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The Prablem U Mine Wastes Pervasnve on Navajo Laguna

The Numbers:
A 524 AUMs on
Navajo Nation
A >10,400
AUMSs in
Western U.S.
A JackpileMine
at Lagung
once largest
open-pit U
mine in world
A All AUMs fall
under federal
Superfund
law for
assessment,
remediation
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Community Engagement: Overarching Questions &

AHow didNativecommunities impacted by uranium mining hefporm
256 e S I NA er®inmerniahh@alth research?

AHow have impacte®lativecommunities participated in EH reseafch
AWhat are the roles of citizen and indigenous science in EH researc
AWhat have we learned from these communiigised collaborations?

Center

-

-
|\

L-R:Cameron Farm assessme®@19; Chrib ST G / fFAY Hy a&
. Red Water Pond Road Community, 2007; soil and plant sampling, Pueblo of Lagunag2
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Models underlyng our community-partnered
research: Western and Indigenous Commonalities

Observation;

HypOtheS|S ‘\.‘lui'!'nain ASafe ! {m
genera‘“on l-,nnmnmcn{ o Nitsahakees N .,\ Team |

Thinking

N\, | Foster A
N Positive
Y\ Environment

Value | £
Continuous /
Learning /

Data collection
A Population
A Biospecimen

A Animal studies
A Cells

Reevaluation
Intervention?

Embrace J Strengthen
High N\ Tind J  Trust And
Expectations | \ mn /' Loyalty Among
S . Living "/ Stakeholders
Embracing life’s -
values through

continuous learning.

Take Pride In And Use Evidence To
Demonstrate Accountability For

Analysis and Review Our Work

A Exposure . . Courtesy of Chinle Unified School District
A Association (population studies)

A Mechanismglaboratory studies)
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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)

DINEHProject (RO1) First research to examine community impacts on health in
(2001¢ 2012) partnership withand at request of 2@hapters in and adjacent to
Eastern Agency of Navajo Nation (NIEHS

NBCS & NBCS/ECHO | Responsive to congressional mandate to community concerns f

(2010¢ ongoing) DINEH N2 2S00G Y G2 KIG A& SELIR&dz
ASYSN) A2y ®ORE 6/ 5/ % blLl

Center for Native Comparative community partnered study with Navajo, Sioux, an

Environmental Health Apsalookdao examine ecosystem and health effects in tribes fron

Research Equity distinct language groups and cultures impacted by mine waste,

(2015¢ ongoing) combined effects of microplastics and organic emissions from

waste combustion. (NIEHS, USEPA, NIMHD)

UNM METALS Superfun( Multidisciplinary and transdisciplinary team science research
Research and Training | partnership with Navajo and Pueblo communities to examine
Center 0172022, environmental and health risks from mine waste to communities
2022-2027) and design interventions to reduce and reverse impacts (NIEHS
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Community questions about exposures have driven UNM *Irﬁ'--

environmental healthiresearch ARG
;::::umrExposllAre Sources o
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DINEHProject, 20022012 Navajo Birth Cohort Study, METALS SR®)14present [
A Does U in drinking water 2010present A Do mixedmetal U mine wastes {99
increase risk of kidney disease? A Do exposures to U mine waste contribute to air, water and :EI

A Do multipathway exposures to affect child health, development?  farmland contamination? =
metals in mine wastes increase A Do exposures to metals in mine A PO_ exposures to U wastes resulfil
risks of chronic disease? wastes increase chronic disease? i immunologic, cardiovascular, B=

A Population:1,304in 20 A Population:>1,000 families pulmongry eff(_ecﬁs? s
chapters;267in biomonitoring totaling ~1,800 mothers, fathers, A Populations:Diné Laguna —
children; ongoing across four communities 7 i



How have impactedribal communities participated in EH research? L
RedWater Pond Road residents played active role in CRUMP2002-®7),
DINEH Project (2006-2007) and EPA removal actions 007-12)

~CRUMP radiation mohimﬁ%»

=

 Eitst $oil-removal (3 months)

Three USEPA-or dered dAinteri m r e th8te2a 5odradum-iarnduramum-catantinateddsoils (~136,000 cy)
from around homes, mine-waterar r oyo. Resi dents were fArelocatedo t o 8h
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Blue Gap-Tachee residents joined field studies on effects of ",

exposure to mine dusts
wert

3. T. Shirle es PM sampler

® Background Soil A Mine
¢ Tachee ® Claim 28
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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

