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The Problem: U Mine Wastes Pervasnve on Navajo,, Laguna
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Community Engagement: Overarching Questions

* How did Native communities impacted by uranium mining help inform
25+ years of UNM'’s environmental health research?

 How have impacted Native communities participated in EH research?
* What are the roles of citizen and indigenous science in EH research?
* What have we learned from these community-based collaborations?

! L-R: Cameron Farm assessment, 2019; Chris Nez at Claim 28 “Prius Rock”, 2014;
;. Red Water Pond Road Community, 2007; soil and plant sampling, Pueblo of Laguna, 2020

UNM METALS Superfund Center



Models underlyng our community-partnered
research: Western and Indigenous Commonalities

Observation;
HYPOthES|S Maintain A Safe | _ , {m
genera‘hon l-,nnmnmcn{ . Nitsahikees 'S ATeam |

Thinking

N\, | Foster A
N Positive
Y\ Environment

Value | £
Continuous /
Learning /

Data collection

*  Population

* Biospecimen

* Animal studies
* Cells

Reevaluation
Intervention?

[ Embrace \
High \
Expectations | \

lina
Living
Embracing life’s
values through
continuous learning.

J Strengthen
J  Trust And
/' Loyalty Among
'/ Stakcholders

Take Pride In And Use Evidence To
Demonstrate Accountability For

Analysis and Review Our Work

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

* Maechanisms (laboratory 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)

DIiNEH Project (RO1)
(2001 - 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 - ongoing)

Responsive to congressional mandate to community concerns from
DINEH Project: “What is exposure doing to the health of future
generations?” (CDC, NIH-OD)

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

Comparative community partnered study with Navajo, Sioux, and
Apsalodke 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)
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Community questions about exposures have driven UNM o,

environmental health research

Uranium Exposure Sources: SEL N

75 100 miles

DINEH Project, 2002-2012

* Does U in drinking water
increase risk of kidney disease?

* Do multi-pathway exposures to
metals in mine wastes increase
risks of chronic disease?

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

Navajo Birth Cohort Study,

METALS SRP, 2014-present

2010-present

Do exposures to U mine waste
affect child health, development?
Do exposures to metals in mine
wastes increase chronic disease?
Population: >1,000 families
totaling ~1,800 mothers, fathers,
children; ongoing

Do mixed-metal U mine wastes
contribute to air, water and
farmland contamination?

Do exposures to U wastes result
in immunologic, cardiovascular,
pulmonary effects?
Populations: Diné, Laguna
across four communities
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How have impacted tribal communities participated in EH research?
Red Water Pond Road residents played active role in CRUMP (2002-07),
DIiNEH Project (2006-2007) and EPA removal actions (2007-'12)

RWPRC residents helped measure gamma radiation rates and coIIect 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).

3 ? S
 FifSt soil removal (3 months)

Three USEPA-ordered “interim removal actions” removed 18” to 25’ of radium- and uranium-contaminated soils (~136,000 cy)
from around homes, mine-water arroyo. Residents were “relocated” to hotels in Gallup for 3 to 7 months each time. 8

UNM METALS Superfund Center



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

3. T. Shirley operates PM sampler

1. Some residences close to mine wastes 2. C. Nez identifies U ore, 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 Abandonad
Uraniwm Mine Reglon

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

Example bof UNM laboratory results for soils, roots and plants collected
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. E1 Hayek. Ph.D.), Aug. 2. 2019
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Measured concentrations from ICP-OES and ICP-MS tests

Preliminary findings: Most metals at or below crustal averages on farmlands;

little uptate of toxic metals in Camelthorn; good uptake of key nutrients
10



Community Action Posters Describe Impacts

A family’s uranium
exposures in
Waterfall Spring,
2018

Citizen and Indigenous Science:

L: RWPRCA “Living with
Uranium Wastes for 50 Years
and Four Generations” (2018,
2020

R: Metals Assessments
on Laguna Pueblo
agricultural lands, 2022

aaaaaaaaaaaaaaaaa

Blue Gap-Tachee
Chapter: Disruption of
Life Cycles, 2018
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Community members:

- field staff (25+)

* study designers

* participants in studies

* leaders in policy initiatives
Common toxic substances (U,
V, As, Ra, Pb, etc.), common
conditions across mines
Collaborations can reduce
health risks from mine wastes
Citizen and indigenous science
is science: validated, informed
by traditional values,
multidisciplinary

Eager to engage their
communities, join the next
generation of scientists

* Safety of
Agriculture
* Exposure
* Biomonitoring
W o BP Comm' g
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« How do U and other metals occur and behave in mine waste sites?

