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THE STATE OF NEW MEXICO 
DEPARTMENT OF ENERGY, MINERALS AND NATURAL RESOURCES 

OIL CONSERVATION COMISSION 
 
 
IN THE MATTER OF PROPOSED 
AMENDMENT TO THE COMMISSION’S 
RULES TO ADDRESS CHEMICAL DISCLOSURE AND 
THE USE OF PERFLUOROALKYL AND 
POLYFLUOROALKYL SUBSTANCES AND 
IN OIL AND GAS EXTRACTION, 
19.15.2, 19.15.7, 19.15.14, 19.15.16 AND 19.15.25 NMAC. 

Petitioner.        CASE NO. 23580 

NEW ENERGY ECONOMY’S NOTICE OF INTENT  
TO PRESENT TECHNICAL TESTIMONY  

 
This Notice of Intent to Present Technical Testimony is submitted on behalf of New 

Energy Economy (“NEE”) through its undersigned counsel, as required by Rule 

19.15.3.11 NMAC and the Amended Procedural Order filed in this matter on June 3, 2024. 

On behalf of thousands of New Mexicans, New Energy Economy hereby gives notice of 

its intent to present technical testimony at the hearing in this matter scheduled to begin on 

November 12, 2024 before the New Mexico Oil Conservation Commission (“OCC”).  

(1) New Energy Economy intends to present the testimony and exhibits of the 

following technical witness: 

KRISTEN HANSEN, Ph.D., Savanna Science Consulting. 
 

(2) Ms. Hansen supports the Amended Application for Rulemaking, filed on August 

23, 2024 by WildEarth Guardians, entitled “In the Matter of proposed Amendment to the 

Commission’s Rules to Address Chemical Disclosure and the Use of Perfluoroalkyl and 

Polyfluoroalkyl Substances and in Oil and Gas Extraction, 19.15.2, 19.15.7, 19.15.14, 19.15.16 

AND 19.15.25 NMAC.”  
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(3) Ms. Hansen’s qualifications including a description of the witnesses’ education 

and experience: 

 
In 1991, she graduated with Honors from Williams College (Williamstown, MA) 

with a BA in chemistry. Ms. Hansen’s senior research thesis at Williams, 

Quantitative and Qualitative Characterization of Polychlorinated Biphenyls in the 

Hoosic River Ecosystem, documented a year-long research project based on 

analytical method development and analysis in tracking polychlorinated biphenyls 

through various matrices associated with the Hoosic River.  

 She earned her Ph.D. at the University of Colorado (Boulder, CO) in 1995, 

following completion of her dissertation, Supercritical Fluid Extraction and 

Analysis of Tropospheric Aerosol Particles. Like her undergraduate thesis, her 

dissertation involved identifying and tracking low level anthropogenic compounds 

in the environment. Upon her graduation from University of Colorado, she won a 

National Research Council Fellowship based on her proposal to apply her 

expertise in the analysis of trace level organic compounds in the remote Pacific 

Ocean as part of collaborative field study headed by the National Oceanic and 

Atmospheric Administration in Seattle, WA.  

Ms. Hansen was hired by 3M on July 1, 1996 as a Chemistry Post-doc in 3M’s 

Environmental Lab. In October of 1996, her Post-doc was converted to a full-time 

position at 3M. Between 1997 and 2001 in 3M’s Environmental Lab, she was 

working on the global PFOS contamination issue.  In addition to carrying out 

research around PFAS contamination and routes of exposure, Ms. Hansen handled 

samples for several groups including 1) 3M Toxicology (e.g. PFAS 
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characterization in tissue samples collected in support of toxicology studies 

conducted on rats, monkeys and mice including sera, liver, plasma, placenta and 

mild curd), 2) 3M Manufacturing Facilities (e.g. characterization of various 

samples originating at or near 3M manufacturing facilities including waste water, 

sludge, tars, surface wipes), 3) Environmental Samples (e.g. characterization of 

blood from non-occupationally exposed humans, wildlife, surface water, drinking 

water and animal feed), and 4) Product Exposure (e.g. characterization of PFAS 

transfer from PFAS-coated packaging to food and degradation of PFAS-coated 

textiles). She had a central role in developing methods and collecting data to 

support these areas and to identify and characterize the global contamination 

associated with PFAS compounds. Her team developed methods for and primarily 

used HPSE (high pressure solvent extraction), HPLCS-MSMS, High Resolution 

HPLC-MS, GCMS, and Total Organic Fluorine and Absorbable Organic Fluorine 

to support characterization of a variety of samples.   

In her role, she problem solved with 3M scientists and engineers engaged in the 

challenges and questions sparked by her work “discovering” global PFOS 

contamination including with members of the Medical Division (epidemiology 

and toxicology) and Plant Engineering (Decatur, Antwerp, Cottage Grove), as 

well as with Environmental Scientists, Product Responsibility Managers and 3M 

Management/Executive Management.   

Ms. Hansen was the Environmental Lab’s technical expert on PFAS methods 

(especially mass spectrometry, but also HPLC-MSMS, GCMS, SCF and HPS 

Extraction, Organic Fluorine), leading the transfer of analytical methods to 
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outside contract labs. In addition to supporting researchers in several disciplines 

within 3M, her group completed method development activities and analysis for 

at least one academic researcher, providing all of the PFAS-specific data 

published in several publications.    

Ms. Hansen authored numerous reports and was the primary author on the 2 

publications her Environmental Lab-led team was allowed to submit for 

publication in peer-reviewed journals. She had responsibility for collection of data 

and for authoring the analytical method sections of manuscripts in toxicology and 

epidemiology studies published by 3M, and for manuscripts relating to PFAS in 

wildlife samples authored by 3M-engaged academics.  

Data collected by Kristen Hansen and her group were frequently included in 3M’s 

TSCA §8(e) submissions/additions, including in May 1998. On more than one 

occasion, Ms. Hansen met with 3M executives in meetings she understood to be 

in preparation for their discussions with EPA or FDA.  

As the technical lead most central to the development of methods and collection 

of data associated with relatively low-levels of PFAS compounds in humans, 

animals, 3M waste streams and the environment, Ms. Hansen was in a unique 

position to review and evaluate many different dimensions of PFAS exposure. 

Her technical partnerships with toxicologists, epidemiologists, industrial 

engineers, and product responsibility liaisons (and thus, indirectly, customers) 

allowed her to engage in cross-functional technical discussions with other experts 

and to connect information across disciplines, using data from one area to help 
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answer questions in another. She understood the limits of the sample preparation 

methods and analytical technologies in general and of our methods specifically.   

Between March 2002 and October 2022, Ms. Hansen worked at various positions 

of increasing responsibility within 3M. She worked in technical roles in new 

technology development in Health Care, and product development and project 

management in several industrial businesses. 

In 2022, Ms. Hansen left 3M and founded Savanna Science Consulting, focusing 

primarily on researching, educating, and communicating issues related to 

chemicals in the environment.  

(4) Attached hereto as NEE Exhibit A, please see the Direct Testimony and Exhibits 

of Kristen Hansen, Ph.D. of Savanna Science Consulting, in particular Exhibit KH -1, her 

Curriculum Vitae and scholarly publications and presentations. 

(5) New Energy Economy anticipates that it will offer the following exhibits at the 

hearing in this matter: 

a. NEE Exhibit A: Direct Technical Testimony and Exhibits Kristen Hansen, Ph.D. 

of Savanna Science Consulting. 

 
i. Exhibit KH-1 – Curriculum Vitae and Publications for Kristen Hansen, 

Ph.D. 
 

ii. Exhibit KH-2 – Lerner, Sharon. “How 3M Discovered, Then Concealed, 
the Dangers of Forever Chemicals,” New Yorker, May 20, 2024. 

 
iii. Exhibit KH-3 – “Opinion: We agree PFAS should note be used in 

fracking, and it is not” by Lynn Granger & Dan Haley, The Denver Post, 
March 22, 2022. 

 
b. New Energy Economy reserves the right to use other exhibits during cross-

examination at hearing. 
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(6) New Energy Economy expects that the summary of the direct testimony of this 

technical witness will require the twenty minutes permitted by 19.15.3.11 B(2) NMAC and 

Numbered Paragraph 3 of the Amended Procedural Order of June 2, 2024. 

(7) New Energy Economy requests an opportunity to provide an opening statement 

(20 minutes) and closing statement (30 minutes), to provide rebuttal testimony (and perhaps 

surrebuttal), and sufficient time to cross-examine witnesses at the hearing (to be determined once 

the direct and rebuttal pre-filed witnesses’ testimonies are reviewed. 

(8) Regarding Scheduling: Counsel for New Energy Economy, Mariel Nanasi, has 

had plans to be out of the country and requests to be excused on November 12 and 13, 2024 with 

the understanding that New Energy Economy waives objection for the time of her absence. 

Further, Ms. Hansen has a scheduling conflict on the morning of Thursday November 14 and 

requests to testify in the afternoon of Thursday November 14th. 

