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We respectfully acknowledge the University of Arizona is on the land 
and territories of Indigenous peoples. 

Today, Arizona is home to 22 federally recognized tribes, with Tucson being home to the O’odham and the 
Yaqui.

Committed to diversity and inclusion, the University strives to build sustainable relationships with sovereign 
Native Nations and Indigenous communities through education offerings, partnerships, and community 

service.

Northern Arizona University’s Land Acknowledgement

Our Land Acknowledgement recognizes the unique and enduring relationship existing 
between Indigenous Peoples and their traditional territories: 

Northern Arizona University sits as the base of the San Francisco Peaks, on homelands 
sacred to Native Americans throughout the region. We honor their past, present, and future 

generations, who have lived here for millennia and will forever call this place home.



Outline and Learning Objectives

Outline
• Case presentation
• Hard-rock mining in the Western US

• Four Corners
• Navajo Nation and Uranium

• Mechanism of environmental 
contamination from mining

• Clinically relevant environmental metals 
and clinical evaluation

• Community recognition and interpretation
• Engagement with patients as healthcare 

professionals

Learning Objectives
• Explain pertinent historical mining context 

in the Four Corners, including uranium
• Outline basic mechanisms leading to 

environmental contamination from mining
• Identify the large prospective cohort 

studies for environmentally relevant region 
metals

• Describe introductory clinical information, 
including manifestation, management, and 
potential risks, of discussed metals

• Describe some on-going research work in 
Four Corners region



AZ – 45M
• 45M no notable PHx, presenting to telehealth w/ several days 

progressive fatigue, dizziness, N/D, h/a, subjective fever/chills. 
Does not regularly see healthcare professionals, last visit years 
ago – healthy. OTC acetaminophen PRN & NKDA

• FHx: T2DM, HTN, HLD, obesity, various solid organ tumors 
(grandparents and aunts/uncles)

• SoHx:
• Neg EtOH, recreational substances
• Lives East Coast and Navajo Nation

• Occupation: Post-doctorate - Frequently travels to Four Corners 
region, most recently last week and visited various abandoned 
uranium mine features collecting water and soil samples. No 
visible signs displaying hazard or limiting barrier, therefore no PPE.



AZ – 45M, cont.
• Reported to local ED and advised potential contamination. Facility 

radiation protocol activated – notification of local Hazmat and 
local poison control center. 

• Vitals: 147/88, 94 on RA, RR 20, 98.6F
• PE: Obese, NAD, Skin – no rash/trauma, Neuro – AOx4, CN II-XII 

grossly intact, Motor BUE/BLE 5/5, Cereb FTN
• Labs:

• Negative reactivity Geiger-Mueller counter
• CBC, LFTs, Resp Panel, UA, Coag Studies – WNL; CMP: Borderline 

elevated Cl (107.6) and Random Glu (108.0)

• Ddx: Uranium exposure, N-H/a, Dizziness, dehydration
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Hard-rock mining 
& uranium

• 140,000 per Government Accountability 
Office

• Four-Corners
• Mining on-going since 1800s

• Uranium mining, 1890s – 1920s; 1940s –
1980s

• AEC/USDOE
• Mine and processing jobs staffed by 

residents – primarily Tribal or minority

• 1955 USPHS Report on miner safety
• Recommendations
• 1960s and 1970s

• 1990s and beyond
• UMTRA
• DNRPA

https://mrdata.usgs.gov/general/map-us.html





Environmental contamination

• Mechanism
• Mining
• Water exploration

• Regulated vs unregulated
• Industrial disasters

• Real world examples
• Bangladesh
• New Hampshire
• Church Rock Spill
• Gold King Mine Spill

https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcSvx_ITiZSAWrb41BAKlmNVSnOVdx3qd4Mc0lDATr7sXuO8jNwt



Analytes for investigation

• Credo, J. et al. (2019) – 
Quantification of elemental 
contaminants in unregulated 
water across western Navajo 
Nation

• Hoover, J. et al. (2017) – 
Elevated arsenic and uranium 
concentrations in unregulated 
water sources on the Navajo 
Nation, USA

• Army Corps of Engineers & 
USEPA Water Atlas (2000)

• “Navajo WaterGIS 2.0”
(https://unmcop.unm.edu/me
tals/platform.html)



Toxicology and Pharmacology

• Absorption – Route of exposure: 
inhalation, ingestion, dermal, 
injection

• Distribution – Target organ(s)
• Metabolism – Processing and storage
• Excretion - Removal
• Acute and chronic