Western Abandoned Crustal Average” concentrations: the “normal” amount throughout the world

ol S5 o Example pf UNM laboratory results for soils, roots and plants collected
g RANSY | in a uranium-mining impacted community on the Navajo Nation (2019)

Farm Soil, and Plant Grab Samples: Anaityical Results Reported by UNM Center for Water and the Environment (E. EI Hayek. Ph.D.), Aug. 2. 2019
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Measured concentrations from ICP-OES and ICP-MS tests

Preliminary findingsMost metals at or below crustal averages on farmlanc
little uptate of toxic metals in Camelthorn; good uptake of key nutrients10

UNM METALS Superfund Center



Citizen and Indigenous Science:

Community Action Posters Describe Impacts

7 i

[ Y w2tw/ ! afA
Uranium Wastes for 50 Years
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2020 =

Waterfall Spring

R Metals Assessments .
on Laguna Pueblo
agricultural lands2022

1 Metal occurrence in agricultural lands n

ear legacy uranium mine sites in the southwestern US using a
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What have we learned from Community

Research around uranium mining impacts?

A Community members: Community Concerns
A field stafPb+) -
A study designers

+ Safety of

conditions across mines
A Collaborations can reduce
healthrisks fromminewastes
A Citizen and indigenous scie

A participants in studies | Aoruture
A leaders in policy initiatives i | Bomonitoring
A \C/:o;\nmlggjtgm? substances (Uy — e
As, Rl etc.), common (S ;[

“Expos ‘Exposur

+ Safety of
Agriculture

+ Exposure Fs . ’ i i
IS sciencevalidated, informed ol B ek -2 yp.e  ESEPM-(BDVAC

wrh

i 000’ Waste Redistribution
ESERemed - OH /Soil Mineralogy
. ESERemed T3 g v
, mUItIdISC|pI|nary . A ‘pﬁl‘t Uptake, Fungal and other * " codi o4 iy
A Eageto engage their | v Microbial Transformation in L

communities, join the next ,» ¥ " Rhizosphere | 4y

generation of scientists

by traditional values, ‘
Togal |
* Clinical Trial

UNM METALS Superfund Center
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AHow do U and other metals occur and behave in mine waste sites?

AWhat is the mineralogical composition and size of mine waste

particles?
Funding: NIH/NIEHS P42 ES025589 (UNM METALS)
This material was developed in part under cited research awards to the University of New Mexico. It has not r
been formally reviewed by the funding agencies. The views expressed are solely those of the speakers and do
not necessarily reflect those of the agencies. The funders do not endorse any products or commercial services %;i_gg‘rjg'?gw"“

mentioned in this presentation.
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How do we answer this question?
Analytical Facilities &Training

AAqueous Chemistry Analyses:
Inductively coupled plasma (ICP)

a) Optical emission spectrometry (ICP-
OES)

b) Mass spectrometry (ICP-MS)

c) lon chromatography (IC)
ASolid Analyses i
Postdoc, Graduate, Undergraduate, and High School Level Training! i;!,
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X-ray Spectroscopy

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

U (ug/L) As (ug/L) pH
2.1 ; 8.7

Blake et al2015
Blake et al2019
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RESULTS F

ADiscovery-of previouslyrunrecognizechnanoparticles AR
of U-bearing minerals(metals mixtures) in:
A AUM mine waste samples andsassociated:soils.

A Legacy:accumulation’ ofraishorne dustin.churchcatti § S
(Laguna’Pueblo). Area in Red
A Weatheringproducts of Wearing-strata from .. 4
Jackpile'mine Laguna’Pueblo.

AU-V-bearing minerals-in nanoparticles-are
exclusivelyrindespirable\PRI5 fraction.

A BGT 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

(K,(UO,),(VO,),2H,0) nanoparticles that

are dispersing into individual

" Cluster of nanoparticles that adhere to surfaces of
carnotite other mineral grains.

Mine wastes)«
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HOW CAN YOU USE THESE FINDINGS? g
CCCC

AKnowledge-ofmineralogicab composition-providesgnsights about metal
mobility for understandingirisks to_human healthcandridentifying
remediation strategies.

Almportant to recognize exposure to:hazardous:metals:mixtures-carried
by nanoparticles cancaccur byimultipletpathways.:Metals-toxicity,is key.

