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Presenter Notes
Presentation Notes
Good day and thank  you for joining me today. My name is Joan Smyth and I am a senior hydrogeologist and vice president of Smith Gardner, Inc. headquartered in Raleigh, North Carolina  In my 25 plus years as a hydrogeologic consultant I have performed numerous contaminant investigations and remediation activities at a variety of sites.  The emerging contaminants we see today pose unique challenges, and since PFAS compounds get a lot of focus in webinars and conferences, I wanted to spend some time to focus on what we know about 1,4 dioxane.


Topics of Discussion

» What is 1,4 Dioxane

» Where is 1,4 Dioxane Found

» Why is it a Concern

» Behavior and Concentrations in Various Media
» Remedial Strategies
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Presenter Notes
Presentation Notes
Today we’re going to cover the basics of 1,4 dioxane, as well as information on where it is found.  We will also cover recent data on its properties, behavior and concentrations in a variety of media and information from studies and full scale implementations of various remedial options.


© Whatis 1,4 Dioxane?

» 1,4 Dioxane is Heterocyclic Ether
» Synonyms: DX, p-dioxane, dioxane

» Historically 90% was used as a
stabilizer in chlorinated solvents (such
as 1,1,1 TCA)

» Recently used as a solvent in
manufacturing

» Purifying agent pharmaceuticals

» Used to concentrate active ingredients
In cannabis

» Byproduct of manufacturing
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Presenter Notes
Presentation Notes
1,4 Dioxane is a heterocyclic ether used primarily to stabilize chlorinated solvents and more recently has been used as a solvent in its own right.  It is also used as a purifying agent for pharmaceuticals and to concentrate the active ingredients in cannabis (in those locations where it is legal).  It is also a byproduct of manufacturing where other chemicals form 1,4 dioxane.  As is typical, it has several synonyms including DX, p-dioxane and dioxane.


~ Whatis 1,4 Dioxane?

» As a byproduct, it typically forms with use of the

following:
> Detergents

> Foaming Agents
> Emulsifiers
> Solvents

b
b
b

PEG (Polyethylene Glycol)
Polyethylene

s a byproduct in the manufacture of PET Plastic
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Presenter Notes
Presentation Notes
Many types of manufacturing can form 1,4 dioxane which is a byproduct of ethyloxylation.  The common items across these industries is the use of foaming agents, emulsifiers, and solvents in their processes.  


\1,4 Dioxane Historical Use

1,4 Dioxane Timeline

1950’s — Solvent Stabilizer

1970s byproduct DX discovered 1970s found in food grade

polysorbates

1980s used as a solvent

Today — Growing Concern
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Presenter Notes
Presentation Notes
Early on, 90% of 1,4 Dioxane was used as a solvent stabilizer and it is commonly found in plumes with 1,1,1 TCA.   In the 1970s it was discovered to be a byproduct of some manufacturing processes.  Later in the 1970s, the FDA discovered 1,4 dioxane in food grade polysorbates  which are found in many food products such as ice cream, whipped topping, frozen custards, medications, vitamins, etc.  Identification in food grade items caused the FDA to develop better analytical techniques and request manufacturers to try to reduce 1,4 dioxane in household products. More recently it has been used as a solvent in it’s own right and today we are increasingly concerned about the legacy of the last 70 years. 


» 1,4 Dioxane is found in many household products:
> Shampoos . =

Toothpastes
Deodorants

Food Packaging

Paint strippers & Dyes
Degreasers
Antifreeze

Pesticides

Aircraft Deicing Fluids
and MORE!

A N N N N NV VOV IV
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Presenter Notes
Presentation Notes
Despite the FDA request to reduce 1,4 dioxane, it is still found in many household products today, including items we use every day like toothpaste, cosmetics, shampoo and conditioner, food packaging, etc.


~ Concentrations — Raw Products

» Concentrations in Raw and Finished Products:

> Highest detections in Sodium Laureth Sulfate
and Ammonium Laureth Sulfate

> Detected Concentrations in raw materials
1980 = 6 ppm to 1410 ppm
1997 =45 to 1102 in 1997

> Finished product concentrations
> 1990s = 5 ppm to 141 ppm
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Presenter Notes
Presentation Notes
Around 1980 the FDA began routine monitoring of a variety of consumer products.  They monitored both raw and finished products to better understand where 1,4 dioxane was forming and how much was reaching consumers.  Studies in 1980 and 1997  reveal similar concentrations of 1,4 dioxane in raw materials ranging from 10’s of parts per million to thousands of parts per million, with the highest concentrations in two raw materials that are commonly found in shampoos: sodium laureth sulfate and ammonium laureth sulfate. Finished product concentrations in the 1990s ranged between 5 and 141 ppm.


