UNIV OF COLORADO AT BOULDER cob
us, co UNIV OF COLORADO AT COLORADO SPRINGS cox
us, co UNIV OF COLORADO AT DENVER, AURARIA LIBR COA
us,CT SACRED HEART UNIV LIBR SHU
US,FL FLORIDA INT UNIV FXG
US,FL UNIV OF N FLORIDA, CARPENTER LIBR FNP
US,GA UNIV OF GEORGIA GUA
US,IN PURDUE UNIV IPL
US,LA LOUISIANA STATE UNIV SHREVEPORT LUS
US,MA CLARK UNIV CKM
US,MA EBSCO MOSAIC MOSAC
US,MA MASSACHUSETTS INST OF TECHNOL LIBRS MYG
US,MA NETLIBRARY, INC N$T
US,MN UNIV OF MINNESOTA, DULUTH MND
US,NC FAYETTEVILLE STATE UNIV NFS
US,NC MEREDITH L NMC
US,NC NORTH CAROLINA STATE UNIV AT RALEIGH LI NRC
US,NC UNIV OF N CAROLINA, CHAPEL HILL NOC
US,NH GOBI LIBR SERVS YDX
US,NJ PRINCETON UNIV PUL
US,NY COLUMBIA UNIV IN THE CITY OF NEW YORK ZCU
US,NY CORNELL UNIV Local Holdings Availa... (€00