Alnhalation :and ingestion fofanoparticulatesare exposurgathwaysfor
humans-andivestock

Looklng study
people K grandchildres aII Include
ssssss

communny want bemglnformatlon
know _smell research ol site e;z"s

Laguna pogg nnnnnnnnnnnn g othe r soil access
care collect
pro bl em ar eas ™
blasting PO 5
metals pyjicy mrie
environmen te}:lummaaiwe keep m air Radon groups houl tttttt
U5 tes e studles elp done

data need ‘Center around comes
ch utOImmune

about

llllll

health sampIeSg 7 wean

homes  exposure anayss  characteristics

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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AHow water chemistry affects the
bioavailability of metals in plants?

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

AHow 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

N /r/;v{,
- |

N L\ .
Z ol nN

Going strong after day

| 6inarsenic ) j *

1
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Experiment on U uptake

Experiment on As uptake

Hyperaccumulator model
plant
Brassica juncea (mustard)

pH=75 Cg2+ Ca2+

HCO -=1mM
Ca?* =0,0.3 and 6 mM

Native grass
Schizachyrium scoparium
(little bluestem)

Fungi N
HCOy POa
PH=7.5 pO." - Hiff Ca

HCO_- =5 mM Ca2+

Ca?* =3mM As
PO,> =0.12mM

UNM METALS Superfund Center



_

Plants exposed to U concentrations (30-700 pug/L) in carbonate solutions at circumneutral pH
over arange of Ca concentrations:

Fast U Removal within 24 h U detected immobilized on Root Surface

Ca0mM
P % of removed U from water
Ca 0.3 mM
20
0 N
0 0.3

6

CamM

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

At low Ca (<0.3 mM), U can still be immobilized in the roots of
the plant.

High Ca (6 mM) helps U enter deeply into root structures and go
up to the stem and the leaves of the plant.
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Growth of plants in the presence of fungi

Plant without Plant inoculated ' Integratlon Of spgctroscopy to |dent|fy sites
fungi with fungi of accumulation in the plant
— 132% longer Association Ca-P-As on root Intracellular As accumulation
plant roots surface in the presence of fungi
— 71% longer EDS/STEM X-Ray map of root inoculated
plant stems with fungi
DF-STEM
= 1800% larger
plants

As content in the plants
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15 Plant without Plant inoculated
m Stem fungi with fungi
Root
=10 | — Significant decrease
= in As accumulation
B in the roots (P<0.05)
E Ca-P Composite
2 5] I
Significant increase
- - in As accumulation
in the shoots
0 _i (P<0.05)

No Fungi Cadophora sp.




_

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)

U: aqueous uranium
NS: narrow size distribution particles <1 um
WS: wide size distribution particles < 10 um

< 120-

N e

< 100+ -

£ go- The particulate form of U in carbon-
> SH rich particles enhances its

= 60- 0 = bioavailability and toxicity in

8 -~ comparison to agueous uranium
> 40-

= -4 NS

O 20—

2 -+ SW

2 0 | | | 1 I I | 1 |

CTRL 0.01 0.1 1 10 100 111 223 445

U concentration (uM)
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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.

Inhalation and
ingestion

UNM METALS Superfund Center



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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Local farmers, gardeners and growers volunteered to work with the
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?

METALS scientist working with the community
members in collecting soil samples, Summer 2020

N i s O

+ASGYI Y +SuSNJyQaj;
JackpileMine, Apr. 2022 .

UNM METALS Superfund Center



3 Paguat soil,
(garden) e pumpkin

7 Paguat soil, melon,
(garden) e grasses

9 Paguat sall, corn,
(farm) e squash,
grasses

11 Mesita soll,
(garden) pumpkin

16 Laguna soil, corn
(farm)

18 Paguat  Sail, corn,
(garden) e cucumber,
grasses

Jackpile Paguat Soil,
Mine e grasses,
roots

UNM METALS Superfund Center



U mg/kg (ppm) 300 V mglkg [] Mine
= J( I Grass

100

Mine Paguate east Paguate west  Laguna west

Mine Paguate east Paguate west Laguna west

As mg/kg Pb mg/kg

23
20
USGS reported USGS-reported
i W | 111 i . average n Wostern 5 ¢ inWestorn
} _II_ T el g S

average in Wes!
+ U.S. =17 ppm
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Metals in crops
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