  

Respectfully submitted this 21 day of October 2024, 

 
NEW ENERGY ECONOMY 

 
Mariel Nanasi, Esq. 
300 East Marcy St. 
Santa Fe, NM 87501 
(505) 469-4060 
mariel@seedsbeneaththesnow.com 
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Background and Experience 1 

Q.  Please state your name and business address.  2 

A.  My name is Kristen Hansen and my business address is 14675 Afton Blvd S. Afton, MN 3 

55001. 4 

Q.  On whose behalf are you testifying in this proceeding?  5 

A.  I am testifying on behalf of New Energy Economy (“NEE”). 6 

Q.  Please summarize your educational background and your professional experience 7 

related to the study, analysis and regulation of water.   8 

 A. In 1991, I graduated with Honors from Williams College (Williamstown, MA) with a BA 9 

in chemistry. My senior research thesis at Williams, Quantitative and Qualitative 10 

Characterization of Polychlorinated Biphenyls in the Hoosic River Ecosystem documented a 11 

year-long research project based on analytical method development and analysis in tracking 12 

polychlorinated biphenyls through various matrices associated with the Hoosic River.  13 

  14 

 I earned my Ph.D. at the University of Colorado (Boulder, CO) in 1995, following 15 

completion of my dissertation, Supercritical Fluid Extraction and Analysis of Tropospheric 16 

Aerosol Particles. Like my undergraduate thesis, my dissertation involved identifying and 17 

tracking low level anthropogenic compounds in the environment. Upon my graduation from 18 

University of Colorado, I won a National Research Council Fellowship based on my proposal 19 

to apply my expertise in the analysis of trace level organic compounds in the remote Pacific 20 

Ocean as part of collaborative field study headed by the National Oceanic and Atmospheric 21 

Administration in Seattle, WA.  22 

 23 
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I was hired by 3M on July 1, 1996 as a Chemistry Post-doc in 3M’s Environmental Lab. In 1 

October of 1996, my Post-doc was converted to a full-time position at 3M. Between 1997 2 

and 2001 in 3M’s Environmental Lab, I was working on the global PFOS contamination 3 

issue.  In addition to carrying out research around PFAS contamination and routes of 4 

exposure, I handled samples for several groups including 1) 3M Toxicology (e.g. PFAS 5 

characterization in tissue samples collected in support of toxicology studies conducted on 6 

rats, monkeys and mice including sera, liver, plasma, placenta and mild curd), 2) 3M 7 

Manufacturing Facilities (e.g. characterization of various samples originating at or near 3M 8 

manufacturing facilities including waste water, sludge, tars, surface wipes), 3) Environmental 9 

Samples (e.g. characterization of blood from non-occupationally exposed humans, wildlife, 10 

surface water, drinking water and animal feed), and 4) Product Exposure (e.g. 11 

characterization of PFAS transfer from PFAS-coated packaging to food and degradation of 12 

PFAS-coated textiles). I had a central role in developing methods and collecting data to 13 

support these areas and to identify and characterize the global contamination associated with 14 

PFAS compounds. My team developed methods for and primarily used HPSE (high pressure 15 

solvent extraction), HPLCS-MSMS, High Resolution HPLC-MS, GCMS, and Total Organic 16 

Fluorine and Absorbable Organic Fluorine to support characterization of a variety of 17 

samples.   18 

 19 

In my role, I problem solved with 3M scientists and engineers engaged in the challenges and 20 

questions sparked by my work “discovering” global PFOS contamination including with 21 

members of the Medical Division (epidemiology and toxicology) and Plant Engineering 22 
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(Decatur, Antwerp, Cottage Grove), as well as with Environmental Scientists, Product 1 

Responsibility Managers and 3M Management/Executive Management.   2 

  3 

I was the Environmental Lab’s technical expert on PFAS methods (especially mass 4 

spectrometry, but also HPLC-MSMS, GCMS, SCF and HPS Extraction, Organic Fluorine), 5 

leading the transfer of analytical methods to outside contract labs. In addition to supporting 6 

researchers in several disciplines within 3M, my group completed method development 7 

activities and analysis for at least one academic researcher, providing all of the PFAS-8 

specific data published in several publications.   9 

  10 

I authored numerous reports and was the primary author on the 2 publications my 11 

Environmental Lab-led team was allowed to submit for publication in peer-reviewed 12 

journals. I had responsibility for collection of data and for authoring the analytical method 13 

sections of manuscripts in toxicology and epidemiology studies published by 3M, and for 14 

manuscripts relating to PFAS in wildlife samples authored by 3M-engaged academics.  15 

   16 

Data collected by me and my group were frequently included in 3M’s TSCA §8(e) 17 

submissions/additions, including in May 1998. On more than one occasion, I met with 3M 18 

executives in meetings I understood to be in preparation for their discussions with EPA or 19 

FDA.  20 

  21 

As the technical lead most central to the development of methods and collection of data 22 

associated with relatively low-levels of PFAS compounds in humans, animals, 3M waste 23 
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streams and the environment, I was in a unique position to review and evaluate many 1 

different dimensions of PFAS exposure. My technical partnerships with toxicologists, 2 

epidemiologists, industrial engineers, and product responsibility liaisons (and thus, indirectly, 3 

customers) allowed me to engage in cross-functional technical discussions with other experts 4 

and to connect information across disciplines, using data from one area to help answer 5 

questions in another. I understood the limits of the sample preparation methods and analytical 6 

technologies in general and of our methods specifically.   7 

  8 

Between March 2002 and October 2022, I worked at various positions of increasing 9 

responsibility within 3M. I worked in technical roles in new technology development in 10 

Health Care, and product development and project management in several industrial 11 

businesses. 12 

 13 

In 2022, I left 3M and founded Savanna Science Consulting, focusing primarily on 14 

researching, educating, and communicating issues related to chemicals in the environment.  15 

 16 

Please see Exhibit KH-1 for my Curriculum Vitae, including my scholarly publications and 17 

presentations. 18 

Q.  Would you please summarize how, if at all, you have come to study PFAS, their 19 

characteristics and effects. 20 

A.  In my role working in 3M’s Environmental Lab, I had an intense focus on tracking PFAS 21 

in the environment and measuring PFAS compounds in myriad matrices.  Analytical method 22 

development and environmental tracking depend on an understanding of the chemical 23 
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characteristics of the target analytes.  Additionally, my work was highly collaborative and 1 

carried out in a multi-dimensional scientific environment that included epidemiologists, 2 

toxicologists, civil engineers, synthetic chemists, and hydrologists, for example.  Through 3 

these interactions I developed a robust understanding of PFAS in the environment. 4 

 5 

Since leaving 3M, I have continued my focus on PFAS, participating in scientific 6 

conferences and in professional settings built around the science and policy of PFAS.  I also 7 

have professional collaborations on-going with researchers in this area. 8 

Q. Have you appeared before the Oil Conservation Commission before or submitted 9 

testimony? 10 

A. No. 11 

Q. Were you the subject of a New Yorker article entitled, How 3M Discovered, Then 12 

Concealed, the Dangers of Forever Chemicals, published May 20, 2024? 13 

A. Yes. The article is attached as Exhibit KH-2. 14 

Q. Do you agree or disagree with the statements made in that article? 15 

A. I agree. 16 

Executive Summary 17 

I have reviewed the Amended Application for Rulemaking filed on August 23, 2024 by Wild 18 

Earth Guardians, entitled “In the Matter of proposed Amendment to the Commission’s Rules 19 

to Address Chemical Disclosure and the Use of Perfluoroalkyl and Polyfluoroalkyl 20 

Substances and in Oil and Gas Extraction, 19.15.2, 19.15.7, 19.15.14, 19.15.16 AND 21 
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19.15.25 NMAC.” I support a ban on Perfluoroalkyl and polyfluoroalkyl substances or 1 

PFAS, defined as: a class of compounds including chemicals with at least one aliphatic 2 

perfluorocarbon moiety (-Cn-F2n-).   3 

 4 

The class of PFAS is estimated to included > 14,000 compounds, many of which have not 5 

been identified, much less fully characterized.  There are 6 well-characterized PFAS 6 

compounds: perfluorooctanoic acid (PFOA), perfluorooctane sulfonic acid (PFOS), 7 

perfluorohexane sulfonic acid (PFHxS), perfluorobutane sulfonic acid (PFBS), 8 

perfluorononanoic acid (PFNA) and hexafluoropropylene oxide dimer acid (HPFO-DA or 9 

Gen X).  These well-characterized PFAS span a range of chemistries and are therefore 10 

reasonable surrogates for the thousands of under-studied/unstudied members of the class in 11 

considering environmental mobility and toxicity to humans.  These six well-characterized 12 

PFAS are the basis for EPA’s April 2024 rule concerning maximum contaminant levels 13 

(MCLs) of PFAS in drinking water.  Although other members of the PFAS class are not well 14 

studied, emerging evidence suggests potential similarities in toxicity for many members of 15 

the class. Emerging evidence also suggests the potential for additive toxicity amongst 16 

different members of the class.  That is, exposure to more than one PFAS may result in 17 

health effects greater than exposure to a single PFAS alone [Conley, 2022].  It is to 18 

accommodate the potential for additive toxicity that EPA defined a Health Index (HI) 19 

component of the MCL: a limit based on a combination of up to 4 PFAS (PFHxS, PFBS, 20 

PFNA, HPFO-DA).   21 

 22 
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Despite the number of different PFAS, there are several characteristics that apply to all, most 1 

or many PFAS: 2 

• The vast majority of PFAS are xenobiotic (human made) and are not found in nature. 3 

• The vast majority of PFAS include some molecular component that is persistent in the 4 

environment (> 10 years), resisting breakdown by bacteria, hydrolysis, or photolysis.  5 

Thus, the moniker for PFAS as “forever chemicals”. 6 

• The vast majority of the perfluoro components of PFAS are not destroyed in conventional 7 

water treatment processes. 8 

• Of the well-studied PFAS compounds, all but one (HPFO-DA) bioaccumulate in humans 9 

with half-lives ranging from between several weeks (PFBS) to several years (PFOA, 10 

