
 

 
 

STATE OF NEW MEXICO 
BEFORE THE ENVIRONMENTAL IMPROVEMENT BOARD 

 
IN THE MATTER OF PROPOSED  
AMENDMENTS TO 20.4.1 NMAC –  
Modifications, Exceptions and Omissions related  
to Aqueous Film Forming Foam, AND  
20.4.3 NMAC – Hazardous Waste Fees, AND  
THE ADOPTION OF 20.13.3 NMAC - Aqueous  
Film Forming Foam Containing Intentionally Added PFAS  
 

No. EIB 25-81  
Hazardous Waste Bureau,  
Resource Protection Division,  
New Mexico Environment Department,  
Petitioner. 
 
 

NOTICE OF TECHNICAL INFORMATION 
 
 The New Mexico Environment Department, pursuant to 2.1.1.301(B)(3), hereby provides 

citations to the following technical information, which served as the basis for the above rule.  

(1) Barton, K. E.; Zell-Baran, L. M.; DeWitt, J. C.; Brindley, S.; McDonough, C. A.; Higgins, C. 

.; Adgate, J. L.; Starling, A. P. Cross-Sectional Associations between Serum PFASs and 

Inflammatory Biomarkers in a Population Exposed to AFFF-Contaminated Drinking Water. 

Int. J. Hyg. Environ. Health 2022, 240, 113905. https://doi.org/10.1016/j.ijheh.2021.113905. 

 

(2) Pelch, K. E.; Reade, A.; Wolffe, T. A. M.; Kwiatkowski, C. F. PFAS Health Effects Database: 

Protocol for a Systematic Evidence Map. Environ. Int. 2019, 130, 104851. 

https://doi.org/10.1016/j.envint.2019.05.045. 

 

(3) Nguyen, T. M. H.; Bräunig, J.; Thompson, K.; Thompson, J.; Kabiri, S.; Navarro, D. A.; 

Kookana, R. S.; Grimison, C.; Barnes, C. M.; Higgins, C. P.; McLaughlin, M. J.; Mueller, J. 

F. Influences of Chemical Properties, Soil Properties, and Solution pH on Soil–Water 



 

Partitioning Coefficients of Per- and Polyfluoroalkyl Substances (PFASs). Environ. Sci. 

Technol. 2020, 54 (24), 15883–15892. https://doi.org/10.1021/acs.est.0c05705. 

 

(4) Cook, E. K.; Olivares, C. I.; Antell, E. H.; Tsou, K.; Kim, T.-K.; Cuthbertson, A.; Higgins, C. 

P.; Sedlak, D. L.; Alvarez-Cohen, L. Sulfonamide Per- and Polyfluoroalkyl Substances Can 

Impact Microorganisms Used in Aromatic Hydrocarbon and Trichloroethene Bioremediation. 

Environ. Sci. Technol. 2024, 58 (20), 8792–8802. https://doi.org/10.1021/acs.est.3c09715. 

 

(5) Williams, M.; Douglas, G.; Du, J.; Kirby, J.; Kookana, R.; Pengelly, J.; Watson, G.; Bowles, 

K.; Davis, G. Quantification of the Variability and Penetration of Per- and Poly-Fluoroalkyl 

Substances through a Concrete Pad. Chemosphere 2023, 333, 138903. 

https://doi.org/10.1016/j.chemosphere.2023.138903. 

 

(6) Leeson, A.; Thompson, T.; Stroo, H. F.; Anderson, R. H.; Speicher, J.; Mills, M. A.; Willey, 

J.; Coyle, C.; Ghosh, R.; Lebrón, C.; Patton, C. Identifying and Managing Aqueous Film-

Forming Foam-Derived Per- and Polyfluoroalkyl Substances in the Environment. Environ. 

Toxicol. Chem. 2020, 40 (1), 24–36. https://doi.org/10.1002/etc.4894. 