» 1.4 Dioxane in Food Additives:
> 1,4 dioxane found in food additives such as:

> Polysorbate 80 (aka Tween 80 and many others), Polysorbate 60,
Carboxylmethylcellulose

> A 2012 study reports concentrations between 4.8 and 6 ppm 1,4
dioxane in polysorbates

> FDA has a limit of 10 ppm in foods

SMITH+GARDNER


Presenter Notes
Presentation Notes
1,4 dioxane is also found in food additives such as polysorbate 60 and 80  and carboxylmethylcellulose.  A 2012 study of 1,4 dioxane concentrations in polysorbates showed a range of concentrations between 4.8 and 6 parts per million, which is below the FDA limit of 10 parts per million.
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» 1,4 Dioxane in Cosmetics:

> FDA —No legal authority to approve cosmetic products
except color additives

> 1981 Study — Avg. 50 ppm Range: 2 — 279 ppm
> 1997 Study — Avg 19 ppm, Range: 6 — 34 ppm -
© 2008 Study

> 6% results between 1 and 5 ppm
> 6% between 5 and 10 ppm

> 8% between 10 and 12 ppm

> 80% - non-detect at 1 ppm
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Presenter Notes
Presentation Notes
Although FDA does not have legal authority over cosmetics, except for color additives, their request to industry to reduce 1,4 dioxane has resulted in reductions over the past 40 years with recent studies showing 80% of products had non-detectable results at 1 part per million.  Interestingly, in 2008 1 part per million was a lower detection limit than had previously been used for their studies. So while the rest of the environmental community is regulated in the parts per billion or parts per trillion range, the FDA is still using parts per million for their studies. 


‘Why is it a concern?

NCORROSI ON EPARADIGMS

» Toxicity Data indicates:
. . . f’m TEC X UENCXNGCELL
> 1,4 Dioxane is a likely human & mﬁl Yo o
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> Kidneys also impacted

> Nasal tumors noted in inhalation
studies

> Tumor formation is dose
dependent
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Presenter Notes
Presentation Notes
As anyone would guess, there is regulatory concern over 1,4 Dioxane because it is a likely human carcinogen.  Studies have shown both ingestion and inhalation can cause tumors in lab animals.   Studies where lab animals drank water laced with 1,4 dioxane developed liver tumors and kidney issues.  Animals in inhalation studies developed nasal tumors.  The studies indicate tumor development is dose dependent.


» What is unclear
> Tumor formation higher in females

> Are tumors due to 1,4 dioxane or its
metabolites?

THE LDs, OF TOXICITY DATA 15
2 KILOGRANS PER KILOGRAM. SMITH+GARDNER



Presenter Notes
Presentation Notes
While tumor formation is dose dependent, it is unclear if 1,4 dioxane is the carcinogen, or if the metabolites generated as the constituent is processed through the body are carcinogens.  Metabolites diethylene glycol and diglycolic acid have shown toxicity for liver and kidneys in other studies.  Interestingly, tumors are more prevalent in females than males, but why this occurs is not currently understood.


- Environmental Impacts

» 1,4 Dioxane is found at a variety of sites
> Industrial/Manufacturing

> Landfills
> Wastewater Treatment Plants
> Drinking water supply

SMITH+GARDNER


Presenter Notes
Presentation Notes
So where do we find it in the environment? 1,4 dioxane is found at a variety of sites including industrial sites, landfills, wastewater treatment plants and in drinking water supplies.  Drinking water supplies from surface water located downstream of wastewater treatment plant effluent are of particular concern.
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- 1,4 Dioxane in Various Medi
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> Log Koc = 0.54
> Does not adsorb onto soils

> Is not retarded by organics
> No charge = no electrostatic reactions
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Presenter Notes
Presentation Notes
So how does 1,4 dioxane act in various media?  In soils 1,4 dioxane has a low Koc which indicates its movement through soils is not retarded by organics.  1,4 dioxane also lacks a charge that would facilitate electrostatic reactions and has low sorption potential, therefore it essentially moves through the vadose zone unhindered.


