Emerging Chemicals in
Groundwater: Perils
and Challenges

Jane Williams, Executive Director
California Communities Against Toxics

October 11, 2018



Global
Problems:

Groundwater
Contamination
is now one of
them.

“Our future challenges could not be more clear from looking at this map.”
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One Water LA:
Potential
Public Health
Disaster.

Let's see why...
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Wastewater
Recycled Water
Drinking Water
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* Over 100 chemicals are on the USEPA CCL 4
list:

* Chemicals that disrupt the endocrine system

What are - Pharmaceuticals
Emergmg * Solvents
Contaminants? )

* Flame retardants

* Pesticides

* Herbicides

* Many more




*The Contaminant Candidate List (CCL) is
How are a list of contaminants that are currently
not subject to any proposed or
promulgated national primary drinking
water regulations, but are known or
anticipated to occur in public water
systems.

Chemicals on

the CCL 4 list
identified?




* As our ability to measure smaller amounts of
chemicals in the environment expands we can
see the impacts of low dose exposure on public

: health much better.

What is the

* The last two requlatory levels set by the state
state Jhiatory 4

have been in the low parts per trillion.

requlating and
at what levels?

* The health impacts we measure are alarming:
carcinogenicity, iImmune systems impacts,
neurotoxicity, and damaged kidneys to name a
few.




PFAS
Chemicals: The

Forever
Chemicals
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These
chemicals have

been made
since the

19405.

Table 2-1. Discovery and manufacturing history of select PFAS

PFAS'

Development Time Period

Invented  Non-Stick
Coatings
Initial
Production

1990s 20008

Waterproof
Fabrics

Stain&  Firefighting U.S. Reduction
Water foam of PFOS, PFOA,
Resistant PFNA (and other
Products select PFAS?)

Initial Architectural Resins
Production

Initial Firefighting Foams ~ Predominant form
Production of firefighting foam

PFOA Initial Protective
Production Coatings

PFNA

Fluoro-

telomers

Dominant Electrochemical Fluorination (ECF)

Process®

Fluoro-
telomerization
(shorter chain ECF)

Pre-Invention of Chemistry /

Initial Chemical Synthesis / Commercial Products Introduced

Production and Used



PFAS
Chemicals
Encompass a

Large
Chemical
Family.

WEPA

Thousands of Chemicals:
More Than Just PFOA and PFOS

PFAS

—Non-polymers

—Polymers —

Perfluoroalkyl carboxylicacids (PFCAs)

~ Perfluoroalkyl acids (PFAAs) ~ Perfluoroalkane sulfonic acids (PFSAs)
C.FaniiR Perfluoroalkyl phosphonic acids (PFPAs)

Perfluoroalkyl phosphinic acids (PFPIAs)

_ Perfluoroalkane sulfonyl fluoride (PASF) — PASF-based derivatives
CFoeiSOF C,Fy0:50,R, R= NH, NHCH,CH,O0H, etc.

_Perfluoroalkyl iodides (PFAIs) = Fluorotelomer iodides (FTIs) = FT-based derivatives
CoFgnal C.FaniiCH,CHyl €,y CH,CH,-R,
R = NH, NHCH,CH,OH, etc.

—Per- and polyfluoroalkyl ethers (PFPEs)-based derivatives ——Polyfluoroalkyl ether carboxylic acids

Polytetrafluoroethylene (PTFE)
Polyvinylidene fluoride (PVDF)

—Fluoropolymers —Fluorinated ethylene propylene (FEP)

Perfluoroalkoxyl polymer (PFA)

Others
Fluorinated (meth)acrylate polymers

——Side-chain fluorinated polymers — Fluorinated urethane polymers
Fluorinated oxetane polymers

—Perfluoropolyethers



PFAS
chemicals are
now a

ubiquitous
pollutant in
stormwater.

