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In the world today, there are many unknowns especially with rising environmental concerns. However, one of the most important is an irreplaceable and shared resource, water or as the Diné (Navajo) refer to as, Tó. Throughout the world many Indigenous communities are facing water challenges, from lack of and access to adequate infrastructure, water rights, climate change and water contamination issues due to a variety of sources including anthropogenic sources like mining, especially, on the Navajo (Diné) reservation. This article aims to bring forth awareness of the long-standing water contamination issues in Diné communities and to shed light on innovative solutions being developed through current research efforts. Specifically, Dr. Tsosie’s research aims to optimize a handheld point of use filter unit with a filter casing design that is customizable to a community and/or household through an easily removable and exchangeable cartridge system. Despite all the challenges and legacies of mining faced by not only Diné communities but many Indigenous communities, We Remain and We Are Still Here.
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1 Introduction

As a Diné scientist, I often reflect back on growing up on the Diné reservation and living without electricity and running water. This experience has given me a perspective that is much different than the average US citizen. I remember a time when my brothers and I would have to haul water from the local windmills for our livestock and our family’s everyday household needs. Unknowingly, we were drinking from contaminated water sources. Over the next few decades, I began to educate myself about the potential connections between contaminated water sources and their impact on human health after witnessing fellow community members succumb to a wide variety of health conditions with possible links to environmental contaminants. These events have given me the motivation to pursue remedies for ground and surface water contaminations in the form of point-of-use filters.

Since this study is aimed at addressing these contamination issues within a Diné community, it is important to practice proper protocols of Indigenous Research Methodologies (IRM). IRM is a conceptual framework, based on an Indigenous ontological foundation and epistemological approach (1–7). The approach is often developed by the researcher through recognizing their Indigenous worldview and approaching their research from a holistic, respectful and inclusive manner with the community in which they are conducting research. IRM begins by approaching the research at the community level first and understanding the perspectives and concerns of the community. In this study, IRM was applied by using Diné Worldviews to frame the scientific approaches and applying respectful collaborations with the community (8). The process of establishing respect and trust from the community is a priority. Developing these relationships was accomplished by hosting listening sessions and receiving community input. The protocols of gaining the respect and approval of the community to conduct the research on water sources was vital to the collaboration. Many of the concerns that arose from the community listening sessions were about human health impacts and impacts on livestock.



2 Background


2.1 History of the Diné and mining

The Navajo reservation (Diné Bikéyah) is located is the U.S. southwest and occupies the states of Arizona, New Mexico and Utah. It spans 27,000 square miles of “unparalleled beauty” (9). The population has grown to 399,494 enrolled tribal members with more than 166,000 that live on the reservation (10). The vast majority of the Navajo reservation is located on the Colorado Plateau (11). Considering the multiple campaigns by the U.S. government and military to remove the Diné from their homelands, we remain within our four sacred mountains that we hold reverent, a direct result of the resilient mindsets of our ancestors. The Diné did not go quietly and resisted removal for many years. The U.S. Army used tactics commonly labeled as “scorched earth policies” that destroyed more than 4,000 peach trees and 11,000 acres of both corn and beans (3).

The most prevalent and devastating issues, are the impacts and legacies from mining. The discovery of abundant natural resources on Diné lands, created an influx of prospectors and mining operations extracting coal, vanadium, uranium (U), copper, sand and gravel (12–22, 68, 69). These mining operations employed many Diné citizens who were not informed of the potential health hazards (12, 13). As these operations closed down, some were abandoned without proper cleanup. According to the Navajo Abandoned Mines Lands department, there are currently 273 coal sites, 33 copper mines and over 1,000 non-coal (uranium) abandoned mines, some have been and are being reclaimed (23). To date, several efforts are actively working with clean-up, education, and outreach. These efforts are difficult to address, expensive and require collaboration from local communities, tribal, state and federal agencies.