1,4 Dioxane in Various Media

» Air
> Henry’s Law Constant is4.8 x 107°
atm-m3/mol at 25° C

> Vapor pressure is 38.1 mm Hg

> Volatilization is moisture dependent

> Half-life as a gas — between 1 and 2.9 days
> Vapor intrusion not particularly a concern
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Presenter Notes
Presentation Notes
In air, the Henry’s Law constant indicates 1,4 dioxane is non-volatile, however, the vapor pressure suggests that it is volatile which means that for this constituent volatilization is moisture dependent.  The vapor pressure suggests 1,4 dioxane will readily volatilize from a release of industrial grade product where there is insufficient moisture to dissolve 1,4 dioxane, but the Henry’s Law constant indicates it will not volatilize from water.  Based on this, 1,4 dioxane is not considered a particular concern for vapor intrusion when dissolved in water.


1,4 Dioxane in Various Medi e

» Groundwater
> 1,4 dioxane is miscible (solubility is 100 mg/mil)

> Migrates rapidly with groundwater
> Matrix diffusion may cause persistence

EARLY STAGES LATER STAGES

(After Release): (During Site Investigation):

1,4-D is present in high concentrations in the 1,4-D concentrations in transmissive zone have
transmissive zone, which causes mass to diminished due to high solubility and mobility,
diffuse into low k zone which means gradient is now reversed
Transmissive Zone Transmissive Zone
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Presenter Notes
Presentation Notes
In water, 1,4 dioxane is miscible. Due to it’s miscibility, lack of retardation by organics and lack of soil adsorption, 1,4 dioxane migrates at a velocity similar to groundwater once it is in the aquifer.  However, where a plume is present in permeable soils above soils with lower permeability, 1,4 dioxane may diffuse into the low permeability soils, where it may persist and be resistant to removal or remediation.  Diffusion of 1,4 dioxane can occur at concentrations as low as the tens to hundreds ug/l.  Therefore a thorough understanding of site geology is necessary to understand where recalcitrant 1,4 dioxane may be located.


1,4 Dioxane in Various Media =

» Groundwater

> Data indicates at 21% of
sites surveyed, dioxane

plume length is longer
than comingled CVOC

> Only low permeability
solls limit its mobility

> Persistent (half-life of 2 to
5 years)
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Presenter Notes
Presentation Notes
Due to the miscible nature of 1,4 dioxane and the low retardation, plumes may be larger than plumes of their co-constituents.  A survey of over 100 sites with plumes of 1,4 dioxane and co-contaminants indicates that 21% of the sites have plumes of 1,4 dioxane that are longer than their co-contaminants while 60% had 1,4 dioxane plumes smaller than their co-contaminants. This may be due to the timing of 1,4 dioxane usage and volume of the released constituents. A study in 2007 documented plumes of 1,4 dioxane twice the length of their associated solvent plumes.  Another survey of 76 dioxane impacted sites indicated 77% of these plumes have co-contaminants, while 11 of the sites only showed impact from 1,4 dioxane.  Once in groundwater, 1,4 dioxane can be persistent and studies have shown its half-life in groundwater to be about 2 to 5 years.  


Tour Guide

From MichiganRadio.org and SCIO Residents for Safe Water

Pall Gelman
Plant
Groundwater
Plume, Ann
Arbor, M|

Dioxane Levels in ppb
0 green

86-1000 Red
1001-3000 Magenta
3001+ Purple
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Presenter Notes
Presentation Notes
Just to give you an idea of plume mobility, this is a map of the 1,4 dioxane plume at the Pall Gelman Plant in Ann Arbor Michigan.  Contamination was first reported in 1968 from unlined pits and surface spraying, but little was done at the time.  Off-site contamination was confirmed in 1984 and investigation began in earnest at that time.  Groundwater recovery and remediation began in 1993. Since that time over two billion gallons of water have been pumped and treated, but as you can see, in this 2016 plume map, the plume stretches approximately 2.5 miles from the source to the east and an additional 1.5 miles from the source to the northwest.


14 Dioxane in Various Media

» Groundwater Standards

Figure 2-1. 1,4-Dioxane State Regulatory Values for Drinking Water and Groundwater (pg/L).
Source: ITRC 1,4-Dioxane Team, 2020
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Presenter Notes
Presentation Notes
Growing awareness and understanding of the low concentrations needed for health impacts as well as the ubiquitous nature of 1,4 dioxane has prompted regulatory response.  Many states have established groundwater quality standards for 1,4 dioxane ranging from 0.35 ug/l in Colorado to 200 ug/l in Iowa.  Since this figure was made in 2020, New York has also added a drinking water standard of 1 part per billion.  And although North Carolina’s groundwater standard shown here is 3 parts per billion, they are using 0.35 ppb as the surface water standard for water supply watersheds, which is consistent with the EPA Health advisory level.  Just for perspective, remember when I said the FDA has set a standard of 10 parts per million in food items?  That is five orders of magnitude higher than the drinking water health advisory level.

https://www.ncbi.nlm.nih.gov/books/NBK153666/
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» Surface Water
> Measured half-life of 56 days

> Microbial degradation/indirect photo-oxidation.

