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Institutional Support:

* Bridge funding,

e pilot funds,

e discretionary funds,

* trainee support,
 equipment & lab reno

Other Research Centers/Projects:

* Biospecimens for SRP analyses,
Population data on
biomonitoring, exposure

* Environmental data,

* Pilot funds
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The Need
Western States -- US
*>1/2 of US Indigenous population

*161,000 abandoned hard rock mines

*>500,000 sites — all mixed metals

Gold Uranium/Vanadium Copper Lead

5000-

*>4500 mines -- uranium — mixed waste

4000-

*40% of watershed headwaters in West
thought to be contaminated from these mines
(USEPA)

*>600,000 Native Americans live within 10 km
of abandoned mines

3000~

Count

2000-

'0\‘34\ ¢ v g
Legend R 1000-

Potential for higher sensitivity to e b’

e o DUS State
tOXI c Ity "] Gold Mining Area
. . Density of Abandoned Non-Gold Hardrock Mines
sreliance on local resources = increased 0.34 Mines per sq K
0.0 Mines per sq Km 0D 3 %0 5D % B0 5D B B0 D N
exposu re fa (S0 0L, SOUdomers Distance To Nearest American Indian Reservation (km)

*understudied genetic, epigenetic ,metabolic,
distribution differences

UNM METALS Superfund Center.

limited research limits our understanding



The Need (cont’d)

Clean-up & Risk Reduction Options Limited

*Disposal cells still a primary option

* Costly and maintenance intensive

SRR ‘ oAl e s AT e 6'-*?&}%
St 1 > o s g ¢ v s
PRt AR VA U

« ” Vegetation on Tuba City UMTRA Cell
 Siting not simple — few want waste in their homelands  Threatens Radon Barrier

* Hauling creates substantial additional risk

 Visible reminder remains — transgenerational trauma

*Health effects of living near waste documented

*Clean-up in our lifetime unlikely

* $1 B Tronox estimated to address ~ 10% of Navajo waste o _ ’
UMTRA Disposal Cell, Mexican Hat, UT

UNM METALS Superfund Center.

*How to reduce risk?



ORIGINAL DINEH PROJECT RESULTS: LIVING IN PROXIMITY g
TO LEGACY WASTE LINKED TO ADVERSE HEALTH EFFECTSJ%@}J

G NG G &

Hund et al., 2015, Journal of Royal Statistical
Society, Series A, Statistics in Society

ONGOING EXPOSURE TO
LEGACY WASTE=->
INCREASED RISK FOR
HYPERTENSION,
MULTIPLE CHRONIC
DISEASES,

&

IMMUNE DYSREGULATION
IN ADULTS

PChitd watches |
C6 nta_. . -- > ‘ £

10.09.2009

Based on proximity to waste and self-reported activities creating contact with waste

UNM METALS Superfund Center

Birth cohort studies on two subsequent generations ongoing



Red Water Pond Road
Community Assoc. (RWPRCA)

Blue Gap-Tachee Chapter,

Tachee Uranium Concerns Committee

i

Ter e

.+ Between 3 U-waste sites since 1968

o 10.09.2009

o Community occupied since ~1900

o Environmental & occupational
exposures

o 1979 — largest US release of radioactive
material — 94 million gal

» 3 relocations for temporary actions
» waste still in place
o Community goal: restoration

20 AUMs (1950s-60s -- Navajo
Nation, northeastern Arizona)

Many of today’ s families
descended from former miners

Pregnant women’ s reliance on
contaminated drinking water 2>
concerns about children’ s severe &
fatal neuropathies

First requested clean-up in 1988;
METALS 2014 Monograph - site
prioritization (NNDOJ & USEPA)

A

"R foutiedge,

Jackpile Mine —1952-82 -- once
world’ s largest open-pit U mine
partial reclamation ‘89-95; NPL 2012

Villages concerned about

» U mobility in surface
water

windblown dusts

impact of waste on
livestock, crops, wildlif

cumulative impacts w/
off-site AUMs  °

UNM METALS Superfund Center



UNM METALS Conceptual Model N
 Commuritie:

Conceptual framework of UNM
METALS

Human Exposures

Env Project 2 Env Project 1
Windblown Metals Metal Immobilization,

o « planned risk-reduction strategies
L Transport "\ Mine Waste in yellow

Deposition |
~ A | )
. ~Immobilization

¢

components are highly interactive
with each other and communities

« CEC input and RTC translation of

A Bio Project 2 results.
. = =\ Toxicity Mechanisms

7~ Bio Project1 \ ' . - S
Immune Response} © - .

