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Water Contaminants of Emerging Concern

* Chemicals that have been detected in global drinking water supplies
at trace levels and for which the risk to human health is not yet
known or completely evaluated.

* They include industrial chemicals and endocrine disrupting
compounds, pharmaceuticals, personal care products, and pesticides.

Sewage
Treatment

Effluent \

Industrial
Discharge

Photodegradation

Aquatic
Environment

Street
Runoff l

mmmmmm) Volatilisation

Sorption to suspended
particulate material

~

Precipitation

Landfill /

Leaching

Bioaccumui lation

Microbial
Degradation




The Overall Objective of YSRTP

Improve public health protection from emerging contaminants in drinking water by
applying advanced research techniques and communication strategies to the
detection, toxicological evaluation, exposure assessment, mitigation, and
community outreach involving these contaminants.

1,4-Dioxane (1,4-DX) is a carcinogen in public drinking water that is unregulated
throughout most of the USA and Europe.

The barriers to effective policy and regulation make 1,4-DX a key focus for solving
the problems of emerging contaminants in drinking water.
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We focus on 1,4 dioxane because

(i) It appears in water at Superfund sites due to current and former industrial
uses and environmental release.

(ii) It is on the ATSDR Substance Priority List.

(iii) It was prioritized by the US Environmental Protection Agency (USEPA) for third
unregulated monitoring rule (UCMR-3) testing in 2013-2015.

(iv) It co-exists in Superfund sites with 1,1,1-trichloroethane, 1,1-dichloroethane,
and 1,1,1-trichloroethylene.

Of the 28 chemicals tested in UCMR-3, 1,4-DX was the second most frequently
detected above a risk-based reference concentration (6.9% tested public
supplies).
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1,4-Dioxane and its co-contaminants
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Co-Occurrence of 1,4-Dioxane with Trichloroethylene in
Chlorinated Solvent Groundwater Plumes at US Air Force
Installations: Fact or Fiction

Richard H Anderson,*{ Janet K Anderson, { and Paul A Bower}

[Air Force Center for Engineering and the Environment, Technical Support Division (AFCEE/TDV), 2261 Hughes, Site 155, Lackland AFB,
Texas 78236, USA
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currently in a wide range of industrial products including
insecticides, fumigants, aircraft deicing fluids, and antifreeze
(Mohr 2001; Surprenant 2002). Although recent production
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1,4-Dioxane: Another forever chemical | | |
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Highly miscible in water, the likely carcinogen is challenging to remove chemical/98/i43
by Cheryl Hogue

November 8, 2020 | A version of this story appeared in Volume 98, Issue 43

WATER RELEASES

The top three US dischargers of 1,4-dioxane into rivers or public sewage systems in 2019
were from pharmaceutical and plastics plants, according to data filed with the

Environmental Protection Agency.

Indorama Ventures
» Plastics

» Decatur, Alabama
» 10,453 kg

¥ To sewage system, then the Tennessee River

APG Polytech, a subsidiary of Taiwan-based Far Eastern New Century
» Plastics

r Apple Grove, West Virginia

» 8,922 kg

» To the Ohio River

DAK Americas, a subsidiary of Mexico-based Alpek
» Plastics

» Moncks Corner, South Carolina

» 8,057 kg

» To the Cooper River

Source: US EPA Toxics Release Inventory, 2019,

MNote: The largest environmental release of 1,4-dioxane in 2019 was reported from Huntsman International’s Houston

Credit: Shutterstock plant. This facility sent 197,713 kg of 1,4-dioxane for disposal in an underground injection well.

1,4-Dioxane is an unwanted by-product occurring in small amounts in shampoos, detergents, and cleaning products.
I+ hae alen contaminated come commiinitiee’ drinkinog water
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Ann Harbor, Michigan

1,4-dioxane groundwater pollution
eventually could cause vapors in
some Ann Arbor basements

adio | By Lester Graham

ember 1,2022 at 2:49 PM EST

Michigan

ublished [

R

1 of the dioxane plume under Ann Arbar

A newly published study suggests a plume of contaminated groundwater could
eventually get into home basements in parts of Ann Arbor.

