1 4 Dloxane =
What D. We Know?

AEG Webinar

January 26, 2021

Presenter:
Joan A. Smyth, P.G.

SMITH+GARDNER



~ Topics of Discussion

» What is 1,4 Dioxane

» Where is 1,4 Dioxane Found
» Why is it a Concern

» Behavior in Various Media

» Remedial Strategies
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» 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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» As a byproduct, it typically forms W|th use of the
following: N | |

> Detergents
> Foaming Agents
> Emulsifiers

> Solvents
> PEG (Polyethylene Glycol)
> Polyethylene

> Is a byproduct in the manufacture of PET Plastic
SMITH - GARDNER




\\1,4 Dioxane Historical Use

1,4 Dioxane Timeline

1950’s — Solvent Stabilizer

X df
1970s byproduct DX discovered 1970s found in food grade

polysorbates

1980s used as a solvent

Today — Growing Concern
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Shampoos
Toothpastes
Deodorants

Food Packaging

Paint strippers & Dyes
Degreasers
Antifreeze

Pesticides

Aircraft Deicing Fluids
and MORE!
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" Concentrations — Raw Products =

» Concentrations in Raw 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
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» Concentrations in Finished Products:
> Finished product concentrations
1990s = 5 ppm to 141 ppm

> 2019 CCE study

> 80 consumer products — 15 were ND
Detected concentrations below 18 ppm.

> NY, CA legislation to reduce 1,4 dioxane in
consumer products a8
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» 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
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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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~ Whyisitaconcern?
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» Toxicity Data indicates: DR E U
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> Linked to liver tumors g
43 R

> Kidneys also impacted

> Nasal tumors noted in inhalation
studies

> Tumor formation is dose
dependent
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» What is unclear
> Tumor formation higher in females

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

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




" Environmental Impacts

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

> Landfills
> Wastewater Treatment Plants
> Drinking water supply

SMITH+GARDNER



- Environmental Impacts

» Poll

> Have you investigated a site to look for 1,4
dioxane impacts?
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» Soll
> Log Koc = 0.54

> Does not adsorb onto soils
> Is not retarded by organics
> No charge = no electrostatic reactions

SMITH+GARDNER



- 14 Dioxane in Various Media

» Air
> Henry’s Law Constant is 4.8 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

SMITH+GARDNER



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

> 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
3 A e e e ; A -
| towkzZone [ AERRGEGRETD N1 0] |
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» 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)

SMITH+GARDNER
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\ 1,4 Dioxane in Various Media

» Poll

> Are you working at a site that has 1,4 dioxane above a
regulatory limit?
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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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- 1,4 Dioxane in Various Media

» Surface Water
> Measured half-life of 56 days

> Microbial degradation/indirect photo-oxidation.

> MA NPDES permit limit 1,4 dioxane discharge to
200 ug/l

— =N
S
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Y ,4 Dioxane in Vari ous Media =~

» 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

eeeeee
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1,4 Dioxane in Various Media

» Results

SMITH+GARDNER



1,4 Dioxane in Various Media -

» NC 2019 Study-
POTW/Industry
Yamn 1 -S,E,d ncure Holdings

>3 month study
" Sanford - ;!\g‘%ﬁaloqgégﬁ‘ﬁ, | K
> 28 POTWS a nd 20 hy «&"  North Harnett Regional @ ol - ____a""’"“""“‘pg. _

= . . > :\ J
industrial discharges | e % Tt el
sampled - Sk
> Some POTWs _ .%/
monitored foryears . i
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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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' 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/I

SMITH+GARDNER

https://ncdenr.maps.arcgis.com/apps/instant/attachmentviewer/index.html?appid=ed308373c97e4a23a29210fa53a3d404



' 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/l

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

SMITH+GARDNER
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- 14 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



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

N
1,4-Dioxane
' Below MRL
 Above MRL but Below RC Mil
nes
#.Abnve RE R —
O 9 200
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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



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

NN N NS N NS N

New Jersey - 0.4 ug/l
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\ 1,4 Dioxane in Various Media

» Poll

> Are you in the process of remediating 1,4 dioxane
Impacts?

