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0 Superfund Site

M Coal-fired Power Plant

A NC DEQ Experimental Field Site

— Prioritized community engagement sites
iAs contamination in private drinking wells:

highest (up to 800 ppb)

lowest




UNC‘SUPERFUND

(%)(9 Chapel Hill| Research Program

UNC-SRP theme

il |dentifying novel methods to reduce iAs exposure
4 and elucidating mechanisms underlying iAs-
induced metabolic dysfunction with a vision for
disease prevention.
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Our mission

Develop new solutions for iAs reduction and disease prevention through mechanistic and translational research.

UNC-SRP Project and Core Integration

Translational Biological : Environmental
Model Mechanisms/ D'Fs!'i!::e Monitorin Comnlrl?nities
Systems Susceptibility Factors & Remova

- Cells = Metabolic
Dysfunction
/Diabetes
« Mouse
models

s,

Enrichment Cores

B. Community
Engagement

D. Chemistry
& Analytical

C. Data Management
& Analysis

E. Research Experience

A. Administration & Training Coordination




UNC |SUPERFUND

Chapel Hill | Research Program

Liver Intestine Pancreas
= Arsenic inhibits insulin » Arsenic modifies the gut » Arsenic modifies insulin Insulin secretion
signaling microbiome, and the gut secretion
- Arsenic (+3 oxidation state) microbiome modifies from pancreas
methyltransferase (As3mt) arsenic metabolism

influences iAs metabolism

Insulin signaling
in liver

|

Bile Acids
Bacterial Metabolites

Glucose  Metabolic Dysfunction  Insulin
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Prediction

« iAs contamination in wells is linked to the
presence of chemical oxidants

Removal

« iAs and other
contaminants
co-occur in drinking

Ground Treated
Water frouyprivate sits Water Brine o Brine

Permeate
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L.M. Del Razo

R. Fry

G. Garcia-Vargas
M. Kanke

F. Zou

P. Sethupathy M. Styblo

pri-miRNA sawpﬁdtfs

pre-miRNA ﬂ

!
mmm.sc+
/N

Gene transcripts 3'UTR Coding region
5 ¥

mRNA degradation and translation inhibition

Aim 1. Do miRNAs control iAs-associated diabetes phenotypes in mice and in beta cells?

Aim 2. What are the transcription factors driving iAs-induced diabetes in cells?

Aim 3. Are circulating non-coding RNAs biomarkers of iAs-associated diabetes?
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Understand the effects of arsenic on transcriptional
regulation in cells relevant to metabolic dysfunction.

-
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RNA-seq:
1. Steady state levels of genes
5’.~/\AAA...A-3’ 2. NO promoter information

3. NO enhancer information

mRNA
degradation

Align to genome (BWA)

' Enrichment of transcription
Use dREG to call TREs response elements
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Understand the effects of arsenic on transcriptional INS-1 cells
regulation in cells relevant to metabolic dysfunction. o

¢ Inorganic arsenic and its metabolites differentially modify the
transcriptional activity in pancreatic cells.

¢ Several transcription factors are identified as responders to
arsenic and its metabolites.

\ 3. NO enhancer information / | L
MJ.L .10 hlﬁ ‘ L

IGTIICCTAGCAACE S258CTRIGIAANCASS
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Metabolites . Metabolites

Graphic by Joseph Snouwaert

Mouse gene encoding arsenic Styblo, Koller develop novel humanized
methyltransferase was replaced with mouse model with implications for studying
the orthologous human gene. arsenic exposure in humans

Koller et al. 2020 EHP Vol 128; 8
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P2: Arsenic — Obesity — Diabetes Interactions -

genotype

Genetic

R. Fry 2 Background " \ '
P. Hock 'S S n Y
M. Styblo TZD"T~ ;"Obemty K
J. Xenakis N o T /
~ . -~ 7’
F. Zou v, Det” - -
~ Fd — =
Sex - - —

F. Pardo-Manuel de
Villena

Aim 1. How do As3mt genotype, genetic background, and obesity interact and influence tAs
metabolism?

Aim 2. What are the roles of As3mt genotype, genetic background, and obesity in iAs-associated diabetic
phenotypes?

Aim 3. What are the molecular signatures of iAs-associated T2D in obese or non-obese mice with varied
tAs metabolism?
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Arsenic species in livers (50 ppm)
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As3mt expression in livers
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As3mt expression in livers Arsenic species in livers (50 ppm)

¢+ Interindividual differences in arsenic metabolism can be
studied In the collaborative cross strains.

s+ Genetics is a contributor to the differences in arsenic
metabolism.