* What 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

» Aqueous Chemistry Analyses:
Inductively coupled plasma (ICP)

a) Optical emission spectrometry (ICP-
OES)

b) Mass spectrometry (ICP-MS)

c) lon chromatography (IC)
 Solid 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

Sample ~ parameter
D udpg) As (ug/L) oH
Bl Gap Tachee Segp 1| ~—i35 ‘ 38

Blake et al. 2015
Blake et al. 2019
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RESULTS F

CCCC

* Discovery of previously unrecognized nanoparticles
of U-bearing minerals (metals mixtures) in:
* AUM mine waste samples and associated soils.
* Legacy accumulation of airborne dust in church attic | £ Egzctrum .
(Laguna Pueblo). 1 Area in Red
* Weathering products of U-bearing strata from 9
Jackpile mine — Laguna Pueblo.

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

 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

2 are dispersing into individual

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

nanoparticlg

Mine wastes
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HOW CAN YOU USE THESE FINDINGS?

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

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

* Inhalation and ingestion of nanoparticulates are exposure pathways for
humans and livestock.

Looklng study
people K grandchildrer all Include
ssssss

communny want bemglnformatlon
know smell_F€S€ArCh i resuts

Laguna pogg 999999999999 g other soil access
o wllage - cok 9‘ "‘ ng like uran|um testlng
b!asl pOSIIO lII fb ssssssssss
tak UNM
metals policy dustw er long wind
envronmenta}zlr"“lal g g a|r Radon groups outcomes
eep
e P e Stlidies e done

data need ceme'iw " "wr%“ied
diabetes _children mofgg“‘ Autoimmune

health samples g5 e aver

homes  exposure anaysis

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

UNM METALS Superfund Center
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 How water chemistry affects the
bioavailability of metals in plants?

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

« How 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
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Plants exposed to U concentrations (30-700 ug/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

2
=
)
O
S
c
=
©
Q
=
p)
p)
=
I_
LL
=
=
Z
D

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?
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3 Paguat soil,

(garden) e pumpkin

7 Paguat  soil, melon,
(garden) e grasses

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

11 Mesita soil,

(garden) pumpkin

16 Laguna soil, corn
(farm)

18 Paguat Soil, 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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Pb (mg/kg) in corn and fruit detected below the
international recommended values

As (mg/kg) in corn and fruit vegetables detected
below the international recommended values

Recommended level in cereal = 0.2 mg/kg Corn
02— mmmmm o oo oo oo SERTTETOIELE I I Recommended level in produce = 02 malkg
' B Cucumber
015 ] o | " Squash
o Melon
g lboclecocnoccnconoonnnnne Be_colnrllegdfd_leieun_frgt_ve_geiabIes=0.1 mg/kg
1 0.1 4
0.05 4 0.05 | [
; I il !
0 = : ] ' = 1 I 0 ; ] i mow I = L ln o,
Paguate east Paguate west Mesita Laguna west Paguate east Paguate west Mesita Laguna west
Pb mg/kg in roots detected higher than the As mg/kg in roots detected higher than the
recommended level for root vegetables recommended level
0.9 - 0.6 1
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HOW CAN YOU USE THESE FINDINGS? g

CCCC

Plants a pathway of exposure but a major player in understanding environmental
chemistry and creating solutions

Chemical parameters in the rhizosphere can enhance or decrease metals
bioavailability and plants uptake; e.g., high U and Ca levels at circumneutral pH can
increase U uptake to the shoots of the plant

Studying bioavailability and toxicity is important to understand environmental health
risks which depend not only on the level of metals concentration, but also on their
chemical physical forms in their surrounding environment.

Uranium and vanadium exceeding background were found ONLY in topsoil samples
collected from the Jackpile Mine.

Metals that are of potential human health concern, including U, V, As and Pb, were
detected below health-based guidance in all fruit, vegetables and corn.

Although the impact of mining legacy was not detectable in our sampling sites, we
should note that these tests are limited to a certain number of locations; further
studies are needed to understand the mobility of dust around the mine site.
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Diné Network for Environmental Health (DINEH) Project:
Documenting exposures to legacy uranium mining

wastes on the Navajo Nation
Esther Erdei, Ph.D.

Western United States

Navajo Nation

Hopi

Reservation




Call for am on to protect water sources

Violation of Human Rights (UN 1948)

» Respect toward traditional knowledge,
practices; support sustainability of all
interactions w/ nature & non-human life

« Water is Life movement - Water is Life Blood of
Mother Nature — human body is 73% H,O

» Lack of USEPA risk assessment methodology
for Tribal use — Animas River U contamination
from CO, UNM CEHP & UoA collaboration

» Rural areas reviews — own works, 2

publications (Nov 2018 & Apr 2019) in Current

Epidemiology Reviews

« Environmental justice, environmental

racism, environmental privilege

EI;A Hun N

RiGHT

UNM METALS Superfund Center



SOURCES: Potentially harmful
contaminants in the environment

Exposure Pathways

Air, water, plants, animals
(can be very simple or quite complex)

I

: ' \% E?
g Exposure Routes: Fetal Exposure Route:
: V> Placental transfe
Ingestion RN How contaminants enter the body e ———

Inhalation (Breathing)

(Eating, Drinking)

Circulation:
mother—>placenta->baby

Absorption
(Skin Contact)