• Progression in research and 
manifestation

• Additive, synergism, potentiation 
• Elements: uranium, arsenic, 

manganese

https://www.mdpi.com/toxics/toxics-04-00001/article_deploy/html/images/toxics-04-00001-
g002.png

https://encrypted-
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Uranium

• Radiologic
• Life-Span Study, Chernobyl, Fukushima-

Daiichi
• Deterministic – Acute
• Stochastic – Chronic

• Chemical/heavy metal
• Environmental exposure

• USPHS uranium miners (e.g., Navajos and 
Hopis)

• Psychological impact
https://media.npr.org/assets/img/2016/04/08/ap105779489776_custom-
5f8b50b562658f59d256675c5265381067e39f1c.jpg



Acute Radiation Syndrome 
(ARS)

• Hours – week timescale w/ nonspecific initial presentation

• Dependent on dose and degree of exposure

• Prodromal Phase (0-2d)

• Non-specific
• Early onset and persistence

• 1-2 Gy

• Latent Phase (2-20d)

• Period of improvement

• Inversely related to dose

• Manifest Phase (21-60d)

• Predictable pattern of progression

• Recovery

• Dependent on extent of organ damage and healthcare resources
• Life-long morbidity 

https://cdn.images.express.co.uk/img/dynamic/20/590x/secondary/1860608.jpg?r=1559054700979



ARS Sub-syndromes

• Cutaneous
• >3Gy, >6Gy, >10Gy, >15Gy, >20Gy

• Hematopoietic
• Predictable dose and time-dependent effects manifesting as cytopenias

• Gastrointestinal
• Varies w/ dose and time from exposure

• Neurovascular
• Nonspecific and overlapping to severe cognitive impairment



Long-term morbidity & chemical 
considerations
• Stochastic effect

• Carcinogenesis – Stomach and liver
• Immunological dysfunction
• Age-dependent 

• In utero, pediatrics, adolescence 

• Chemical
• IARC and USEPA – Not a carcinogen, 

association related to radiation
• Localization – Kidneys and bone

• Additive risk w/ potential for extinction
• Impacts on brain, heart, reproductive, 

estrogenic
• Immunological dysfunction



Immunological dysfunction



Patient approach

Emergent
• Determine source and timing
• +/- decontamination and 

isolation
• History
• PE & vitals – Focus on 

subsyndromes
• Labs – CBC w/ diff serialized, 

clotting times, CMP and LFT, 24hr 
– Li-heparin 

Primary Care/Ambulatory 
• Symptom manifestation and 

timing
• Family history

• Cancers – solid organ

• Social history
• Residence (current and historic), 

occupation, recreational substance 
use, water source, building material

• Counseling
• Behavioral/mental health resources



Psychological consideration

• Unable to visualize, images of destruction, polarized, 
misconceptions about radiation, social stigma, delayed 
manifestations

• LSS, Chernobyl, Navajo Nation
• Generational trauma

• Non-specific manifestation overlap
• Radiation Emergency Medical Management

• https://remm.hhs.gov/psych.htm

https://remm.hhs.gov/psych.htm




Arsenic

• Elemental, inorganic, organic

• Bangladesh
• Unicef – 1970s
• Health Effects of Arsenic 

Longitudinal Study 
(HEALS)

• Acute and chronic nature
• Dose-dependent

• High, moderate, low
• Life-long risk w/ significant 

dose



Mechanism of 
Action/Toxicity

• Trivalent
• Proteins, enzymes

• Pentavalent
• Energy production

• Cardiotoxicity
• Clotting and remodeling 

• Carcinogenesis – IARC Class 1 and 
2B
• Epigenetics





Cardiotoxicity

• Moon, K. A. et al. (2013) – Association between low to moderate arsenic exposure and incident cardiovascular disease. A prospective cohort study
• James K. A. et al. (2015) – Association between lifetime exposure to inorganic arsenic in drinking water and coronary heart disease in Colorado residents
• Moon, K. A. et al. (2018) – Association of low-moderate urine arsenic and QT interval: cross-section and longitudinal evidence from the Strong Heart Study
• Kononenko, M. & Frishman, W. H. (2021) – Association between arsenic exposure and cardiovascular disease





Clinical evaluation

• Acute
• “Poisoner of Kings”
• Pattern of GI distress progressing to CV collapse

• Chronic – primary care/ambulatory
• History

• Occupation, residence, water source, lifestyle – exercise and diet
• PE – High dose
• Laboratory

• Blood
• Urine
• Hair and nail

• Seafood consideration
• Pregnancy and Pediatrics



Manganese

• Acute and chronic
• Occupation versus environmental
• High to low concentration