> MA NPDES permit limit 1,4 dioxane discharge to
200 ug/I
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Presenter Notes
Presentation Notes
In surface water 1,4 dioxane has a relatively short half life of 56 days.  This is likely due to microbial degradation and indirect photooxidation, which requires the presence of hydroxyl radicals.  There is concern regarding 1,4 dioxane in groundwater discharging to surface water bodies used for drinking water as well as the discharge of 1,4 dioxane from wastewater treatment plants upsteam of drinking water intakes.  At least one NPDES permit in Massachusetts has recently set a discharge limit of 1,4 dioxane at 200 ppb.  NPDES restrictions are likely to expand to other states.


1,4 Dioxane in Va rious ‘I\/Iedia

» NC Study-Surface Water

> 2014 — 2016 study of
1,4 dioxane in Cape
Fear River Basin

> 193 samples collected
over two years

NC DWR 1,4-Dioxane
Monitoring Stations
in the
Cape Fear River Basin

October 2014 - October 2016

00000000
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Presenter Notes
Presentation Notes
To further understand the impact of 1,4 dioxane on surface water in North Carolina, the NC Division of Water Resources performed a study between October 2014 and October 2016 of 1,4 dioxane concentrations in the Cape Fear River Basin. During this study they performed multiple sampling events in locations across the watershed with 193 samples collected over 2 years.  Generally the evaluation limit for the samples was 80 parts per billion, except for samples collected in drinking water supply water bodies where the evaluation limit was 0.35 ppb.


» Results

SMITH+GARDNER


Presenter Notes
Presentation Notes
The results of this study indicated higher concentrations in upper reaches of the watershed near the cities of Greensboro, Asheboro and Raleigh.  The maximum concentration detected was 1030 ppb, with a few samples reporting between 400 and 600 ppb and most samples exhibiting concentrations between 10 and 100 ppb. Decreasing concentrations were found further downstream in the watershed, which is what you would expect due to dilution, but there were still exceedances of drinking water standards in the downstream samples.


it 4 Dioxane in '\'/a___r.i ous 'Media —

» NC 2019 Study-
POTW/Industry

>3 month study
> 28 POTWs and 20 | i, .,Ha,.,.:mg.m,,.. |

. . . 5 IR
iIndustrial discharges 77 ey "‘:.“““;';kmm PATLS

{f. » Chemours Q ) l m’
sampled

eeeeeeeeeeee

: _Q%% & /
> Some POTWS ?"‘. e nja!,l :I Pap&
monitored for years ? -
#/ Archer Daniels Midland
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Presenter Notes
Presentation Notes
In 2019 the NC Department of Environmental Quality performed a follow-up study to evaluate the contribution of wastewater treatment plant discharge and industrial discharges to impacts previously detected in the Cape Fear River Basin.  They directed 28 POTWs in the Cape Fear River basin, and 20 industries associated with a history of discharging 1,4 dioxane indicator compounds, or are industry types linked to 1,4 dioxane or one or more PFAS compounds, to perform sampling for 1,4 dioxane and PFAS once a month for three months to evaluate these discharges.  POTWs monitored influent concentrations for three months, however, some were monitoring effluent as well and reported those concentrations. 
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» NC 2019 - POTW Influent Results
> 24 POTWs influent monitored 3 months

> Samples collected by POTW personnel
> Avg = 3.8 ug/l, Min = ND (<1), Max = 21.3 ug/I
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Presenter Notes
Presentation Notes
Of the 28 POTWs included in the study, 1 had no discharge since 2018 and did not participate.  Three others collected samples, but matrix interference meant the data was not useful due to high quantitation limits.  Of the remaining 24 sites that collected grab samples of their influent, you can see the average min and max concentrations are lower than the concentrations we see in consumer products, as expected, but still higher than drinking water health advisory limits.  
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' 1,4 Dioxane in Various Media