UNM METALS Superfund Center



DINEH Project Risk Model

Sources of inputs to estimate each participant’s total exposure

Kidney Risk Model—Structure and Multiple Inputs
Modlfying factors

Kidney Disease

Self report, medical records, clinical test ] Other exposures
Survey, GPS, Extant location

A

Core . Biomarkers B Co-morbidities
Dose-Response (sA1) (SA2) E Survey, medical records
Model Urine, lab analysis

Family history

Survey

A

Uranium exposure assessment — -
Input from Core Exposure Assessment Model, < Tradition, culture, I|feSty|e
Urine Confirmation Survey

A

SES factors

Survey

A

Cor —
Expos:re \

Assessment Occupational ( Water Exposure
Model Exposu re Survey, lab analysi
Qllr\/py

Environmental

EXpOSUI’e
Survey, mapping, modeling,

UNM METALS Superfund Center




50%
45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

Prevalence of Self-Reported Health Conditions Among
1,304 DINEH Survey Participants

(*Cancer prevalence based on 1,011 participants surveyed)

High prevalence of
cardiovascular disease
and diabetes in DINEH
participants

Do chronic exposures
to U mine wastes
exacerbate existing
disparities in
metabolic diseases?

oY

Research Program
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45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

Prevalence* of Self-reported Health Problems,
Casamero Lake Chapter Participants Compared with

Rates for U.S., All DINEH Participants, and
DiNEH Blood and Urine Participants

36%

US Prevalence

DINEH self-
reported (N=1304)

For further
comparison: Navajo
diabetes prevalence,
1991-1993 =22% (all
ages), 40% (> 40 yrs)
(Navajo Nutrition
Study, 1997).

Bl Diabetes Il
B Hypertension
O Heart Disease
= Stroke

DIiNEH B&U
(N=252)

Casamero Lake
self-reported (N=70)

*Prevalence =
percentage of the
population having a
particular disease or
condition at any given
time

UNM METALS Superfund Center



All Health Problems Reported

by Casamero Lake Residents v. All Chapters

| -
E Casamero Lake B All Chapters ..GE)
@

60% ——
C-Lake had lowest rates of , QO
50% 4—— Diabetes (14%), Kidney Disease i .-but the;g;‘eﬁ rate of heart =
40% L (14%) and Cancer (0%)... isease (8.6%) -
>
30% i
(@b}
20% o
0% | ,_h | — | | I | ’—h | l—- ’—- — | U)
I

2 & X = N- QS
?‘\\ S B \,59 W & \Qf; 0.\9 fo >N —
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> - o 2 3
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Goal of the DINEH Phase Il sub-study

 Direct response to community members’ requests for research on immune
system function during the capacity building and environmental risk evaluation
work

» Address possible pathways within the human body in association with
environmental uranium and other heavy metal (V, Pb, Hg, Ni, Cu, and As)
exposures

» Find early indicators of health effects from legacy exposures

UNM METALS Superfund Center



DINEH Project Phase Il

Biological sample collection

« Samples collected from 267 individuals, evenly SR e [
distributed across 20 chapters (chart) —— Lo Callestiens £67)
» 14 community-based collection events Becenti 60 22
 |HS collaboration through CUE-JTH Program Church Rock 69 13
Coyote Canyon 65 18
» Early markers, showing alterations in immune cell Crownpoint 7 20
distribution and activity 'Lvaak:bv“a‘l’ley B -
» Biomonitoring to determine urinary Ll et L i
metals/metalloids — U, total As, Ni, Cu, V —— — —

Ojo Encino 65
Pinedale 64
Pueblo Pintado 65
Smith Lake 69
Standing Rock 72
Thoreau 66

Torreon 67
White Rock 26
Whitehorse Lake 63
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DINEH PROJECT RESULTS

(AVERAGE AGE 55)

ACTIVE-MINING ERA EXPOSURES
(WORKERS* AND FAMILIES) >
INCREASED KIDNEY DISEASE,
ADD TO OTHER KNOWN RISKS

* Many workers had already died from lung cancer,
more family members than workers

10.09. 2009

ONGOING ENVIRONMENTAL LEGACY
EXPOSURES = INCREASED RISK

FOR HYPERTENSION, AUTOIMMUNITY,
AND MULTIPLE CHRONIC DISEASES

Based on proximity to waste and self-reported activities
creating contact with waste
Autoimmunity also linked to uranium in drinking water

Hund et aI 2015, Journal of Royal Statistical Society, Series A, Statistics in Society
Erdei et al., 2019, Journal of Autoimmunity

UNM METALS Superfund Center
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» Self-reported autoimmune
disease diagnosis --
associated with proximity to
AUM (n=1,304).

Prevalence = 3.1% in both
phases, lower than published
national rates (3.0%-7.5%)

Aggregation of AID cases —
increased in Chapter with
abandoned U mines/milling
sites (map)

AUM Proximity Score

Density of Self Reported Autoimmune Disease | .

UNM METALS Superfund Center




Autoantibody production and detection

« 239 samples analyzed at IHS LabCorp in Phoenix, AZ
* (CLIA certified clinical diagnostic laboratory) !