10:09 PM
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Environmental Fate and Transport for
Per- and Polyfluoroalkyl Substances continued

Location Information Concentrations (ng/L)
Stormwater
Residential/Undeveloped PFAS concentrations measured in Maximums:
(Xiao, Simick, and Gulliver 2012; residential, campus, and field settings * PFOS: 15.5
WiIkirHson ot él. 2016: Zhao et al,. in Minnesota, China, and England, * PFOA : 19.1
2013b) ’ respectively. * PFHXA : 4
* PFHpA : 22.5
* PFNA : 23
Commercial/heavy traffic — PFOS and PFOA measured in storm water | Range:

Minneapolis/St. Paul, MN; eastern
and central China cities; and England
(Xiao, Simick, and Gulliver 2012; Zhao
et al. 2013b; Wilkinson et al. 2016)

runoff from streets in areas not related to
specific releases, but unidentified local or
consumer sources may be responsible for
higher concentrations detected.

* PFOS : <LOQ - 590
* PFOA: 3.5 - 1,160
* PFHpA : ND - 6.8
* PFNA : ND - 648
* PFDA:ND - 10.6
¢ PFUNDA : ND - 2.9

Industrial Areas - Minneapolis and St.
Paul, MN (Xiao, Simick, and Gulliver
2012)

PFOS measured in stormwater in an
industrial area with suspected PFAS.

Range :
* PFOS : 8.7-156

Airport Ditch, likely impacted by AFFF,

Korea (Kim et al. 2014)

PFAAs measured, predominately PFHxS
and PFOS.

e Total PFAAs: 6.42 - 804




PFAS
Chemicals are
ubiquitous in

fresh water
resources
globally.

Location

Information
Freshwater

Concentrations (ng/L)

Remote Areas (Filipovic et al. 2015; | PFOS and PFOA concentrations in ¢ 100s of pg/L
Eriksson et al. 2013; Stock et al. 2007) | the Faroe Islands and remote areas ¢ Single ng/ L

of Sweden have been measured in

the 100s of picograms per liter range,

while concentrations in the Canadian

Arctic have been measured in the single

hanogram per liter range.
Industrial Areas, Japan, and PFOS concentrations can be as highas | Maximums;
Tennessee River, USA (Saito et al. 144 ng/L; PFOA concentrations can be as | # PFOS: 144
2004; Hansen et al. 2002) high as 67,000 ng/L. * PFOA: 67,000
Fire Training/Fire Response (Saito et | AFFF-impacted surface water can have | Maximums:
al. 2004; Anderson et al. 2016) PFOS concentrations reaching 8970 ng/L | ¢ PFOS: 8,970

and PFOA concentrations reaching 3750 | e PFOA: 3,750

ng/L.

Municipal Wastewater Treatment
Facilities

(Becker, Gertsmann, and Frank 2008;
Boulanger et al. 2005; Wilkinson et al.
2017; MDH 2008)

PFOS and PFOA reported in surface
waters near municipal WWTP outfalls,
with higher (4x) concentrations reported
for surface water near outfalls of WWTP
impacted by chrome plating wastewater.

Maximums (near typical WWT
* PFOS: 24
* PFOA: 25

Maximum (near WWTP affecte
by chrome plating waste):
¢ PFOS: 100




Reported uses of PFCs and PFC products

Wide range of uses

« AFFF agents / surfactants / surface protectants

e Manufacture of fluoropolymers

 Raw material for surface treatment agent

« Anti reflective coatings (ARCs) for photolithography processes

W h att h ese e Coatings / additives

C h emica |S « Etchants for Aluminium Surface active agents
* Gaskets / seals / membranes / cable insulations

used for?  Tubing / pipe liners / cable insulation

« Impregnation of glass or plastic
* Jon Exchange

e Lubricants

« Water/oil repellent

* Treatment of industrial stream




wEPA \\ Sources of PFAS in the Environment

* Direct release of PFAS or PFAS
products into the environment

- Use of aqueous film forming foam
(AFFF) in training and emergency
response

- Release from industrial facility
» Chrome plating and etching facilities

* Landfills and leachates from disposal
of consumer and industrial products
containing PFAS

* Wastewater treatment effluent and
land application of biosolids

Major Known
PFAS Sources:

Landfills

Chrome Platers
Fire fighting Foam
Wastewater Plants

wEPA \\ Reasons for Concern

* Known or suspected toxicity
* PFAS and/or breakdown nroducts are persistent in the environment




Chrome
Platers in
Los Angeles
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Suspected
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Contamination
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How we test
for PFAS
Chemicals

Makes a

BIG Difference
In What We
SEE.