2.2 Metal impacts on human health

Numerous health effects that arise from exposure to heavy metals and metalloids including arsenic, uranium, lead, mercury, manganese, and others (12, 16, 18–22, 24, 25). These complex mixtures naturally occur in the environment and individuals are commonly exposed to these metals by inhalation, ingestion and in some cases through dermal contact. Comprehensive public health studies on the Navajo Nation report preliminary results that indicate chronic kidney disease, diabetes, high blood pressure and autoimmune disease are higher in Navajo communities with a higher number of uranium mines (26, 27). Initial exposure models indicate that environmental exposures, including living within 0.8 kilometer of a uranium mine site and coming in contact with wastes are significant predictors of kidney disease and diabetes (26, 27).

Uranium exposure has been linked to increases in cancer mortalities and has been demonstrated to have radiological effects in various organs such as bone, kidney, brain, liver, lung, intestine and reproductive systems (28–32). These effects are mainly due to uranium’s radiological (alpha emitter) and chemical properties. Thus, uranium toxicity results from both chemical and radiological toxicity (33). A link has been established between birth defects and adverse pregnancy outcomes for women living in close proximity of abandoned mines (30, 34–36). Some of these exposures occur from occupational exposure and through exposure to mine tailings. Some studies have also indicated that acute exposure to uranium can be chemically toxic to the kidney and chronic exposure can be genotoxic (37).

Similarly, arsenic is also an element of concern throughout the world due to its toxicity. According to the World Health Organization, arsenic persists in groundwater and natural water sources and is highly toxic in its inorganic form (38). The common form of exposure is through ingestion and can lead to numerous adverse health effects in humans such as neuropathy, developmental disabilities, numerous skin disorders, hypertension, various cancers (skin, lungs, bladder and kidney), cardiovascular disease and diabetes (38–42). Some studies suggest that there are synergistic effects through co-contaminates such as arsenic and selenium that naturally occur in the environment and are associated with other types of health problems and cancers (30, 38, 41, 43).

While both uranium and arsenic have established maximum contaminate limits (MCL) in drinking water, vanadium currently does not have any set standards in the U.S. Carcinogenicity of vanadium has not been identified in drinking water standards, health advisories list, nor health hazards lists. The exception is vanadium pentoxide which has an inhalation risk and standards that vary from 0.02 to 0.1 mg/m3, depending on the organization OSHA, NIOSH and the American Conference of Governmental Industrial Hygienists (44). In 2009, the U.S. EPA assessed the carcinogenicity of vanadium and concluded that an MCL cannot be specified. This is because there are no human data and inadequate animal studies with links to increased cancer mortalities and the potential carcinogenicity of soluble inorganic vanadium compounds (44, 60). However, chronic exposure to vanadium compounds can affect the respiratory system and causes irritation and more serious effects like bronchitis and pneumonitis (45). Determining exactly how vanadium contributes to respiratory related illnesses remains for the most part unknown. This area of vanadium research requires more in vitro and in vivo studies to determine the mechanisms of how it relates to respiratory illnesses. Additional studies are required to determine the overall effect of vanadium on both the environment and human health. Since vanadium concentrations are highest in soil, background levels similar to arsenic and uranium are created. Therefore, it is difficult to pinpoint the origin of the contamination in the environment.



2.3 Metal impacts on the environment

Water, a precious resource, is globally impacted because of anthropogenic sources like mining. While the geographic area of the Navajo Reservation has a natural abundance of metal and metalloids like uranium, vanadium and arsenic, the disturbance of these ores by mining has mobilized these elements, increasing levels in ground and surface waters. Numerous studies by US EPA, DOE, USGS and academic institutions have reported the extent of uranium contamination (8, 14–23, 31, 34–36, 39, 40, 42–59). Arsenic and vanadium are rarely mentioned in these studies although they pose an additional threat to human health. Anthropogenic activities do contribute to sources of metal contamination in water, soil and air (32). Aside from the greatest concern for water source contamination, the extent of soil and vegetation contamination is understudied. There is a growing concern for soil and vegetation contamination because of the potential implication that it can have harmful effects on livestock, traditional plants and medicines. If a soil is contaminated with uranium, arsenic and vanadium, then there is an increased possibility that the vegetative cover is also contaminated by uptake into the roots and other parts of the plant. El Hayek et.al demonstrated the uptake of uranyl in roots of Brassica juncea (46). Other studies have shown uptake of arsenic in chokecherries and other indigenous plants (70, 71). Currently, a series of studies are being conducted within Diné communities focusing on livestock, vegetation and agricultural products and the uptake of contaminating metals, so that these mechanisms are better understood, and a plan can be developed to address these community and tribal concerns. At the top of the list are concerns for the Diné livelihoods of ranching and agricultural economies.