1of6

3/19/26, 8:35 PM
EX-1040

Norit Americas, Inc. v. Calgon Carbon Corporation

0286


http://libraries.cua.edu/
http://libraries.cua.edu/
http://libraries.cua.edu/
http://libraries.cua.edu/
http://libraries.cua.edu/
http://libraries.cua.edu/
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=home:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=home:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=home:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=home:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=home:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=home:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=home:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=home:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=alldbs:entityqsquery=:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=alldbs:entityqsquery=:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=alldbs:entityqsquery=:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=alldbs:entityqsquery=:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=alldbs:entityqsquery=:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=alldbs:entityqsquery=:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=alldbs:entityqsquery=:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=alldbs:entityqsquery=:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=search:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=search:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=search:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=search:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=search:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=search:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=search:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=search:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=fullrecord:next=html/record.html:bad=error/badfetch.html:resultset=1:format=FI:recno=1:numrecs=1:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=fullrecord:next=html/record.html:bad=error/badfetch.html:resultset=1:format=FI:recno=1:numrecs=1:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=fullrecord:next=html/record.html:bad=error/badfetch.html:resultset=1:format=FI:recno=1:numrecs=1:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=fullrecord:next=html/record.html:bad=error/badfetch.html:resultset=1:format=FI:recno=1:numrecs=1:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=fullrecord:next=html/record.html:bad=error/badfetch.html:resultset=1:format=FI:recno=1:numrecs=1:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=fullrecord:next=html/record.html:bad=error/badfetch.html:resultset=1:format=FI:recno=1:numrecs=1:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=fullrecord:next=html/record.html:bad=error/badfetch.html:resultset=1:format=FI:recno=1:numrecs=1:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=fullrecord:next=html/record.html:bad=error/badfetch.html:resultset=1:format=FI:recno=1:numrecs=1:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=stafflogin:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:entityloginto=holdings
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=stafflogin:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:entityloginto=holdings
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=stafflogin:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:entityloginto=holdings
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=stafflogin:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:entityloginto=holdings
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=stafflogin:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:entityloginto=holdings
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=stafflogin:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:entityloginto=holdings
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSSaveSearchFrom?saveViewFromPage=general:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSSaveSearchFrom?saveViewFromPage=general:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSSaveSearchFrom?saveViewFromPage=general:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSSaveSearchFrom?saveViewFromPage=general:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSSaveSearchFrom?saveViewFromPage=general:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSSaveSearchFrom?saveViewFromPage=general:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSSaveSearchFrom?saveViewFromPage=general:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSSaveSearchFrom?saveViewFromPage=general:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=prefs:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=prefs:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=prefs:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=prefs:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=prefs:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=prefs:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
javascript:popup('Comments')
javascript:popup('Comments')
javascript:popup('Comments')
javascript:popup('Comments')
javascript:popup('Comments')
javascript:popup('Comments')