« Antinuclear antibody (ANA) testing using flow cytometry-based Y

microbead assay {

 Fluorescence staining and microscopy (traditional method,;
figure, top right) vs. new faster technique by IHS LabCorp

« Microbeads — special panel of autoantigens tested; positive
response to specific autoantibodies may indicate connective
tissue disease, Sjogren’s syndrome, all clinically relevant.

« ~27.2% of individuals (n=239; average age 55 + 14 yrs) had
detectable anti-nuclear antibodies

« ANA positivity associated with proximity to waste sites, certain
metals in drinking water

UNM METALS Superfund Center



Disruption of immune function = autoantibodies

seen through the lens of a Native artist

Healthy immune cell — protections in Immune cell dysfunction -
place protections fighting each other

UNM METALS Superfund Center

Paintings by Mallery Quetawki, Zuni Pueblo



health outcomes

Birth Outcomes, Child Development

e« Home Environmental Assessment

* Locations of nearly 600 homes
* Indoor dust
* Radon
+ Gamma survey indoors and outdoors
» Drinking water

o Enrollment Survey
+ Occupational history
* Activity Survey
+ Family history of exposures

« Biomonitoring (mom, baby)
+ Urine metals (36-element panel)
* Whole blood (Pb, Cd, total Hg)
« Serum (Cu, Se, Zn)

Navajo Birth Cohort Study initiated in 2010 to
address the impacts of uranium exposure on child

Assess birth outcomes and
child development from
birth to age 9. ”



NBCS
Navajo
Birth Cohort Study

NBCS (2010-2018) . ECHO

4 _2: Environmental influences
Enrolled 780 women during pregnancy, exposure assessment, assessment of child

' on Child Health Outcomes
A program supported by the NIH

development through 1 year of age

NBCS/ECHO
Enrolled 481 (179 pregnant mothers and 302 children from NBCS

NBCS-ECHO Plus — 2019-2024
» Continue enroliment to 1200 (345 children and 60 new pregnant mothers)

* Add common elements developed by ECHO consortium (allows us to compare exposures/outcomes
with national sample

» Assessment continues through the age of 9



ECHO (Environmental influences on Child Health
Outcomes) Funded by NIH Office of the Director

MISSION:
To enhance the health of children for generations to come

To become one of our nation’s pre-eminent research programs in child health

LONG-TERM GOALS:
Scientific: To inform high-impact programs, policies, and practices that improve child health

Strategic: To establish best practices for how to conduct Team Science in the 21st century

UPPER PRE-, PERI- POSITIVE
AND LOWER AND NEURO- CHILD
F O C u S O n key AIRWAY POSTNATAL DEVELOPMENT HEALTH

)

pediatric outcomes @

r.\

<

~




Data Collection

Pregnancy
« Surveys and questionnaires
» Blood and urine for metals

At delivery:
» Collect blood and urine for metals

From birth through 9 years of age:

 Collect data from surveys and questionnaires

 Collect biospecimens every year
» Annual ASQ assessment

» Between the ages of 3-5 and again between thp

ages of 6-8 we conduct physical and
neurodevelopmental assessments.

Societal

Medical

/ XX
7@*\
@ -

Art by Mallery Quetawki



Exposures seen from biomonitoring of key metals

Uranium (kidney toxicity; estrogen mimicker) Uranilin e ek Cee gt

« Black vertical line represents the 50t percentile for US population NBCS Males
NBCS Femdles

« NBCS median urinary uranium concentrations exceed the US
median (36% of men and 26% of women have urine uranium
above national norms

0.01 pg/L  0.10 pg/L 1.0 pg/L
Arsenic (cancer, immunotoxicity) AT Nevajo v sl rsri
« Distribution of urine total arsenic in NBCS females and males NBCS Males
) ) . ) .. NBCS Female
« NBCS median urinary total arsenic concentrations are similar to
the US median
o Exposure sources very different —in US, population exposures T g/l 10 pg/L 100 pg/L

primarily seafood, rice



NBCS/ECHO: Exposures begin in childhood
By age 4, children are reaching adult concentrations

UUR (Uranium - Urine), ug/L UTAS (Arsenic Total - Urine), ug/L
0.125 257
0.100 1 T 207
0.075 1 15 7
x 2
3 5
0.050 - 10 |
. _ | MHANES p85=0.031 N ¢ I s R DO PR O B ] o _ | NHANES p50=5.74
0.025 1 5 y $
NHANES p50=0.005
0 L T T T T T T T T T T 0 _ T T T T g T T T T T
ME MD DE B-BirthB-1/2y B-1y B-2y B-3y B4y B-5y ME MD DE B-Birth B-1/2y B-1y B-2y B-3y B4y B-Sy
N=699 N=564 N=201 N=270 N=174 N=115 N=33 N=31 N=70 N=9 N=689 N=561 N=200 N=220 N=135 N=88 N=28 N=29 N=69 N=8
Time Period by Family Member Time Period by Family Member
> 7 boxes clipped * 4 boxes clipped
* Median concentration for urine uranium in the US adult » Median concentration for total arsenic in urine in the US
population from NHANES (2015-16) = (0.005 pg/L) adult population from NHANES (2015-16) = (5.41 pg/L)