2.4 Historical and current efforts to address mining legacies

In the last 30 years, there have been numerous efforts to understand the extent of contamination in soil and water within the boundaries of the Navajo Nation. To date, some of the most concerning sites have been reclaimed to a certain extent (23, 39, 40). The remediation efforts are on-going by tribal and federal agencies. Additionally, researchers like myself, are conducting studies to further understand the extent of contamination and attempting to provide Diné communities with answers (8, 47–49, 58, 59). Some studies are investigating livestock and wildlife (50–52). Others are exploring innovative approaches to temporarily address the water contamination (53–56, 61–63).

In 1994 and through 2000, the USEPA Region 9, U.S. Army Corp of Engineers (USACOE), Navajo Nation EPA Superfund Program (NNEPA), Bechtel Environmental and the U.S. Department of Energy (USDOE) Remote Sensing Laboratory investigated issues related to abandoned mines and the exposure to radiation and toxic metals that led to the Abandoned Uranium Mines Project. The overall objective of the investigation was to determine whether abandoned uranium and vanadium mines or related mine features posed a significant risk to human health and to identify areas or features requiring action to reduce exposure. It was determined that there were multiple pathways of exposure included water, soil, groundwater and combined pathways (57).

In 2013, Dias da Cunha et.al conducted studies on radionuclides in four small communities. They presented results that identified 19% of the water sources tested had uranium concentrations that exceeded MCL for total uranium (47). Furthermore, 14% of the water sources tested exceeded MCL for U238 and 17% for U234 (47). The Ingram group at Northern Arizona University have been involved in a number of studies that identified water sources exceeding the established MCL for both uranium and arsenic (8, 48–50). Out of New Mexico, the University of New Mexico Center for Native Environmental Health Equity groups has a long history of studying impacts of uranium, mining on human health, as well as a number of other environmental impacts (53). There are numerous research groups conducting studies on the impacts of mining on the Diné people.

One interesting area of study is the development of innovative solutions to address the water quality issues that these communities are facing. A collaboration between Navajo Technical University and New Mexico Institute of Mining and Technology, the Navajo Nation Water Purification Project (N4WPP), is currently developing desalinization units to provide an alternative and temporary solution for contaminated water sources (54). Researchers at the University of Arizona are also developing a similar technology, a solar powered desalinization unit that implements hollow fiber membranes to treat brackish waters (55). The University of Austin is collaborating with Diné citizens to impregnate silver nanoparticles with pine resin, used in traditional Diné pottery, as a means to remove bacteria from water (56). Collaborative research through the Center for Native Environmental Health Equity and Oklahoma State University is currently investigating the occurrence of microplastics and other products in open dump sites (53).




3 Development of innovative filtration technologies

Similarly, the Tsosie research group is developing a handheld water filtration unit for use by community water haulers. This project began as a vision and involved multiple partners from tribal communities to students. Tribal communities involved in this project, were involved by bringing forth concerns for their water sources. Past mining efforts to geologic conditions created challenging water insecurities and contamination issues that these communities continue to deal with. The point of use (POU) filter is designed with the user in mind. The filter is a handheld unit that is meant to travel with the user to unregulated water sources located, at times, miles apart. In the spring the availability of water is more widespread but as late fall approaches, the water becomes sparce. The POU filter will purify the water collected at these unregulated water sources, such as windmill wells. The filter ensures safe drinking water for livestock, for agricultural and household purposes. However, it is currently advised that these unregulated water sources should not be used for human consumption because these water sources are not regulated by the tribe.

