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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. 
herbicides.



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. 



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). 



1,4-Dioxane in USA (UCRM3)

Widespread water contamination in USA

EPA reference concentration (RC): 0.35 mg/L

Sci Total Environ. 2017 Oct 15;596-597:236-245



1,4-Dioxane and its co-contaminants



https://cen.acs.org/environment/pollutio
n/14-Dioxane-Another-forever-
chemical/98/i43

https://cen.acs.org/environment/pollution/14-Dioxane-Another-forever-chemical/98/i43


Long Island NY and North Carolina 



Ann Harbor, Michigan



1,4 Dioxane in New Jersey



1,4-Dioxane: Emerging Water Contaminant
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Goals

IARC group 2B liver carcinogenMechanisms of Action 

(MOAs)

Widespread water contamination in USA

EPA reference concentration (RC): 0.35 mg/L

What we know…

What we do not know…

The goals of this project are to identify molecular mechanisms involved in 1,4-

dioxane (1,4-DX) liver carcinogenicity and to assess the capacity of co-occurring 

contaminants (TCE and 1,1-DCA) in modifying 1,4-DX carcinogenicity.



AIM 2

Approach (Specific Aims)

Redox mouse models

(CYP2E1/GSH/NRF2)

Phase I

high dose screening

Phase II

low dose carcinogenic study

AIM 1

Co-contaminants exposure

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

HepaRG Zebrafish AIM 3

Omics-based

System approach

RNA

Transcriptome

Metabolites

Metabolome
Phenotyping

High-throughput data

Bioinformatics

Computational modeling

MOAs

Exposure/toxicity biomarkers



Year 1 Progress – AIM 1

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)

HIGHLIGHTS

o A direct genotoxic effect by 1,4-

DX involving oxidative stress 
(Chen et al. Sci Total Environ. 2022)

o A dominant role of CYP2E1 in 

1,4-DX metabolism to HEAA 

and 1,4-DX liver cytotoxicity

o 1,4-DX liver genotoxicity likely 

involves CYP2E1-independent 

pathway(s)
(Wang et al. To be submitted) 

Phase I
high dose screening (5000 ppm x 3 months)
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Year 1 Progress – AIM 1

Initial phenotypic characterization of chronic exposure to environmentally-relevant 

low doses of 1,4-DX.

PRELIMINARY FINDING

o Minimal systemic and hepatic 

toxicity

o A higher incidence of 

developing hepatocellular 

hyperplasia in the GclmKO

male mice 

Phase II

low dose carcinogenic study (50, 500 ppm x 6 months)
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Year 1 Progress – AIM 2

Data collection
✓ Plasma metabolomics 

✓ Liver metabolomics and 

transcriptomics (high dose)
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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.

Project Objectives



Specific Aims



Preliminary DataYear 1 Progress Specific Aim 1
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Kim et al., Environmental Science & Technology, submitted

Boron-doped carbon catalyst



Preliminary DataYear 1 Progress Specific Aim 2

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

False fluorescence 

signaling for •OH 

resulting from local 
pH change 