* NBCS children birth to age 4 = 0.0035 - 0.013 pg/L * NBCS children birth to age 4 =1.2 - 4.5 pg/L



Exposures reflect

patterns of mixtures

More than 20% of moms have low exposures

Overall rate of preterm birth in cohort 7%

~45% have mixture exposures that create a 3-
fold greater risk of preterm birth (clusters 5 & 6)

Mercury modulates the risk downward-indicates
complexity of metals toxicity and mixed metals

ND

ND

ND

ND

Quartile
ND

D 1

A 1 1 1 1 1 1 1

As Ba Cd Co ¢ Mo Pb Sb sn sr T u

1 1 1 1 1 1 ND

W Hg iHg tHg

* Indicates

o | equivalence
of 37 and 4th
quartiles in
cluster

ND

Mn

e'ﬁ:ects Element
Summary of mean posterior probability from the fully adjusted model and relative risk of preterm birth by exposure
cluster
Exposure | Group Size Empirical Mean Posterior . . Probability
Cluster (N) Probability | Probability (95% cy | Relative Risk (95% C1) EC>EC1
1 88 0.034 0.045 (0.018-0.081) Reference Group Reference Group
2 31 0.032 0.049 (0.012-0.109) 1.362 (0.25-3.638) 50.46
3 48 0.042 0.059 (0.023-0.108) 1.647 (0.44-3.936) 65.97
4 67 0.090 0.093 (0.049-0.148) 2.587 (0.9-5.678) 92.57
5 141 0.092 0.097 (0.065-0.134) 2.706 (1.059-5.768) 96.26
6 42 0.119 0.117 (0.058-0.19) 3.295 (1.046-7.437) 95.74
*Posterior probability >0.95 that EC is above 1 compared to reference cluster (EC2).




Potential iImmune dysregulation associated with metals

Table 4. Significant Associations of Cytokines Inflammatory marker levels vary by metal exposure clusters
with Metals in the NBCS

1.00 -
Cytokine Univariable model Multivariable model 4I 3 s I s s I N - B - [
IFNa tAs1, DMAT, DMAT o
MMA/]\ 55 3 2 3 a 3 3 2 2 a 2 2 2 0.75- I|I
e
IFNy Hg ™ Hg ™ 2 Z ’
F]
IL-4 Asllll Asllld LiJ; * BB R o Em >
] &
IL-7 Mn., Mn1, MMAJ = E
L&)
IL-17A U1, Mn1, Asllld, UM, Mn, Aslill 1+ 2 I z 8 3 _
IL-29 Mn71, Asllly, DMAYL, Mn®, Aslild, MMAJL P — o
MM A \L Q;b DO s&({" ‘:&\0 \)Q*Q & \33 ?f) Y‘éb ?5’-’\ ﬁ?‘olé&“ j
Metal
1 Significant (p<0.10) association with metal. 2 Significant © 00
metal predictors after variable selection. All metals were 6 5 10 15 20
measured in urine. tAs=total arsenic; MMA and DMA are IFNGamena (pg/mL)
mono and dimethylated metabolites of As, respectively; Jennifer Ong PhD (dissertation)
Hg=mercury; Aslll=arsenite; Mn=manganese, U=uranium. .
Directionality: positive 1; negative| N=200 Debra MacKenzie

Li Luo



Detailed Neurodevelopmental Assessments
(between ages of 3-5 and again at 7-8|)

Cognitive

Language

Adaptive skills
Social-Emotional
Behavioral Observation
Medical

Social cognitive functioning

DAS-II

OWLS-2

Vineland

CBCL, SRS-2 (questionnaires)
TOF, CARS-2

Medical and Developmental
History, Physical Exam

Eye tracking measure



ND Assessment Summary

* Navajo preschoolers performed within the average ranges across
multiple direct assessments and parent-report measures, except on
the verbal domains across both modalities.

« High prevalence of language disorder independent of intellectual
disability, general developmental delay, and autism spectrum disorder
(validity of test instrument?, other reasons?)

» See Posters Nozadi, Lecke, Wegele, Rennie for NBCS related
work



Outcomes of NBCS/ECHO Study

* Assess the relationship between exposures to environmental
contaminants (metals, others) with ND trajectories and other health
outcomes.

* Compare NBCS to national sample of over 50,000 children to increase our
power to identify impacts of environmental exposures on child health as
well as increasing our understanding of the influence of early life
environmental exposures on health trajectory of Navajo children.