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSLOGOFF?logoffmethod=user:next=html/login_en.html:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSLOGOFF?logoffmethod=user:next=html/login_en.html:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSLOGOFF?logoffmethod=user:next=html/login_en.html:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSLOGOFF?logoffmethod=user:next=html/login_en.html:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSLOGOFF?logoffmethod=user:next=html/login_en.html:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSLOGOFF?logoffmethod=user:next=html/login_en.html:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSLOGOFF?logoffmethod=user:next=html/login_en.html:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSLOGOFF?logoffmethod=user:next=html/login_en.html:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:pagename=holdings:entitycurrecno=1:entityhidetopbox=true
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:pagename=holdings:entitycurrecno=1:entityhidetopbox=true
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:pagename=holdings:entitycurrecno=1:entityhidetopbox=true
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:pagename=holdings:entitycurrecno=1:entityhidetopbox=true
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:pagename=holdings:entitycurrecno=1:entityhidetopbox=true
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:pagename=holdings:entitycurrecno=1:entityhidetopbox=true
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:pagename=holdings:entitycurrecno=1:entityhidetopbox=true
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:pagename=holdings:entitycurrecno=1:entityhidetopbox=true
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=searchresults:next=html/records.html:bad=error/badfetch.html:resultset=1:format=BI:recno=1:numrecs=10:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=searchresults:next=html/records.html:bad=error/badfetch.html:resultset=1:format=BI:recno=1:numrecs=10:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=searchresults:next=html/records.html:bad=error/badfetch.html:resultset=1:format=BI:recno=1:numrecs=10:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=searchresults:next=html/records.html:bad=error/badfetch.html:resultset=1:format=BI:recno=1:numrecs=10:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=searchresults:next=html/records.html:bad=error/badfetch.html:resultset=1:format=BI:recno=1:numrecs=10:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=searchresults:next=html/records.html:bad=error/badfetch.html:resultset=1:format=BI:recno=1:numrecs=10:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=searchresults:next=html/records.html:bad=error/badfetch.html:resultset=1:format=BI:recno=1:numrecs=10:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=searchresults:next=html/records.html:bad=error/badfetch.html:resultset=1:format=BI:recno=1:numrecs=10:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=searchresults:next=html/records.html:bad=error/badfetch.html:resultset=1:format=BI:recno=1:numrecs=10:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=searchresults:next=html/records.html:bad=error/badfetch.html:resultset=1:format=BI:recno=1:numrecs=10:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=fullrecord:next=html/record.html:bad=error/badfetch.html:resultset=1:format=FI:recno=1:numrecs=1:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=fullrecord:next=html/record.html:bad=error/badfetch.html:resultset=1:format=FI:recno=1:numrecs=1:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=fullrecord:next=html/record.html:bad=error/badfetch.html:resultset=1:format=FI:recno=1:numrecs=1:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=fullrecord:next=html/record.html:bad=error/badfetch.html:resultset=1:format=FI:recno=1:numrecs=1:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=fullrecord:next=html/record.html:bad=error/badfetch.html:resultset=1:format=FI:recno=1:numrecs=1:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=fullrecord:next=html/record.html:bad=error/badfetch.html:resultset=1:format=FI:recno=1:numrecs=1:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=fullrecord:next=html/record.html:bad=error/badfetch.html:resultset=1:format=FI:recno=1:numrecs=1:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=fullrecord:next=html/record.html:bad=error/badfetch.html:resultset=1:format=FI:recno=1:numrecs=1:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=fullrecord:next=html/record.html:bad=error/badfetch.html:resultset=1:format=FI:recno=1:numrecs=1:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=fullrecord:next=html/record.html:bad=error/badfetch.html:resultset=1:format=FI:recno=1:numrecs=1:entitylibrarycount=102:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=saved:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=saved:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=saved:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=saved:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=saved:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=saved:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=saved:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=saved:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=saved:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=saved:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=savedplus:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=savedplus:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=savedplus:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=savedplus:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=savedplus:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=savedplus:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=savedplus:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=savedplus:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=savedplus:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=savedplus:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=email:entityemailresultset=1:entityemailnumrecs=1:entityemailrecno=1:entityemailpageprev=holdings:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=email:entityemailresultset=1:entityemailnumrecs=1:entityemailrecno=1:entityemailpageprev=holdings:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=email:entityemailresultset=1:entityemailnumrecs=1:entityemailrecno=1:entityemailpageprev=holdings:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=email:entityemailresultset=1:entityemailnumrecs=1:entityemailrecno=1:entityemailpageprev=holdings:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=holdings:pagetype=print:entityprinting=true:entitycurrecno=1:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=holdings:pagetype=print:entityprinting=true:entitycurrecno=1:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=holdings:pagetype=print:entityprinting=true:entitycurrecno=1:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSPage?pagename=holdings:pagetype=print:entityprinting=true:entitycurrecno=1:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?next=html/record.html:bad=html/record.html:fetchtype=searchresults:resultset=1:numrecs=1:recno=1:format=FI:entityemailill=false:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?next=html/record.html:bad=html/record.html:fetchtype=searchresults:resultset=1:numrecs=1:recno=1:format=FI:entityemailill=false:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?next=html/record.html:bad=html/record.html:fetchtype=searchresults:resultset=1:numrecs=1:recno=1:format=FI:entityemailill=false:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?next=html/record.html:bad=html/record.html:fetchtype=searchresults:resultset=1:numrecs=1:recno=1:format=FI:entityemailill=false:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
javascript:popup('help')
javascript:popup('help')
javascript:popup('help')
javascript:popup('help')
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=state:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=state:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=state:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=state:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=instname:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=instname:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=instname:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=instname:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=localdata:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=localdata:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=localdata:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=localdata:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=instsym:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=instsym:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=instsym:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=instsym:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=instsym:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=instsym:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=instsym:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdingsall:holdingsorttype=instsym:entityholdingsortpage=all:holdinglimittype=none:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0:recno=1:resultset=1:format=FA:next=html/holdings.html:bad=error/badfetch.html::entitytoprecno=1:entitycurrecno=1:numrecs=1
https://wrlc-gm.primo.exlibrisgroup.com/discovery/openurl?institution=01WRLC_GML&vid=01WRLC_GML:01WRLC_GML&rft.oclcnum=1049150067
https://wrlc-gm.primo.exlibrisgroup.com/discovery/openurl?institution=01WRLC_GML&vid=01WRLC_GML:01WRLC_GML&rft.oclcnum=1049150067
https://wrlc-gm.primo.exlibrisgroup.com/discovery/openurl?institution=01WRLC_GML&vid=01WRLC_GML:01WRLC_GML&rft.oclcnum=1049150067
https://wrlc-gm.primo.exlibrisgroup.com/discovery/openurl?institution=01WRLC_GML&vid=01WRLC_GML:01WRLC_GML&rft.oclcnum=1049150067
http://albert.stmarys-ca.edu/search/o=1049150067
http://albert.stmarys-ca.edu/search/o=1049150067
http://albert.stmarys-ca.edu/search/o=1049150067
http://albert.stmarys-ca.edu/search/o=1049150067
https://uci.primo.exlibrisgroup.com/discovery/search?tab=LibraryCatalog&search_scope=MyInstitution&sortby=rank&vid=01CDL_IRV_INST:UCI&query=any,contains,1049150067
https://uci.primo.exlibrisgroup.com/discovery/search?tab=LibraryCatalog&search_scope=MyInstitution&sortby=rank&vid=01CDL_IRV_INST:UCI&query=any,contains,1049150067
https://uci.primo.exlibrisgroup.com/discovery/search?tab=LibraryCatalog&search_scope=MyInstitution&sortby=rank&vid=01CDL_IRV_INST:UCI&query=any,contains,1049150067
https://uci.primo.exlibrisgroup.com/discovery/search?tab=LibraryCatalog&search_scope=MyInstitution&sortby=rank&vid=01CDL_IRV_INST:UCI&query=any,contains,1049150067
https://libcat.colorado.edu/Search/Results?type=oclc_num&lookfor=1049150067
https://libcat.colorado.edu/Search/Results?type=oclc_num&lookfor=1049150067
https://libcat.colorado.edu/Search/Results?type=oclc_num&lookfor=1049150067
https://libcat.colorado.edu/Search/Results?type=oclc_num&lookfor=1049150067
http://library.uccs.edu/search/o1049150067
http://library.uccs.edu/search/o1049150067
http://library.uccs.edu/search/o1049150067
http://library.uccs.edu/search/o1049150067
http://skyline.ucdenver.edu/search/o1049150067
http://skyline.ucdenver.edu/search/o1049150067
http://skyline.ucdenver.edu/search/o1049150067
http://skyline.ucdenver.edu/search/o1049150067
http://enterprise.sacredheart.edu/search/o1049150067