 

(7) Liu, S.; Zhao, S.; Liang, Z.; Wang, F.; Sun, F.; Chen, D. Perfluoroalkyl Substances (PFASs) 

in Leachate, Fly Ash, and Bottom Ash from Waste Incineration Plants: Implications for the 

Environmental Release of PFAS. Sci. Total Environ. 2021, 795, 148468. 

https://doi.org/10.1016/j.scitotenv.2021.148468. 

 

(8) Witt, C. C.; Gadek, C. R.; Cartron, J.-L. E.; Andersen, M. J.; Campbell, M. L.; Castro-Farías, 

M.; Gyllenhaal, E. F.; Johnson, A. B.; Malaney, J. L.; Montoya, K. N.; Patterson, A.; 

Vinciguerra, N. T.; Williamson, J. L.; Cook, J. A.; Dunnum, J. L. Extraordinary Levels of 

Per- and Polyfluoroalkyl Substances (PFAS) in Vertebrate Animals at a New Mexico Desert 

Oasis: Multiple Pathways for Wildlife and Human Exposure. Environ. Res. 2024, 249, 

118229. https://doi.org/10.1016/j.envres.2024.118229. 



 

 

(9) Rosansky, S.; Al-Dirani, S. M.; Scheitlin, C. G.; Dasu, K.; Dzurnak, M.; Xia, X.; Orth, C.; 

McCauley, M.; Mullins, L. Field Demonstration of PFAS Destruction in Various Alcohol-

Resistant AFFFs Using Supercritical Water Oxidation (SCWO). ACS EST Water 2024, 4 

(10), 4486–4496. https://doi.org/10.1021/acsestwater.4c00499. 

 

(10) Rickard, B. P.; Rizvi, I.; Fenton, S. E. Per- and Poly-Fluoroalkyl Substances (PFAS) and 

Female Reproductive Outcomes: PFAS Elimination, Endocrine-Mediated Effects, and 

Disease. Toxicology 2022, 465, 153031. https://doi.org/10.1016/j.tox.2021.153031. 

 

(11) Smalling, K. L.; Romanok, K. M.; Bradley, P. M.; Morriss, M. C.; Gray, J. L.; Kanagy, L. 

K.; Gordon, S. E.; Williams, B. M.; Breitmeyer, S. E.; Jones, D. K.; DeCicco, L. A.; Eagles-

Smith, C. A.; Wagner, T. Per- and Polyfluoroalkyl Substances (PFAS) in United States 

Tapwater: Comparison of Underserved Private-Well and Public-Supply Exposures and 

Associated Health Implications. Environ. Int. 2023, 178, 108033. 

https://doi.org/10.1016/j.envint.2023.108033. 

 

(12) Shea, S. M.; Schaefer, C. E.; Illangasekare, T.; Higgins, C. P. Release of Poly- and 

Perfluoroalkyl Substances from AFFF-Impacted Soils: Effects of Water Saturation in Vadose 

Zone Soils. J. Contam. Hydrol. 2025, 269, 104506. 

https://doi.org/10.1016/j.jconhyd.2025.104506. 

 

(13) Gray, E. L.; Potteiger, S. E.; Brannon, T. D.; Norton, S. B.; Cho, J.; Annable, M. D. Per- 

and Polyfluoroalkyl Substances (PFAS) Mass Flux and Mass Balance at an Aqueous Film-

Forming Foam Release Site in Semiarid Eastern New Mexico, USA. J. Contam. Hydrol. 

2025, 272, 104550. https://doi.org/10.1016/j.jconhyd.2025.104550. 

 

(14) Antell, E. H.; Yi, S.; Olivares, C. I.; Chaudhuri, S.; Ruyle, B. J.; Alvarez-Cohen, L.; 

Sedlak, D. L. Selective Quantification of Charged and Neutral Polyfluoroalkyl Substances 



 

Using the Total Oxidizable Precursor (TOP) Assay. Environ. Sci. Technol. 2025, 59 (7), 

3780–3791. https://doi.org/10.1021/acs.est.4c13837. 