POSITIVE
NEURO- CHILD
DEVELOPMENT HEALTH
s N
The Navajo Birth Cohort Study - NIH OD UH30D023344 NBCS

and CDC U01 TS 000135. Navajo

Birth Cohort Study

—~

The presented data are solely the responsibility of the
authors and do not necessarily represent the official views
of the NIH, Centers for Disease Control and Prevention, or
the Department of Health and Human Services.

i ECHO

nvironmental influences
" on Child Health Outcomes

A program supported by the NIH

¥
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Navajo Team Members
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The people of the Navajo Nation:

> 1000 participating Navajo families

Many supporting chapters

HEHSC, Tribal and Agency Councils, Executive
Branch, NNEPA, GIB

NAIHS & PL-638 hospital laboratory staff, leadership,
and health boards

And many others who have contributed to and
supported this work!

Our funders:
NBCS/ECHO is funded by NIH/OD (2016-2023)
UG3/UH3D023344.

Original Navajo Birth Cohort Study (2010-2018) was funded by
the Centers for Disease Control and Prevention (U0O1 TS 000135).

NBCS

Navajo
Birth Cohort Study

ECHO

¢ Environmental influences
' on Child Health Outcomes

A program supported by the NIH

I
M

'SOUTHWEST RESEARCH AND INFORMATION CENTER



Thinking Zinc: A nutritional intervention

for metal toxicity

li]ﬁ Debra MacKenzie, PhD and Erica Dashner-Titus, PhD

coLLece oF pHARMACY Laurie Hudson, PhD; Esther Erdei, PhD, MPH; Chris Shuey, MPH;
A TRt Laos g SR David Begay, PhD; Sarah Henio-AdekY; Li Luo, PhD, Tamara
Anderson-Daniels

Stanford Paintings by Mallery
University Quetawki, Zuni
_ _ Pueblo
- RS T 7 o
ga 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
RIS HESEAR CHANY NEARHATIEN SN not been formally reviewed by the funding agencies. The views expressed are solely those of the

N|H National Institute of Environmental Health Sciences speakers and do not necessarily reflect those of the agencies. The funders do not endorse any
T —— A Y MY products or commercial services mentioned in this presentation.
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Experimental and Population Studies

. . ARSENIC URANIUM b
As and U share mechanism of action _-_ Q
CYTOTOXICITY =1 uM >>10 uM GC)
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Zinc-binding proteins are
regulators of cell function.

Painting by Mallery Quetawki

Low zinc status (<70 ug/dL) in
many members of the Navajo
Nation.

As target selectivity: C3H1
and C4 zinc fingers

Supplemental zinc is
protective against As/U.

i ™~

%S nse 86

® ¢ oru ¢
—

-

%"

_®

>40 bench research

publications by UNM METALS Zinc supplementation in elderly or

researchers

*other metals, including Cd

Zinc supplements have a
good safety profile.

zinc deficient subjects improves
immune and DNA damage
endpoints.
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Zinc is protective
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(Normalized Fluorescence Intensity)
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PARP-1 Activity

Ding et al. J. Biol Chem. 2009;
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Thinking Zinc

Long Term Goal: Determine whether dietary zinc supplementation
reduces metal-induced human disease

Project Goal: Conduct clinical trial of dietary zinc supplementation to
assess effects on biomarkers of metal-induced toxicity

Immune Disorders | Cancers

ANA-markers of autoimmunity DNA damage
Immune cell numbers and types DNA repair protein activity
Immune cell communication (cytokines)
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Thinking Zinc Study Design =

0 3 months later 3 months later 3 months later

Start of study (3™ to 4t month) (6" to 7t month) (9t to 10" month)
Baseline Baseline Zinc Last visit
= Enrollment and Consent = Nutrition Survey = Blood and Urine = Nutrition Survey
= Blood and Urine = Blood and Urine = Receive Zinc (RDA) = Blood and Urine
= Gift card = Receive Zinc (RDA) = Gjft card = Gift card

= Gift card
O We measure:

Urine: As, U, other metals

O

Cells from blood: ANA, immune cells
Serum: Zn, cytokines

Metal levels in urine and blood

Markers of immune function

DNA damage and DNA repair protein activity
Zinc in diet (nutrition survey)

2
=
@
O
S
c
=
©
Q
=
p)
p)
=
I_
LL
=
=
Z
D




unity

- B M S

Arirona

<
-
Q
O
©
c
=
O
o
-]
7
7
<
|_
L]
=
=
p
)




Approvals
* Navajo HRRB January 2019
* Registration Clinicaltrials.gov NCT03908736

Continued Community Engagement (CEC/SRIC)

« >50 community activities (i.e. chapter meetings and booths at events)

Enrollment (52 of 80 goal as of March 2022)

34 women, 18 men ages 21-64, median ~59
*  RWPR Community Completed in April 2022
* Blue Gap Community — ongoing

Retention—71+%

Sample and Data Analysis—in progress

Pinedale Chapter House

UNM METALS Superfund Center



Conducting TZ during COVID
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Red Water Pond Road Community
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Uranium levels greater than Navajo Nation median