The research by University of Michigan scientists suggests that a current plume of the
chemical 1,4-dioxane in groundwater will get closer to the surface.

ELSEVIER

Available online at www.sciencedirect.com

ScienceDirect

Current Opinion in
Environmental Science & Health

Atmosphere of wet basements as a novel route for potential
residential exposure to 1,4-dioxane vapor
Robert E. Bailey'*” and Rita Loch-Caruso™”

Abstract

Detection of 1,4-dioxane has been reported in shallow
groundwater in neighborhoods of the city of Ann Arbor, Mich-
igan. Michigan has a voluntary 1,4-dioxane shallow ground-
water screening level based on its potential for vapor intrusion.
Calculations show that if 1,4-dioxane-contaminated water were
to enter a basement and evaporate, potentially unhealthy
concentrations of 1,4-dioxane could arise in homes with damp
basements under certain conditions. Potential residential risk
is suggested if: 1) shallow groundwater is within 3 m of the
surface, 2) groundwater 1,4-dioxane concentration exceeds
150 pg/L, and 3) a basement has higher humidity than the
upper floors. Different from vapor intrusion, this suggests that
liquid water intrusion with subsequent volatilization within a
structure may be a novel exposure pathway for 1,4-dioxane.

Addresses

! Bailey Associates, 424 Little Lake Drive, Suite 13, Ann Arbor, MI,

48103, USA

2 Coalition for Remediation of Dioxane, Washtenaw County, MI, USA
Department of Environmental Health Sciences, University of Michi-

gan, 1415 Washington Heights, Ann Arbor, MI, 48109, USA

Corresponding author: Bailey, Robert E. (bob.bailey734 @gmail.com)

Current Opinion in Environmental Science & Health 2022,
30:100406

This review comes from a themed issue on Environmental Toxicology
2022: 1,4 dioxane
Edited by Vasilis Vasiliou

For complete overview of the section, please refer to the article
collection - Environmental Toxicology 2022: 1,4 dioxane

https://doi.org/10.1016/j.coesh.2022.100406
2468-5844/© 2022 Elsevier B.V. All rights reserved.

Keywords
1.4-Dioxane pollution, Shallow groundwater, Protective air concentra-
tion, Vapor intrusion, Volatilization, Indoor air pollution.

and move with the water underground. It is miscible
with water and does not readily volatilize from water [3].
Nonctheless, if liquid water contaminated with 1,4-
dioxane were to enter a residence, then there is the
potential for a hazardous vapor concentration from
volatilization inside the residence even if groundwater
concentrations present low vapor intrusion risk.

In this article, we describe calculations that illustrate
the difference in risk potential from contaminated
groundwater for evaporation of liquid water containing
1,4-dioxane in a basement compared with vapor intru-
sion. This project was initiated to explore a basis for
evaluating the potential risk from 1,4-dioxane in shallow
groundwater in residential areas using the city of Ann
Arbor, Michigan, as an example.

Site description

Wastewater management practices from 1966 to 1986 at
Gelman Sciences, Inc. allowed 1,4-dioxane to contami-
nate groundwater [47]. The resulting contamination
plume, defined by concentrations above 1 pg/L, has
spread laterally to an cs[imurc’d area approximately
1.5 km wide by 7 km long (10 km*®). The castern portion
of this groundwater plume is shown on the map in
Figure 1 (top panel).

The underlying geology of this area is approximately
50—90 m of unconsolidated glacial deposits above rela-
tively impermeable Mississippian Coldwater Shale
[5,6,7%*]. Hydrogeological analysis delineating the
extent of 1,4-dioxane contamination has revealed a
complex series of interconnected aquifers as illustrated
in the cross-sectional representation in Figure 1 (bottom
panel) [2]. The cross section shows that land elevation
slopes down from the west to the east, toward the
Huron River (not shown), with decreasing distance
between the land surface and the water table.
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How a toxic chemical ended up in the
drinking water supply for 13 million
people

Officials found a gap in state and federal regulations that allowed an unsafe chemical to
end up in an essential water supply.