In 2022, Dr. Tsosie collaborated with five mechanical engineering students, two students from civil engineering at Montana State University to design, develop and produce the handheld unit. An additional unit design feature is the customizable cartridge system. The unit has removable cartridges that allows for different solid phase extraction (SPE) materials to be changed and customized to the site. For example, the system could be used on the Navajo Nation, where the waters are high in arsenic, uranium and vanadium, and in Montana where the biggest challenge is nitrates and biological contaminates. The resin types can range from silica polyamine composites (SPCs) (8, 64–67), ion exchange resins, and other SPE materials that are currently on the market. SPCs are ideal since they are materials that can be regenerated. Thinking beyond just the Diné nation, the possibility of this filter being used to restore drinking water in communities facing similar contamination issues is something to aspire to for the well-being of future generations. This SPC-POU filter could have potential applications for elements of concern beyond just arsenic, vanadium and uranium. Examples include microplastics and per-and polyfluoroalkyl substances. This project is working on bench top studies to identify any unresolved issues with the unit. This could include issues with flow, increased pressure drops across the system, the potential need for a solar powered pump, and an indicator that identifies SPE materials are nearing saturation. In addition, studies are aimed at identifying additional SPE materials for selective removal of elements of concern.

These innovative technologies, led by Diné citizens, are addressing water challenges on the Navajo Nation and thereby addressing the health and environmental disparities being experienced by fellow tribal members. While the impacts and legacies from mining are great, there are also great minds attempting to resolve these issues. The process may be slow but progress is being made.



4 Conclusion

Throughout history Indigenous peoples have experienced so many hardships and setbacks, but we remain and we are still here. Through raising our voices and sharing our stories, we are able to bring change to our communities. Indigenous and non-Indigenous researchers alike are making a difference in our communities. Through efforts to bring awareness, promoting health and by creating innovative solutions, these communities are able to lessen the disparity gap. The examples brought forth in this perspective are a small portion of issues that are impacting Indigenous communities. The realm of environmental justice pertaining to Indigenous communities spans multiple areas, including water, soil, air, plants, animals, Indigenous data sovereignty, law, health, tribal rights and much more.

Incorporating IRM is vital to working with and in Indigenous communities. As the field of Indigenous scholars that are incorporating IRM into their research and practices is growing, it also becomes imperative that Indigenous Knowledge’s and worldviews are equitably included in academic spaces. There is an opportunity for Indigenous researchers like myself to demonstrate that Indigenous and western science/knowledge’s can cooperatively resolve problems in communities impacted by environmental injustices.

The intent and main motivation of the POU filter project was first and foremost the quality of life of the Diné people especially those living in close proximity of abandoned mines. It has been 38 years since the operations of these mines ceased and yet the Diné people continue to thrive despite the increased cancer mortalities, respiratory illness, diabetes and other diseases linked to the lingering effects of mining. The examples of new innovative solutions are a clear way forward. Finally, it does not matter who is at fault, but the efforts leading the charge to create change is more important.

WE ARE A RESILIENT & PROUD PEOPLE!



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

RT: Writing – review & editing, Writing – original draft.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. Research reported in this study was supported by the National Science Foundation (NSF), Directorate for Geosciences (GEO), Division of Earth Sciences (EAR). This is an EAR Postdoctoral Fellowships project under EAR-PF grant number 2053016; USEPA STAR Fellowship project under grant number FP-91779501-0; Alfred P Sloan Indigenous Graduate Partnership (SIGP) program through the Montana University System; NW NARCH Research Support Fellowship Program: NPAIHB Contract #: C20-132; NSF Indigenous STEM program 1348410.



Acknowledgments

The author acknowledges and thanks Edward Rosenberg, Ellen Lauchnor and numerous other individuals for their contributions and mentorship; Sandra Kohl, Isabelle Melmer, Miles Hogger, Lucia Prieto Romano, Nathan Salsburg, Carter Storrusten for their contribution to the POU project; Stephan T. Chase for his editorial contributions to this article. And most importantly, I would like to express my sincere gratitude and appreciation for the thoughtful contributions of the Diné communities who contributed to this project.



Conflict of interest

The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Getty, GA
. The journey between western and indigenous research paradigms. J Transcult Nurs. (2009) 21:5–14. doi: 10.1177/1043659609349062


 2. Chilisa, B
. Indigenous Research Methodologies. Thousand oaks, CA: SAGE Publications (2012).


 3. Smith, LT
. Decolonizing methodologies: Research and indigenous peoples. 2nd ed. London; New York: New York: Zed Books; New York: Distributed in the USA exclusively by Palgrave Macmillan (2012).