« All work in partnership with our
indigenous communities
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Goals of Interventions

Ideal strategies will be

ecost-effective, readily implemented — appropriate to site characteristics
eculturally appropriate -- exploit natural properties

*low water use

*sustainable

eresult in removal of waste from communities

ecreate safe jobs for communities
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Workshops on cross-cultural research: all

Trainees/Researchers
*Indigenous Education Institute (IEIl) Partners

Translation through Native art and Symbology ; ~ 4
U Damages Zinc Leads to Health Immune

DNA Damage Function

Community partners critical members of team

* Team science includes their regular input, July 2018 — 15t Quarterly METALS Progress
involvement of trainees Briefin

o . . . NNEPA
Liaisons: continuous involvement in partner Director Dr.

communities Donald Benn Ragls
*Participation in monthly METALS mtgs

Trainee Gonzalez-Estrella
speaks on research results fro
his studies on sorption using
native materials to clean water

Facilitate & maintain communication
®* EPA Regions 6 and 9, Navajo Nation EPA,
communities, Navajo Settlement Trustees
®* Quarterly briefings initiated
* All participate in Annual Meeting with EAC

UNM METALS Superfund Center

Community member Edith Hood



Examples of recognition of our wo

METALS team gives invited
presentations at Restoring K’ e
Conferences throughout Navajo
Nation (2018)

2o — ="

Sa ddérs, AZ

1

-

National Institute of
Environmental Health Sciences

Superfund Research Program

Research Brief

Dust from Mine Waste in Navajo Nation May Harm Lungs and Heart

Particles in dust from abandoned uranium mines may be damaging to the
lungs and heart, according to new research from the University of New Mexico
Superfund Research Program (UNM SRP) Center. The researchers showed that
exposure to particles less than 10 micrometers in diameter (PM10) from an old
uranium mine, compared to PM10 from an area not impacted by a mine, led
to increased pulmonary and cardiac toxicity in mice, as well as higher levels of
inflammation and oxidative stress in cells.

With funding from SRP and another NIEHS grant, researchers, led by Matthew
Campen, Ph.D., focused on PM10 arising from one of more than 500 abandoned
uranium mine sites in the Navajo Nation. They took dust samples from the Claim
28 mine site in the Blue Gap Tachee Chapter of the Navajo Nation to study the
stucture and toxicity of the particles. They also took dust samples from a nearby
area, which is not impacted by historical mining activities, to serve as background
PM10 for comparison.

They discovered that the PM10 derived from the mine, called Claim 28 PM10,
was highly enriched with uranium and vanadium. These two metals have been
previously linked to negative health effects. The Claim 28 PM10 also exhibited
a unique structure consisting of aggregated uranium- and vanadium-bearing
nanoparticles, which was not seen in the background PM10.

Examining Particulate Toxicity

To determine whether the Claim 28 PM10 was more toxic than background
PM10, researchers exposed mice to both types of particles. They found

that Claim 28 PM10 led to increased pulmonary inflammation relative to
background PM10. They also observed greater vascular toxicity in Claim 28
PM10-exposed mice, as measured by heightened constriction of the aorta, the
largest artery in the body.

They also found that human cells exposed to Claim 28 PM10 led to higher
rates of cell death and impairement of phagocytosis, an immune system
mechanism used to remove pathogens and cell debris. Claim 28 PM10 was also
associated with higher oxidative stress responses in cells. Further study of the
cell responses revealed that cell death and injury by Claim 28 PM10 exposure
was driven primarily by pathways responsible for activating inflammatory
responses.