B6 WSB NOD
As3mt genotype

HiAs B MAs H DMAs
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I Chi Gl Track
. Lo Bile acid
PSS = omia | e
T. McDermott it i
Gut Microbiota
R. Sartor Dysbiosis
M. Styblo
F. Zou Microbiome

modulation Liver

Aim 1. What is the link between the gut microbiota and iAs-impatred bile acid
metabolism?

Aim 2. Does the gut microbiome inhibit the Farnesoid X receptor and exacerbate
diabetes?

Aim 2 Can niit microhinme maninnlatian rectnre Farnecnid X recentar activatinn?
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Metabolomic profiling of fecal samples Lithocholic acid, cholic acid, deoxycholic acid
C57BI/6 mice (10 ppm)
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Metabolomic profiling of fecal samples Lithocholic acid, cholic acid, deoxycholic acid
C57BI/6 mice (10 ppm

*» Arsenic impacts the gut microbiome and metabolite profiles.

*» Arsenic decreases bile acids in tissue and

serum, highlighting the impact of changes in the gut
microbiome.

Lu et al, Environ Health Perspective. 2014, 122(3):284-91

.0
Ctrl 250 ppb As 1ppm As Ctrl 250 ppb As 1ppm As
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i \‘VES“h
R. Austin Mechanistic and geospatial modeling:
. Application to the landscape scale
C. Miller : ——
Geochemistry and mechanistic modeling:
_/. Osborne Aim 1 Mechanistic understanding of processes
. Spectroscopy and geochemistry:
M. Polizzotto

Identification of key redox drivers

? ot |
D. Vinson B v
L] ¥,
O. Duckworth P
Statistical validation of
Upscaling of process-based understanding L5 landscape-scale drivers
10" m im 10°m 10°m

Aim 1. What are the geochemical factors that influence As, V, and Cr movement in ground water?
Aim 2. How does land management impact contamination?

Aim 3. How can we best predict levels of iAs, V, and Cr in drinking water wells?
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Biogeochemical factors that can influence
arsenic and other redox-active contaminants
o

Mn(IV)
Mn(II)

15

manganese
oxide depletion-
arsenic solubility

10

Cr(11I)

pe

Land development and management:
Nitrate and dissolved organic carbon

DOC, NO,’

Distribution Leaching
Field
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Biogeochemical factors that can influence Land development and management:

*» Arsenic levels depend on local land use factors that enrich for
nitrate and dissolved organic compounds fluxes to
groundwater.

¢ Arsenic levels and co-occurring contaminants can be

predicted by manganese oxide, of use to well construction in
NC.
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Owen Duckworth receives the
Jackson Soil Chemistry and Mineralogy Award!

Recognized for outstanding contributions in the areas
of soil chemistry and mineralogy

O. Duckworth

">SSA) Soil Science Su

gciety of America
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P5: Novel Filtration Devices for Arsenic Reduction

K. Gray
G. Kim
C. Miller
M. Soukri Sorbents
H. Zhou g &
S
0. Coronell S (&

Membrane

Aim 1. What is the optimal membrane chemistry for removal of iAs and co-occurring
contamtnants?

Aim 2. What is the optimal sorbent for iAs and co-occurring contaminants removal?

Aim 3. What is the optimal combination of membrane and sorbent for iAs and co-occurring
contaminants removal in point use systems?
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Developing optimized membrane filtration systems for arsenic removal
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Uncoated Coated NF90 NF90 NF90
100 nm 600 nm

Membranes modified using ion exchange polymer

L . Coating thickness enhances removal
coatings increase arsenic removal
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removal.

* These membranes offer a removal strategy for arsenic in at

risk areas in NC.

Uncoated Coated NF90 NF90 NF90
100 nm 600 nm

Membranes modified using ion exchange polymer

L . Coating thickness enhances removal
coatings increase arsenic removal
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= :l Cass Miller and Orlando Coronell receive
F v computing award from the NSF

“Molecular dynamics simulations of water
and solute transport through crosslinked
aromatic polyamide reverse osmosis
membranes”
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Core A: Administration Z Gleason
F. Pardo-Manuel de Villena

M. Rodgers

ENVIRONMENTAL
L. Smeester SCIENCE

K. Smith
M. Styblo
W. Vizuete
S. Yelton

Aim 1. Integrate, coordinate, and monitor UNC-SRP interdisciplinary research

Aim 2. Convene advisory groups to provide critical guidance on UNC-SRP activities.