ThinkingZinc@Participant®Pre-ZinclrinaryMetalA.evels

Metal Median Rangel %>95tpercentile?l NHANESE NHANESH NBCSZ | NBCSH
NHANES/NBCS@H 50thp 95thp 50th@ | 95thA
Antimony® | 0.077@ | 0.020E[A.5400 15%/1.7%0 0.046@ | 0.151@ | 0.077@ | 0.964R
Arsenicl? 4.39208 | 1.495EM@35.0148 | 3.3%/4.9%0 5.620 56.20 | 5.3920 | 16.810
Barium[ 1.201@ | 0.058@@37.2270@ | 5%/1.7%08 1.2407 4.83@ |[3.903@ | 27.9@
BerylliumP | 0.002F | 0.0002M.0471 NA/6.7%08 <LODR | <LODM | 0.0118 | 0.014R
Cadmiumf 0.163@ | 0.0313@.2070 5%/16.7%0 0.188@ | 0.882@ | 0.096( | 0.44R
Cesiump 3.199@ | 0.921@®25.1510 6.7%/1.7%0R 4.220 10.4R | 4.6750 | 16.771R
Cobaltf 0.41608 | 0.106EM@A.794R 6.7%/3.3%0 0.4041 1.2 | 1.0128 | 2.5220
Lead® 0.1290 | 0.016RR.706H 1.7%/1.7%0 0.3150 1.14R | 0.3060 | 1.884(
Manganesel | 0.092F | 0.0022@.9630R 8.3%/0%0 0.209@ | 0.4870 | 0.2440R | 6.891
Molybdenuml[ 24.148R| 1.7282MA30.6848 | 1.7%/0%H 36.30 94.7@ [ 55.1930 245R
Platinum@ 0.0132 | 0.0002M.398( 28.3%/30%0R <LODRE | 0.035@ | 0.0070 | 0.03(
StrontiumfP | 101.6690 10.867@3100.7650 11.7%/3.3%0 1010 2660 | 1850 696.0561
TinA 0.954R | 0.1162A4.6050 11.7% /0% 0.43101 3.06@ | 2.07@0 [ 20.975@
Tungstenl 0.030@ | 0.002@M.1930 0%/0%0 0.0618 | 0.279@ | 0.137@ | 1.276@
Uraniump 0.0198 | 0.002BMA9.162R 31.7%/6.7%08 0.005 | 0.026R | 0.0160 | 0.109(
Vanadium*® | 0.156@ | 0.019@28.8370

Medianfnetalfevels@reBhownfor¥isitA And¥isit@ Bamples@ollectedBefore@incBupplementation.Waluesk
are@orrected@or@rinary@reatinine@nd@eported@sEnicrogramsper@ram@reatininefug/g@reatinine).Fork
reference,@he@0thBAnd®5thercentilefevels@rerovidedfor@he2019{January)NationalHealth@EndR
NutritionExaminationBurveyfINHANES)&alues@ndparticipants@n@heMNavajoBirth@ohortBtudyiincluding
women,@nen@AndbabiesfN=1661-1782Hor@ach@netal).Betals@esultshighlighted@nblue@epresentihosel
where@norefhan@ 0% BfBamplesthadfevelsin@xcess@fEhe WNHANES®5thfercentilefalues.BUrineevels
forBranadium@refotincludedinWHANES®eporting. NAB MNot@Available@uel@o@neasurementsbelowihe
level@ffdetection®f@hefnstrumentd

Certain metals had 10%

of samples exceeding

the NHANES 95t
percentile (blue).
Antimony, Platinum,
Strontium, Tin, and

Uranium

For Uranium 31.7% and
6.7% of samples
exceeded the NHANES
and Navajo Birth Cohort
Study (NBCS) 95t
percentile, respectively.
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Longitudinal biomonitoring reveals fluctuations

Uranium
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Post-zinc reduction in DNA damage marker 8-0HdGJ&

Oxidative stress

600-

o * Py
5 - A N : —
) A A o~ € o o \HO*—< Iu\//k ° =
l LN N ] — o. NN K, 5
> N ] \_/ 2 * @)
e 4 Desoxyguanosine H  8-OHdG § i * "
> 0 ; 400 ) g
Emam et al. 2014 é o3, . E
E ° : ; ° ... g

* Preliminary population results from TZ 2 cesse®
demonstrate a reduction in oxidative DNA 8| _ﬁz_ - A
damage with zinc 2 “riis” __:!1__ T

* (See Dasher-Titus, Poster on Thinking Zinc) ._._ :EI

; : l =
. . . ; isi isit 3&

» Also see reductions in cytokines associated visit182 visit 384 =
with inflammation and autoimmunity (GM-CSF, S
IFNy, IL12-P70, IFNB, IL29 and IFNa) =

D



Paintings by
Mallery
Quetawki
Zuni Pueblo
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Thinking Zinc built on Community Input
Sarah Henio-Adeky, Chris Shuey, MPH; David Begay, PhD

 Study Design: Single-arm cohort design, e Bantséhdlees

not placebo-controlled THEINKING ZINE

« Study name from community input:
Thinking Zinc — Beesh Doottizh
Bantsahakees
[metal + blue (the one that is) + thinking about it]

