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Non-PFAS Emerging Contaminants:
What’s Next?



Non-PFAS Emerging Contaminants
 1,4 Dioxane
 Pharmaceuticals/Personal Care Products
 Microplastics
 Overview of Remedial Strategies

Topics of Discussion



 1,4 Dioxane is Heterocyclic Ether 
 Recently used as a solvent in 

manufacturing 
 Purifying agent pharmaceuticals
 Used to concentrate active ingredients 

in cannabis
 Byproduct of manufacturing
 Highly miscible/highly mobile

What is 1,4 Dioxane?



As a byproduct, it typically forms with use of the 
following:
 Detergents
 Foaming Agents
 Emulsifiers
 Solvents
 PEG (Polyethylene Glycol)
 Polyethylene
 Is a byproduct in the manufacture of PET Plastic

What is 1,4 Dioxane?



 1,4 Dioxane is found in many household products:
 Shampoos

 Toothpastes

 Deodorants

 Food Packaging

 Paint strippers & Dyes

 Degreasers

 Antifreeze

 Pesticides

 Aircraft Deicing Fluids 

 Cosmetics and MORE!

Sources of 1,4 Dioxane



 Toxicity Data indicates:
 1,4 Dioxane is a likely human 

carcinogen
 Linked to liver tumors
 Kidneys also impacted
 Nasal tumors noted in inhalation studies
 Tumor formation is dose dependent
 Drinking water guideline (NC) - 0.35 ug/l

Why is it a concern?



Drinking Water Guidelines
 North Carolina – 0.35 ug/l (for streams classified as 

drinking water supplies)
 Iowa - 35 ug/l
 New York – 1 ug/l
 Wisconsin – 3 ug/l
 Missouri – 61 ug/l 
 Massachusetts – 0.3 ug/l
 California – 1 ug/l
 New Jersey -  0.4 ug/l

1,4 Dioxane in Various Media



 So How Do We Remove It?
 Ex-Situ Technologies – more developed than In-Situ

 Sorption

 Advanced Oxidation Processes (AOP)

 Reverse Osmosis (RO)

 Biological

 In-Situ Technologies
 Phytoremediation

 Chemical Oxidation 

 Natural Attenuation

 Thermal

1,4 Dioxane Remediation



Pharmaceuticals and Personal Care 
Products

“PPCP” (because we need another acronym)



Pharmaceuticals/Personal Care Products (PPCP)
 Class contains over 600,000 chemicals
 Sources include pharmaceuticals, shampoo, 

detergents deodorant, cosmetics, etc.
 Up to 40% of unused pharmaceuticals end up in 

landfills 
 Many do not easily degrade
 Present in water supplies

Pharmaceutical/Personal Care Products



Para-cresol: 7,020,000 ppt
Bisphenol A: 6,380,000 ppt
 Ibuprofen: 705,000 ppt
DEET: 254,000 ppt
 Lidocaine: 147,000 ppt
Camphor: 97,200 ppt
Cotinine: 51,200 ppt

PPCP Concentrations in Landfill Leachate

Source: CEC October 2019



Microfiltration/Reverse Osmosis – 91% to 100%
Ozonation/Ultrasound/Sonocatalysys – 86% to 

100%
Photolysis (UV/Hydrogen Peroxide)- 52% to 100%

PPCP Remediation Effectiveness

Source WHO 2011



Microplastics



Microplastics <5 mm in any dimension
 2019 study 0.42 to 24.58 items/liter in leachate*
Primarily polyethylene and polypropylene

Microplastic Concentrations in Leachate

* Source: He, Chen, 2019



Microplastic Health Effects

 Leachate from plastics has previously been shown to 
cause acute toxicity in the freshwater species Daphnia 
magna. (Bejgam, 2015)

 Humans exposed via ingestion, inhalation and dermal 
absorption (Rahman 2021)

 Microplastics can cause toxicity through oxidative 
stress, and inflammatory lesions 

 Can cause metabolic disturbances, neurotoxicity, and 
increased cancer risk in humans. 

 Microplastics release their constituent compounds as 
well as those that are adsorbed onto their surface.



Microplastic Remediation

• WWTP Technology can remove up to 72% of 
microplastics (Liu, 2021, Iyare, 2020)



Microplastic Remediation

 Best remediation is removal from the waste 
stream through:
 Increased regulatory pressure to reduce 

emerging contaminants in consumer products
 Increased re-use of plastics



Summary
 More data is needed
 1,4 Dioxane, PPCPs and Microplastics will be the PFAS 

of tomorrow
 Remedial Strategies exist
 Removal from Products/Capture > landfilling

Conclusions



Questions?

Thank You!
Contact Info:

Joan Smyth, P.G.
Smith Gardner, Inc.
joan@smithgardnerinc.com 

mailto:joan@smithgardnerinc.com
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