 

(15) Antell, E. H.; Yi, S.; Olivares, C. I.; Ruyle, B. J.; Kim, J. T.; Tsou, K.; Dixit, F.; Alvarez-

Cohen, L.; Sedlak, D. L. The Total Oxidizable Precursor (TOP) Assay as a Forensic Tool for 

Per- and Polyfluoroalkyl Substances (PFAS) Source Apportionment. ACS EST Water 2024, 4 

(3), 948–957. https://doi.org/10.1021/acsestwater.3c00106. 

 

(16) Ruyle, B. J.; Thackray, C. P.; Butt, C. M.; LeBlanc, D. R.; Tokranov, A. K.; Vecitis, C. D.; 

Sunderland, E. M. Centurial Persistence of Forever Chemicals at Military Fire Training Sites. 

Environ. Sci. Technol. 2023, 57 (21), 8096–8106. https://doi.org/10.1021/acs.est.3c00675. 

 

(17) Dewapriya, P.; Nilsson, S.; Ghorbani Gorji, S.; O’Brien, J. W.; Bräunig, J.; Gómez 

Ramos, M. J.; Donaldson, E.; Samanipour, S.; Martin, J. W.; Mueller, J. F.; Kaserzon, S. L.; 

Thomas, K. V. Novel Per- and Polyfluoroalkyl Substances Discovered in Cattle Exposed to 

AFFF-Impacted Groundwater. Environ. Sci. Technol. 2023, 57 (36), 13635–13645. 

https://doi.org/10.1021/acs.est.3c03852. 

 

(18) Salvatore, D.; Mok, K.; Garrett, K. K.; Poudrier, G.; Brown, P.; Birnbaum, L. S.; 

Goldenman, G.; Miller, M. F.; Patton, S.; Poehlein, M.; Varshavsky, J.; Cordner, A. 

Presumptive Contamination: A New Approach to PFAS Contamination Based on Likely 

Sources. Environ. Sci. Technol. Lett. 2022, 9 (11), 983–990. 

https://doi.org/10.1021/acs.estlett.2c00502. 

 

(19) Guo, B.; Zeng, J.; Brusseau, M. L. A Mathematical Model for the Release, Transport, and 

Retention of Per‐ and Polyfluoroalkyl Substances (PFAS) in the Vadose Zone. Water Resour. 

Res. 2020, 56 (2), e2019WR026667. https://doi.org/10.1029/2019WR026667. 

 



 

(20) Bräunig, J.; Baduel, C.; Barnes, C. M.; Mueller, J. F. Leaching and Bioavailability of 

Selected Perfluoroalkyl Acids (PFAAs) from Soil Contaminated by Firefighting Activities. 

Sci. Total Environ. 2019, 646, 471–479. https://doi.org/10.1016/j.scitotenv.2018.07.231. 

(21) ThermoFisher PERFLUORODECANOIC-ACID-97-Cas 335-76-2, 28 March 2024. 

 

(22) Anderson, R. H.; Long, G. C.; Porter, R. C.; Anderson, J. K. 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. 

Chemosphere 2016, 150, 678–685. https://doi.org/10.1016/j.chemosphere.2016.01.014. 

 

(23) Ehsan, M. N.; Riza, M.; Pervez, M. N.; Li, C.-W.; Zorpas, A. A.; Naddeo, V. PFAS 

Contamination in Soil and Sediment: Contribution of Sources and Environmental Impacts on 

Soil Biota. Case Stud. Chem. Environ. Eng. 2024, 9, 100643. 

https://doi.org/10.1016/j.cscee.2024.100643. 

 

(24) Fluorotelomer Betine, CIL_ Safety Data Sheet, Federal Register Vol 77, No. 58 Monday 

March 26, 2012.Pdf. 

 

(25) Kucharzyk, K. H.; Darlington, R.; Benotti, M.; Deeb, R.; Hawley, E. Novel Treatment 

Technologies for PFAS Compounds: A Critical Review. J. Environ. Manage. 2017, 204, 

757–764. https://doi.org/10.1016/j.jenvman.2017.08.016. 

 

(26) Reinikainen, J.; Perkola, N.; Äystö, L.; Sorvari, J. The Occurrence, Distribution, and 

Risks of PFAS at AFFF-Impacted Sites in Finland. Sci. Total Environ. 2022, 829, 154237. 

https://doi.org/10.1016/j.scitotenv.2022.154237. 