 4. Kovach, M
. Indigenous methodologies: Characteristics, conversations and contexts. Toronto: University of Toronto Press Inc. (2012).


 5. Wilson, S
. Research is ceremony: Indigenous research methods. Black Point, N.S: Fernwood Pub (2008).


 6. Kirkness, VJ, and Barnhardt, R. First nations and higher education: the four R's--respect, relevance, reciprocity, responsibility. J Coll Univ Stud Hous. (2016) 42:94.


 7. Porsanger, J
. An essay about indigenous methodology. Nordlit: Tidsskrift i litteratur og kultur. (2004) 8:105. doi: 10.7557/13.1910


 8. Tsosie, R.L. Addressing long-standing water contamination issues in Diné communities using indigenous and Western scientific approaches [dissertation/master's thesis]. Missoula (MT): University of Montana. (2020).


 9. Navajo Nation
. Navajo nation history. Available at: http://www.navajo-nsn.gov/history.htm (Accessed November 20, 2019).


 10. Lonas, L
. Navajo nation becomes largest tribe in US after pandemic saw climb in enrollment. US: The Hill.


 11. ADWR
. Arizona Department of Water Resources (ADWR). Arizona water atlas: volume 2 eastern plateau planning area. (2009).


 12. Eichstaedt, PH
. If you poison us: Uranium and native Americans. 1st ed. Santa Fe, N.M: Red Crane Books (1994).


 13. Markstrom, C, and Charley, P. Psychological effects of the technological/human-caused environmental disasters: examination of the Navajo and uranium. Am Indian Alsk Native Ment Health Res. (2003) 11:19–45. doi: 10.5820/aian.1101.2003.19


 14. 66th Congress
. Bureau of Indian Affairs appropriations. (1919).


 15. Ascarza, W. Mine tales: four corners area was great producer of vanadium. Arizona Daily Star Tucsoncom. (2016). Available from: https://tucson.com/news/local/mine-tales-four-corners-area-was-great-producer-of-vanadium/article_d31fc02e-79c8-538c-bdf4-e1708981bd22.html (Accessed November 20, 2019).


 16. Brugge, D, and Goble, R. The history of uranium mining and the Navaho people. Am J Public Health. (2002) 92:1410–9. doi: 10.2105/AJPH.92.9.1410 

 17. Chenoweth, WL
. Historical review uranium-vanadium production in the northern and western Carrizo Mountains, apache county, Arizona. Open-File Report. (1985):85–113.


 18. Pasternak, J
. Yellow dirt: An American story of a poisoned land and a people betrayed. 1st free press. Hardcover ed. New York, NY: Free Press (2010).


 19. Voyles, TB
. Wastelanding: Legacies of uranium mining in Navajo country. Minneapolis, MN: University of Minnesota Press (2015).


 20. U.S. Environmental Protection Agency
. Federal actions to address impacts of uranium contamination in the Navajo nation five-year plan summary report. (2013). Available at: http://www.epa.gov/region9/superfund/navajo-nation/pdf/NavajoUraniumReport2013.pdf (Accessed November 20 2019).


 21. DeLemos, JL, Brugge, D, and Cajero, M. Development of risk maps to minimize uranium exposures in the Navajo Churchrock mining district. Environ Health: Global Access Sci Source. (2009) 8:29–43. doi: 10.1186/1476-069X-8-29 

 22. International Workshop on Environmental Contamination from Uranium Production Facilities and their Remediation (2004 : Lisbon, Portugal) Environmental contamination from uranium production facilities and their remediation : proceedings of an international workshop on environmental contamination from uranium production facilities and their remediation / organized by the International Atomic Energy Agency and held in Lisbon. (2005) 11–13.


 23. AML/UMTRA Department
. Navajo nation abandoned mine lands. (2024). Available at: https://aml.navajo-nsn.gov (Accessed February 6, 2024).


