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CDC U01TS 000135 

DiNEH Project ς NIH/ES-014565, ES-012972 
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Blue Gap-Tachee AUMs 

Puerco River Valley/ 
Sanders/bŀƘŀǘŀΩ5Ȋƛƛƭ-New Lands 

 
Map from USEPA, modified by SRIC 
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Pueblo of Laguna: 
Jackpile Mine 

The Problem: U Mine Wastes Pervasive on Navajo, Laguna  

The Numbers: 
Á 524 AUMs on 

Navajo Nation 
Á >10,400 

AUMs in 
Western U.S. 

Á Jackpile Mine 
at Laguna ς 
once largest 
open-pit U 
mine in world 

ÁAll AUMs fall 
under federal 
Superfund 
law for 
assessment, 
remediation 
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Community Engagement: Overarching Questions  

ÅHow did Native communities impacted by uranium mining help inform 
25Ҍ ȅŜŀǊǎ ƻŦ ¦baΩǎ environmental health research? 

ÅHow have impacted Native communities participated in EH research? 

ÅWhat are the roles of citizen and indigenous science in EH research? 

ÅWhat have we learned from these community-based collaborations? 

 

L-R: Cameron Farm assessment, 2019; Chris bŜȊ ŀǘ /ƭŀƛƳ ну άtǊƛǳǎ wƻŎƪέΣ нлмпΤ  
Red Water Pond Road Community, 2007; soil and plant sampling, Pueblo of Laguna, 2020 
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Models underlyng our community-partnered 
research: Western and Indigenous Commonalities 

Data collection 
Å Population 
Å Biospecimen 
Å Animal studies 
Å Cells 

Analysis and Review 
Å Exposure 
Å Association (population studies) 
Å Mechanisms (laboratory studies) 

Reevaluation 
Intervention? 

Observation; 
Hypothesis 
generation 

Courtesy of Chinle Unified School District 

Core 
Community 
Questions, 
Concerns  

5 
4 
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DiNEH Project (RO1) 
(2001 ς 2012) 

First research to examine community impacts on health in 
partnership with and at request of 20 chapters in and adjacent to 
Eastern Agency of Navajo Nation (NIEHS) 

NBCS & NBCS/ECHO 
(2010 ς ongoing) 

Responsive to congressional mandate to community concerns from 
DiNEH tǊƻƧŜŎǘΥ  ά²Ƙŀǘ ƛǎ ŜȄǇƻǎǳǊŜ ŘƻƛƴƎ ǘƻ ǘƘŜ ƘŜŀƭǘƘ ƻŦ ŦǳǘǳǊŜ 
ƎŜƴŜǊŀǘƛƻƴǎΚέ ό/5/Σ bLI-OD) 

Center for Native 
Environmental Health 
Research Equity 
(2015 ς ongoing) 

Comparative community partnered study with Navajo, Sioux, and 
Apsaloóke to examine ecosystem and health effects in tribes from 
distinct language groups and cultures impacted by mine waste, 
combined effects of microplastics and organic emissions from 
waste combustion. (NIEHS, USEPA, NIMHD) 

UNM METALS Superfund 
Research and Training 
Center (2017-2022, 
2022-2027) 

Multidisciplinary and transdisciplinary team science research 
partnership with Navajo and Pueblo communities to examine 
environmental and health risks from mine waste to communities 
and design interventions to reduce and reverse impacts (NIEHS) 

Major Community -Partnered Environmental Health Research Studies of the 

UNM Community Environmental Health Program (J. Lewis, director) and 

Southwest Research and Information Center (C. Shuey) 
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Community questions about exposures have driven UNM 
environmental health research  

DiNEH Project, 2002-2012 
Å Does U in drinking water 

increase risk of kidney disease? 
Å Do multi-pathway exposures to 

metals in mine wastes increase 
risks of chronic disease? 

Å Population: 1,304 in 20 
chapters; 267 in biomonitoring 

Navajo Birth Cohort Study, 
2010-present 
Å Do exposures to U mine waste 

affect child health, development? 
Å Do exposures to metals in mine 

wastes increase chronic disease? 
Å Population: >1,000 families 

totaling ~1,800 mothers, fathers, 
children; ongoing 

METALS SRP, 2014-present 
Å Do mixed-metal U mine wastes 

contribute to air, water and 
farmland contamination? 

Å Do exposures to U wastes result 
in immunologic, cardiovascular, 
pulmonary effects? 