PFOS, PFHxS, PFNA). 11 

• According to the CDC’s Agency for Toxic Substances and Disease Registry the well-12 

studied PFAS compounds, all are linked to one or several health effects in humans 13 

including cancer, developmental toxicity, endocrine disruption, cardiovascular disease, 14 

immune system toxicity and liver toxicity. 15 

 16 

Pathways of human exposure to PFAS include gestation (via placenta), ingestion (including 17 

via breast milk, drinking water and food), inhalation and dermal adsorption. [Sunderland, 18 

2019]  19 

 20 
I.  It is Necessary to Ban PFAS in O&G Operations 21 

 22 
Q. In your opinion, is it necessary for public health and the environment to Ban PFAS 23 

in O&G Operations? 24 

 25 
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A. Yes. 1 

 Q. Why? 2 
 3 

A. Although I do not have experience in the oil and gas industry, I understand that this rule 4 

prohibits the introduction or use of any undisclosed chemicals or PFAS in the hydraulic 5 

fracturing process meaning, all stages of the treatment of a well by the application of 6 

hydraulic fracturing fluid under pressure, which treatment is expressly designed to initiate or 7 

propagate fractures in an underground geologic formation to enhance the production of oil 8 

and gas.  The use of PFAS for this application should be banned for the following reasons: 9 

PFAS compounds are pervasive and persistent in the environment.  Many are highly mobile 10 

in the environment, many bioaccumulate, many are toxic to humans and to biota at very low 11 

levels.  Given the widespread nature of PFAS exposure to the global human population and 12 

the sheer number of different PFAS, most PFAS are under-studied.   According to the US 13 

EPA, sufficient data exists on the well-studied PFAS to understand the general risk of PFAS 14 

exposure to humans, especially exposure to vulnerable populations including pregnant 15 

people, infants and children, the elderly and people living with chronic diseases and/or 16 

compromised immune systems. 17 

PFAS are mobile in the environment (e.g. via air, atmospheric deposition, ground water, 18 

rain/snow, desorption from soil/sludge, surface water, seafoam) and thus are not easily 19 

contained or controlled [Sunderland 2019].   20 

The continued use of PFAS compounds for non-critical applications add more PFAS to the 21 

environment both in their use as products and in the course of their manufacture.  As per the 22 

2021 report by the EPA, “Multi-Industry Per- and Polyfluoroalkyl Substances (PFAS) Study 23 
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– 2021 Preliminary Report,” the industrial production of PFAS results in release of PFAS 1 

into the environment, as does the disposal of PFAS-associated products.  2 

I understand from industry-experts that the use of PFAS compounds in fracking operations is 3 

not a critical component. See Exhibit KH-3.  4 

 5 
II. The definition of PFAS Must be Clear & Broad 6 

 7 
Q. What definition of “PFAS” do you recommend the Oil Conservation Commission 8 

Adopt? 9 

A. The definition for PFAS or per/polyfluoroalkyl substances I recommend the Oil 10 

Conservation Commission adopt is: a class of compounds including chemicals with at least 11 

one aliphatic perfluorocarbon moiety (-Cn-F2n-). 12 

 13 
Q. Please briefly explain the chemistry behind PFAS and what kind of definition would 14 

cover the greatest number of compounds possible.  15 

A.  An “aliphatic perfluorocarbon moiety” refers to chemicals that have at least one fully 16 

fluorinated carbon atom.  The carbon-fluorine bond is exceptionally strong and resists 17 

degradation.  It is this characteristic of PFAS that have led to their utility in industrial and 18 

commercial applications and also to the environmental persistence and global distribution of 19 

these compounds.  Although some PFAS may include some elements of molecular structure 20 

that do not include carbon-fluorine bonds, these chemicals often break down to a terminal 21 

perfluorinated moiety that does not degrade further. 22 

 23 



10 
 

 

The definition for PFAS as a class of compounds including chemicals with at least one 1 

aliphatic perfluorocarbon moiety (-Cn-F2n-) would cover the full class of compounds, 2 

including those that undergo partial degradation to a persistent PFAS. 3 

 4 

The definition of PFAS should NOT be limited to those compounds for which there are 5 

specific analytical methods.  Given the number of compounds within this class, the 6 

uncontrolled nature of the manufacturing process, and the variety of PFAS chemicals in the 7 

environment, application of the definition of specific compounds would leave 30-70% 8 

unmonitored and uncontrolled. 9 

 10 
 11 

III. Per- and polyfluoroalkyl substances (PFAS) are known as “forever chemicals” 12 
because they are extremely persistent and can contaminate the environment for 13 
decades or centuries. Phasing out “non-essential” uses of PFAS from society and 14 
replacing them with suitable alternatives will benefit environmental and human 15 
health, now and into the future.  16 
 17 

Q. Please explain the characteristics that all PFAS compounds have in common? 18 

A.   The class of PFAS chemicals is vast including 10,000 - 15,000 different compounds 19 

reflecting a diverse set of chemical characteristics.  This diversity is also manifested in the 20 

industrial and commercial applications of PFAS, from use as an emulsifier and industrial 21 

processing aid to incorporation into coating on dental floss to decrease friction during use.  22 

Despite the number of different PFAS, there are several characteristics that apply to all, most 23 

or many PFAS: 24 

• The vast majority of PFAS are xenobiotic (human made) and are not found in nature. 25 
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• The vast majority of PFAS include some molecular component that is persistent in the 1 

environment (> 10 years), resisting breakdown by bacteria, hydrolysis, or photolysis.  It 2 

is this remarkable persistence that leads to the moniker for PFAS as “forever chemicals”. 3 

• The vast majority of the perfluoro components of PFAS are not treated or destroyed in 4 

conventional water treatment processes. 5 

• Of the well-studied PFAS compounds, all but one (HPFO-DA) bioaccumulate in humans 6 

with half-lives ranging from between several weeks (PFBS) to several years (PFOA, 7 

PFOS, PFHxS, PFNA). 8 

• Of the well-studied PFAS compounds, all are linked to one or several health effects in 9 

humans including cancer, developmental toxicity, endocrine disruption, cardiovascular 10 

disease, immune system toxicity and liver toxicity. 11 

 12 

Pathways of human exposure to well-studied PFAS include gestation (via placenta), 13 

ingestion (including via breast milk, drinking water and food), inhalation (e.g. atmospheric 14 

aerosols, household dust) and dermal adsorption. [Sunderland, 2019]  15 

Q. Why are PFAS known as “forever chemicals”? 16 

A. The vast majority of PFAS include some molecular component that is persistent in the 17 

environment (> 10 years), resisting breakdown by bacteria, hydrolysis, or photolysis.  It is 18 

this remarkable persistence that leads to the moniker for PFAS as “forever chemicals”.  The 19 

result of this persistence is demonstrated by the presence of PFAS in the blood of children, in 20 

snow samples collected from the artic and in nearly 50% of the public drinking water in the 21 

US [Sonnenberg 2023]. 22 
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Q. Is it your understanding that a significant amount of produced water (PW) is 1 

brought to the land surface during oil and gas (O&G) exploration and production?  2 

A. Yes.  3 

Q. Does scientific evidence demonstrate that PW, also known as O&G fluid waste, from 4 

the Permian Basin, contain PFAS? 5 

A. Yes. 6 

Q. How do you know? 7 

A. A peer-reviewed study [Jiang, 2022] documented levels of several PFAS in produced 8 

water samples in the Permian Basin.  Additionally, this study underscores the need to 9 

establish a comprehensive chemical characterization of PW to better understand 10 

environmental and human risk as well as plan for effective treatment of the PW and 11 

associated wastes.  12 

Q. Given what you know about PFAS and how prevalent it is. Would you recommend 13 

stopping injection underground to eliminate a possible opportunity of even greater 14 

exposure? 15 

A. All non-essential uses of PFAS should be phased out. The continual release of highly 16 

persistent PFAS will result in increasing concentrations and increasing probabilities of the 17 

occurrence of known and unknown health effects to human and the environment.  Beyond 18 

the introduction of PFAS into the environment as a result of product use, the manufacture of 19 

PFAS compounds also results in continual PFAS additions to the environment in the form of 20 

industrial wastewater, industrial sludge and industrial air emissions.  21 
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IV.  The prohibition of undisclosed chemicals and PFAS in downhole operations is 1 
necessary. 2 

 3 
Q.  Why is the amendment to 19.15.14.9 that “an applicant for a permit to drill, deepen, 4 

or plug back shall certify that they will not introduce any undisclosed chemicals or 5 

PFAS in downhole operations of the well” necessary?  6 

A. This provision is necessary because it prohibits the use of undisclosed chemicals and 7 

PFAS in downhole operations. Chemical disclosure is needed to verify compliance with the 8 

PFAS ban and to provide information necessary for risk assessments and monitoring by 9 

regulators, public health professionals, and the public.  10 

 11 
 12 

V. PFAS are non-essential in O&G operations.  13 
 14 

Q. Are PFAS non-essential in O&G operations? 15 

A. In June, 2022, Colorado became the first state to ban the use of PFAS during oil and gas 16 

extraction. Colorado also requires chemical disclosure, and refused to allow “trade secrets” to 17 

prevent disclosure. My understanding is that O&G continues to operate in Colorado despite 18 

these regulations, designed to protect human health and the environment and require 19 

transparency from the industry.  20 

Further, on March 2, 2022, Lynn Granger, executive director of API Colorado, a division of 21 

the American Petroleum Institute, and Dan Haley, President and CEO of the Colorado Oil & 22 

Gas Association, penned an op-ed in the Denver Post, that stated: “Per- and polyfluoroalkyl 23 