Aim 3. Develop effective research translation and communication strategies for UNC-SRP stakeholders
related to (As reduction and disease prevention.

Aim 4. Provide training and career development opportunities for graduate students and post-doctoral
fellows that foster integration across the Biomedical and Environmental Science research areas.
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Communtcatin
g within SRP
* UNC SRP
* NIEHS
* Other SRPs

Technology
Transfer
« UNC Office of

Technology
Commercialization

Partnerships with
Government
Agencies*

Information
Dissemination to
other End-Users
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A Well-Water
Treatment System

Test your well to determine what is in

your well water.

Test your well with a certified lab. Contact the private well program at
your county health department. They are your most reliable source for

testing. Pricing of testing varies from county to county.

1. Contaminants that can affect your health.

- - Sion Excha
Arsenie Activated Carbon - F .
Barium Catis “-*E v -’
Cadminm b L
| Chromium - -
Lead v v
Mercury Activated Carbon
Choose the appropriate treatment e/Nitrite xch ‘< .
based on your lab report results. cSulininm SRS Y ki
The tables to the right show contaminants that may be found in % oot z b
your well water and shows which type of treatments can lower ‘Total Califarm v .
the amount found. VOCs/Pesticides | Activated Carbon o
L e an fall into three ies (shown to the
hik:
righti 2. Contaminants that can affect your health and can cause aesthetic,
1. Contaminants that can affect your health. cosmetic or technical effects in your well.
2. Contaminants that flect health and e istillati
Canta na «can affect your and can = iltr Ton Exchange | D =
a. Aesthetic effects, like changing the Compar Activats Carbion  [EESUESIS 2
taste, smell and look of water, Puoride . “ — ' o
b. Cosmetic effects, like changing ros ity ﬂﬁ-w
skin and teeth color of user. dizing Ll
«. Technical effects, like pipe corrosion Sitver : mm -
and scale deposits in well. Sodiam B
3. Contaminants that can cause aesthet Ehe QENTSS AR
or technical effect.
s you go through these tables, here are things to consider:
®  Filtration, ion exchange, distillation, reverse osmosis, and
C i types used to lower
specific contaminants found in well water, c Ton Exchang Distillation
®  Every system type does not treat everything. You may Calcium Cation ny
need multiple systems working together to lower the Chioride ( v
contaminants in your wates. - -
®  There are five types of filtration systems. Activate carbon, . -
I det filtes, evidi; lizing, and sedi filters |
are designed to remove specific contaminants, akfae
| Total
®  There are two types of lon exchange systems. A cation —
exchange system, also known as a water softener, removes | 1ol Hardness Cation
positively-charged contaminants. An anion exchange Turbidity/ Badiaast .
system remaves ively-charged i 1

, NC DEPARTMENT OF

Myl [E HEALTH AND
N4/ HUMAN SERVICES

- £

Online guide to help well
owners determine the
best well water treatment
option for specific
contaminants
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Examining relationships Understanding the Identifving hot spots of
between locations of impact of arsenic Y gf pot Working with at risk
Superfund sites in the US and exposure on the health concern or-arf\le(r:uc communities in NC
demographic variables of pregnant women exposure i

Eric Brown Liyah Clark Lauren Eaves Amaree Gardner
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K. Gray A. George S. Yelton

Aim 1. Facilitate dialogue among UNC-SRP investigators (P1-P5) and key NC stakeholders about SRP

research and its implications for reducing exposure to iAs in well water.

Aim 2. Enhance understanding of iAs exposures in high-risk communities and implement local strategies to

prevent or reduce harmful exposures.

Aim 3: Inform the development of local and state policies that prevent or reduce tAs exposure in private wells

used for drinking water.




Provides key information to community partners and key stakeholders related to levels of contaminants in their
private drinking wells that may be linked to metabolic dysfunction

-
..- % f
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Perceptions Driving Adoption of Point-of-use
Water Filters Among Private Well Users Impacted @
by Groundwater Contamination In North Carolina

UNC WATER AND HEALTH

Riley Mulhern, Kathleen Gray, Jackie MacDonald Gibson CONFERENCE 2020

UN

GILLINGS SCHOOL OF

GLOBAL PUBLIC HEALT

H

Objective

Understand the perceptions and
experiences of private well owners
regarding adoption of point-of-use
(POU) water treatment.