 

(27) McGarr, J. T.; Mbonimpa, E. G.; McAvoy, D. C.; Soltanian, M. R. Fate and Transport of 

Per- and Polyfluoroalkyl Substances (PFAS) at Aqueous Film Forming Foam (AFFF) 



 

Discharge Sites: A Review. Soil Syst. 2023, 7 (2), 53. 

https://doi.org/10.3390/soilsystems7020053. 

 

(28) Pettersson, M.; Ericson Jogsten, I.; Yeung, L. W. Y. Ways to Improve Understanding of 

PFAS Contamination - A Case Study within a Waste Management Facility. Environ. Pollut. 

2024, 356, 124352. https://doi.org/10.1016/j.envpol.2024.124352. 

 

(29) Harding-Marjanovic, K. C.; Houtz, E. F.; Yi, S.; Field, J. A.; Sedlak, D. L.; Alvarez-

Cohen, L. Aerobic Biotransformation of Fluorotelomer Thioether Amido Sulfonate (Lodyne) 

in AFFF-Amended Microcosms. Environ. Sci. Technol. 2015, 49 (13), 7666–7674. 

https://doi.org/10.1021/acs.est.5b01219. 

 

(30) Robey, N. M.; Da Silva, B. F.; Annable, M. D.; Townsend, T. G.; Bowden, J. A. 

Concentrating Per- and Polyfluoroalkyl Substances (PFAS) in Municipal Solid Waste 

Landfill Leachate Using Foam Separation. Environ. Sci. Technol. 2020, 54 (19), 12550–

12559. https://doi.org/10.1021/acs.est.0c01266. 

 

(31) Shirke, A. V.; Radke, E. G.; Lin, C.; Blain, R.; Vetter, N.; Lemeris, C.; Hartman, P.; 

Hubbard, H.; Angrish, M.; Arzuaga, X.; Congleton, J.; Davis, A.; Dishaw, L. V.; Jones, R.; 

Judson, R.; Kaiser, J. P.; Kraft, A.; Lizarraga, L.; Noyes, P. D.; Patlewicz, G.; Taylor, M.; 

Williams, A. J.; Thayer, K. A.; Carlson, L. M. Expanded Systematic Evidence Map for 

Hundreds of Per- and Polyfluoroalkyl Substances (PFAS) and Comprehensive PFAS Human 

Health Dashboard. Environ. Health Perspect. 2024, 132 (2), 026001. 

https://doi.org/10.1289/EHP13423. 

 

(32) McDonough, C. A.; Choyke, S.; Barton, K. E.; Mass, S.; Starling, A. P.; Adgate, J. L.; 

Higgins, C. P. Unsaturated PFOS and Other PFASs in Human Serum and Drinking Water 

from an AFFF-Impacted Community. Environ. Sci. Technol. 2021, 55 (12), 8139–8148. 

https://doi.org/10.1021/acs.est.1c00522. 



 

 

(33) Koch, A.; Yukioka, S.; Tanaka, S.; Yeung, L. W. Y.; Kärrman, A.; Wang, T. 

Characterization of an AFFF Impacted Freshwater Environment Using Total Fluorine, 

Extractable Organofluorine and Suspect per- and Polyfluoroalkyl Substance Screening 

Analysis. Chemosphere 2021, 276, 130179. 

https://doi.org/10.1016/j.chemosphere.2021.130179. 

 

(34) Høisæter, Å.; Pfaff, A.; Breedveld, G. D. Leaching and Transport of PFAS from Aqueous 

Film-Forming Foam (AFFF) in the Unsaturated Soil at a Firefighting Training Facility under 

Cold Climatic Conditions. J. Contam. Hydrol. 2019, 222, 112–122. 

https://doi.org/10.1016/j.jconhyd.2019.02.010. 

 

(35) Carrizo, J. C.; Munoz, G.; Vo Duy, S.; Liu, M.; Houde, M.; Amé, M. V.; Liu, J.; Sauvé, S. 