(PFAS) substances should not be intentionally used in hydraulic fracturing fluid.” This op ed 24 

is attached as KH-3.   This industry statement advocating for a ban on PFAS substances in 25 
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fracking should apply to the Oil & Gas industry operating in New Mexico as it applies to the 1 

Oil & Gas industry operating in Colorado. 2 

Q.  Are you aware of the definition of “hazardous waste” under New Mexico law?   3 

A. Yes. 4 

Q. What is it?  5 

A.  Pursuant to NMSA 1978 74-4-3, “hazardous waste” means any solid waste or 6 
combination of solid wastes that because of their quantity, concentration or physical, 7 
chemical or infectious characteristics may:    8 
(1)     cause or significantly contribute to an increase in mortality or an increase in serious 9 
irreversible or incapacitating reversible illness; or    10 
(2)     pose a substantial present or potential hazard to human health or the environment when 11 
improperly treated, stored, transported, disposed of or otherwise managed. 12 
 13 

Q. Do PFAS fall within this definition?   14 

A.  Yes, they do. 15 

Q.  Why? 16 

A.  As described previously, PFAS compounds are uniformly persistent in the environment 17 

and thus have demonstrated the potential to spread widely in the environment, in an exposure 18 

risk to whole communities.  The majority of the approximately 14,000 members of the class 19 

of compounds meeting the definition of PFAS are under studied.  However, well studied 20 

chemicals in this class cause a variety of adverse health effects in humans and to biota.  Data 21 

also suggests additive toxicity when one or more PFAS are present in living organisms. 22 

 23 

 24 
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Q. Does this conclude your direct testimony? 1 

A. Yes, it does.2 
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A Reporter at Large

How 3M Discovered,
Then Concealed, the
Dangers of Forever

Chemicals
The company found its own toxic compounds in human blood—

and kept selling them.

By Sharon Lerner
May 20, 2024
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In April, the Environmental Protection Agency finalized two historic regulations of forever
chemicals, which are found in countless everyday products. Photo illustration by Philotheus
Nisch for The New Yorker

Listen to this story

This article is a collaboration between The New Yorker and ProPublica.

ris Hansen had worked as a chemist at the 3M Corporation for about a year

when her boss, an affable senior scientist named Jim Johnson, gave her a
strange assignment. 3M had invented Scotch Tape and Post-it notes; it sold

everything from sandpaper to kitchen sponges. But on this day, in 1997, Johnson
wanted Hansen to test human blood for chemical contamination.

Several of 3M’s most successful products contained man-made compounds called
ȫuorochemicals. In a spray called Scotchgard, ȫuorochemicals protected leather

and fabric from stains. In a coating known as Scotchban, they prevented food
packaging from getting soggy. In a soapy foam used by ȩreȩghters, they helped

extinguish jet-fuel ȩres. Johnson explained to Hansen that one of the company’s
ȫuorochemicals, PFOS—short for perȫuorooctanesulfonic acid—often found its

way into the bodies of 3M factory workers. Although he said that they were
unharmed, he had recently hired an outside lab to measure the levels in their

blood. The lab had just reported something odd, however. For the sake of
comparison, it had tested blood samples from the American Red Cross, which

came from the general population and should have been free of ȫuorochemicals.
Instead, it kept ȩnding a contaminant in the blood.

Save this story
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Johnson asked Hansen to ȩgure out whether the lab had made a mistake.

Detecting trace levels of chemicals was her specialty: she had recently written a
doctoral dissertation about tiny particles in the atmosphere. Hansen’s team of lab

technicians and junior scientists fetched a blood sample from a lab-supply
company and prepped it for analysis. Then Hansen switched on an oven-size box

known as a mass spectrometer, which weighs molecules so that scientists can
identify them.

As the lab equipment hummed around her, Hansen loaded a sample into the
machine. A graph appeared on the mass spectrometer’s display; it suggested that

there was a compound in the blood that could be PFOS. That’s weird, Hansen
thought. Why would a chemical produced by 3M show up in people who had

never worked for the company?

Hansen didn’t want to share her results until she was certain that they were

correct, so she and her team spent several weeks analyzing more blood, often in
time-consuming overnight tests. All the samples appeared to be contaminated.

When Hansen used a more precise method, liquid chromatography, the results
left little doubt that the chemical in the Red Cross blood was PFOS.

Hansen now felt obligated to update her boss. Johnson was a towering, bearded
man, and she liked him: he seemed to trust her expertise, and he found something

to laugh about in most conversations. But, when she shared her ȩndings, his
response was cryptic. “This changes everything,” he said. Before she could ask

him what he meant, he went into his office and closed the door.

his was not the ȩrst time that Hansen had found a chemical where it didn’t

belong. A wiry woman who grew up skiing competitively, Hansen had
always liked to spend time outdoors; for her chemistry thesis at Williams College,

she had kayaked around the former site of an electric company on the Hoosic
River, collecting crayȩsh and testing them for industrial pollutants called

polychlorinated biphenyls (PCBs). Her research, which showed that a drainage
ditch at the site was leaking the chemicals, prompted a news story and



contributed to a cleanup effort overseen by the Massachusetts Department of

Environmental Protection. At 3M, Hansen assumed that her bosses would
respond to her ȩndings with the same kind of diligence and care.

Hansen stayed near Johnson’s office for the rest of the day, anxiously waiting for
him to react to her research. He never did. In the days that followed, Hansen

sensed that Johnson had notiȩed some of his superiors. She remembers his boss,
Dale Bacon, a paunchy fellow with gray hair, stopping by her desk and suggesting

that she had made a mistake. “I don’t think so,” she told him. In subsequent
weeks, Hansen and her team ordered fresh blood samples from every supplier

that 3M worked with. Each of the samples tested positive for PFOS.

In the middle of this testing, Johnson suddenly announced that he would be

taking early retirement. After he packed up his office and left, Hansen felt adrift.
She was so new to corporate life that her office clothes—pleated pants and dress

shirts—still felt like a costume. Johnson had always guided her research, and he
hadn’t told Hansen what she should do next. She reminded herself of what he

had said—that the chemical wasn’t harmful in factory workers. But she couldn’t
be sure that it was harmless. She knew that PCBs, for example, were mass-

produced for years before studies showed that they accumulate in the food chain
and cause a range of health issues, including damage to the brain. The most

reliable way to gauge the safety of chemicals is to study them over time, in
animals and, if possible, in humans.



What Hansen didn’t know was that 3M had already conducted animal studies—

two decades earlier. They had shown PFOS to be toxic, yet the results remained
secret, even to many at the company. In one early experiment, conducted in the

late seventies, a group of 3M scientists fed PFOS to rats on a daily basis. Starting
at the second-lowest dose that the scientists tested, about ten milligrams for every

kilogram of body weight, the rats showed signs of possible harm to their livers,
and half of them died. At higher doses, every rat died. Soon afterward, 3M

scientists found that a relatively low daily dose, 4.5 milligrams for every kilogram
of body weight, could kill a monkey within weeks. (Based on this result, the

chemical would currently fall into the highest of ȩve toxicity levels recognized by
the United Nations.) This daily dose of PFOS was orders of magnitude greater

than the amount that the average person would ingest, but it was still relatively
low—roughly comparable to the dose of aspirin in a standard tablet.

In 1979, an internal company report deemed PFOS “certainly more toxic than
anticipated” and recommended longer-term studies. That year, 3M executives

ȫew to San Francisco to consult Harold Hodge, a respected toxicologist. They
told Hodge only part of what they knew: that PFOS had sickened and even

killed laboratory animals, and had caused liver abnormalities in factory workers.
According to a 3M document that was marked “źƆƅŽƀŻżƅƋƀŸƃ,” Hodge urged

the executives to study whether the company’s ȫuorochemicals caused
reproductive issues or cancer. After reviewing more data, he told one of them to

ȩnd out whether the chemicals were present “in man,” and he added, “If the levels
are high and widespread and the half-life is long, we could have a serious

problem.” Yet Hodge’s warning was omitted from official meeting notes, and the
company’s ȫuorochemical production increased over time.

Hansen’s bosses never told her that PFOS was toxic. In the weeks after Johnson
left 3M, however, she felt that she was under a new level of scrutiny. One of her

superiors suggested that her equipment might be contaminated, so she cleaned
the mass spectrometer and then the entire lab. Her results didn’t change. Another

encouraged her to repeatedly analyze her syringes, bags, and test tubes, in case
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they had tainted the blood. (They had not.) Her managers were less concerned

about PFOS, it seemed to Hansen, than about the chance that she was wrong.

Sometimes Hansen doubted herself. She was twenty-eight and had only recently

earned her Ph.D. But she continued her experiments, if only to respond to the
questions of her managers. 3M bought three additional mass spectrometers,

which each cost more than a car, and Hansen used them to test more blood
samples. In late 1997, her new boss, Bacon, even had her ȫy out to the company

that manufactured the machines, so that she could repeat her tests there. She
studied the blood of hundreds of people, from more than a dozen blood banks in

various states. Each sample contained PFOS. The chemical seemed to be
everywhere.

hen 3M was founded, in 1902, it was known as the Minnesota Mining
and Manufacturing Company. After its mining operations ȫopped, the

company pivoted to sandpaper, and then to a series of clever inventions aimed at
improving everyday life. An early employee noticed that autoworkers were

struggling to paint two-tone cars, which were popular at the time; he eventually
invented masking tape, using crêpe paper and cabinetmaker’s glue. Another 3M

employee created Post-it notes, to help him bookmark passages in his church
hymnal. An official history of 3M, published for the company’s hundredth

anniversary, celebrated its “tolerance for tinkerers.”