http://enterprise.sacredheart.edu/search/o1049150067
http://enterprise.sacredheart.edu/search/o1049150067
http://enterprise.sacredheart.edu/search/o1049150067
http://fiu.catalog.fcla.edu/fi.jsp?ix=nu&st=1049150067
http://fiu.catalog.fcla.edu/fi.jsp?ix=nu&st=1049150067
http://fiu.catalog.fcla.edu/fi.jsp?ix=nu&st=1049150067
http://fiu.catalog.fcla.edu/fi.jsp?ix=nu&st=1049150067
https://gil.uga.edu/cgi-bin/Pwebrecon.cgi?DB=local&BOOL1=all+of+these&FLD1=Keyword+Anywhere+(GKEY)&CNT=25+records+per+page&SAB1=oc%251049150067
https://gil.uga.edu/cgi-bin/Pwebrecon.cgi?DB=local&BOOL1=all+of+these&FLD1=Keyword+Anywhere+(GKEY)&CNT=25+records+per+page&SAB1=oc%251049150067
https://gil.uga.edu/cgi-bin/Pwebrecon.cgi?DB=local&BOOL1=all+of+these&FLD1=Keyword+Anywhere+(GKEY)&CNT=25+records+per+page&SAB1=oc%251049150067
https://gil.uga.edu/cgi-bin/Pwebrecon.cgi?DB=local&BOOL1=all+of+these&FLD1=Keyword+Anywhere+(GKEY)&CNT=25+records+per+page&SAB1=oc%251049150067
https://purdue.primo.exlibrisgroup.com/discovery/search?vid=01PURDUE_PUWL:PURDUE&query=oclc,contains,1049150067
https://purdue.primo.exlibrisgroup.com/discovery/search?vid=01PURDUE_PUWL:PURDUE&query=oclc,contains,1049150067
https://purdue.primo.exlibrisgroup.com/discovery/search?vid=01PURDUE_PUWL:PURDUE&query=oclc,contains,1049150067
https://purdue.primo.exlibrisgroup.com/discovery/search?vid=01PURDUE_PUWL:PURDUE&query=oclc,contains,1049150067
http://lsus.louislibraries.org/uhtbin/cgisirsi/x/0/0/5/?searchdata1=0429487126
http://lsus.louislibraries.org/uhtbin/cgisirsi/x/0/0/5/?searchdata1=0429487126
http://lsus.louislibraries.org/uhtbin/cgisirsi/x/0/0/5/?searchdata1=0429487126
http://lsus.louislibraries.org/uhtbin/cgisirsi/x/0/0/5/?searchdata1=0429487126
https://clarkuniversity-on-worldcat-org.us1.proxy.openathens.net/search?queryString=no:1049150067
https://clarkuniversity-on-worldcat-org.us1.proxy.openathens.net/search?queryString=no:1049150067
https://clarkuniversity-on-worldcat-org.us1.proxy.openathens.net/search?queryString=no:1049150067
https://clarkuniversity-on-worldcat-org.us1.proxy.openathens.net/search?queryString=no:1049150067
http://library.mit.edu/F/?func=find-b&find_code=OCA&request=1049150067
http://library.mit.edu/F/?func=find-b&find_code=OCA&request=1049150067
http://library.mit.edu/F/?func=find-b&find_code=OCA&request=1049150067
http://library.mit.edu/F/?func=find-b&find_code=OCA&request=1049150067
https://primo.lib.umn.edu/primo-explore/search?institution=DULUTH&vid=DULUTH&search_scope=default_scope&indx=1&dym=true&highlight=true&lang=en_US&query=any,contains,1049150067
https://primo.lib.umn.edu/primo-explore/search?institution=DULUTH&vid=DULUTH&search_scope=default_scope&indx=1&dym=true&highlight=true&lang=en_US&query=any,contains,1049150067
https://primo.lib.umn.edu/primo-explore/search?institution=DULUTH&vid=DULUTH&search_scope=default_scope&indx=1&dym=true&highlight=true&lang=en_US&query=any,contains,1049150067
https://primo.lib.umn.edu/primo-explore/search?institution=DULUTH&vid=DULUTH&search_scope=default_scope&indx=1&dym=true&highlight=true&lang=en_US&query=any,contains,1049150067
http://uncfsu.worldcat.org.us1.proxy.openathens.net/oclc/1049150067
http://uncfsu.worldcat.org.us1.proxy.openathens.net/oclc/1049150067
http://uncfsu.worldcat.org.us1.proxy.openathens.net/oclc/1049150067
http://uncfsu.worldcat.org.us1.proxy.openathens.net/oclc/1049150067
http://library.meredith.edu/search/o1049150067
http://library.meredith.edu/search/o1049150067
http://library.meredith.edu/search/o1049150067
http://library.meredith.edu/search/o1049150067
http://www2.lib.ncsu.edu/catalog/?Nty=1&N=0&Ntk=Keyword&Ntt=0429487126
http://www2.lib.ncsu.edu/catalog/?Nty=1&N=0&Ntk=Keyword&Ntt=0429487126
http://www2.lib.ncsu.edu/catalog/?Nty=1&N=0&Ntk=Keyword&Ntt=0429487126
http://www2.lib.ncsu.edu/catalog/?Nty=1&N=0&Ntk=Keyword&Ntt=0429487126
https://catalog.lib.unc.edu/?utf8=%E2%9C%93&search_field=all_fields&q=1049150067
https://catalog.lib.unc.edu/?utf8=%E2%9C%93&search_field=all_fields&q=1049150067
https://catalog.lib.unc.edu/?utf8=%E2%9C%93&search_field=all_fields&q=1049150067
https://catalog.lib.unc.edu/?utf8=%E2%9C%93&search_field=all_fields&q=1049150067
https://catalog.princeton.edu/catalog?q=oclc_s%3A1049150067
https://catalog.princeton.edu/catalog?q=oclc_s%3A1049150067
https://catalog.princeton.edu/catalog?q=oclc_s%3A1049150067
https://catalog.princeton.edu/catalog?q=oclc_s%3A1049150067
http://clio.columbia.edu/catalog?search_field=all_fields&q=1049150067
http://clio.columbia.edu/catalog?search_field=all_fields&q=1049150067
http://clio.columbia.edu/catalog?search_field=all_fields&q=1049150067
http://clio.columbia.edu/catalog?search_field=all_fields&q=1049150067
https://newcatalog.library.cornell.edu/catalog?search_field=publisher+number%2Fother+identifier&q=1049150067
https://newcatalog.library.cornell.edu/catalog?search_field=publisher+number%2Fother+identifier&q=1049150067
https://newcatalog.library.cornell.edu/catalog?search_field=publisher+number%2Fother+identifier&q=1049150067
https://newcatalog.library.cornell.edu/catalog?search_field=publisher+number%2Fother+identifier&q=1049150067
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdlocal:holdingsorttype=default:recno=1:resultset=1:format=FL:numrecs=1:accInst=119-1049150067:next=html/localholdings.html:bad=html/holdings.html:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdlocal:holdingsorttype=default:recno=1:resultset=1:format=FL:numrecs=1:accInst=119-1049150067:next=html/localholdings.html:bad=html/holdings.html:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdlocal:holdingsorttype=default:recno=1:resultset=1:format=FL:numrecs=1:accInst=119-1049150067:next=html/localholdings.html:bad=html/holdings.html:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