PFAS in Fish from AFFF-Impacted Environments: Analytical Method Development and 

Field Application at a Canadian International Civilian Airport. Sci. Total Environ. 2023, 879, 

163103. https://doi.org/10.1016/j.scitotenv.2023.163103. 

 

(36) East, A.; Anderson, R. H.; Salice, C. J. Per- and Polyfluoroalkyl Substances (PFAS) in 

Surface Water Near US Air Force Bases: Prioritizing Individual Chemicals and Mixtures for 

Toxicity Testing and Risk Assessment. Environ. Toxicol. Chem. 2020, 40 (3), 871–882. 

https://doi.org/10.1002/etc.4893. 

 

(37) Cayman_Perfluorodecanesulfonic Acid_2023_Hazard Identification CAs 39108-34-4. 

 

(38) Rice, P. A.; Aungst, J.; Cooper, J.; Bandele, O.; Kabadi, S. V. Comparative Analysis of 

the Toxicological Databases for 6:2 Fluorotelomer Alcohol (6:2 FTOH) and 

Perfluorohexanoic Acid (PFHxA). Food Chem. Toxicol. 2020, 138, 111210. 

https://doi.org/10.1016/j.fct.2020.111210. 

 



 

(39) Munoz, G.; Taxil-Paloc, A.; Desrosiers, M.; Vo Duy, S.; Liu, M.; Houde, M.; Liu, J.; 

Sauvé, S. Zwitterionic, Cationic, and Anionic PFAS in Freshwater Sediments from AFFF-

Impacted and Non-Impacted Sites of Eastern Canada. J. Hazard. Mater. 2025, 484, 136634. 

https://doi.org/10.1016/j.jhazmat.2024.136634. 

 

(40) AAblocks_Hazard Identification_SDS_Fluorotelomer Thioether Amido Sulphonic 

Acid_62880-95-9. 

 

(41) N-(Carboxymethyl)-N,N-Dimethyl-3-(((3,3,4,4,5,5,6,6,7,7,8,8,8-

Tridecafluorooctyl)Sulfonyl)Amino)1-Propanaminium _ C15H19F13N2O4S _ CID 118691 - 

PubChem-31. 

 

(42) Choi, Y. J.; Sepúlveda, M. S.; Lee, L. S. Alyssa E. Johnson, Jack D. Morehouse, Abigail 

C. Valachovic, Maggie A. Wigren: Investigation; Methodology; Writing— Review & 

Editing. 

 

(43) Jarvis, A. L.; Justice, J. R.; Elias, M. C.; Schnitker, B.; Gallagher, K. Perfluorooctane 

Sulfonate in US Ambient Surface Waters: A Review of Occurrence in Aquatic Environments 

and Comparison to Global Concentrations. Environ. Toxicol. Chem. 2021, 40 (9), 2425–

2442. https://doi.org/10.1002/etc.5147. 

 

(44) Glüge, J.; Scheringer, M.; Cousins, I. T.; DeWitt, J. C.; Goldenman, G.; Herzke, D.; 

Lohmann, R.; Ng, C. A.; Trier, X.; Wang, Z. S80 | PFASGLUEGE | Overview of PFAS Uses, 

2022. https://doi.org/10.5281/ZENODO.5029173. 

 

(45) Sun, Y.; Patyal, A. S.; Hana, G.; Wu, K.; Real, I.; Zhou, C.; Guelfo, J. L.; Howe, J. D.; 

Shen, Y. Adsorption of Per- and Polyfluoroalkyl Substances (PFAS) by Quaternary 

Ammonium and Fluorine-Functionalized Macrocyclic Sorbents: A Comprehensive 



 

Experimental and Simulation Study. Water Res. 2026, 290, 125006. 

https://doi.org/10.1016/j.watres.2025.125006. 

 

(46) Molé, R. A.; Correia De Velosa, A.; Liu, X.; Li, G.; Fan, D.; Danko, A.; Lowry, G. V. 