Fluorochemicals had their origins in the American effort to build the atomic

bomb. During the Second World War, scientists for the Manhattan Project
developed one of the ȩrst safe processes for bonding carbon to ȫuorine, a

dangerously reactive element that experts had nicknamed “the wildest hellcat” of
chemistry. After the war, 3M hired some Manhattan Project chemists and began

mass-producing chains of carbon atoms bonded to ȫuorine atoms. The resulting
chemicals proved to be astonishingly versatile, in part because they resist oil,

water, and heat. They are also incredibly long-lasting, earning them the moniker
“forever chemicals.”



In the early ȩfties, 3M began selling one of its ȫuorochemicals, PFOA, to the

chemical company DuPont, for use in Teȫon. Then, a couple of years later, a
dollop of ȫuorochemical goo landed on a 3M employee’s tennis shoe, where it

proved impervious to stains and impossible to wipe off. 3M now had the idea for
Scotchgard and Scotchban. By the time Hansen was in elementary school, in the

seventies, both products were ubiquitous. Restaurants served French fries in
Scotchban-treated packaging. Hansen’s mother sprayed Scotchgard on the living-

room couch.

Hansen grew up in Lake Elmo, Minnesota, not far from 3M’s headquarters. Her

father was one of the company’s star engineers and was even inducted into its hall
of fame, in 1979; he had helped to create Scotch-Brite scouring pads and Coban

wrap, a soft alternative to sticky bandages. Once, he molded some ȩbres into cups,
thinking that they might make a good bra. They turned out to be miserably

uncomfortable, so he and his colleagues placed them over their mouths, giving
the company the inspiration for its signature N95 mask.

Hansen never intended to follow her father to the company. She spent her
childhood summers catching turtles and leopard frogs at the lake and hoped to

have a career in environmental conservation. Her ȩrst job after earning her
chemistry Ph.D. was on a boat, which took her to remote parts of the Paciȩc

Ocean. But the voyage left her so seasick that she lost twenty pounds, and she
soon retreated to Minnesota. In 1996, at her father’s suggestion, Hansen applied

for a position in 3M’s environmental lab.

After Hansen started her PFOS research, her relationships with some colleagues

seemed to deteriorate. One afternoon in 1998, a trim 3M epidemiologist named
Geary Olsen arrived with several vials of blood and asked her to test them. The

next morning, she read the results to him and several colleagues—positive for
PFOS. As Hansen remembers it, Olsen looked triumphant. “Those samples came

from my horse,” he said—and his horse certainly wasn’t eating at McDonald’s or
trotting on Scotchgarded carpets. Hansen felt that he was trying to humiliate her.



(Olsen did not respond to requests for comment.) What Hansen wanted to know

was how PFOS was making its way into animals.

She found an answer in data from lab rats, which also appeared to have

ȫuorochemicals in their blood. Rats that had more ȩsh meal in their diets, she
discovered, tended to have higher levels of PFOS, suggesting that the chemical

had spread through the food chain, and perhaps through water. In male lab rats,
PFOS levels rose with age, indicating that the chemical accumulated in the body.

But, curiously, in female rats the levels sometimes fell. Hansen was unsettled
when toxicology reports indicated why: mother rats seemed to be off-loading the

chemical to their pups. Exposure to PFOS could begin before birth.

Another study conȩrmed that Scotchban and Scotchgard were sources of the

chemical. PFOS wasn’t an official ingredient in either product, but both
contained other ȫuorochemicals that, the study showed, broke down into PFOS

in the bodies of lab rats. Hansen and her team ultimately found PFOS in eagles,
chickens, rabbits, cows, pigs, and other animals. They also found fourteen

additional ȫuorochemicals in human blood, including several produced by 3M.
Some were present in wastewater from a 3M factory.

At one point, Hansen told her father, Paul, that she was frustrated by the way
senior colleagues kept questioning her work. Paul had recently retired, but he had

conȩdence in 3M’s top executives, and he suggested that she take her ȩndings
directly to them. But as a relatively new employee—and one of the few women

scientists at a company of about seventy-ȩve thousand people—Hansen found
the idea preposterous. When Paul offered to talk to some of 3M’s executives

himself, she was mortiȩed at the idea of her father interceding.

Hansen knew that if she could ȩnd a blood sample that didn’t contain PFOS

then she might be able to convince her colleagues that the other samples did. She
and her team began to study historical blood from the early decades of PFOS

production. They soon found the chemical in blood from a 1969-71 Michigan
breast-cancer study. Then they ran an overnight test on blood that had been
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collected in rural China during the eighties and nineties. If any place were

PFOS-free, she ȩgured, it would be somewhere remote, where 3M products
weren’t in widespread use.

The next morning, anxious to see the results, Hansen arrived at the lab before
anyone else. For the ȩrst time since she had begun testing blood, some of the

samples showed no trace of PFOS. She was so struck that she called her husband.
There was nothing wrong with her equipment or methodology; PFOS, a man-

made chemical produced by her employer, really was in human blood, practically
everywhere. Hansen’s team found it in Swedish blood samples from 1957 and

1971. After that, her lab analyzed blood that had been collected before 3M
created PFOS. It tested negative. Apparently, ȫuorochemicals had entered human

blood after the company started selling products that contained them. They had
leached out of 3M’s sprays, coatings, and factories—and into all of us.

hat summer, an in-house librarian at 3M delivered a surprising article to
Hansen’s office mailbox. It had been written in 1981, by 3M scientists, and it

described a method for measuring ȫuorine in blood, indicating that even back
then the company was testing for ȫuorochemicals. One scientist mentioned in the

article, Richard Newmark, still worked for 3M, in a low-lying structure
nicknamed the “nerdy building.” Hansen arranged to meet with him there.

Newmark, a collegial man with a compact build, told Hansen that, more than
twenty years before, two academic scientists, Donald Taves and Warren Guy, had

discovered a ȫuorochemical in human blood. They had wondered whether
Scotchgard might be its source, so they approached 3M. Newmark told her that

his subsequent experiments had conȩrmed their suspicions—the chemical was
PFOS—but 3M lawyers had urged his lab not to admit it.

As Hansen wrote all this down in a notebook, she felt anger rising inside her.
Why had so many colleagues doubted the soundness of her results if earlier 3M



experiments had already proved the same thing? After the meeting, she hurried

back to the lab to ȩnd Bacon. “He knew!” she told him.

Bacon’s face remained expressionless. He told Hansen to type up her notes for

him. She remembers him telling her not to e-mail them. (In response to
questions about Hansen’s account, Bacon said that he didn’t remember speciȩcs.

When I called Newmark, he told me that he could not remember her or anything
about PFOS. “It’s been a very long time, and I’m in my mid-eighties, and just do

not remember stuff that well,” he said.)
A few months later, in early 1999, Bacon invited Hansen to an extraordinary

meeting: she would have the chance to present her ȩndings to 3M’s C.E.O.,
Livio D. DeSimone. Hansen spent several days rehearsing while driving and

making dinner. On the day of the meeting, she took an elevator up to the
executive suite; her stomach turned as a secretary pointed her to a conference

room. Men in suits sat around a long table. Her boss, Bacon, was there.
DeSimone, a portly man with white hair, sat at the head of the table.

Almost as soon as Hansen placed her ȩrst transparency on the projector, the
attendees began interrogating her: Why did she do this research? Who directed

her to do it? Whom did she inform of the results? The executives seemed to view
her diligence as a betrayal: her data could be damaging to the company. She

remembers defending herself, mentioning Newmark’s similar work in the
seventies, and trying, unsuccessfully, to direct the conversation back to her
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research. While the executives talked over her, Hansen noticed that DeSimone’s

eyes had closed and that his chin was resting on his dress shirt. The C.E.O.
appeared to have fallen asleep. (DeSimone died in 2017. A company

spokesperson did not answer my questions about the meeting.)

fter that meeting, Hansen remembers learning from Bacon that her job

would be changing. She would only be allowed to do experiments that a
supervisor had speciȩcally requested, and she was to share her data with only that

person. She would spend most of her time analyzing samples for studies that
other employees were conducting, and she should not ask questions about what

the results meant. Several members of her team were also being reassigned. Bacon
explained that a different scientist at 3M would lead research into PFOS going

forward. Hansen felt that she was being punished and struggled not to cry.

Even as Hansen was being sidelined, the results of her research were quietly

making their way into the ȩles of the Environmental Protection Agency. Since
the seventies, federal law has required that companies tell the E.P.A. about any

evidence indicating that a company’s products present “a substantial risk of injury
to health or the environment.” In May, 1998, 3M officials notiȩed the agency,

without informing Hansen, that the company had measured PFOS in blood
samples from around the U.S.—a clear reference to Hansen’s work. It did not

mention its animal research from the seventies, and it said that the chemical
caused “no adverse effects” at the levels the company had measured in its workers.

A year later, 3M sent the E.P.A. another letter, again without telling Hansen.
This time, it informed the agency about the fourteen other ȫuorochemicals,

several of them made by 3M, that Hansen’s team had detected in human blood.
The company reiterated that it did not believe that its products presented a

substantial risk to human health.

Hansen recalls that in the summer of 1999, at an annual picnic that her parents

hosted for 3M scientists, she was grilling corn when one of the creators of
Scotchgard, a gray-haired man in glasses, confronted her. He accused her of



trying to tear down the work of her colleagues. Did it make her feel powerful

ruining other people’s careers? he asked. Hansen didn’t know how to respond, and
he walked away.