https://firstsearch-oclc-org.us1.proxy.openathens.net/WebZ/FSFETCH?fetchtype=holdlocal:holdingsorttype=default:recno=1:resultset=1:format=FL:numrecs=1:accInst=119-1049150067:next=html/localholdings.html:bad=html/holdings.html:sessionid=fsap10pxm1-1680-mmy6282w-sizia7:entitypagenum=5:0
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ROANOKE HIGHER EDUC CTR
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https://search.library.nyu.edu/discovery/search?tab=Unified_Slot&search_scope=NYU_CONSORTIA&vid=01NYU_INST:NYU&mode=advanced&offset=0&query=any,contains,1049150067
https://search.library.nyu.edu/discovery/search?tab=Unified_Slot&search_scope=NYU_CONSORTIA&vid=01NYU_INST:NYU&mode=advanced&offset=0&query=any,contains,1049150067
https://search.library.nyu.edu/discovery/search?tab=Unified_Slot&search_scope=NYU_CONSORTIA&vid=01NYU_INST:NYU&mode=advanced&offset=0&query=any,contains,1049150067
https://search.library.nyu.edu/discovery/search?tab=Unified_Slot&search_scope=NYU_CONSORTIA&vid=01NYU_INST:NYU&mode=advanced&offset=0&query=any,contains,1049150067
https://elibweb89.eosintl.com/W95020/OPAC/resolve.link?isbn=0429487126
https://elibweb89.eosintl.com/W95020/OPAC/resolve.link?isbn=0429487126
https://elibweb89.eosintl.com/W95020/OPAC/resolve.link?isbn=0429487126
https://elibweb89.eosintl.com/W95020/OPAC/resolve.link?isbn=0429487126
https://search.library.osu.edu/discovery/search?vid=01OHIOLINK_OSU:OSU&vid=VIEW%20ID&lang=en&institution=INSTITUTION%20CODE&mode=basic&query=any,contains,1049150067
https://search.library.osu.edu/discovery/search?vid=01OHIOLINK_OSU:OSU&vid=VIEW%20ID&lang=en&institution=INSTITUTION%20CODE&mode=basic&query=any,contains,1049150067
https://search.library.osu.edu/discovery/search?vid=01OHIOLINK_OSU:OSU&vid=VIEW%20ID&lang=en&institution=INSTITUTION%20CODE&mode=basic&query=any,contains,1049150067
https://search.library.osu.edu/discovery/search?vid=01OHIOLINK_OSU:OSU&vid=VIEW%20ID&lang=en&institution=INSTITUTION%20CODE&mode=basic&query=any,contains,1049150067
https://tawms-worldcat-org.us1.proxy.openathens.net/oclc/search?queryString=no:1049150067
https://tawms-worldcat-org.us1.proxy.openathens.net/oclc/search?queryString=no:1049150067
https://tawms-worldcat-org.us1.proxy.openathens.net/oclc/search?queryString=no:1049150067
https://tawms-worldcat-org.us1.proxy.openathens.net/oclc/search?queryString=no:1049150067
https://temple-primo.hosted.exlibrisgroup.com/primo-explore/search?query=any,contains,&vid=TULI&tab=default_tab&searchscope=default_tab&sortby=rank&query=0429487126
https://temple-primo.hosted.exlibrisgroup.com/primo-explore/search?query=any,contains,&vid=TULI&tab=default_tab&searchscope=default_tab&sortby=rank&query=0429487126
https://temple-primo.hosted.exlibrisgroup.com/primo-explore/search?query=any,contains,&vid=TULI&tab=default_tab&searchscope=default_tab&sortby=rank&query=0429487126
https://temple-primo.hosted.exlibrisgroup.com/primo-explore/search?query=any,contains,&vid=TULI&tab=default_tab&searchscope=default_tab&sortby=rank&query=0429487126
http://catalog.uttyler.edu/cgi-bin/koha/opac-search.pl?idx=nb&q=0429487126
http://catalog.uttyler.edu/cgi-bin/koha/opac-search.pl?idx=nb&q=0429487126
http://catalog.uttyler.edu/cgi-bin/koha/opac-search.pl?idx=nb&q=0429487126
http://catalog.uttyler.edu/cgi-bin/koha/opac-search.pl?idx=nb&q=0429487126
https://utswm.bywatersolutions.com/cgi-bin/koha/opac-search.pl?q=on1049150067
https://utswm.bywatersolutions.com/cgi-bin/koha/opac-search.pl?q=on1049150067
https://utswm.bywatersolutions.com/cgi-bin/koha/opac-search.pl?q=on1049150067
https://utswm.bywatersolutions.com/cgi-bin/koha/opac-search.pl?q=on1049150067
http://opac.christendom.edu/InfoCentre/LibraryQuick.do?goSearch=Search&searchLimit1=ISBN&searchTerm1=0429487126
http://opac.christendom.edu/InfoCentre/LibraryQuick.do?goSearch=Search&searchLimit1=ISBN&searchTerm1=0429487126
http://opac.christendom.edu/InfoCentre/LibraryQuick.do?goSearch=Search&searchLimit1=ISBN&searchTerm1=0429487126
http://opac.christendom.edu/InfoCentre/LibraryQuick.do?goSearch=Search&searchLimit1=ISBN&searchTerm1=0429487126
http://read.cnu.edu/search/o1049150067
http://read.cnu.edu/search/o1049150067
http://read.cnu.edu/search/o1049150067
http://read.cnu.edu/search/o1049150067
https://vcc-dan-primo.hosted.exlibrisgroup.com/primo-explore/search?vid=DCC&lang=en_US&search_scope=EVERYTHING&sortby=rank&query=any,contains,1049150067
https://vcc-dan-primo.hosted.exlibrisgroup.com/primo-explore/search?vid=DCC&lang=en_US&search_scope=EVERYTHING&sortby=rank&query=any,contains,1049150067
https://vcc-dan-primo.hosted.exlibrisgroup.com/primo-explore/search?vid=DCC&lang=en_US&search_scope=EVERYTHING&sortby=rank&query=any,contains,1049150067
https://vcc-dan-primo.hosted.exlibrisgroup.com/primo-explore/search?vid=DCC&lang=en_US&search_scope=EVERYTHING&sortby=rank&query=any,contains,1049150067
https://hollins-primo.hosted.exlibrisgroup.com/primo-explore/search?vid=01HOLLINS&sortby=rank&lang=en_US
https://hollins-primo.hosted.exlibrisgroup.com/primo-explore/search?vid=01HOLLINS&sortby=rank&lang=en_US
https://hollins-primo.hosted.exlibrisgroup.com/primo-explore/search?vid=01HOLLINS&sortby=rank&lang=en_US
https://hollins-primo.hosted.exlibrisgroup.com/primo-explore/search?vid=01HOLLINS&sortby=rank&lang=en_US
http://vccslinc.vccs.edu/F?func=find-c&local_base=jsrcc&ccl_term=035=1049150067