Å Populations: Diné, Laguna 
across four communities 7 



U
N

M
 M

E
T
A

L
S

 S
u

p
e

rf
u

n
d

 C
e

n
te

r 

8 

How have impacted tribal communities participated in EH research? 
Red Water Pond Road residents played active role in CRUMP (2002-õ07), 

DiNEH Project (2006-2007) and EPA removal actions (2007-õ12) 

2007  

 
 

First soil removal (3 months) 

2009-10 
 

 

 

Second soil removal (7 months) 

2012 

 
 

Third removal action (5 months) 

RWPRC residents helped measure gamma radiation rates and collect soil samples around homes next to the Northeast 

Church Rock Mine, leading to a USEPA-mandated RSE in 2006-2007 and three removal actions (below). 

2003 

2002 

CRUMP radiation monitoring 2005 

Three USEPA-ordered ñinterim removal actionsò removed 18ò to 25ô of radium- and uranium-contaminated soils (~136,000 cy) 

from around homes, mine-water arroyo. Residents were ñrelocatedò to hotels in Gallup for 3 to 7 months each time. 

2003-2004 
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Blue Gap-Tachee residents joined field studies on effects of 
exposure to mine dusts 

6. Mouse aspiration of mine-dust in 
solution indicate toxicity to lungs, 
autoimmune response 

V	
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1. Some residences close to mine wastes 

3. T. Shirley operates PM sampler 

4. Microscopy identifies U-V 
complex (C) in sub-micron particles 

2. C. Nez identifies U ore, Claim 28 

5. Most toxic metals in 
smaller particle sizes 

7. 2014 Metals 
Monograph 1; 2015 
Blake ES&T paper; 
2018 Zychowski SOT 

Mine wastes 
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How have Diné communities participated in EH research? 

Cameron residents collaborated with METALS to assess 
contaminants in soils, plants on farmlands near AUMS 

Preliminary findings: Most metals at or below crustal averages on farmlands; 
little uptate of toxic metals in Camelthorn; good uptake of key nutrients 

10 
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Citizen and Indigenous Science:   

Community Action Posters Describe Impacts 

[Υ w²tw/! ά[ƛǾƛƴƎ ǿƛǘƘ 
Uranium Wastes for 50 Years 
ŀƴŘ CƻǳǊ DŜƴŜǊŀǘƛƻƴǎέ όнлмуΣ 
2020 

R: Metals Assessments 
on Laguna Pueblo 

agricultural lands, 2022 

Blue Gap-Tachee 
Chapter: Disruption of 

Life Cycles, 2018 

! ŦŀƳƛƭȅΩǎ ǳǊŀƴƛǳƳ  
exposures in 

Waterfall Spring, 
2018 11 
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What have we learned from Community -engaged 
Research around uranium mining impacts?  

ÁCommunity members:  
Åfield staff (25+) 

Åstudy designers 

Åparticipants in studies 

Åleaders in policy initiatives 

ÁCommon toxic substances (U, 

V, As, Ra, Pb, etc.), common 

conditions across mines 

ÁCollaborations can reduce 

health risks from mine wastes 

ÁCitizen and indigenous science 

is science: validated, informed 

by traditional values, 

multidisciplinary 

ÁEager to engage their 

communities, join the next 

generation of scientists 12 
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Mineralogic composition and nanoparticle matter 
in AUM wastes 

José M. Cerrato 
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OVERARCHING QUESTIONS 

ÅHow do U and other metals occur and behave in mine waste sites? 

 

ÅWhat is the mineralogical composition and size of mine waste 
particles? 
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How do we answer this question? 
Analytical Facilities &Training 

ÅAqueous Chemistry Analyses: 

Inductively coupled plasma (ICP) 

a) Optical emission spectrometry (ICP-
OES) 

b) Mass spectrometry (ICP-MS) 

c) Ion chromatography (IC) 

ÅSolid Analyses 

 
Postdoc, Graduate, Undergraduate, and High School Level Training! 
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Use of Spectroscopy and Microscopy Methods 

X-ray Spectroscopy Electron Microscopy 
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RESULTS: Uranium, Arsenic, and pH in 
Water around Claim 28 Mine in Blue Gap 

 

 

Sample Parameter 

  U (µg/L) As (µg/L) pH 
Blue Gap Tachee Spring  163.2 5.7 7.4 

Blue Gap Tachee Seep 135.4 9.6 3.8 

Blue Gap Tachee Well  2.1 36.7 8.7 

Blake et al. 2015 
Blake et al. 2019 
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Sample Name 
Uranium  
(mg/kg) 

Vanadium  
(mg/kg) 

Arsenic 
(mg/kg) 

Iron 
(mg/kg) 

Blue Gap Tachee 
(Mine Waste 1) 

3118 3082 30 4371 

Blue Gap Tachee 
(Mine Waste 2) 

7345 919 9 77006 

BRS BDL BDL BDL 24013 

BRS ς Baseline reference soil: control from Blue Gap Tachee (Navajo) 

RESULTS: Solid Elemental Composition 
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RESULTS 
ÅDiscovery of previously unrecognized nanoparticles 

of U-bearing minerals (metals mixtures) in: 
ÅAUM mine waste samples and associated soils.  
ÅLegacy accumulation of airborne dust in church attic 

(Laguna Pueblo). 
ÅWeathering products of U-bearing strata from 

Jackpile mine ς Laguna Pueblo.  