Impacts of Groundwater Constituents and Colloidal Activated Carbon (CAC) Surface 

Chemistry on the Adsorption of Perfluoroalkyl Acids (PFAA) in Aqueous Film-Forming 

Foam (AFFF)-Impacted Groundwater. ACS EST Water 2025, 5 (8), 4541–4551. 

https://doi.org/10.1021/acsestwater.5c00236. 

 

(47) Synquest Laboratories N-Dimethylammoniopropyl Perfluorohexane Sulfonamide 

Dcember 18, 2023 Federal Register/ Vol. 77, No. 58/ SDS ID 8169355 Hazards Indicator. 

 

(48) Schüßler, M.; Capitain, C.; Bugsel, B.; Zweigle, J.; Zwiener, C. Non-Target Screening 

Reveals 124 PFAS at an AFFF-Impacted Field Site in Germany Specified by Novel 

Systematic Terminology. Anal. Bioanal. Chem. 2025, 417 (27), 6049–6064. 

https://doi.org/10.1007/s00216-024-05611-3. 

 

(49) Glüge, J.; Scheringer, M.; Cousins, I. T.; DeWitt, J. C.; Goldenman, G.; Herzke, D.; 

Lohmann, R.; Ng, C. A.; Trier, X.; Wang, Z. S80 | PFASGLUEGE | Overview of PFAS Uses, 

2022. https://doi.org/10.5281/ZENODO.5029173. 

 

(50) Bräunig, J.; Baduel, C.; Barnes, C. M.; Mueller, J. F. Leaching and Bioavailability of 

Selected Perfluoroalkyl Acids (PFAAs) from Soil Contaminated by Firefighting Activities. 

Sci. Total Environ. 2019, 646, 471–479. https://doi.org/10.1016/j.scitotenv.2018.07.231. 

 

(51) Maga, D.; Aryan, V.; Bruzzano, S. Environmental Assessment of Various End-of-Life 

Pathways for Treating Per- and Polyfluoroalkyl Substances in Spent Fire-Extinguishing 

Waters. Environ. Toxicol. Chem. 2020, 40 (3), 947–957. https://doi.org/10.1002/etc.4803. 

 



 

(52) Alexander, I.; Barth, T.; Harder, C.; Holton, A.; Schmehling, E.; Thomsen, G.; Lyford, A.; 

Spiese, R.; Kim, J.; Ryan, P. Transport and Transformation of PFASs in an Aqueous Film-

Forming Foam-Impacted Fractured Rock Aquifer. ACS EST Water 2025, 5 (6), 3089–3099. 

https://doi.org/10.1021/acsestwater.5c00008. 

 

(53) McCarthy, C. J.; Roark, S. A.; Wright, D.; O’Neal, K.; Muckey, B.; Stanaway, M.; 

Rewerts, J. N.; Field, J. A.; Anderson, T. A.; Salice, C. J. Toxicological Response of 

Chironomus Dilutus in Single-Chemical and Binary Mixture Exposure Experiments with 6 

Perfluoralkyl Substances. Environ. Toxicol. Chem. 2021, 40 (8), 2319–2333. 

https://doi.org/10.1002/etc.5066. 

 

(54) East, A. G.; Narizzano, A. M.; Holden, L. A.; Bazar, M. A.; Bohannon, M. E.; Pervitsky, 

D.; Adams, V. H.; Reinke, E. N.; Quinn, M. J. Comparative Toxicity of Seven Aqueous Film-

Forming Foam to In Vitro Systems and Mus. Environ. Toxicol. Chem. 2023, 42 (11), 2364–

2374. https://doi.org/10.1002/etc.5714. 

 

(55) Dewapriya, P.; Nilsson, S.; Ghorbani Gorji, S.; O’Brien, J. W.; Bräunig, J.; Gómez 

Ramos, M. J.; Donaldson, E.; Samanipour, S.; Martin, J. W.; Mueller, J. F.; Kaserzon, S. L.; 

Thomas, K. V. Novel Per- and Polyfluoroalkyl Substances Discovered in Cattle Exposed to 

AFFF-Impacted Groundwater. Environ. Sci. Technol. 2023, 57 (36), 13635–13645. 

https://doi.org/10.1021/acs.est.3c03852. 

 