http://vccslinc.vccs.edu/F?func=find-c&local_base=jsrcc&ccl_term=035=1049150067
http://vccslinc.vccs.edu/F?func=find-c&local_base=jsrcc&ccl_term=035=1049150067
http://vccslinc.vccs.edu/F?func=find-c&local_base=jsrcc&ccl_term=035=1049150067
http://vccslinc.vccs.edu/F?func=find-c&local_base=lfcc&ccl_term=035=1049150067
http://vccslinc.vccs.edu/F?func=find-c&local_base=lfcc&ccl_term=035=1049150067
http://vccslinc.vccs.edu/F?func=find-c&local_base=lfcc&ccl_term=035=1049150067
http://vccslinc.vccs.edu/F?func=find-c&local_base=lfcc&ccl_term=035=1049150067
https://hsc.ent.sirsi.net/client/en_US/greenwood/search/results?qu=0429487126
https://hsc.ent.sirsi.net/client/en_US/greenwood/search/results?qu=0429487126
https://hsc.ent.sirsi.net/client/en_US/greenwood/search/results?qu=0429487126
https://hsc.ent.sirsi.net/client/en_US/greenwood/search/results?qu=0429487126
http://evms.sirsi.net/uhtbin/cgisirsi/x/0/5/?searchdata8=ocm1049150067
http://evms.sirsi.net/uhtbin/cgisirsi/x/0/5/?searchdata8=ocm1049150067
http://evms.sirsi.net/uhtbin/cgisirsi/x/0/5/?searchdata8=ocm1049150067
http://evms.sirsi.net/uhtbin/cgisirsi/x/0/5/?searchdata8=ocm1049150067
https://odu-primo.hosted.exlibrisgroup.com/openurl/01ODU/01ODU_SERVICES?rft.oclcnum=1049150067
https://odu-primo.hosted.exlibrisgroup.com/openurl/01ODU/01ODU_SERVICES?rft.oclcnum=1049150067
https://odu-primo.hosted.exlibrisgroup.com/openurl/01ODU/01ODU_SERVICES?rft.oclcnum=1049150067
https://odu-primo.hosted.exlibrisgroup.com/openurl/01ODU/01ODU_SERVICES?rft.oclcnum=1049150067
http://vccslinc.vccs.edu/F?func=find-c&local_base=PVCC&ccl_term=035=1049150067
http://vccslinc.vccs.edu/F?func=find-c&local_base=PVCC&ccl_term=035=1049150067
http://vccslinc.vccs.edu/F?func=find-c&local_base=PVCC&ccl_term=035=1049150067
http://vccslinc.vccs.edu/F?func=find-c&local_base=PVCC&ccl_term=035=1049150067
http://vccslinc.vccs.edu/F?func=find-c&local_base=RCC&ccl_term=035=1049150067
http://vccslinc.vccs.edu/F?func=find-c&local_base=RCC&ccl_term=035=1049150067
http://vccslinc.vccs.edu/F?func=find-c&local_base=RCC&ccl_term=035=1049150067
http://vccslinc.vccs.edu/F?func=find-c&local_base=RCC&ccl_term=035=1049150067
https://rbc.primo.exlibrisgroup.com/discovery/search?tab=Everything&search_scope=SEARCH_SCOPE_NAME&vid=VIEW_ID&lang=en&mode=advanced&offset=0&query=isbn,contains,0429487126
https://rbc.primo.exlibrisgroup.com/discovery/search?tab=Everything&search_scope=SEARCH_SCOPE_NAME&vid=VIEW_ID&lang=en&mode=advanced&offset=0&query=isbn,contains,0429487126
https://rbc.primo.exlibrisgroup.com/discovery/search?tab=Everything&search_scope=SEARCH_SCOPE_NAME&vid=VIEW_ID&lang=en&mode=advanced&offset=0&query=isbn,contains,0429487126
https://rbc.primo.exlibrisgroup.com/discovery/search?tab=Everything&search_scope=SEARCH_SCOPE_NAME&vid=VIEW_ID&lang=en&mode=advanced&offset=0&query=isbn,contains,0429487126
http://rhec.vtls.com:2740/1049150067
http://rhec.vtls.com:2740/1049150067
http://rhec.vtls.com:2740/1049150067
http://rhec.vtls.com:2740/1049150067
https://umw.primo.exlibrisgroup.com/discovery/search?vid=01UMW_INST:01UMW&query=any,contains,1049150067
https://umw.primo.exlibrisgroup.com/discovery/search?vid=01UMW_INST:01UMW&query=any,contains,1049150067
https://umw.primo.exlibrisgroup.com/discovery/search?vid=01UMW_INST:01UMW&query=any,contains,1049150067
https://umw.primo.exlibrisgroup.com/discovery/search?vid=01UMW_INST:01UMW&query=any,contains,1049150067
https://richmond.primo.exlibrisgroup.com/discovery/search?tab=Everything&search_scope=MyInst_and_CI&vid=01URICH_INST:OneSearch&lang=en&offset=0&query=any,contains,on1049150067
https://richmond.primo.exlibrisgroup.com/discovery/search?tab=Everything&search_scope=MyInst_and_CI&vid=01URICH_INST:OneSearch&lang=en&offset=0&query=any,contains,on1049150067
https://richmond.primo.exlibrisgroup.com/discovery/search?tab=Everything&search_scope=MyInst_and_CI&vid=01URICH_INST:OneSearch&lang=en&offset=0&query=any,contains,on1049150067
https://richmond.primo.exlibrisgroup.com/discovery/search?tab=Everything&search_scope=MyInst_and_CI&vid=01URICH_INST:OneSearch&lang=en&offset=0&query=any,contains,on1049150067
https://search.lib.virginia.edu/search?mode=basic&scope=all&q=1049150067
https://search.lib.virginia.edu/search?mode=basic&scope=all&q=1049150067
https://search.lib.virginia.edu/search?mode=basic&scope=all&q=1049150067
https://search.lib.virginia.edu/search?mode=basic&scope=all&q=1049150067
http://clvc.sirsi.net/uhtbin/cgisirsi/x/WYLLIE/0/5/?searchdata1=o1049150067
http://clvc.sirsi.net/uhtbin/cgisirsi/x/WYLLIE/0/5/?searchdata1=o1049150067
http://clvc.sirsi.net/uhtbin/cgisirsi/x/WYLLIE/0/5/?searchdata1=o1049150067
http://clvc.sirsi.net/uhtbin/cgisirsi/x/WYLLIE/0/5/?searchdata1=o1049150067
https://apps.library.vcu.edu/assets/shared/includes/permalink.php?stype=isbn&search=0429487126
https://apps.library.vcu.edu/assets/shared/includes/permalink.php?stype=isbn&search=0429487126
https://apps.library.vcu.edu/assets/shared/includes/permalink.php?stype=isbn&search=0429487126
https://apps.library.vcu.edu/assets/shared/includes/permalink.php?stype=isbn&search=0429487126
https://virginiatech.primo.exlibrisgroup.com/discovery/search?vid=01VT_INST:01VT_INST&query=any,contains,1049150067
https://virginiatech.primo.exlibrisgroup.com/discovery/search?vid=01VT_INST:01VT_INST&query=any,contains,1049150067
https://virginiatech.primo.exlibrisgroup.com/discovery/search?vid=01VT_INST:01VT_INST&query=any,contains,1049150067
https://virginiatech.primo.exlibrisgroup.com/discovery/search?vid=01VT_INST:01VT_INST&query=any,contains,1049150067
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Xing, Yun (448)