When examining uranium and vanadium from the samples, they found that
both metals produced immune responses in the lung, although with different
patterns of cytokines. Cytokines are chemical communicators released by cells
of the immune system that may indicate different inflammatory responses.
Uranium induced a classic inflammatory pattern of cytokines associated with

- = g

From left, UNM SRP Center trainees Marsha
Bitsui and Jessica Begay and UNM SRP
Center researcher Chris Shuey, MPH,
collect dust samples at the Claim 28 mine
site. (Photo courtesy of Matthew Campen)

®  Background Soil Mine Waste
*  Mine Waste 1 ® Mine Waste
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Metal Species

The researchers characterized elements in
the samples and found that particles less

than 63 micrometers in size, compared to
larger particles in the samples, displayed
higher concentrations of toxic metals,
including uranium and vanadium. (Image
from Zychowski et al, 2018, Respirable
uranyl-vanadate containing particulate matter
derived from a legacy uranium mine site
exhibits potentiated cardiopulmonary toxicity,
Toxicol Sci, by permission of Oxford University

The Navajo Nation
Environmental Protection Agency

DR. JOHNNYE LEWIS

Is hereby awarded the

ENVIRONMENTAL EXCELLENCE AWARD

On behalf of the Navajo Nation
and all Children of the
Mother Earth, We thank you

This is to certify that on this 21st day of June 2018

the innate immune system, which included the cytokires interleeskisis[fdtf. On theR##ét hand, vanadium induced a cytokine pattern more consistent with a TH2-like

Campen
AirCARE1 work
at Tachee
highlighted in
SRP brief

response, which is associated with controlling allergic inflammatory responses.

Delving into the structural differences of the PM10, they found that Claim 28 mine waste appeared to include carnotite
ore, a mineral containing uranium and vanadium. In the samples, these carnotite grains often existed as aggregated
nanoparficles. Because nanometer-sized particulates can penetrate deeper into the lung, these structures may be linked
toincreased toxicity.

Implications for Nearby Residents

According to the authors, a limitation of these studies is their
use of high doses of PM10 which are not directly relevant to
human exposures, but provide a way to directly compare the
potency of dusts from mine waste and background samples.

Moving forward, the researchers are validating the findings
on-site in Blue Gap Tachee. They are analyzing how much of the
contaminated dust may be traveling to community members in
the region. They also are examining potential health effects of
inhalation exposures on nearby Navajo communities.

The authors added that although they expect the overall
exposure of windblown PM10 to be low in nearby

communities, many of the local residents within a few TR e e Foaral
kilometers of mine sites have lived in their homes for several ste dus, th researchershave gone out ntot
decades. This emphasizes the need to assess exposure over time  tovalcat cings Ther mabile exposurelab on loan
to gauge the regional health risks imparted by e e A A
waste sites. ‘movement of Claim 28 PM10. (Photo courtesy of Matthew

]
In addition to SRP funding, this research was funded by NIEHS "
grant ROLES026673

Navajo Nation EPA awards METALS
Director Lewis 2018 annual
Environmental Excellence Award

UNM METALS Superfund Center



Environmental Projects: Understand mixtures, particle
composition, mineralogy to develop risk reduction strategies

* Warning systems

_ * Site Prioritization for Clean-up

Metal mixtures in mine wastes

e Stabilization
* Remediation
* Resource protection

Biological Projects: Understand toxicological mechanisms
(immune dysregulation) to inform interventions

UNM METALS Superfund Center.



Metal mixtures in mine wastes

_ RiSk REduction

) Stabilization
/ “. Remediation

Mixture and particle composition
Warning systems
Site prioritization

UNM METALS Superfund Center.



For Environmental Project 1 (Metal Immobilization for Remediation)

* Primary Aim: Utilize mineral phases common to mine wastes sites to
develop remediation strategies that immobilize metals and thus prevent
degradation of community water sources.

For Environmental Project 2 (Toxic Metals in Airborne Particulate Matter)

« Primary Aim: Develop a physically-based process model for the
resuspension and transport of metal-bearing particulate matter from mine
waste sites to estimate exposure risks for nearby vulnerable communities.
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« Environmental Project 1: Reactive transport
modeling coupled with lab experiments
showed that the dissolution of U-V minerals
is a relevant mechanism for the mobility of
U and V in Blue Gap Tachee, AZ (Main
Author Trainee: Sumant Avasarala, et al.