• Canada studies in late 2000s

• Age-dependent
• State of development

• Adults
• Extrapyramidal preference

• “Parkinson’s-like”

• Children
• Learning

• Clinical evaluation



Behavioral manifestation



Community Recognition

• Context of mining history
• “Bringing ‘badness’ to the 

surface”
• Holistic interpretation
• Legacy contamination

• Water
• Food

• Rock, T. et al. (2019) – Traditional 
sheep consumption by Navajo people 
n Cameron, Arizona

• <INSERT RELEVENT LISTER PUB>
Abandoned uranium mines

https://www.navajo-
nsn.gov/Portals/0/Images/Executive%20Branch%20Logos/DN
R_logo_w300.jpg?ver=aWDAk4L-MwRHtQp5g3_QyA%3D%3D



Table 3. Mutton eating habits among participants who completed the sheep survey, 2017 (N = 72)

Question Response, N (%)

All Participants Gender Age Group (years)

Men Women 18-25 26-39 40-55 56-70 >70

Do you think or worry whether it’s safe to eat 
mutton?

Yes 23 (32.4) 7 (25.0) 16 (37.2) 2 (28.6) 2 (15.4) 3 (17.7) 7 (33.3) 9 (69.2)

No 34 (47.9) 18 (64.3) 16 (37.2) 4 (57.1) 9 (69.2) 10 (58.8) 9 (42.9) 2 (15.4)

Sometimes 14 (19.7) 3 (10.7) 11 (25.6) 1 (14.3) 2 (15.4) 4 (23.5) 5 (23.8) 2 (15.4)

Missing * 1 1 0 0 0 0 0 1

At what events to you eat sheep? **

Regular meal 18 (25.0) 5 (17.2) 13 (30.2) 0 (0.0) 2 (15.4) 6 (35.3) 4 (19.1) 6 (42.9)

Ceremony 39 (54.2) 15 (51.7) 24 (55.8) 6 (85.7) 7 (53.9) 9 (52.9) 8 (38.1) 9 (64.3)

Holiday 38 (52.8) 9 (31.0) 29 (67.4) 4 (57.1) 9 (69.2) 7 (41.2) 12 (57.1) 6 (42.9)

Family gathering 60 (83.3) 22 (75.9) 38 (88.4) 7 (100.0) 11 (84.6) 14 (82.3) 18 (85.7) 10 (71.4)

Community event 30 (41.7) 10 (34.5) 20 (46.5) 1 (14.3) 6 (46.2) 6 (35.3) 12 (57.1) 5 (35.7)

Do you think people eat more mutton in your 
childhood compared to today?

Yes 52 (73.2) 20 (71.4) 32 (74.4) 6 (85.7) 7 (53.9) 10 (58.8) 17 (81.0) 12 (92.3)

No 19 (26.8) 8 (28.6) 11 (25.6) 1 (14.3) 6 (46.1) 7 (41.2) 4 (19.0) 1 (7.7)

Missing * 1 1 0 0 0 0 0 1

* Missing not included in percent
** Participants may choose more than one response



Table 4. Frequency of consumption among participants who completed the sheep survey, 2017 (N = 72)

Frequency of Consumption

Part of Sheep 
Consumed 

Number of Participants Every Day Every Week Every Month Every Few Months Once a Year Missing

N (%) N (%)*

Blood sausage 52 (72.2) 1 (1.9) 3 (5.8) 14 (26.9) 26 (50.0) 6 (11.5) 2 (3.8)

Mutton stew 63 (87.5) 2 (3.2) 8 (12.7) 20 (31.8) 32 (50.8) 0 1 (1.6)

Roasted Mutton 
Sandwich

59 (81.9) 2 (3.4) 5 (8.5) 20 (33.9) 30 (50.9) 0 2 (3.4)

Mutton ribs 60 (83.3) 2 (3.33) 3 (5.0) 17 (28.3) 36 (60.0) 1 (1.7) 1 (1.7)

Roasted mutton meat 60 (83.3) 2 (3.33) 6 (10.0) 17 (28.33) 34 (56.7) 0 1 (1.67)

Hind leg 57 (79.2) 1 (1.8) 6 (10.53) 15 (26.3) 33 (57.9) 0 2 (3.5)

Intestines (Achii) 53 (73.6) 1 (1.9) 4 (7.6) 17 (32.1) 28 (52.8) 2 (3.8) 1 (1.9)

Liver 53 (73.6) 1 (1.9) 3 (5.7) 13 (24.5) 30 (56.6) 4 (7.6) 1 (1.9)

Heart 45 (62.5) 1 (2.2) 3 (6.7) 11 (24.4) 25 (55.6) 3 (6.7) 2 (4.4)