The Delaware River incident highlights the extent to which drinking water suppliers are often on the hook
for cleaning up other people's problems. | Matt Rourke/AP Photo

By RY RIVARD f

01/23/2022 07:00 AM EST ' Q‘b .09
TRENTON, N.J. — New Jersey's largest drinking water supplier discovered a
toxic chemical in the river where it gets water for hundreds of thousands of
customers, setting off a major search for polluters that led back to a

Pennsylvania wastewater treatment plant and a South Jersey company.

1,4 Dioxane in New Jersey

AG Platkin, NJDEP, and Division of Consumer Affairs Announce 1,4-
Dioxane Contamination Lawsuit

State’s Complaint Seeks Compensation for Natural Resource Damages and Consumer Fraud

For Immediate Release: March 23, 2023 For Further Information:
Office of the Attorney General Media Inquiries-
- Matthew J. Platkin, Attorney General Tara Oliver
NJ Department of Environmental Protection OAGpress@njoag.gov
- Shawn M. LaTourette, Commissioner Lawrence Hajna, (DEP)

Larry.Hajha@dep.nj.gov
View Complaint

TRENTON — Attorney General Matthew J. Platkin, the New Jersey Department of Environmental
Protection (DEP), and the Division of Consumer Affairs (DCA) today announced the filing of a
lawsuit against the Dow Chemical Company (Dow), Ferro Corporation (Ferro), and Vulcan
Materials Company (Vulcan), as well as other unnamed companies, for widespread 1,4-
dioxane contamination across New Jersey. The suit alleges both environmental and consumer
fraud claims, seeking natural resource damages, punitive damages, and other damages and
penalties.



1,4-Dioxane: Emerging Water Contaminant
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Cape Fear River Watershed, North Carolina (secondary study site) (right panel).
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Empowering Communities, Advocating Solutions.

Long Island * Albany * Buffalo * Syracuse * Connecticut

The Yale University Superfund Center and Citizens Campaign for the Environment
are partnering to

Understand the Impacts of 1.4-Dioxane Contamination
on Long Island

Want to learn more about how this emerging contaminant impacts you, your family, and your
community? Want to get involved?

Funded by the National Institute for Environmental Health Sciences, Citizens Campaign for the
Environment has partnered with the Yale Superfund Research Center to engage with Long Island
communities to better understand the impact of 1,4-dioxane exposure on Long Island communities.

What is 1.4 Dioxane?

1, 4-Dioxane, known as one of the “forever chemicals”, is an emerging contaminant of concern found in drinking
water throughout the nation, including water supplies in Long Island. Past industrial practices including discharging
1,4-dioxane into the ground which eventually seeped into Long Island aquifers that serve as our source of public
water supplies and private wells. The EPA has established that 1,4-dioxane is likely carcinogenic to humans.
Exposure to this chemical is linked to tumors of the liver, gallbladder, nasal cavity, lung, skin, and breast.

Is there 1.4 Dioxane in my community?

The Environmental Protection Agency (EPA) tested 4,400 water supply systems nationwide and Long Island was
found to have some of the highest levels of 1,4-dioxane detection in the US, with some water systems in both Nassau
and Suffolk containing levels over 100 times the EPA’s cancer risk guideline of 0.35 ppb. Exposure to 1,4-dioxane
most likely occurs through drinking contaminated water, however, it may also be inhaled or absorbed through skin.

Detections of 1,4-dioxane on Long Island

Fairfield we

Norwalk

w York

been linked to cancers as well
as liver and kidney damage.

“Who has one of the highest
exposures in the nation? Long
Island. And that’s where this is
focused on,” Vasilis Vasiliou, di-
rector of the Yale Superfund Re-
search Center, said Monday
during a virtual conference to
discuss the study and seek par-
ticipants.