ES&T 2017).

« Environmental Project 2: Respirable
particulate matter (e.g., U-V nanoparticles)
form mine wastes exhibits cardiopulmonary
toxicity (Main Author Trainee: Katherine
Zychowski, et al. Toxicol. Sci. 2018)

3. Reaction at acidic

conditions, pH 3.4

Dissolution of U-V
phase and other U and
V phases

2. Reaction at

circumneutral pH7.9 .

Desorption of Inner and
outer Sphere complexes

......... 1. Reaction with 18

Ot . MQ water
= - -~
~_‘. \\\
B -

Easily soluble U
and V oxides

-
o
-
-

.\ | Desorption from
\ diffused layer

Carnotite clusters of
nanoparticles (<100 nm)
undergoing fragmentation
and dispersion on to
surfaces of other micron
sized mineral grains. Easily
lofted and transported by
winds.

UNM METALS Superfund Center



« Uranium uptake in plant roots can be inhibited by Ca and
CO;? in solution, likely due to interactions with neutrally-
charged ternary uranyl-calcium-carbonate complexes
(Main Author Trainee: El Hayek et al. 2018, submitted to

ES&T)./

U precipitates in plant roots

U-C03

UNM METALS Superfund Center.



Facilities and Training

» Aqueous Chemistry Analyses:
Inductively coupled plasma (ICP)
a) Optical emission spectrometry (ICP-OES)
b) Mass spectrometry (ICP-MS)
c) lon chromatography (IC)

» Solid Analyses (e.g., Electron microscopy, X-ray spectroscopy)

Postdoc, Graduate, Undergraduate, and High School Level Training!

X-ray Photoelectron X-ray absorption Scanning/Transmission
ectroscopL Sta nford

i .,n-\! = l

Electron Microscopy
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Understanding mechanisms of immune dysregulation |

Population studies motivating research:
Autoantibody production found in 18% of both female and males (average age 29).

* Associated in males with increased urine uranium levels. Dend:- i{
* Increased in relation to living in proximity to abandoned uranium mines. cell N |
( Immune @
NK and CD3 cell populations altered with uranium and arsenic, manganese and cadmium.  Response
Natural ) | &
Inflammatory and autoimmune cytokines increased with increases in uranium and arsenic. Killery Macrophtih

Cells / | N

Molecular and structural studies of arsenic and uranium displacement of zinc
in the DNA repair enzyme PARP (Hudson, Liu) led to identification of other
putative targets using sequence-based pattern-recognition approach

Preliminary data-

<y « Uranium and arsenic displace zinc from a novel immunoregulatory target known to

As or U& . )
® ® be expressed in T cells, NK cells, B cells and myeloid cells.
o o e & « Immune cell proliferation consistent with disruption of immunoregulatory activity.
O Zn
AsorU +Zn AsorU
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Thinking Zinc-Intervention

Primary Endpoints

« Urinary and serum metal levels
as measured by ICP-MS

« Biomarkers of cellular changes
of immune function and
autoimmunity.

Secondary Endpoints

 DNA damage measurements in

white blood cells (lymphocytes).

 PARP enzyme activity in
lymphocytes.

Research
Volunteers
Needed

We are conducting
research to
understand if
taking the daily
recommended level
of zinc protects
our bodies from
the effects of
heavy metals in the

environment.

Community Partners

* Red Water Pond Road Community
Association

* Tachee Uranium Concerns Committee

Blue Gap/Tachee Chapter

Research Partners
« UNM METALS Superfund Center

* UNM College of Pharmacy

* Southwest Research & Information
Center

* Indigenous Education Institute

Research Sponsors

* NIEHS Superfund Research Program
1P42ES025589

* UNM Comprehensive Cancer Center P30
CAN8100

*« UNM Clinical Translational Science
Center UL1ITR0O01449

For More Information
email: zinc@sric.org
phone: 877.545.6775

web: www.sric.org/Zinc

Beesh Doott#’izh Bantsahakees

Thinking

RESEARCH
VOLUNTEERS
NEEDED

-

COLLEGE

OF PHARMACY m
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Project Objectives — Biological Project 2 E