Under-sink filters were installed in
the homes of 18 well users in North
Carolina and followed for eight
months

/ n=4
Orange County! ’/
/ “Robeson County
n=14

Methods

A pilot intervention of under-sink POU
water filters was conducted among 18 well
users in North Carolina. A questionnaire
was administered before and after the
intervention to evaluate perceived
vulnerability to well water contamination, “H
perceptions of barriers and benefits of K T i
POU treatment, and willingness to pay for
bottled water versus water treatment.

Co-leading a well water working group of key

stakeholders across NC focused on improving well
testing and remediation of contaminated wells.
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Inorganse Arsenwc in Delking Water (1) Inorganic Arsenic in Drinking Water (ug/L)
Mun %46140& 41.555
K. Robasky @ = :&i.&’;’m

/_/ Zhou | - _— 5.50% 1056
. _c*n- . -.U' E;mgém&mxnm (ugL)

65.00% <19

o R o (ME— I
{ 4 I L X . . } = Age GWK) |
. : F. Zou s LTt - PR - e
S. Ahalt J. Rager R : "? EE— =y

Aim 1. Develop the UNC-SRP-wide comprehensive Data Management Plan to include high quality data
generation and systems that foster sharing and interoperability.

Aim 2. Facilitate UNC-SRP Project-specific research activities by implementing state-of-the-art bioinformatic
and biostatistical methods.

Aim 3. Integrate UNC-SRP data across Projects to understand risks of iAs exposure and mechanisms underlying
tAs-assoclated metabolic dysfunction/diabetes.
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Transcriptional profiles (RNA-seq) in Project 1

dog10{p-vaive)

[* Motsignificant ® Up ® Down |

T | === HDAC4 methylation

L]
L

[+]
log2ifold change)

Gut microbiome (shotgun metagenomics) in Project 3

L=
1

@ Upregulated
@ Downregulated

s

Expression or Methylation Levels

'S

== KCNQ1 methylation
NEUROD1 protein

0 0‘0

1s 175

Subjects, sorted from lowest (left) to highest (right) U-tAs levels

Providing key analysis support for the projects to identify novel mechanisms underlying arsenic-induced
metabolic dysfunction.

Optimized data sharing
» Sophisticated analytics

» DNA seq

+ RNA seq

+» Metabolomic
analysis

¢ Mixtures modeling

+» Data dimension
reduction
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W. Bodnar
P. Cable
C Liv

Aim 1. Develop and implement analytical methodologies, with a focus on separation, detection and
quantitation of metals and their metabolites/species.

Aim 2. Examine toxicant-induced gut microbiome perturbation and metabolic disruption through
metagenomics and metabolomics.

Aim 3. Provide consultation to Biomedical and Environmental Science Projects and a supportive environment
for graduate student and postdoctoral training on state-of-the-art analytical equipment.
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Assessment of the arsenic and its metabolites and co-occurring contaminants to inform how these factors
are tied to metabolic dysfunction

iAsV
_ DMASV % Assessment of iAs and its metabolites in water and biosamples
* Expanded analysis for co-occurring contaminants
%c-.s— ™Masd !
. AEB\\“"L | \ MMAsY -‘ N — e
0 Nr\'ﬁ\_ _,' \\_, fﬂ\\ |" o~ B " i
* RT(min) - = " P ; .. i
E 660 — " e :- :.‘I_
- 'nn-?_oc-s- L - = [ ] &
¥ :n;u: -'. b ol po LﬂLﬂ- Ill
WD Bac e
. - Control Diet Diet-rich in
Black raspberry
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Z Gleason

J. Rager E. Martin wins SRP Karen
Wetterhahn Award
(Gwen Collman, left)

|. Jaspers M. Rebuli

Aim 1. Enrich professional career development and growth of UNC-SRP trainees.

Aim 2. Promote cohesive approaches that connect biomedical research, environmental sciences and
engineering, and public health.

Aim 3. Foster outreach opportunities for trainees to hone skills in community engagement and research
translation.

Aim 4. Coordinate opportunities for trainees to obtain skills in 21st century data analysis methods through
partnership with the data management and analysis core (DMAC).
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Thank you! Discusston? Questions?
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https://sph.unc.edu/srp/ @UNC_SRP