“We really just don’t have a
lot of information or data on
this chemical,” said Nicole
Deziel, associate professor at
the Yale School of Public
Health and a graduate of Long-
wood High School in Middle Is-
land who is leading the study.
“Exposures and health impacts
are really poorly understood
and we really hope to provide

STUDY SEEKS

‘First of its kind’
look into effects
of exposure

BY LISA L. COLANGELO

lisa.colangelo@newsday.com

Yale researchers are looking
for 500 Long Islanders to partic-
ipate in a study that will help
them better understand expo-
sure to the chemical 1,4-diox-
ane, a likely carcinogen found
in both drinking water and com-
mon household products.

Participants will have their
blood as well as their home’s
tap water tested to help deter-
mine if there is any correlation

between levels of 14-dioxane
found in water and a person’s
body, researchers said. The
study is part of an effort to un-
derstand links between expo-
sure to 1,4-dioxane and poten-
tial health risks.

The study, being conducted
by the university’s Yale Super-
fund Research Center with a
grant from the National Insti-
tutes of Health, will start with a
small pilot project this summer.

The chemical — found in
drinking water on Long Island
— has been used as a stabilizer
in solvents such as paint strip-
pers and waxes. It is also a
byproduct in the manufacture
of shampoos, shower gels and
other consumer goods and in
laboratory animal tests has

TOP STORIES

DIOXANE LINK T0 Llers’ HEALTH

more information to better un-
derstand this chemical so we
can reduce people’s exposures
and risk.”

The study is part of a larger
initiative at the Yale Superfund
Research Center that includes
examining how 14-dioxane can
cause cancer, monitoring water
for the chemical in real time
and developing affordable
methods for purifying water,
said Vasiliou. The center this
fall received a $7.3 million grant
over five years from the Na-
tional Institute of Environmen-
tal Health Sciences for the re-
search.

Deziel said it has not been de-
termined yet when the study
finding would be released.

In recent years, New York

State has enacted strict limits on
l4-dioxane in drinking water
and household products. Drink-
ing water must not contain
more than 1 part per billion of
the chemical while personal
care and household cleaning
products were required not to
exceed 2 parts per million by the
end of 2022. That limit drops to
1 ppm by the end of 2023.

Newsday reported Monday
that the state has granted tem-
porary waivers to manufactur-
ers allowing more than 1,400
products over the state limit to
remain on store shelves.
Waivers are permitted under
the state’s law, which gives man-
ufacturers time to comply with
the limits.

The Long Island-based Citi-

zens Campaign for the Environ-
ment, which advocated for lim-
its of the chemical, is working
with researchers to help them
find volunteer participants.

“This is the first of its kind
study we believe anywhere in
the nation and specific to Long
Island,” said Adrienne Espos-
ito, executive director and co-
founder of the CCE.

People interested in more in-
formation about the study can
go to the CCE website to sign
up.
Deziel said growing up on
Long Island sparked her inter-
est in environmental health.

“When I was growing up in
the ‘80s and ‘90s there were a
lot of concerns about cancer
clusters,” she said, noting peo-

ple wondered if pesticides from
farms or power lines could be
the cause. “I was really frus-
trated by the lack of informa-
tion and uncertainty about
these exposures and that really
motivated me to get my degree
in this area and become an envi-
ronmental epidemiologist.”

Researchers are hoping to
get a cross section of Long Is-
landers including residents con-
nected with municipal water
systems and those who rely on
well water.

Participants take a 90-minute
survey at home with re-
searchers, who will take a sam-
ple of their blood and tap
water. In return they will re-
ceive a $20 gift card and all test
results.
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What we know...

Widespread water contamination in USA Mechanisms of Action

2 liver carcino
(MOAS) S

R TR

1,4-Dioxane

Below MRL

Above MRL but Below RC
@ Above RC

EPA reference concentration (RC): 0.35 mg/L

What we do not know...

The goals of this project are to identify iInvolved in 1,4-

dioxane (1,4-DX) liver carcinogenicity and to assess the
(TCE and 1,1-DCA) in modifying 1,4-DX carcinogenicity.