Perfluoroalkyl substances in the environment :
theory, practice, and innovation /

Kempisty, David M., ; editor.
Xing, Yun;_(Writer on chemistry)
Racz, LeeAnn, ; editor.

Boca Raton : CRC Press, Taylor & Francis Group,

2018

1 online resource

English

Environmental and occupational health series;

ISBN: 9780429487125; 0429487126; 9781498764193; 1498764193;
9781498764186; 1498764185; 1138747777; 9781138747777

Perfluoroalkyl substances are compounds that have been around since the
1950s. Only recently has their adverse human health and ecological
consequences become known. There are books that either investigate the
chemistry or explore the toxicity of these compounds. This is the only book that
will provide a holistic look at this very complex problem and will cover the
toxicology, analytical, remediation, and regulatory perspectives, and how it
affects everyone personally. The book will serve as a reference for practicing
environmental engineers, regulators, toxicologist, researchers, and concerned
members of the public.

Section | : Introduction and Analysis; Fluorosurfactants in Firefighting Foams :
Past and Present /; Stephen H. Korzeniowski, Robert C. Buck, David M.
Kempisty, and Martial Pabon --; Per- and Polyfluoroalkyl Substance Analysis to
Support Site Characterization, Exposure, and Risk Management /; Kavitha
Dasu, David M. Kempisty, and Marc A. Mills --; Understanding Precursor
Contributions : The Total Oxidizable Precursor Assay /; Bharat Chandramouli;
Section Il : Regulations --; Managing Risk from Perfluorinated Compounds in
Drinking Water /; Steve Via --; Emerging Contaminant Monitoring as a Host

Nation Guest : An Environmental Health Professional's Perspective /; Andrew J.

Wagner --; Uncharted Waters : Challenges for Public Water Systems
Addressing Drinking Water Health Advisory Levels for PFOS and PFOA /;
Miranda Brannon --; Challenges of Managing Emerging Contaminants :

Historical Per- and Polyfluorinated Alkyl Substance Use in the US Air Force /; R.

Hunter Anderson and David M. Kempisty Section Ill : Toxicology --; Human
Health Risk Assessment of Perfluorinated Chemicals /; Penelope Rice --;
Perfluoroalkyl Substance Toxicity from Early-Life Exposure /; David Klein and
Joseph M. Braun --; PFAS Isomers : Characterization, Profiling, and Toxicity /;
Yun Xing, Gabriel Cantu, and David M. Kempisty; Section IV : Remediation --;
Water Treatment Technologies for Targeting the Removal of Poly- and
Perfluoroalkyl Substances /; Eric R.V. Dickenson and Edgard M. Verdugo --;
Oxidation and Reduction Approaches for Treatment of Perfluoroalkyl
Substances /; Blossom N. Nzeribe, Selma M. Thagard, Thomas M. Holsen,
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Surface active agents -- Environmental aspects
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Health Professionals Perspective. Uncharted Waters: Challenges for Public
Water Systems Addressing Drinking Water Health Advisory Levels for PFOS/
PFOA. Challenges of Managing Emerging Contaminants: Historical Per- and
Poly-fluorinated Alkyl Substance Use in the U.S. Air Force.-- Section 3
Toxicology. --Human Health Risk Assessment of Perfluorinated Chemicals.
Perfluoroalkyl Substance Toxicity from Early Life Exposure. PFAS isomers:
Characterization, Profiling, and Toxicity. --Section 4 Remediation. --Water
Treatment Technologies for Targeting the Removal of Poly- and Perfluoroalkyl
Substances. -- Oxidation and Reduction Approaches for Treatment of
Perfluoroalkyl Substances. Reactivation of Spent Activated Carbon Used for
PFAS Adsorption. lon Exchange for PFAS Removal. Occurrence of Select
Perfluoroalkyl Substances at U.S. Air Force Aqueous Film-Forming Foam
Release Sites Other than Fire-Training Areas: Field-Validation of Critical Fate
and Transport Properties. A Preliminary Treatment Train Study: Removal of
Perfluorinated Compounds from Post-Emergency Wastewater by Advanced
Oxidation Process and Granular Activated Carbon Adsorption--. --Remediation
of PFAS-Contaminated Soil. Solid and Groundwater PFAS Remediation: Two
Technology Examples. Perfluoroalkyl and Polyfluoroalkyl substances (PFAS) in
AFFF impacted groundwater and soil/sediment. Case Study: Pilot Testing
Synthetic Media and Granular Activated Carbon for Treatment of Poly- and
Perfluorinated Alkyl Substances in Groundwater. Short-chain PFASs: Their
Sources, Properties, Toxicity, Environmental Fate, and Treatment.

Perfluoroalkyl substances are compounds that have been around since the
1950s. Only recently has their adverse human health and ecological
consequences become known. There are books that either investigate the
chemistry or explore the toxicity of these compounds. This is the only book that
will provide a holistic look at this very complex problem and will cover the
toxicology, analytical, remediation, and regulatory perspectives, and how it
affects everyone personally. The book will serve as a reference for practicing
environmental engineers, regulators, toxicologist, researchers, and concerned
members of the public.

Also available in print format.

Taylor & Francis does not allow U.S. customers to turn any cookies off,
including those which may gather and transmit personally identifiable
information. Please be aware of this privacy concern when using their platform.

SCIENCE / Chemistry / General. bisacsh

TECHNOLOGY & ENGINEERING / Industrial Health & Safety. bisacsh
Surface active agents -- Environmental aspects.

Fluorocarbons -- Environmental aspects.

Electronic books.

Kempisty, David M., editor.

Xing, Yun, editor.
Racz, LeeAnn, editor.
Taylor and Francis.

Print version: 9781498764186(Hardback)
9780429487125

(OCoLC)1049150067

SCI 026000 bisacsh
SCI 013000 bisacsh
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