 24. Girard, JE
. Analysis of water and wastewater: radioactive substances In: Principles of environmental chemistry, vol. 274. 1st ed. Sudbury, MA: Jones and Bartlett Publishers, Inc. (2005)


 25. Tchounwou, PB, Yedjou, CG, Patlolla, AK, and Sutton, DJ. Heavy metals toxicity and the environment. EXS. (2012) 101:133–64. doi: 10.1007/978-3-7643-8340-4_6


 26. Shuey, C. Uranium exposure and public health in New Mexico and the Navajo nation: A literature summary. (2008).


 27. Hund, L, Bedrick, EJ, Miller, C, Huerta, G, Nez, T, Ramone, S , et al. A Bayesian framework for estimating disease risk due to exposure to uranium mine and mill waste on the Navajo nation. J Royal Statistical Society Series A: Statistics in Society. (2015) 178:1069–91. doi: 10.1111/rssa.12099


 28. U.S. Environmental Protection Agency
. Basic information about radionuclides in drinking water. Available at: http://water.epa.gov/drink/contaminants/basicinformation/radionuclides.cfm (Accessed November 20, 2019). (2013).


 29. Darolles, C, Broggio, D, Feugier, A, Frelon, S, Dublineau, I, de Meo, M , et al. Different genotoxic profiles between depleted and enriched uranium. Toxicol Lett. (2010) 192:337–48. doi: 10.1016/j.toxlet.2009.11.009


 30. Yazzie, M, Gamble, S, Civitello, E, and Stearns, DM. Uranyl acetate causes DNA single strand breaks in vitro in the presence of ascorbate (vitamin C). Chem Res Toxicol. (2003) 16:524–30. doi: 10.1021/tx025685q


 31. Harmon, ME, Lewis, J, Miller, C, Hoover, J, Ali, AS, Shuey, C , et al. Residential proximity to abandoned uranium mines and serum inflammatory potential in chronically exposed Navajo communities. J Expo Sci Environ Epidemiol. (2017) 27:365–71. doi: 10.1038/jes.2016.79 

 32. Zhang, P, Yang, M, Lan, J, Huang, Y, Zhang, J, Huang, S , et al. Water quality degradation due to heavy metal contamination: health impacts and eco-friendly approaches for heavy metal remediation. Toxics. (2023) 11:828. doi: 10.3390/toxics11100828 

 33. Priest, N
. Toxicity of depleted uranium. Lancet. (2001) 357:244–6. doi: 10.1016/S0140-6736(00)03605-9


 34. Shields, LM, Wiese, WH, Skipper, BJ, Charley, B, and Banally, L. Navajo birth outcomes in the Shiprock uranium mining area. Health Phys. (1992) 63:542–51. doi: 10.1097/00004032-199211000-00005


 35. Lewis, J, Gonzales, M, Burnette, C, Benally, M, Seanez, P, Shuey, C , et al. Environmental exposures to metals in native communities and implications for child development: basis for the Navajo birth cohort study. J Soc Work Disabil Rehabil. (2015) 14:245–69. doi: 10.1080/1536710X.2015.1068261 

 36. Hoover, JH, Erdei, E, Begay, D, Gonzales, M, NBCS Study Team, Jarrett, JM , et al. Exposure to uranium and co-occurring metals among pregnant Navajo women. Environ Res. (2020) 190:109943. doi: 10.1016/j.envres.2020.109943 

 37. Kopacek, J, Ondrias, K, Sedlakova, B, Tomaskova, J, Zahradnikova, L, Sedlak, J , et al. Type 2 IP3 receptors are involved in uranyl acetate induced apoptosis in HEK 293 cells. Toxicology. (2009) 262:73–9. doi: 10.1016/j.tox.2009.05.006


 38. World Health Organization
. Arsenic. (2018). Available at: https://www.who.int/news-room/fact-sheets/detail/arsenic (Accessed November 20, 2019).


 39. Navajo nation environmental protection agency. AUM (2024). Available at: https://navajoepa.org [Accessed February 6, 2024].


 40. United state Environmental Protection Agency. Navajo Nation and AUMs (2024). Available at: https://www.epa.gov/navajo-nation-uranium-cleanup (Accessed November 20, 2019).