Kidneys 47 (65.3) 1 (2.1) 2 (4.3) 11 (23.4) 26 (55.3) 5 (10.6) 2 (4.3)

Lungs 38 (52.8) 1 (2.6) 2 (5.3) 8 (21.1) 22 (57.9) 4 (10.5) 1 (2.6)

Esophagus 18 (25.0) 0 0 4 (22.2) 8 (44.4) 4 (22.2) 2 (11.1)

Hoof 15 (20.8) 1 (6.7) 1 (6.7) 1 (6.7) 8 (53.3) 2 (13.3) 2 (13.3)

Skin 12 (16.7) 0 0 2 (16.7) 5 (41.7) 3 (25.0) 2 (16.7)

Head 46 (63.9) 1 (2.2) 4 (8.7) 11 (23.9) 24 (52.2) 5 (10.9) 1 (2.2)

Tongue 39 (54.17) 1 (2.6) 4 (10.3) 6 (15.4) 22 (56.4) 5 (12.8) 1 (2.6)

Eyes 39 (54.2) 1 (2.6) 4 (10.3) 7 (18.0) 21 (53.9) 4 (10.3) 2 (5.1)

Ears 24 (33.3) 1 (4.2) 3 (12.5) 2 (8.3) 13 (54.2) 4 (16.7) 1 (4.2)

Stomach 45 (62.5) 1 (2.2) 3 (6.7) 12 (26.7) 22 (48.9) 6 (13.3) 1 (2.2)

*percent is of the number of participants who consumed the respective part of the sheep



Sample Collection
Kidney Liver Heart

Esophagus Small Intestine Large Intestine

Stomach Hoof Wool

Rib Meat Leg Meat Chest Meat

Lungs Fat Leg Bone



Q: Andee and Jani --- What publication and/or figure should I use?



Role of healthcare professional

• “At what point in history did a doctor become something more 
than a trusted and learned friend who visited and treated the ill?”
• Primary care and preventive medicine

https://upload.wikimedia.org/wikipedia/en/0/0b/HouseGregoryHouse.png https://upload.wikimedia.org/wikipedia/commons/thumb/d/df/Patch_Adams.jpg/640px-Patch_Adams.jpg



Gold King Mine Spill



Cancer Data/Report



• Cancer defined as “a sore that does not heal” and “a disease for 
which we have not found a cure”
• Skepticism of Western medicine
• Prior mistreatment
• Cultural misunderstanding by “Western health professionals”

• “Participants were not aware of screening recommendations”
• “You can’t go over to her house, she has cancer, it’s contagious.”



New uranium mine opening at GC



Closing – Tie back to presented case

• Possible mild radiation exposure
• Ingestion of dust material and localized GI distress

• Additional history
• In the area with some community members, all reported differing degrees 

of non-specific symptoms but post-doc the only one that reported to 
healthcare

• Hazmat swept post-doc hotel room and removed some samples

• Counseling 



Other related 
studies & resources
• Impact of arsenic and uranium on wound healing and 

diabetic ulcers
• Northern Arizona University

• Matthew Salanga, Ph.D.  and Rob Keller, Ph.D. 

• “Helicobactor pylori in Native Americans in Northern 
Arizona”

• Northern Arizona University and University of Arizona
• Fernando Monroy, Ph.D.  and Robin Harris, Ph.D. 

• Air pollution
• Northern Arizona University

• Institute of Tribal Environmental Professionals

• Robin Harris, Ph.D. 

• ECHO Study – Predecessor of Dine Birth Cohort
• University of New Mexico
• Johneye Lewis, Ph.D. and Debra Mackenzie, Ph.D. 

• Native Americans for Cancer Prevention (NACP)
• Jani Ingram, Ph.D.

• Environmental Health Module
• Audrey Yang ( aryang@arizona.edu), Julie Jernberg M.D., 

M.B.A. (jbj1@arizona.edu), Jonathan Credo, Ph.D. 
(jmcredo@arizona.edu)

https://navajotimes.com/reznews/birth-cohort-study-continue-expand-new-grant/

mailto:aryang@arizona.edu
mailto:jbj1@arizona.edu
mailto:jmcredo@arizona.edu


Community 
Collaborators

Funding

National Institute of General Medical Sciences (S06GM127164-04, 1T32GM141830) 
National Institute of Minority Health and Health Disparities (Grant U54MD012388)
National Institute of Environmental Health Sciences (P50ES026089)
National Cancer Institute (U54CA143925)
National Institute on Aging (1T32AG061897-01)
USEPA (IT-84008901) 
Flinn Foundation (2102 and 2187)
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