ÅU-V-bearing minerals in nanoparticles are 
exclusively in respirable PM 2.5 fraction.  

 

 

ÅBGT mine waste samples exhibit high toxicity. 
 

 

Zychowski et al. (2018) Toxicological Science.  

 
Electron microscopy shows that Blue 

Gap/Tachee Claim 28 mine waste 

contains clusters (<1 um) of carnotite 

(K2(UO2)2(VO4)2
.2H2O) nanoparticles that 

are dispersing into individual 

nanoparticles that adhere to surfaces of 

other mineral grains.  

Cluster of  
carnotite  
nanoparticles 

DF-
STE
M 

U 

U 
U 

EDS 
Spectrum of 
Area in Red 

Mine wastes 
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HOW CAN YOU USE THESE FINDINGS? 

ÅKnowledge of mineralogical composition provides insights about metal 
mobility for understanding risks to human health and identifying 
remediation strategies.  

ÅImportant to recognize exposure to hazardous metals mixtures carried 
by nanoparticles can occur by multiple pathways. Metals toxicity is key. 

ÅInhalation and ingestion of nanoparticulates are exposure pathways for 
humans and livestock.  

Findings used to document community concerns; engage community members; bring 
community members into STEAM studies; apply indigenous values to air monitoring 
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OVERARCHING 
QUESTIONS 

ÅHow water chemistry affects the 
bioavailability of metals in plants? 

 

ÅCan fungi help enhancing metals 
(arsenic) uptake and bioaccumulation 
in plants? 

 

ÅHow cytotoxicity can change with 
respect to the chemical physical form 
of metal in the environment?  
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How do we answer these questions? 
Greenhouse experiments to study metals in plants 
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How do we answer these questions? 
Greenhouse experiments to study metals in plants 
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RESULTS: Water chemistry effects on U 
bioavailability 

Plants exposed to high U concentrations (19.04 mg/L) 

Plants exposed to U concentrations (30-700 µg/L) in carbonate solutions at circumneutral pH 

over a range of Ca concentrations:  
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RESULTS: Water chemistry and fungi effects on As 
bioavailability and toxicity 

As content in the plants 

Growth of plants in the presence of fungi 
Integration of spectroscopy to identify sites 

of accumulation in the plant 
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RESULTS: How the chemical physical form of 
metal affects its cytotoxicity?  

 The toxicity of Carbon-rich U-bearing particles were used as a solid particulate phase of U 

and compared to soluble U salts in airway epithelial cell model (A549) 

The particulate form of U in carbon-

rich particles enhances its 

bioavailability and toxicity in 

comparison to aqueous uranium 

U: aqueous uranium 

NS: narrow size distribution particles < 1 µm 

WS: wide size distribution particles < 10 µm 
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Effects of the chemical physical form of uranium on its 
cellular toxicity 

Agricultural 

crops 

Inhalation and 

ingestion 

Understanding environmental health 

risks needs understanding 

bioavailability and toxicity which 

depend not only on the level of metals 

concentration but also their chemical 

physical forms in their surrounding 

environment. 
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How we involved community members in the 
process? 

Gardening: Connecting Mother Earth 
to Human Health and Wellness 

A research partnership with gardeners and farmers on the 

Pueblo of Laguna to look for metals on agricultural lands 

near legacy uranium mine sites  
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scientists from the UNM METALS Superfund Research Center and the 

Pueblo of Laguna Environmental and Natural Resources Department (ENRD) 
to address a key community concern: Is my soil impacted with metals 

associated with mining? 

Whatôs in my garden?  

±ƛŜǘƴŀƳ ±ŜǘŜǊŀƴΩǎ wƻŀŘ ±ƛŜǿ ƻŦ 
Jackpile Mine, Apr. 2022   

METALS scientist working with the community 

members in collecting soil samples, Summer 2020 
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Sampling locations for data reported here 

Site No. Village Samples 

3 

(garden) 

Paguat

e 

soil, 

pumpkin 

7 

(garden) 

Paguat

e 

soil, melon, 

grasses 

9 

(farm) 

Paguat

e 

soil, corn, 

squash, 

grasses 

11 

(garden) 

Mesita soil, 

pumpkin 

16 

(farm) 

Laguna soil, corn 

18 

(garden) 

Paguat

e 

Soil, corn, 

cucumber, 

grasses 

Jackpile 

Mine 

Paguat

e 

Soil, 

grasses, 

roots 
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Metals in soil 
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Metals in crops 