Several of Hansen’s superiors had stopped greeting her in the hallways. When she
presented a poster of her research at a 3M event, nobody asked her about it. She

lost her appetite, and her pleated pants grew baggy. She started to worry that an
angry co-worker might confront or even harm her in the company’s dark parking

lot. She got into the habit of calling her husband before walking to her car.

A year after Hansen’s meeting with the C.E.O., 3M, under pressure from the

E.P.A., made a very costly decision: it was going to discontinue its entire portfolio
of PFOS-related chemicals. In May, 2000, for the ȩrst time, 3M officials revealed

to the press that it had detected the chemical in blood banks. One executive
claimed that the discovery was a “complete surprise.” The company’s medical

director told the New York Times, “This isn’t a health issue now, and it won’t be a
health issue.” But the newspaper also quoted a professor of toxicology. “The real

issue is this stuff accumulates,” the professor said. “No chemical is totally
innocuous, and it seems inconceivable that anything that accumulates would not

eventually become toxic.”

Hansen was now pregnant with twins. Although she was heartened by 3M’s

announcement—she saw it as evidence that her work had forced the company to
act—she was also ready to leave the environmental lab, where she felt

marginalized. After giving birth, she joined 3M’s medical-devices team. But, ȩrst,
she decided to have one last blood sample tested for PFOS: her own. The results

showed one of the lowest readings she’d seen in human blood. Immediately, she
thought of the rats that had passed the chemical on to their pups.

Hansen told me that, for the next nineteen years, she avoided the subject of
ȫuorochemicals with the same intensity with which she had once pursued it. She

focussed on raising her kids and coaching a cross-country ski team; she worked a
variety of jobs at 3M, none related to ȫuorochemicals. In 2002, when 3M



I

announced that it would be replacing PFOS with another ȫuorochemical, PFBS,

Hansen knew that it, too, would remain in the environment indeȩnitely. Still, she
decided not to involve herself. She skipped over articles about the chemicals in

scientiȩc journals and newspapers, where they were starting to be linked to
possible developmental, immune-system, and liver problems. (In 2006, after the

E.P.A. accused 3M of violating the Toxic Substances Control Act, in part by
repeatedly failing to disclose the harms of ȫuorochemicals promptly, the company

agreed to pay a small penalty of $1.5 million, without admitting wrongdoing.)

During that time, forever chemicals gained a new scientiȩc name—per- and

polyȫuoroalkyl substances, or PFAS, an acronym that is vexingly similar to the
speciȩc ȫuorochemical PFOS. A swath of a hundred and ȩfty square miles

around 3M’s headquarters was found to be polluted with PFAS; scientists
discovered PFOS and PFBS in local ȩsh, and various ȫuorochemicals in water

that roughly a hundred and twenty-ȩve thousand Minnesotans drank. Hansen’s
husband, Peter, told me that, when friends asked Hansen about PFAS, she would

change the subject. Still, she repeatedly told him—and herself—that the
chemicals were safe.

n the 2016 book “Secrecy at Work,” two management theorists, Jana Costas
and Christopher Grey, argue that there is nothing inherently wrong or harmful

about keeping secrets. Trade secrets, for example, are protected by federal and
state law, on the ground that they promote innovation and contribute to the

economy. The authors draw on a large body of sociological research to illustrate
the many ways that information can be concealed. An organization can

compartmentalize a secret by slicing it into smaller components, preventing any
one person from piecing together the whole. Managers who don’t want to disclose

sensitive information may employ “stone-faced silence.” Secret-keepers can form
a kind of tribe, dependent on one another’s continued discretion; in this way, even

the existence of a secret can be kept secret. Such techniques become pernicious,
Costas and Grey write, when a company keeps a dark secret, a secret about

wrongdoing.



Certain unpredictable events—a leak, a lawsuit, a news story—can start to

unspool a secret. In the case of forever chemicals, the unspooling began on a
cattle farm. In 1998, a West Virginia farmer told a lawyer, Robert Bilott, that

wastewater from a DuPont site seemed to be poisoning his cows: they had started
to foam at the mouth, their teeth grew black, and more than a hundred eventually

fell over and died. Bilott sued and obtained tens of thousands of internal
documents, which helped push forever chemicals into the public consciousness.

The documents revealed that the farm’s water contained PFOA, the
ȫuorochemical that DuPont had bought from 3M, and that both companies had

long understood it to be toxic. (The lawsuit, which ended in a settlement, was
dramatized in the ȩlm “Dark Waters,” starring Mark Ruffalo as Bilott.) Bilott

later sued 3M over contamination in Minnesota, but the judge prohibited
discussion of health repercussions; a jury ultimately decided in 3M’s favor. Finally,

in 2010, the Minnesota attorney general’s office ȩled its own suit, alleging that
3M had harmed the environment and polluted drinking water. The company paid

eight hundred and ȩfty million dollars in a settlement, without an admission of
fault or liability. The A.G. also released thousands more internal 3M records to

the public.

The A.G.’s records helped me report a series of stories for the Intercept about

forever chemicals. Much of my reporting, which started in 2015, focussed on
what 3M and DuPont knew, even as they continued to produce PFAS. But, as I

reported on the coverup, I wondered what it meant for a sprawling multinational
company to know that its products were dangerous. Who knew? How much,

exactly, did they know? And how had the company kept its secret? For many
years, no one inside 3M would agree to speak with me.

Then, in 2021, John Oliver did a segment on his comedy news show, “Last Week
Tonight,” about forever chemicals. The segment, which mentioned my reporting,

said that they could cause cancer, immune-system issues, and other problems.
“The world is basically soaked in the Devil’s piss right now,” Oliver said. “And not

in a remotely hot way.” One of Hansen’s former professors sent her the segment,



and Hansen watched it at her kitchen table—a moment that would eventually

lead her to me.

“This actually made me sad as there are so many inaccuracies,” Hansen wrote to

her professor, in response. But, when the professor asked her what was incorrect,
Hansen didn’t know what to say. For the ȩrst time, she Googled the health effects

of PFOS.
Hansen was deeply troubled by what she read. One paper, published in 2012 in

the Journal of the American Medical Association, found that, in children, as PFOS
levels rose so did the chance that vaccines were ineffective. Children with high

levels of PFOS and other ȫuorochemicals were more likely to experience fevers,
according to a 2016 study. Other research linked the chemicals to increased rates

of infectious diseases, food allergies, and asthma in children. Dozens of scientiȩc
papers had found that, in adults, even very low levels of PFOS could interfere

with hormones, fertility, liver and thyroid function, cholesterol levels, and fetal
development. Even PFBS, the chemical that 3M chose as a replacement for

PFOS, caused developmental and reproductive irregularities in animals, according
to the Minnesota Department of Health.

Reading these studies, Hansen felt a paradoxical kind of relief: as bad as PFOS
seemed to be, at least independent scientists were studying it. But she also felt

enraged at the company, and at herself. For years, she had repeated the company’s
claim that PFOS was not harmful. “I’m not proud of that,” she told me. She felt

“dirty” for ever collecting a 3M paycheck. When she read the documents released
by the Minnesota A.G., she was horriȩed by how much the company had known,

and how little it had told her. She found records of studies that she had
conducted, as well as the typed notes from her meeting with Newmark.
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In October, 2022, after Hansen had been at 3M for twenty-six years, her job was
eliminated, and she chose not to apply for a new one. Three months later, she

wrote me an e-mail, offering to speak about what she had witnessed inside the
company. “If you’d be interested in talking further, please let me know,” she wrote.

The next day, we had the ȩrst of dozens of conversations.

hen Hansen ȩrst told me about her experiences, I felt conȫicted. Her

work seemed to have helped force 3M to stop making a number of toxic
chemicals, but I kept thinking about the twenty years in which she had kept

quiet. During my ȩrst visit to Hansen’s home, in February, 2023, we sat in her
kitchen, eating bread that her husband had just baked. She showed me pictures of

her father and shared a color-coded time line of 3M’s history with forever
chemicals. On a bitterly cold walk in a local park, we tried to ȩgure out if any of

her colleagues, besides Newmark, had known that PFOS was in everyone’s blood.
She often sprinkled her stories with such Midwesternisms as “holy buckets!”

During my second trip, this past August, I asked her why, as a scientist who was
trained to ask questions, she hadn’t been more skeptical of claims that PFOS was

harmless. In the awkward silence that followed, I looked out the window at some
hummingbirds.

Hansen’s superiors had given her the same explanation that they gave journalists,
she ȩnally said—that factory workers were ȩne, so people with lower levels would

be, too. Her specialty was the detection of chemicals, not their harms. “You’ve got
literally the medical director of 3M saying, ‘We studied this, there are no effects,’ ”

she told me. “I wasn’t about to challenge that.” Her income had helped to support
a family of ȩve. Perhaps, I wondered aloud, she hadn’t really wanted to know

whether her company was poisoning the public.



To my surprise, Hansen readily agreed. “It almost would have been too much to

bear at the time,” she told me. 3M had successfully compartmentalized its secret;
Hansen had only seen one slice. (When I sent the company detailed questions

about Hansen’s account, a spokesperson responded without answering most of
them or mentioning Hansen by name.)

Recently, I thought back on Taves and Guy, the academic scientists who, in the
seventies, came so close to proving that 3M’s chemicals were accumulating in

humans. Taves is ninety-seven, but when I called him he told me that he still
remembers clearly when company representatives visited his lab at the University

of Rochester. “They wanted to know everything about what we were doing,” he
told me. But the exchange was not reciprocal. “I soon found out that they weren’t

going to tell me anything.” 3M never conȩrmed to Taves or Guy, who was a
postdoctoral student at the time, that its ȫuorochemicals were in human blood.