 41. Xu, H, Zhou, X, Wen, X, Lauer, FT, Liu, KJ, Hudson, LG , et al. Environmentally relevant concentrations of arsenite induce dose-dependent differential genotoxicity through poly(ADP-ribose) polymerase inhibition and oxidative stress in mouse thymus cells. Toxicol Sci. (2016) 149:31–41. doi: 10.1093/toxsci/kfv211 

 42. Brugge, D, and Buchner, V. Health effects of uranium: new research findings. [Internet]. (2011) 26:231–249. Available at: https://pubmed.ncbi.nlm.nih.gov/22435323/


 43. Cooper, KL, Dashner, E, Tsosie, R, Cho, YM, Lewis, J, and Hudson, LG. Inhibition of poly(ADP-ribose)polymerase-1 and DNA repair by uranium. Toxicol Appl Pharmacol. (2015) 291:13–20. doi: 10.1016/j.taap.2015.11.017


 44. Hoover, J, Gonzales, M, Shuey, C, Barney, Y, and Lewis, J. Elevated arsenic and uranium concentrations in unregulated water sources on the Navajo nation, USA. Expo Health. (2017) 9:113–24. doi: 10.1007/s12403-016-0226-6 

 45. Ding, W, Liu, W, Cooper, KL, Qin, XJ, de Souza Bergo, PL, Hudson, LG , et al. Inhibition of poly(ADP-ribose) polymerase-1 by arsenite interferes with repair of oxidative DNA damage. J Biol Chem. (2008) 284:6809–17. doi: 10.1074/jbc.M805566200


 46. U.S. Environmental Protection Agency
. Provisional peer-reviewed toxicity values for vanadium and its soluble inorganic compounds other than vanadium pentoxide (CASRN 7440-62-2 and others). (2009).


 47. Dias, DC, Henderson, H, Thomson, B, and Hecht, A. Ground water contamination with U, U, U, ra and pb from past uranium mining: cove wash, Arizona. Environ Geochem Health. (2014) 36:477–87. doi: 10.1007/s10653-013-9575-2


 48. Credo, J, Torkelson, J, Rock, T, and Ingram, JC. Quantification of elemental contaminants in unregulated water across Western Navajo nation. Int J Environ Res Public Health. (2019) 16:2727. doi: 10.3390/ijerph16152727 

 49. Jones, L, Credo, J, Parnell, R, and Ingram, JC. Dissolved uranium and arsenic in unregulated groundwater sources – Western Navajo nation. J Contemp Water Res Educ. (2020) 169:27–43. doi: 10.1111/j.1936-704X.2020.03330.x 

 50. Jani, C
. Ingram; Lindsey Jones; Jonathan Credo; Tommy Rock uranium and arsenic unregulated water issues on Navajo lands. J Vac Sci Technol A. (2020) 38:031003. doi: 10.1116/1.5142283 

 51. Lister, A, Froyum, J, and Ingram, JC. Determination of uranium in sheep hearts from the Navajo nation. J Vet Med Animal Sci. (2021) 4:1055. doi: 10.47739/2378-931X/1263


 52. Liu, Z, Lin, Y, Hoover, JH, Beene, D, Singer, N, and Charley, P. Individual level spatial-temporal modeling of exposure potential of livestock in the cove wash watershed. Arizona Annals of GIS. (2023) 29:87–107. doi: 10.1080/19475683.2022.2075935 

 53. Center for Native Environmental Health Equity
. PRO (2024). Available at: https://hsc.unm.edu/pharmacy/research/areas/native-eh-equity/ (Accessed February 6., 2024).


 54. Navajo nation water purification project
. N4WPP. (2024). Available at: https://www.nmt.edu/restore/ (Accessed February 6., 2024).


 55. University of Arizona
. Navajo water purification (2024). Available at: https://chee.engineering.arizona.edu/news-events/chemical-engineers-create-desalination-bus-navajo-nation (Accessed February 6., 2024).


 56. Rowles, LS, Tso, D, Dolocan, A, Kirisits, MJ, Lawler, DF, and Navid, B. Saleh integrating Navajo pottery techniques to improve silver nanoparticle-enabled ceramic water filters for disinfection. Environ Sci Technol. (2023) 57:17132–43. doi: 10.1021/acs.est.3c03462


 57. U.S. Environmental Protection Agency
. Abandoned uranium mines project, Arizona, New Mexico, Utah - Navajo lands, 1994-2000, project atlas. U.S: Environmental Protection Agency, region 9 (2000).