- Aims 1 and 2. Investigate drinking water exposures  # ’ e
and potential mechanisms for immunotoxicity using
animal models

 Uranium
 Uranium + Arsenic

Exposure

|\

N\ 9
Dendri
4 T-Cell }

Immune @
Response

* Aim 3. Establish the mode of Uranium/Arsenic Neturl
interaction with PARP-1 (zinc finger domains), and the ) ' @ "'ff’
synergistic production of oxidative stress and DNA

damage
DNA Damage

A bl
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Completed Our 15t Set of Animal Studies r;

60 Day — Oral Drinking Water Exposure o666
5 ppm Uranyl Acetate
50 ppm Uranyl Acetate

Key Results to date:

Oral exposure to mimic previous arsenic exposures *Expected distribution to bone & kidney

" 4 ’ Limited accumulation of U in immune targets
Exposure * (blood, spleen, thymus, bone marrow)
— N
m “ *Subtle changes in immune endpoints

* Decrease in macrophages & NK T-Cells
(male-specific)

* Consistent with population data:
</ autoantibody production associated
De d |‘ . e, ® e
T-Cell

with U exposure — Male sensitivity

Innnune
Response

Natural

Killer
Cells ) Mac ophage
B 21

S
(<b)
d
=
Q
O
©
c
=
=
(¢b)
Q.
=
(/p)
(/p)
=
-
L]
=
=
2
>



UNM Pls

Johnnye Lewis, Ph.D.
Matt Campen, Ph.D.
David Begay, Ph.D.
Adrian Brearley, Ph.D.
Scott Burchiel, Ph.D
Jose Cerrato, Ph.D
Eszter Erdei, Ph.D.
Joseph Galewsky, Ph.D.

Melissa Gonzales, Ph.D.

Laurie Hudson, Ph.D.
Ji-Hyun Lee, Ph.D.
Jim Liu, Ph.D.

Debra MacKenzie, Ph.D.

SRIC

Chris Shuey, MPH
Paul Robinson, MCRP
Sarah Henio-Adeky
Floyd Baldwin

Wilfred Herrera

IEI
Nancy Maryboy, PhD

Stanford University
Scott Fendorf, Ph.D.
Juan Lezama, Ph.D

Acknowledgements

Biomedical Researchers
Alicia Bolt, Ph.D.

Karen Cooper, Ph.D.
Fredine T. Lauer, MPH
Nina Marley

Shea McClain

Bernadette Pacheco
Bingye Xue, Ph.D.
Katherine Zychowski, Ph.D.

Environmental Researchers
Abdul-Medhi Ali, Ph.D.
Jacquelyn Delp

Elena Dobrica, Ph.D.

Ricardo Gonzalez-Pinon, Ph.D.
Tylee Griego

Eric Peterson, Ph.D.

Andrew Schuler, Ph.D.

Biostatistics and Data Management
Miranda Cajero

Patrick Bridges, Ph.D.

Ruofei Du, Ph.D.

Li Li, Ph.D.

Li Luo, Ph.D.

Curtis Miller, Ph.D.

Elena O’ Donald, Ph.D.

Yvann Paulin Djamen Tchana

Research Translation Core
Malcolm Benally

Joseph Hoover, Ph.D.
Carolyn Roman, Ph.D.

Trainees

Sumant Avasarala, Ph.D.
Jessica Begay

Marsha Bitsui

Erica Dashner-Titus, Ph.D.
Cherie DeVore

Tammi Duncan, Ph.D.

Xin Gao

Jorge Gonzalez Estrella, Ph.D.

Eliane El Hayek, Ph.D.
Juliana Huestis
Sebastian Medina
Maria |. Meza

Jennifer Ong

Sara S. Nozadi, Ph.D.
Carmen Velasco
Lindsay Volk

Tamara Young

Thank you to the communities
who have contributed and

And the Navajo communities of

Research reported here was supported by the
National Institute Of Environmental Health Sciences of
the National Institutes of Health under Award Number
P42ES025589. The content is solely the responsibility
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official views of the National Institutes of Health.

supported this work!
 Laguna Pueblo

Red Water Pond Road
* Blue Gap-Tachee
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