» NC 2019 - POTW Effluent Results
> 3 POTWs effluent monitored 2017 — 2019

> Avg = 180 ug/l, Min = 5 ug/l, Max = 1145 ug/I
> 1 POTW effluent monitored 2018 — 2019
> Avg =10 ug/l, Min 1.15 ug/l, Max = 73 ug/l

SMITH+GARDNER
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Presenter Notes
Presentation Notes
Although not specifically requested as a part of the study,  four POTWs were monitoring effluent concentrations of 1,4 dioxane at the time, and their data is included in the report.  Three were monitored the entire 2 year period, one was monitoring for 1 year.  In these cases higher effluent concentrations were the norm and  local industry or remediation sites seem to be the source of these elevated concentrations. These POTWs are working to reduce discharge concentrations



' 1,4 Dioxane in Various Media

» NC 2019 - Industry Effluent Results
> 20 industries — some with multiple outfalls

> Grab samples collected over 3 months
> Avg = 9.6 ug/l, Min = ND (<1 ug/l), Max = 114 ug/I
> Except for ONE Outfall
> Avg = 1893.3 ug/l, Min = 1030 ug/l, Max = 3180 ug/|

> Most POTW influent tested, and most industry
effluent tested <4 ppb.

SMITH+GARDNER
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Presenter Notes
Presentation Notes
The study also included industry effluent concentrations over the three month period. Overall, the effluent data from the industries sampled has an average concentration of 9.6 ppb and many outfalls had non-detectable results, but some were as high as 114 ug/l.  This average, min max analysis shown here excluded one site which was an outlier with much higher concentrations as you can see here.  This indicates that some specific sources may be major contributors, while general discharges – although still well above the 0.35 ppb EPA health advisory limit, are most often below 4 ppb.


» NC Collective Study 2020 — Dioxane in Landfill Leachate
Nine Private Landfills in NC

;<4-Dioxane
Concentration and Daily Mass in Leachate
Parameter Min Max  Mean

14.8 469 120

1,4-Dioxane Concentration

(hg/'L)
1,4-Dioxane Daily Mass

(Ibs/day) 0.0022 0.0944 0.0255

>4 WWTPs also monitored

> Leachate mass is two to four orders of magnitude
less than WWTP effluent mass

SMITH+GARDNER
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Presenter Notes
Presentation Notes
To evaluate the contribution of landfill leachate to wastewater treatment plant effluent in North Carolina, the private landfills in the state performed a collective study to evaluate PFAS and 1,4 dioxane in leachate and in wastewater treatment effluent.  This study indicates the daily mass of 1,4 dioxane in landfill leachate ranges between 0.002 and 0.025 lbs per day.  During this study effluent from four of the wastewater treatment plants that receive leachate was also monitored.  This data indicates the mass of 1,4 D in the wastewater treatment plant effluent ranges from 0.38 to 12.3 lbs per day, meaning that the landfill leachate is a very small portion of the total mass discharged by the wastewater treatment facilities.  When evaluating non-drinking water sources, it is important to evaluate mass as well as concentration to get a clearer picture of potential impacts.


1,4 Dioxane in Various Media

» Drinking Water
> EPA UCMR-3 Monitoring 2013 - 2015

> 4864 drinking water supplies tested

> Over 36,000 analyses for 1,4 dioxane

> Highest result of 34 ppb with lowest
<0.07 ppb (MRL)

SMITH+GARDNER


Presenter Notes
Presentation Notes
Now let’s discuss drinking water.  The third unregulated contaminant monitoring rule from the U.S. EPA required all public water systems serving more than 10,000 people, and 800 representative public water systems serving less than 10,.000 people, to monitor for 21 emerging contaminants including 1,4 dioxane between 2013 and 2015.  The study included over 36,000 analyses of  1,4 dioxane in almost 5000 drinking water supplies across the United States.  The highest results detected was 34 ppb, with many samples exhibiting non-detectable results. 


» Drinking Water
> UCMR-3 1,4-Dioxane Results

N
1,4-Dioxane
' Below MRL
> Above MRL but Below RC ‘ Mil
nes
#bove RE e —

© 0 200 400

SMITH+GARDNER

Data summarized from: http://water.epa.gov/scitech/datait/databases/drink/ncod/databases-index.cfm
In: Adamson et al, 2017, Science of the Total Environment


Presenter Notes
Presentation Notes
Here is a map of the results.  This study indicated 1,4 dioxane was the second most prevalent contaminant in drinking water supplies at 21% of the 4864 tested locations.  The red circles are locations where the results were higher than the reference concentration of 0.35 ppb.  These represent 7% of the tested locations.  Of the samples that exceeded the reference concentration, over three quarters of them were from public water systems that use groundwater as a drinking water source.  States with the most reference concentration exceedances are California, New York, New Jersey, North Carolina and Illinois.