".PEAS .

PER- AND POLY-FLUOROALKYL SUBSTANCES
PFAS Total Oxidizable Precursor (TOP) Assay

Click here to view TestAmerica's White Paper on the TOP Assay entitled "Closing the PFAS Mass Balance: The Total
Oxidizable Precursor (TOP) Assay"” - Karla Buechler.

Click here to view TestAmerica’s Poster from the 2017 SERDP ESTCP Symposium "Closing the PFAS Mass
Balance: The Total Oxidizable Precursor (TOP) Assay" — Karla Buechler.

The TOP Assay Improves Our Understanding of Risk

Current methodologies for the analysis of per and polyfluoroalkyl substances (PFAS) are designed to measure a
discrete list of 14 to 30 compounds. There are many additional PFAS compounds that are not determined as discrete
compounds by existing analytical methods, including Method 537. Hence, we may be underestimating the PFAS risk
potential present in the environment. A new method, the Total Oxidizable Precursor (TOP) assay, can help measure
the concentration of non-discrete and difficult to measure PFAS compounds that are not determined by conventional
analytical methods. Assessment of TOP assay data may improve our understanding of potential PFAS environmental

rick

Contact Us




PFAS
Chemicals
have Created
HUGE
Contamination
Plumes many
miles long.



This plume in
Minnesota is
100 square

niEs




Shorter-
chained PFAS
Tend to Travel
First in the
Groundwater.
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wEPA \\ Used in Homes, Businesses & Industry

* Food contact surfaces such as
cookware, pizza boxes, fast food
wrappers, popcorn bags, etc.

P FAS * Polishes, waxes, and paints

Chemicals * Stain repellants for carpets, clothing,
upholstered furniture, etc.

* Cleaning products

* Dust suppression for chrome plating
* Electronics manufacturing

* Oil and mining for enhanced recovery

* Performance chemicals such as
hydraulic fluid, fuel additives, etc.

Have Many
Uses.




What s

Aqueous Film
Forming

Foam?

AFFF

B

© = e

A man walks through Aqueous Film-Forming Foam after a test of the sprinkler systems aboard the flight
deck of the aircraft carrier USS Ronald Reagan, May 19, 2010. Photo: . 5. Navy



Conceptual
Models of
AFFF Sites

show us what

we should be
looking for at
the leading
edges of the
plumes.

Conceptual Site Model of a Fire Training Area

ﬁﬁ“b ource Zone - Hidden Cationic and Zwitterionic “Dark Matter”

Cationic and zwitterionic PFAS are bound via ion exchange to negatively
charged soils (e.g. silts & clays) in the source zone. Direction of groundwaterflow

Precursor biotransformation is slow under anaerobic source conditions. ﬁ

Hydrocarbon LNAPL

Anionic precursor biotransformation
increases as aerobic conditions develop
Short hydrocarbon plume

Hidden anionic mobile PFAA
precursors -“Dark Matter”

ZONATION

f shorter perfluoroalkyl chain PFAS



Testing: You
only find what
you look for.

Message: Look
for everything
you can find
with existing
methods.
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Directly Measured Analytes vs. Post-TOP Assay Total
PFAS Mass

7

~95-98% of PFAS mass is
not directly measured by
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Mail 8116 AM

& theintercept.com
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AFFF
ACCIDENTS
HAPPEN



Drinking Water
With PFAS

Contamination

RaisesYour
PFAS Body
Burden by 29-
38%.