SMITH+GARDNER



1,4 Dioxane Remediation

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

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

> Anaerobic bioremediation

SMITH+GARDNER
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1,4 Dioxane Remediation

» So How Do We Remove It?
> Ex-Situ Technologies

> Sorption
> Advanced Oxidation Processes (AOP)
> Reverse Osmosis (RO)
> Biological
> In-Situ Technologies
> Phytoremediation
> Chemical Oxidation
> Biostimulation

> Natural Attenuation

- Thermal SMITH+GARDNER




Sorption
Granular Activated Carbon
(GAC) — Low effectiveness sy
AMBERSORB™ synthetic resin gme & ;

Full scale testing - 40,000 ug/l to [ s
below 0.04 ug/l at 100 gallons per ..
minute o -

Media regeneration requires
disposal

SMITH+GARDNER
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» Advanced Oxidation Processes (AOP)
> UV+peroxide

1,4 Dioxane Ex-Situ R

> Ozone+peroxide
> All have eV >2 to destroy 1,4 dioxane
> Hydroxyl radicals are non-selective

> Require sufficient contact times

> May need multiple units in series =

i
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UV+peroxide

Two stage process quickly creates
hydroxyl radicals which create further
reactions

Requires significant electricity (2 to 6
kilowat-hr per 1,000 gallons)

Pall Gelman (influent of 3,000 ug/l to
4,000 ug/l) was $850/day with treatment
cost of $3.50/1000 gallons treated

Turbidity can negatively effect efficiency

Municipal systems to reduce <5 ppb to
<0.1 ppb — Cost >$6M due to flowrates

SMITH+GARDNER



» Ozone+peroxide

b
>

© 1,4 Dioxane Ex-Situ Remediation

Up to >99% removal rates can be achieved

Ozonation can create bromate (probable
human carcinogen) if bromide is present

0 3 0zone

Bromide controlled by location of ozone
injection

Decomposition products include aldehydes and
organic acids

Carbonate and bicarbonate can inhibit
efficiency

Pall Gelman modified to Ozone+peroxide —

costs $1.50/1,000 gallons SMITH- GARDNER




Ozone+UV

The combination of ozone and UV is also
effective with 99% removal rates

Removal efficiency depends on ozone bubbles
and pH

Larger ozone bubbles and increased pH create
more hydroxyl radicals which aids in the
remdiation of 1,4 dioxane

UVEB UVA

SMITH+GARDNER



Source: WRRI Report 478

Treatment Process
Description

Hydrogen peroxide in
combination with a ferrous
iron salt (Fenton’s reagent)

Scale
Location

Bench scale

uUs

Concentration
(ug/L)

Influent: 100 mg/L
Effluent: 2.0 mg/L

Reference

(Kleka and
Gonsior, 1986)

UV Hydrogen peroxide,

Not reported

granular activated carbon itlisi(:l,:z concentration (96% (TrojanUV, 2015)
quenching * reduction)

VY e L8
e d!!dETObIL. Bench scale (Adams et al.,
pretreatment in  some cases Us 1994)
and aerobic post-treatment

Influent: 64.1
(collected in
o September of 2004) Reported by (Otto
V- 1 -
UV-Hydrogen peroxide Eini1nenlu, Effluent<6.1 et al., 2007)
collected in
September of 2004)
Full
UV-Hydrogen peroxide Ontano, b bad b
) ke et al., 2007)
s Influent: 3,000-4,000 Reported by (Otto

TV-Hv * L3y =T
i e mfh‘:‘gﬂfﬁr Effluent: NDto 10 et al,, 2007)
Ozone + Hydrogen peroxide,  Pilot Influent: 20.2 Reported by (Otto
pretreatment by air stripping CA,US Effluent: <2 et al., 2007)

) e ; Full, Influent: 15 Reported by (Otto
Qme ol 6y e Effluent: <0.94 et al., 2007)
Ozone + Hydrogen peroxide, E;Br‘l z Influent: 170 Reported by (Otto
pretreatment by air stripping Coungly Us Effluent: <3 et al., 2007)

SMITH+GARDNER



1,4 Dioxane Ex-Situ Remediation

» Reverse Osmosis
|s effective in combination with other technologies

Not as effective for 1,4 dioxane on its own
Pretreatment is usually necessary

Reject stream (5% to 25%) must be disposed

NN N NS N

NC System reduced 1,4 dioxane from influent of 0.42 to
3.6 ppb to effluent of 0.027 and 0.71 ppb