1, 4 Dioxane in Various Media

» Drinking Water Guidelines

> North Carolina — 0.35 ug/I (for streams classified as
drinking water supplies)

lowa - 35 ug/I

New York— 1 ug/l
Wisconsin — 3 ug/l
Missouri — 61 ug/l
Massachusetts — 0.3 ug/I

California — 1 ug/I

NVOON N NS N NS N

New Jersey - 0.4 ug/l
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Presenter Notes
Presentation Notes
Here is a short list of some of the  drinking water guidelines of various states. The EPA Health Advisory Limit is 0.35 ug/l for 1 in 1 million cancer risk, or 35 for a 1 in 10,000 cancer risk.  and as you can see, some states have adopted the  0.35 ppb level and others have  adopted guidelines that are orders of magnitude higher.  Most of these are recent updates (2016 through 2019) where others, like Missouri, are older guidelines that have not been updated since 2010.



1,4 Dioxane Remediation

» Remedial Strategies
> Many standard strategies DON'T work:

> Reducing Chemicals (ZVI, etc.)
> Alrstripping
> Airsparging

> Anaerobic bioremediation

SMITH+GARDNER

Table from U.S. EPA 1,4 dioxane Technical Fact Sheet 2017. and Broughton, et. al Remediation 2019


Presenter Notes
Presentation Notes
Now let’s look at remedial strategies.  Due to some of the unique properties of 1,4 dioxane, many of our standard remedial strategies are simply not effective.  These include traditional air stripping and sparging, and also include anaerobic bioremediation and reducing chemicals.



1,4 Dioxane Remediation

» So How Do We Remove It7?
> Ex-Situ Technologies — more developed than In-Situ

> Sorption
> Advanced Oxidation Processes (AOP)
> Reverse Osmosis (RO)
> Biological
> In-Situ Technologies
> Phytoremediation — TreeWells™ can be effective

> Chemical Oxidation — can be impacted by naturally occurring
constituents

> Natural Attenuation

> Thermal

SMITH+GARDNER


Presenter Notes
Presentation Notes
So how do we get rid of it? Bench, Pilot and Full Scale Testing and implementation of various remedial options is ongoing and we’re learning more each day.  These Ex-situ and In-Situ options listed are some of the ones that seem most promising based on current testing/field implementation.  I don’t really have time to go through these in detail, but if you are interested in learning more, please see me later or email me for more information.


 Conclusions

» Summary
> More evaluation of health effects needed

> Standards vary from state to state
> Some states driving limits in household products

> Early evidence indicates relatively low concentrations in
POTW discharges — except with certain industries — but
still well above 0.35 ppb

SMITH+GARDNER



Presenter Notes
Presentation Notes
As with many other emerging contaminants, there is a lot we don’t know and a lot we need to study more closely.  We do know that there are health effects associated with 1,4 dioxane, but they require more study to be better understood.  States are taking the lead on setting regulatory limits, but hopefully consistency will be gained on at least the drinking water front at some point.  Early evidence indicates that with the exception of some industry discharges, concentrations of 1,4 dioxane in POTW effluent is one or two orders of magnitude above the drinking water health advisory limit of 0.35 ppb.  


. Conclusions

> Ex-Situ remediation more developed than in-situ

> AQOP is being used by municipalities for 1,4 dioxane
> Increasing data set on bioremediation

> In-Situ technologies are gaining traction

> Natural Attenuation is an option for aerobic plumes

> Lack of evidence for NA in anaerobic plumes

SMITH+GARDNER


Presenter Notes
Presentation Notes
There are several proven remedial options for 1,4 dioxane, however, at this point ex-situ technologies are more proven than in-situ.  AOP is already deployed both for drinking water sources and for 1,4 dioxane remediation.  There is an increasing body of knowledge regarding aerobic bioremediation of 1,4 dioxane including identifying both individual strains and consortiums of microbes that degrade 1,4 dioxane as the sole carbon source.  Other in-situ technologies are developing and being deployed at sites and more studies will likely hone that body of knowledge.  And natural attenuation has been shown to occur for 1,4 dioxane in aerobic environments, but there is limited and conflicting evidence regarding biodegradation or natural attenuation in anaerobic environments.


- Questions?

Thank Youl!

Contact Info:

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