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The Persistent 
Issues with  
1,4-Dioxane



► What is 1,4-dioxane?

► Why do we care about 1,4-dioxane?

• Regulatory concerns

• Fate and transport characteristics

• Toxicological uncertainties

► Use 1,4-dioxane information and science to apply 

best practices at your sites

Overview
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Why Do We Care About 1,4-Dioxane?

►Hazardous Substance under 

CERCLA/RCRA

►CERCLA
▪ screening levels* used for screening 

and informing cleanup goals
▪ RSL** = 0.46 µg/L groundwater

= 5.3 mg/kg soil

= 0.56 µg/m3 (0.16 ppm) 

air

*screening levels – not cleanup standards

** Regional Screening Levels (RSL) shown at 10-6

cancer risk level for residential exposure

See Figure 3-3 in ITRC Guidance Document for complete figure with additional details

DISCLAIMER: CSM is an example and may not be applicable to all release types or settings



Drinking Water - Safe Drinking Water Act 

(SDWA)

U.S. EPA Office of Water – Safe Drinking Water Act:

► Standards for drinking water quality and monitoring requirements for public water systems

► No maximum contaminant level (MCL)

► Identified as a chemical known to occur in public drinking water systems and may require 

regulation

► Candidate Contaminant List (CCL) since 2008

► January 2021, EPA “has not determined whether there is a meaningful opportunity for 

public health risk reduction”

► Continuing to evaluate for MCL 



► Provide information for drinking water 

contaminants that can / are known to / 

anticipated to cause human health effects

► Issued when an enforceable drinking water 

standard has not been established

► Lifetime cancer risk level of 35 µg/L (10-4 

cancer risk)

Drinking Water - Health Advisory - Guidance

See Section 5 ITRC Guidance Document for more detailed information



Drinking Water - State Regulation

New York 2020 
MCL of 1 µg/L is 
first in the US

New Jersey 
proposed MCL of 
0.33 µg/L

Health Canada 
proposed MAC of 
50 µg/L 

See Appendix A and Figure 2-1 ITRC Guidance Document for more detailed information



Fate and Transport of 1,4-Dioxane –

Critical Characteristics

Property Units 1,4-D Benzene TCE 1,1,1-TCA 1,1-DCA 1,1-DCE

Water 
solubility

g/L 1000 1.8 1.1 0.91 5.04 5.06

Vapor 
pressure

mm Hg
(at 25˚C)

23.8 95.2 72.6 124 227 234

Henry’s Law 
constant

atm-
m3/mol 

(at 25˚C)

4.8 x 10-6 5.48 x 10-3 9.1 x 10-3 1.6 x 10-2 5.62 x 10-3 5.8 x 10-3

Log Koc Dimension-
less 0.54 1.92 1.81 2.18 1.55 1.48

Boiling point ˚C 101 80 87 74 57.4 32

See Table 3.1 in ITRC Guidance Document for complete table with additional parameters



9See Table 5.1 Examples of Potential Human Exposure Routes, 

ITRC Guidance Document

• Drinking water ingestion primary 
concern

• Not likely to remain in surface soil

• Low dermal absorption

• Unlikely to volatilize out of water

• Ecological Receptors: Most 

likely through aquatic routes

Exposures of Highest Concern: 

Drinking Water, Groundwater, Surface Water

ITRC Guidance Document Figure 5.1



► Non cancer effects

• Oral: Liver and kidney

• Inhalation: Eye and respiratory

► Cancer

• “possibly carcinogenic” (IARC)

• “likely to be carcinogenic” (EPA)

• Rodent tumors 

 Liver, kidney, nasal, peritoneum, mammary gland

• HOWEVER, experts have different interpretations on cancer risk

 Cancer Mode of Action (MOA)

– USEPA

– Health Canada (and others) 

Human Health – Hazard Identification

IARC = International Agency for Research on Cancer

Hazard Identification

What are the 

potential 

health 

effects?



Health Canada 2018 Mode of Action 

conclusions

“Using a MOA analysis, the weight of evidence 

supports a non-genotoxic MOA, with 1,4-

dioxane inducing liver tumours through a 

regenerative proliferation-induced MOA.” 
► and is reasonable for other human-relevant tumor types

► also adopted by WHO and other international agencies

► and supported by recent publications

Health Canada = MOA is Non-Genotoxic 

and Threshold

Threshold MOA = there is only risk above a 

certain threshold level of exposure

= DW threshold of 50 µg/L

no concern if exposure is 

below threshold

riskno risk

See Section 5.2 ITRC Guidance Document for more detailed information 



► 2 USEPA Assessments

• 2013 Integrated Risk Information System (IRIS)

• 2020 Toxic Substances Control Act (TSCA)

► Mode of Action conclusions

USEPA = MOA is Unknown

“The available evidence is inadequate to establish a mode of 

action (MOA) by which 1,4-dioxane induces liver tumors in rats and 

mice.” (USEPA 2013)

= DW threshold of 0.35 – 35 µg/L

for 10-6 to 10-4 cancer

Default dose response model = any increase 

in exposure, increases risk

risk

See Section 5.2 ITRC Guidance Document for more detailed information 

risk



Impact of MOA Decision on 

Drinking Water Threshold Values
► Unknown MOA =

DW value of 

0.35 – 35 µg/L (HA)
or

0.46 – 46 µg/L (RSL)

for 10-6 to 10-4 cancer risk

► Threshold MOA involving cell 
proliferation =

DW value of 

50 µg/L

Source of toxicity information can have significant 

impact on risk characterization



Hierarchy of Toxicity Values for Risk 

Assessment Best Professional Judgement 

Necessary

EPA Integrated Risk 
Information System 

(IRIS)

Agency for Toxic 
Substances and 
Disease Registry

Other EPA offices 

(e.g., Office of Water)
States, International 

Agencies, etc.

EPA Peer-Reviewed 
Provisional Toxicity 

Values (PPRTV)

Tier 1

Tier 2

Tier 3

CONSIDERATIONSState-of-science 
methods, consistent 
with EPA

Best available research

Peer-reviewed

Transparent

See Section 5.2.1 for policy and guidance for selection of tox values See Tables 5.2-5.5 for Toxicity Values



► Low screening levels driving cleanup concerns

► No federal MCL for drinking water: State and international DW values vary 

from 0.3 to 50 µg/L (part per billion) 

► Fate and transport characteristics should dictate investigation planning

► Cancer risk is the primary concern for human health and long-term 

exposures

► Science is still evolving regarding how 1,4-dioxane causes cancer

► Selected toxicity value(s) for risk assessments should be consistent with 

established guidance and policies, well justified

1,4-Dioxane - Toxicity and Risk Assessment 
Conclusions

MOA

For more information, see:  https://rct-1.itrcweb.org/