“I’m sort of kicking myself for not having followed up on this more, but I didn’t
have any research money,” Guy told me. He eventually became a dentist to

support his wife and family. (He died this year, at eighty-one.) Taves, too, left the
ȩeld, to become a psychiatrist, and the trail ended there.

Last year, while reading about the thousands of PFAS-related lawsuits that 3M
was facing, I was intrigued to learn that one of them, ȩled by cities and towns

with polluted water, had produced a new set of internal 3M documents. When I
requested several from the plaintiff ’s legal team, I saw two names that I

recognized. In a document from 1991, a 3M scientist talked about using a mass
spectrometer—the same tool that Hansen would use years later—to devise a

technique for measuring PFOS in biological ȫuid. The author was Jim Johnson—
and he had sent the report to his boss, Dale Bacon.

This revelation made me gasp. Johnson had been Hansen’s ȩrst boss and had
instigated her research into PFOS. Bacon had questioned her ȩndings and

ultimately told her to stop her work. (In a sworn deposition, Bacon said that by
the eighties he had heard, during a water-cooler chat with a colleague, that Taves

and Guy had found PFOS in human blood.) What I couldn’t understand was
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why Johnson would ask Hansen to investigate something that he had already

studied himself—and then act surprised by the results.

im Johnson, who is now an eighty-one-year-old widower, lives with several

dogs in a pale-yellow house in North Dakota. When I ȩrst called him, he said
that he had begun researching PFOS in the seventies. “I did a lot of the very

original work on it,” he told me. He said that when he saw the chemical’s
structure he understood “within twenty minutes” that it would not break down in

nature. Shortly thereafter, one of his experiments revealed that PFOS was
binding to proteins in the body, causing the chemical to accumulate over time. He

told me that he also looked for PFOS in an informal test of blood from the
general population, around the late seventies, and was not surprised when he

found it there.

Johnson initially cited “four hundred and eighty pounds of dog” as a reason that I

shouldn’t visit him, but he later relented. When I arrived, on a chilly day in
November, we spent a few minutes standing outside his house, watching Snozzle,

Sadie, and Junkyard press their slobbery snouts against his living-room window.
Then we decamped to the nearest ƀſƆƇ. Johnson, who was dressed in jeans and a

ȫannel shirt, was so tall that he couldn’t comfortably ȩt into a booth. We sat at a
table and ordered two bottomless coffees.

In an experiment in the early eighties, Johnson fed a component of Scotchban to
rats and found that PFOS accumulated in their livers, a result that suggested how

the chemical would behave in humans. When I asked why that mattered to the
company, he took a sip of coffee and said, “It meant they were screwed.”

At the time, Johnson said, he didn’t think PFOS caused signiȩcant health
problems. Still, he told me, “it was obviously bad,” because man-made compounds

from household products didn’t belong in the human body. He said that he
argued against using ȫuorochemicals in toothpaste and diapers. Contractors

working for 3M had shaved rabbits, he said, and smeared them with the



company’s ȫuorochemicals to see if PFOS showed up in their bodies. “They’d

send me the livers and, yup, there it was,” he told me. “I killed a lot of rabbits.”
But he considered his efforts largely futile. “These idiots were already putting it in

food packaging,” he said.

Johnson told me, with seeming pride, that one reason he didn’t do more was that

he was a “loyal soldier,” committed to protecting 3M from liability. Some of his
assignments had come directly from company lawyers, he added, and he couldn’t

discuss them with me. “I didn’t even report it to my boss, or anybody,” he said.
“There are some things you take to your grave.” At one point, he also told me

that, if he were asked to testify in a PFOS-related lawsuit, he would probably be
of little help. “I’m an old man, and so I think they would ȩnd that I got extremely

forgetful all of a sudden,” he said, and chuckled.

Out the windows of ƀſƆƇ, I watched a light dusting of snow fall on the parking

lot. In Johnson’s telling, a tacit rule prevailed at 3M: not all questions needed to
be asked, or answered. His realization that PFOS was in the general public’s

blood “wasn’t something anyone cared to hear,” he said. He wasn’t, for instance,
putting his research on posters and expecting a warm reception. Over the years,

he tried to convince several executives to stop making PFOS altogether, he told
me, but they had good reason not to. “These people were selling ȫuorochemicals,”

he said. He retired as the second-highest-ranked scientist in his division, but he
claimed that important business decisions were out of his control. “It wasn’t for

me to jump up and start saying, ‘This is bullshit!’ ” he said, and he was “not really
too interested in getting my butt ȩred.” And so his portion of 3M’s secret stayed

in a compartment, both known and not known.

Johnson said that he eventually tired of arguing with the few colleagues with

whom he could speak openly about PFOS. “It was time,” he said. So he hired an
outside lab to look for the chemical in the blood of 3M workers, knowing that it

would also test blood-bank samples, for comparison—the ȩrst domino in a chain
that would ultimately take the compound off the market. Oddly, he compared the

head of the lab to a vending machine. “He gave me what I paid for,” Johnson said.



“I knew what would happen.” Then Johnson tasked Hansen with something that

he had long avoided: going beyond his initial experiments and meticulously
documenting the chemical’s ubiquity. While Hansen took the heat, he took early

retirement.
Johnson described Hansen as though she were a vending machine, too. “She did

what she was supposed to do with the tools I left her,” he said.

I pointed out that Hansen had suffered professionally and personally, and that she

now feels those experiences tainted her career. “I didn’t say I was a nice guy,”
Johnson replied, and laughed. After four hours, we were nearing the bottom of

our bottomless coffees.

Johnson has strayed from evidence-based science in recent years. He now believes,

for instance, that the theory of evolution is wrong, and that źƆƍƀŻ-19 vaccines
cause “turbo-cancers.” But his account of what happened at 3M closely matched

Hansen’s, and when I asked him about meetings and experiments described in
court documents he remembered them clearly.





I

As a scientist at 3M, Kris Hansen found her company’s chemicals in the blood of the general public. Her superiors
did not tell her that they were toxic. Photograph by Haruka Sakaguchi

When I called Hansen about my conversation with Johnson, she grew angrier
than I’d ever heard her. “He knew the whole time!” she said. Then she had to get

off the phone for an appointment. “So glad I’m going to see my therapist,” she
added, and hung up.

once thought of secrets as discrete, explosive truths that a heroic person could
suddenly reveal. In the 1983 ȩlm “Silkwood,” which is based on real events,
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Karen Silkwood, a worker at a plutonium plant, assembles a thick folder

documenting her employer’s shoddy safety practices; while driving to share them
with a reporter, she dies in a mysterious one-car crash. In another adaptation of a

true story, the 2015 ȩlm “Spotlight,” a source delivers a box of critical documents
to the Boston Globe, helping the paper to publish an investigation into child

sexual abuse within the Catholic Church. Talking to Hansen and Johnson,
though, I saw that the truth can come out piecemeal over many years, and that

the same people who keep secrets can help divulge them. Some slices of 3M’s
secret are only now coming to light, and others may never come out.

Between 1951 and 2000, 3M produced at least a hundred million pounds of
PFOS and chemicals that degrade into PFOS. This is roughly the weight of the

Titanic. After the late seventies, when 3M scientists established that the chemical
was toxic in animals and was accumulating in humans, it produced millions of

pounds per year. Scientists are still struggling to grasp all the biological
consequences. They have learned, just as Johnson did decades ago, that proteins in

the body bind to PFOS. It enters our cells and organs, where even tiny amounts
can cause stress and interfere with basic biological functions. It contributes to

diseases that take many years to develop; at the time of a diagnosis, one’s PFOS
level may have fallen, making it difficult to establish causation with any certainty.

The other day, I called Brad Creacey, who became an Air Force ȩreȩghter in the
seventies, at the age of eighteen. He told me that several times a year, for practice,

he and his comrades put on rubber boots and heavy silver uniforms that looked
like spacesuits. Then a “torch man,” holding a stick tipped with a burning rag,

ignited jet fuel that had been poured into an open-air pit. To extinguish the
hundred-foot-tall ȫames, Creacey and his colleagues sprayed them with aqueous

ȩlm-forming foam, or A.F.F.F. 3M manufactured it from several forever
chemicals, including PFOS.

Creacey remembers that A.F.F.F. felt slick and sudsy, almost like soap, and dried
out the skin on his hands until it cracked. To celebrate his last day on a military

base in Germany, his friends dumped a ceremonial bucket on him. Only later,



after working with ȩreȩghting foam at an airport in Monterey, California, did he

start to wonder if a string of ailments—cysts on his liver, a nodule near his
thyroid—were connected to the foam. He had high cholesterol, which diet and

exercise were unable to change. Then he was diagnosed with thyroid cancer. “It
makes me feel like I was a lab rat, like we were all disposable,” Creacey told me.

“I’ve lost faith in human beings.”

It may be tempting to think of Creacey and his peers as unwitting research

subjects; indeed, recent studies show that PFOS is associated with an increased
risk of thyroid cancer and, in Air Force servicemen, an elevated risk of testicular

cancer. But it is probably more accurate to say that we are all part of the
experiment. Average levels of PFOS are falling, but nearly all people have at least

one forever chemical in their blood, according to the Centers for Disease Control
and Prevention. “When you have a contaminated site, you can clean it up,” Elsie

Sunderland, an environmental chemist at Harvard University, told me. “When
you ubiquitously introduce a toxicant at a global scale, so that it’s detectable in

everyone . . . we’re reducing public health on an incredibly large scale.” Once
everyone’s blood is contaminated, there is no control group with which to

compare, making it difficult to establish responsibility.