 58. Athas, W
. Drinking water arsenic and cancer risk in New Mexico. New Mexico Epidemiol. (2010) 1:1–4.


 59. Blake, JM, Avasarala, S, Artyushkova, K, Ali, A-MS, Brearley, AJ, Shuey, C , et al. Elevated concentrations of U and co-occurring metals in abandoned mine wastes in a northeastern Arizona native American community. Environ Sci Technol. (2015) 49:8506–14. doi: 10.1021/acs.est.5b01408


 60. Costigan, M, Cary, R, and Dobson, S. Vanadium pentoxide and other inorganic vanadium compounds. (2001).


 61. Rosenberg, E, Pinson, G, Tsosie, R, Tutu, H, and Cukrowska, E. Uranium remediation by ion exchange methods: a critical review. Johnson Matthey Technol Rev. (2016) 60:59–77.


 62. Moore-Nall, A, and Tsosie, R. REE data support Permian Phosphoria formation sourced oil as a source of metals for U-V mineralization in the northern Bighorn Basin. Fortschr Mineral. (2017) 7:232. doi: 10.3390/min7120232


 63. Tsosie, Ranalda, and Rosenberg, Edward “Uranium capture from high sulfate and nitrate waste streams with modified silica polyamine composites.” Proceedings of the international water conference (IWC) (2017).


 64. Tutu, H, Bakatula, E, Dlamini, S, Rosenberg, E, Kailasam, V, and Cukrowska, EM. Kinetic, equilibrium and thermodynamic modelling of the sorption of metals from aqueous solution by a silica polyamine composite.(report). Water SA. (2013) 39:437. doi: 10.4314/wsa.v39i4.1


 65. Allen, JJ, Rosenberg, E, Johnston, E, and Hart, C. Sol-gel synthesis and characterization of silica polyamine composites: applications to metal ion capture. ACS Appl Mater Interfaces. (2012) 4:1573–84. doi: 10.1021/am201761m


 66. Hughes, MA, Nielsen, D, Rosenberg, E, Gobetto, R, Viale, A, Burton, SD , et al. Structural investigations of silica polyamine composites: surface coverage, metal ion coordination, and ligand modification. Ind Eng Chem Res. (2006) 45:6538–47. doi: 10.1021/ie0601448


 67. Allen, J, Berlin, M, Hughes, M, Johnston, E, Kailasam, V, Rosenberg, E , et al. Structural design at the polymer surface interface in nanoporous silica polyamine composites. Mater Chem Phys. (2011) 126:973–82. doi: 10.1016/j.matchemphys.2010.11.053


 68. Chenoweth, WL, and Malan, RC. The uranium deposits of northeastern Arizona. In: Monument Valley (Arizona, Utah and New Mexico). Eds. H. L. James. New Mexico Geological Society 24th Annual Fall Field Conference Guidebook. (1973):139–149.


 69. Stokes, WL
. Carnotite deposits in the Carrizo Mountain area, Navajo Indian reservation, apache county, Arizona and San Juan county, New Mexico: USGS prof. Paper 690. New Mexico: Geological Survey Circular 11 (1951).


 70. El Hayek, E, Torres, C, and Rodriguez-Freire, L. Effect of calcium on the bioavailability of dissolved uranium(VI) in plant roots under circumneutral pH. Environ Sci Technol. (2018) 52:13089–98. doi: 10.1021/acs.est.8b02724 

 71. Kant, J, Larson, G, Burckhard, S, Berdanier, B, and Meyers, R. Contemporary use of wild fruits by the Lakota in South Dakota and implications for cultural identity. Great Plains Res. (2015) 25:13–24. doi: 10.1353/gpr.2015.0011



Copyright
 © 2024 Tsosie. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		T’ah kóó hóniidló, we’re still HERE! Mining legacies, Indigenous health and innovative solutions



		1 Introduction



		2 Background



		2.1 History of the Diné and mining



		2.2 Metal impacts on human health



		2.3 Metal impacts on the environment



		2.4 Historical and current efforts to address mining legacies









		3 Development of innovative filtration technologies



		4 Conclusion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

T'ah k66 honiidld, we're still
HERE! Mining legacies,
Indigenous health and innovative
solutions












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