Approach (Specific Aims)

Redox mouse models AIM 1 AIM 2

(CYP2E1/GSH/NRF2) Omics-based
- stem approac

Phenotyping

Phase |
high dose screening

Phase I
low dose carcinogenic study

High-throughput data
Bioinformatics
Computational modeling

HepaRG Zebrafish AlIM 3

Co-contaminants exposure Exposure/toxicity biomarkers

(1,4-DX, TCE and 1,1-DCA)




Year 1 Progress — AIM 1

Phase |
high dose screening (5000 ppm x 3 months)

Oxidative stress, glutathione, and CYP2E1 in 1,4-DX liver cytotoxicity and
genotoxicity: insights from animal models. (wang et al. Curr Opin Environ Sci Health. 2022)
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o Adirect genotoxic effect by 1,4-

DX involving oxidative stress
(Chen et al. Sci Total Environ. 2022)
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Year 1 Progress — AIM 1

Phase Il
low dose carcinogenic study (50, 500 ppm x 6 months)

Initial phenotypic characterization of chronic exposure to environmentally-relevant
low doses of 1,4-DX.

PRELIMINARY FINDING 1 g 410) Cp—
o Minimal systemic and hepatic
tOXi C ity 34 WT Female 3o MKO Female 34 EKO Female
o A higher incidence of N
I :gl- . ﬁ g T Histopathology Score
developlng hepatocellular gl sBs (REA
hyperplasia in the Gc¢lmK© T TIE T

male mice

Hepatocellular hyperplasia (case/total animals)
MALE WT MKO EKO
CON 0/5 0/5 0/6
DX-50 0/9 2/5 0/6
DX-500 0/7 1/7 0/6
FEMALE WT MKO EKO
CON 0/10 0/5 0/4
DX-50 0/10 0/6 0/5
DX-500 1/10 0/6 0/6

Year 1 Progress — AlM 2
Data collection

v Plasma metabolomics
v" Liver metabolomics and
transcriptomics (high dose)
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Project Objectives

Develop point-of-use, small-scale, and chemical-supply-
free water treatment units that can destroy 1,4-dioxane and its
frequently co-occurring pollutants from contaminated ground
water through advanced oxidation.

Test the prototype reactors both in the lab and in Region 1 field
sites to verify the feasibility of real-world use, to confirm the
elimination of human toxicity, and to establish faster
technology transfer in collaboration with other project teams.




Specific Aims

Hypothesis 1. Advanced oxidation by *OH can destroy Hypothesis 2. AQ chemistry can be Hypothesis 4. Collapse of
1,4-DX and its co-contaminants to benign end-products electrochemically driven for selective ambient air nanobubbles results in
and efficient synthesis of H,0, from the production of reactive oxygen
o F@ 0, reduction species, notably *OH.
& c=¢
d—c—c—H C H ¢ H
L TCE  h—t—d—n Photochemical or electrochemical
1,1,1-TCA 0 'C| ﬂ. - A device to enhance
1.1-DCA é nanobubble collapse @
1,4-DX ( j ’ Frgm air via
o *OH ﬁ gas diffusion *OH \l_:|
Advanced = Hypothesis 3. H,0, © electrode (GDE) Nl
Oxidation by — can be effectively \ o '
*OH — ‘activated’ on site to @ 4-H,0, 2 - o ©
. i O
T N0 || adevcato protce ©0
€O, and 9 I i ) nanobubble from 00
less toxic catalysts | Storage 41 te] ambient air
products
@ Air
Project 1 co
(for biological effects) e A e T A\ n
Specific Aim 3. Evaluate Specific Aim 1. Develop a modular Specific Aim 2. Investigate
Project 2 AQOP efficiency and H,0O, synthesis (photo)electrochemical the feasibility of using
Community Engagement Core &=  perform field tests with cell-based AOP reactor. nanobubble-enabled
(for site selection) prototype AOP reactors. advanced oxidation.
Project 3 — ‘
Data Management & Analysis Core co T
(for sensors and data management) Develop prototype reactors for lab- and field-experiments 4




Year 1 Progress specific aim1
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Year 1 Progress speciicaim 2

Chae et al., ACS ES&T Engg., submitted
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