New health effects continue to be discovered. Researchers have found that

exposure to PFAS during pregnancy can lead to developmental delays in children.
Numerous recent studies have linked the chemicals to diabetes and obesity. This

year, a study discovered thirteen forever chemicals, including PFOS, in weeks-old
fetuses from terminated pregnancies, and linked the chemicals to biomarkers

associated with liver problems. A team of N.Y.U. researchers estimated, in 2018,
that the costs of just two forever chemicals, PFOA and PFOS—in terms of

disease burden, disability, and health-care expenses—amounted to as much as
sixty-two billion dollars in a single year. This exceeds the current market value of

3M.

Philippe Grandjean, a physician who helped discover that PFAS harm the

immune system, believes that anyone exposed to these chemicals—essentially



everyone—may have an elevated risk of cancer. Our immune systems often ȩnd

and kill abnormal cells before they turn into tumors. “PFAS interfere with the
immune system, and likely also this critical function,” he told me. Grandjean, who

served as an expert witness in the Minnesota A.G.’s case, has studied many
environmental contaminants, including mercury. The impact of PFAS was so

much more extreme, he said, that one of his colleagues initially thought it was the
result of nuclear radiation.

In April, the E.P.A. took two historic steps to reduce exposure to PFAS. It said
that PFOS and PFOA are “likely to cause cancer” and that no level of either

chemical is considered safe; it deemed them hazardous substances under the
Superfund law, increasing the government’s power to force polluters to clean

them up. The agency also set limits for six PFAS in drinking water. In a few years,
when the E.P.A. begins enforcing the new regulations, local utilities will be

required to test their water and remove any amount of PFOS or PFOA which
exceeds four parts per trillion—the equivalent of one drop dissolved in several

Olympic swimming pools. 3M has produced enough PFOS and chemicals that
degrade into PFOS to exceed this level in all of the freshwater on earth.

Meanwhile, many other PFAS continue to be used, and companies are still
developing new ones. Thousands of the compounds have been produced; the

Department of Defense still depends on many for use in explosives,
semiconductors, cleaning ȫuids, and batteries. PFAS can be found in nonstick

cookware, guitar strings, dental ȫoss, makeup, hand sanitizer, brake ȫuid, ski wax,
ȩshing lines, and countless other products.

In a statement, a 3M spokesman told me that the company “is proactively
managing PFAS,” and that 3M’s approach to the chemicals has evolved along

with “the science and technology of PFAS, societal and regulatory expectations,
and our expectations of ourselves.” He directed me to a fact sheet about their

continued importance in society. “These substances are critical to multiple
industries—including the cars we drive, planes we ȫy, computers and smart

phones we use to stay connected, and more,” the fact sheet read.



H

Recently, 3M settled the lawsuit ȩled by cities and towns with polluted water. It

will pay up to twelve and a half billion dollars to cover the costs of ȩltering out
PFAS, depending on how many water systems need the chemicals removed. The

settlement, however, doesn’t approach the scale of the problem. At least forty-ȩve
per cent of U.S. tap water is estimated to contain one or more forever chemicals,

and one drinking-water expert told me that the cost of removing them all would
likely reach a hundred billion dollars.

In 2022, 3M said that it would stop making PFAS, and would “work to
discontinue the use of PFAS across its product portfolio,” by the end of 2025—a

pledge that it called “another example of how we are positioning 3M for
continued sustainable growth.” But it acknowledged that more than sixteen

thousand of its products still contained PFAS. Direct sales of the chemicals were
generating $1.3 billion annually. 3M’s regulatory ȩlings also allow for the

possibility that a full phaseout won’t happen—for example, if 3M fails to ȩnd
substitutes. “We are continuing to make progress on our announcement to exit

PFAS manufacturing,” 3M’s spokesperson told me. The company and its
scientists have not admitted wrongdoing or faced criminal liability for producing

forever chemicals or for concealing their harms.

ansen often wonders what her father would say about 3M if he were still

alive. A few years ago, he began to show signs of dementia, which worsened
during the źƆƍƀŻ-19 pandemic. Every time Hansen explained to him that a novel

coronavirus was sickening people around the world, he asked how he might
contribute—forgetting that the N95 mask he helped to create was already

protecting millions of people from infection. When he died, in January, 2021,
Hansen noticed some Coban wrap on his arm. It was shielding his delicate skin

from tears, just as he had designed it to. “He invented that,” Hansen told the
hospice nurse, who smiled politely.

After she left 3M, Hansen began volunteering at a local nature preserve, where
she works to clear paths and protect native plants. Last August, she took me



there, and we walked to a creek where she often spends time. The water is home

to three species of trout, she told me. It is also polluted by forever chemicals that
3M once dumped upstream.

For most of our hike, a thick wall of ȫowers—purple joe-pye weed and goldenrod
—made it impossible to see the creek bank. Then we came to a wooden bench. I

climbed on top of it and looked down on the creek. As I listened to the gurgling
of water and the buzzing of insects, I thought I understood why Hansen liked to

come here. It was too late to save the creek from pollution; 3M’s chemicals could
be there for thousands of years to come. Hansen just wanted to appreciate what

was left, and to leave the place a little better than she’d found it. ♦
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The Ivey Pad site in Adams County is operated by Great Western Petroleum.
The company calls it their very first “GREEN platinum facility.” The site
opened in November 2020. “GREEN” stands for Globally Reduced Emissions
and Extraction Network.
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In response to a recent Denver Post editorial, Colorado’s natural gas

and oil industry would like to respond.

We couldn’t agree more with the headline — “PFAS should not be

used in hydraulic fracturing.” Per- and polyfluoroalkyl (PFAS)

substances should not be intentionally used in hydraulic fracturing

fluid.

In recent weeks, an organization called Physicians for Social

Responsibility published a new “analysis,” titled “Fracking with

‘Forever Chemicals’ in Colorado.” The report, paid for by the Sierra

Club, insinuates citing records from a disclosure website that PFAS

have been used in Colorado hydraulic fracturing operations, and

without any evidence concluded that companies that fail to disclose

trade secrets or intellectual property information might be hiding

other uses of PFAS, which is simply untrue.

It is important to clarify the motivation of the report. The Sierra Club

and Physicians for Social Responsibility are committed to stopping

responsible oil and natural gas development in Colorado and across

the United States. It’s little surprise, then, that the final

recommendation from the analysis is that lawmakers and regulators

“Limit or ban drilling and fracking.”

We could certainly respond point for point to why the report is

agenda-driven and amounts to nothing more than exaggerated

accusations. Instead, we will focus on the meaningful actions already

taken as it relates to this important issue.

Colorado’s natural gas and oil industry has been highly engaged in

Colorado Oil and Gas Conservation Commission (COGCC)

rulemakings over the past decade regarding hydraulic fracturing fluid

chemical requirements, groundwater sampling, and related matters.

Ours was the first state to undertake a hydraulic fracturing fluid

disclosure rulemaking in 2011, ensuring transparency to the state

regarding chemicals used in hydraulic fracturing fluid, which

comprise less than one-half of one percent of the mixture’s

ingredients. In addition, during last year’s mission change

rulemaking before the COGCC, state regulators further refined the

list of chemicals permitted in hydraulic fracturing fluid and engaged

in an extensive process to add additional chemicals to the prohibited

list (Rule 437).

https://www.denverpost.com/2022/02/18/editorial-pfas-hydraulic-fracturing-forever-chemicals-teflon/


The state also enjoys extensive groundwater protection rules that

were further strengthened through the 2020 wellbore integrity and

mission change rulemakings, which increased and improved

groundwater sampling, surface water protections and soil testing

(600 Series rules and 900 Series rules).

According to a related story in The Post, “ ‘The state Water Quality

Control Division isn’t aware of any impact to drinking water from

PFAS potentially used in fracking,’ spokeswoman Erin Garcia said. The

division sampled 400 water systems in 2020 for PFAS and none of the

water tested above the federal advisory level.”

Specific to PFAS, the state and many industries have engaged in

discussions about PFAS foam, which has occasionally been used to

combat electrical and other fires. In recent years, our industry has

specifically engaged in legislation that strengthened the state’s

oversight of PFAS (House Bill 20-1119, Senate Bill 20-218, House Bill

19-1279). All told, recent legislative work has prohibited the sale of

PFAS foam, prohibited the use of foam for testing and training,

improved containment requirements, and required registration for

entities that may be storing or using PFAS foam. And our industry is

committed to being a proactive partner as the state continues to

explore ways to tackle this issue.

But when political agendas motivate science, a report like this is the

result. We are disappointed that The Post played into the hands of

organizations who use fearmongering and misinformation as a

means to an end. That “end,” in this case, is the prohibition of oil and

gas development in Colorado and across the nation, at a time of

historic inflation and emergent geopolitical unrest.

As for Colorado’s natural gas and oil industry, we intend to continue

producing among the safest and cleanest molecules in the world.

Our state’s regulatory framework is among the strongest in the

nation – and, as a result, the world – and the women and men of our

industry have no intention of backing away from our commitment to

public health, safety, and stewardship of the environment and

wildlife.
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Lynn Granger is executive director of API Colorado, a division of the

American Petroleum Institute. Dan Haley is President and CEO of the

Colorado Oil & Gas Association.

To send a letter to the editor about this article, submit online or check

out our guidelines for how to submit by email or mail.
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