Reverse Osmosis

Purified Water SMITH+-GARDNER

Figure from RODI systems
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» Biological - Aerobic

> Aerobic bioreactors remediate 1,4 dioxane and co-metabolise
tetrahydrofuran

> CO pilot study — Influent Flowrates of up to 22 gpm
> Removal efficiency between 90 and 98%
> Full scale implementation over 10 years

> Microbial consortiums use

1,4 dioxane as sole carbon source

SMITH+GARDNER



1,4 Dioxane Ex-Situ Remediation

» Biological - Anaerobic

> Study in 2008 reported anaerobic biodegradation using
sludge enriched with iron-reducing micro-organisms.

> Biodegradation enhanced by iron (lll) and humic acid or
iron (lll) and ethylene-diaminetetraacetic acid

> A'lab study (2016) indicated that anaerobic
biodegradation did not occur after 4 years of incubation

SMITH+GARDNER



' 1,4 Dioxane In-Situ Remediation

» Phytoremediation
> Relies on plant uptake

> Netherlands study — 200 trees
source area = 822,000 ug/l reduced
to 20 ug/I at facility boundary

> Florida site used 150 TreeWell units
(pine, cypress, oak) and reduced
200 ug/l to ND

> Lower costs make this is an
attractive remedial strategy

TreeWell Schematic

SMITH+GARDNER

Figure : DiGuiseppi et. al 2016



In-Situ Chemical Oxidation (ISCO)

Uses ozone+peroxide, ferrous
iron+peroxide and persulfate

Reactivity with non-target constituents
can = rapid decomposition or deposit
formation

Ozone may only distribute short
distances

Site geochemistry may mobilize other
contaminants

Pilot studies are successful

SMITH+GARDNER



" 1,4 Dioxane In-Situ Remediation

» In-Situ Chemical Oxidation (ISCQO)

> Ferrous iron+peroxide

> Naturally occurring iron can be a catalyst,
but reaction must be controlled

> Ferrous iron will engage in other reactions
= immobilization/limited transport

> Acidic solution keeps catalyst in solution

GW Flow

> Limited full scale implementation T

Oxidant
Cylinders s

SMITH+GARDNER

Figure: ESTCP/CDMSmith



' 1,4 Dioxane In-Situ Remediation

» In-Situ Chemical Oxidation (ISCQO)

>

Persulfate anion does not sorb and does not
react readily with soil organic material

Studies show degradation influenced by
temperature, oxidant concentration and pH

Natural mineral activation (NMA) is cost
effective - requires iron and manganese
concentrated on the soil surfaces

Pilot tests - longevity of persulfate >1 year
and >99% reduction

Less effective in anaerobic aquifers

SMITH+GARDNER



1,4 Dioxane In-Situ Remediation

» Bioremediation
> Several bacteria aerobically metabolise 1,4 dioxane
> Mineralized without accumulation of toxic byproducts

> Limited field studies completed

> Vandenberg AFB study - injection of Rhodococcus ruber
ENV425 reduced concentrations 1,090 to <2 ug/I

ontaminated Zone 4 Water Table
— - = =
[] -

Ground Surface

Groundwater Flow 3

Reaction

Nitrate-Reduction

Aerobic Respiatn SMITH+GARDNER




' 1,4 Dioxane In-Situ Remediation

» Natural Attenuation
Limited studies

Few sites with enough history
Dilution Evaporation

Biodegradation is proven

Chemical
Reactions

Gelman site indicates NA is occurring

NN N NS N

McClellan AFB In-situ aerobic co-metabolic
biodegradation to < 3 ug/I

> Lack of evidence in anaerobic environments

SMITH+GARDNER




1,4 Dioxane In-Situ Remediation

» Thermal
> 1,4 dioxane in water = azeotropic solution

> Boiling temperature is 87.7° C
> 90-fold increase in Henry’s Law Constant
> 98.9% removal when 39.5% of water is boiled away

> Pilot study - 175 kilowatt-hr of energy/cy saturated soil
186 days to reduce 90,000 ug/l to <50 ug/I

SMITH+GARDNER



. 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



. Conclusions

> Ex-Situ remediation more developed than in-situ

> AOP 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



- Questions?

Thank Youl!

Contact Info:

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