« Expanded age inclusion criteria

« Community vetting of recruitment and | |
outreach materials Mending a broken strand

 Translation of scientific language to TG 75 ST
Navajo for presentations and consenting
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Dine Language Translation & Glossary of T

Thinking Zinc Study Terminologies

* Creating a resource in Diné Bizaad
(Navajo Language) for learners
and speakers identified as a

Rt o X Diné Language Translation & Glossary
Thinking SN - 4 3 é

of Thinking Zinc Study Terminologies et
pATIT g y )

Sarah Henio-Adeky'; David
Southw

IMPLEMENTATION

ABSTRACT INTRODUCTION

Thirk ine Thinki Work o,
. = i critical need for success of the
o e 3. Thiok Terms* Dine Language Translations . “anc*
Rod Walsr 1he Bive Gap- (English literal translation) asoo-r»dbym um o Codelalkers (Noz and Avia, 2011)
8ot are former 2

utanium-miring arezs (stes 2 and 3in Figure 1) where As, U and other metels

The Navaio-speating skudy

Pt {eam challenges fie noton

e UNM Thinking Zinc clinical trial.

s
3 ' . mainly English speakers
4 1
B ‘approach respects the f
s £ [ oty
A% B teiNaiveleuage andihat
3 visual a

* Western scientific terminologies
needed to be translated into Diné

: Bizaad to enhance understanding

eoNeLsios by Navajo community members

Think

*  understanding of oy concapts
of 8 study. Tranel

a2, 203,

Pnderarl| 1 202 owoo athe Thinking Znc sy, e
Navao tom 13
Nav: @Cmdk in Workd War Il (Nez and Avla, 20 ] 7 Ibo'l st

METHODS AND MATERIALS

 plan and implenent Thinki

‘Din cultural raditions embodied in Diné Fundamental Law. Explaining the study
The staft

* Respects the fact that most

ity

the purposs,

thods the study.

e . mm:n;m";m“ elderly Diné speak their Native
75 '~ S language, and that visuals and

hands-on instruction improve
their understanding of key
concepts
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Navajo Translations of Key Terms in the

Thinking Zinc Study

Terms* Dine Language Translations
(English literal translation)

Study Terminology

Thinking Zinc Beesh Dootl'izh Bantsahakees
(metal, blue, thinking about)
Blue Gap/Tachee Bis Doott'izh Nideeshgiizh
(adirt, blue, spread apart)
Red Water Pond Road Totchii’ Sika Atiin (Red Water Pond Road)

Ahidaazdigai (where the meadows meet)
Clinical trial Ats’iis baa’ahayaadee’ k'ehgo nabohwintaah.
(body, from where it is cared for, like it, try out)

Community Engagement Dine t'aa kedahat'iidi bit ahit na’anish naha'i’go na’aalkaah
(people, all those living there, with together, work, research conduct)

Zinc Study Beesh doott’izh bohoo’aah
(metal, blue, learn about)
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Navajo Translation of Scientific Terms

Health Problems (4adahas’a Bee anahoot 7'l gif)

Cancers Ats'iis bitt'ool dahdiniiseeh aadoo ba'at’e’ holo, yileehgo
(boay, cell growth, thereafter, bad behavior, gets to be)
Cardiovascular Disease Ajeeh baah dahaz'a yileehgo
(heart, poor health, gets to be)

Immune Disorder Ats'iis yich’aah naabaah yee doo hozho naalnish da yileehgo
(boay, protect from, does not fully work, gets to be)

Kidney Disease Hatsa'ashk’azhi baa dahaz'a yileehgo
(kidney, poor health, gets to be)

Skin Problems Hakagi yeenit'iih (skin, affects)

Health and Biological Terminology

Biomarkers Ats’iis bee naalkaah bee ineel'aggh
(Body, research on, with findings)
Cells Ats'iis bitsesilei bik'oo’ (Body, precede, seed)
DNA Ats'iis bik'og’ bits'anisee bitt’0ol yee ats’iis hada’nett’ee

(Boay, seed, growth, string, body develops)
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Methods in Community Engagement

« Conducted eight work sessions with community members (2018)
 Vetted written and oral Navajo terms in a community outreach presentation

» Developed study name and eligibility requirements with community
members

 Held five work sessions with six Navajo-speaking study staff (2019-2021)

» Used paintings (below) by Zuni artist Mallery Quetawki to illustrate DNA
damage and repair by Zn
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Traditional Foods Used in Outreach it
CCT
» Qutreach and educational materials prepared in both English
and Navajo.

« Community slide presentation given solely in Diné Bizaad

» Uses images of traditional foodstuffs, like blue corn mush and
lamb, to illustrate how community members can increase their

zinc intake
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Conclusions

 Translating and interpreting
English terms supports
enhanced understanding among
Diné speakers of the purpose,
methods and future results of the
study.

 Translations into Diné Bizaad
also promote meaningful
dialogue among researchers and
Diné community members who
are advisors to and participants
in this and other studies.

UNM METALS Superfund Center
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