7:18 PM
pubs.acs.org

This study compared detection of perfluoroalkyl acids (PFAAs) in public drinking water with PFAA
serum concentrations for 1566 California women. PFAA occurrence in drinking water from U.S.
EPA’s third Unregulated Contaminant Monitoring Rule (UCMR3) database was linked by
residential zip code to study participants. Detectable water concentrations of perfluorooctanoic
acid (PFOA) ranged from 0.020 to 0.053 pg/L and of perfluorooctanesulfonic acid (PFOS) from
0.041 to 0.156 ug/L. Forty percent of detectable concentrations exceeded the 2016 Health
Advisory Level of 0.07 pg/L for combined PFOA and PFOS concentrations. Serum concentrations
of PFOS and PFOA significantly differed between participants with and without detectable
measures of these compounds in water (Wilcoxon P = 0.0007). Median serum concentrations of
PFOS and PFOA were 29% and 38% higher, respectively, among those with detectable levels in
water compared to those without detectable levels. Validation of this approach and replication of
these results in other study populations are warranted.



SVHC SUPPORT DOCUMENT - Perfluorohexane-1-sulphonic acid and its salts
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Po
Im

ar Bears are
hacted:

More PFAS In
polar bears
than PCBs,
Dioxin, PBDEs,
and Mercury

Combined




PFHxS and
PFOS
In the Polar

Bears and
Seals of the
Arctic
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=== (Grey seals - liver - Baltic Sea (IKratzer et al. 2011) - PFHxS
=@ (G rey seals - liver - Balric Sea (IKratzer et al. 2011) - PEFOS
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2010 2015

‘e 4. Concentrations of PFHxS and PFOS in seals and polar bears. Data from Kratzer et



rironmental Fate and Transport for
- and Polyfluoroalkyl Substances continued
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How do PFAS
Move Through

SEDIMENTS
D X1)

ndustrial/
commercidl
facility

the
Environment?

[ Historical releases
A and waste disposal £

7

GROUNDWATER
o0

O Atmospheric Deposition @ Diffusion/Dispersion/Advection @ Infiltration @ Transformation of precursors (abiotic/bio

Figure 2. Conceptual site model for industrial sites.
(Source: Adapted from figure by L. Trozzolo, TRC, used with permission)




Unfortunately
“non-stick”
chemicals

breakthrough
granular
activated
carbon.

e l:

pilot test analytical results for ion exchange resin (IX-EFF-1) and granular activated carbon (GAC-EFF-1) after

‘ocimately 44,000 gallons treated

~44,394 gal Treated

~43,520 gal Treated

%
Target Analyte Unit INFavg | IX-EFF-1 | Leakage

6:2 Fluorotelomer sulfonate ug/L 19 0.75 41% 17.7 3.9 22.0%
8:2 Fluorotelomer sulfonate ug/L 0.26 0.0055 U 0.24 0.025 10.5%
N-ethylperfluorooctane sulfonamide ug/L 0.053U | 0.0053U 0.053 U 0.0053 U
N-ethylperfluorooctane sulfonamide ug/L 0.049U | 0.0049U 0.049 U 0.0049 U
N-methylperfluorooctane sulfonamide ug/L 0.040U | 0.0040U 0.040U 0.0040 U
N-methylperfluorooctanesulfonamidol ug/L 0.061U | 0.0061U 0.061U 0.0061 U
Perfluorobutane Sulfonate (PFBS) ug/L i1l 0.0019 U 0.2% 1.1 0.45 42.4%
Perfluorobutanoic acid (PFBA) ug/L 1.1 0.83 73.2% 1.3 1.3 103.4%
Perfluorodecane Sulfonate (PFDoS) ug/L 0.043U | 0.0043U 0.043 U 0.0043 U
Perfluorodecanoic Acid (PFDA) ug/L 0.066 U | 0.0066 U 0.066 U 0.0066 U
Perfluorododecanoic Acid (PFDoA) ug/L 0.057 U | 0.0057 U 0.057 U 0.0057 U
Perfluoroheptane sulfonate (PFHpS) ug/L 1.2 0.0036 U 0.3% 1.2 0.18 15.6%
Perfluoroheptanoic Acid (PFHpA) ug/L 1.8 0.012J 0.7% 1.8 0.81 45.4%
Perfluorohexane Sulfonate (PFHxS) ug/L 2057 0.0040 U 21.9 5.0 22.9%
Perfluorohexanoic Acid (PFHxA) ug/L 7.2 0.25 3.5% 7.3 4.4 60.5%
Perfluoro-n-Octanoic Acid (PFOA) - EPA PHA = 0.40 ug/L ug/L 11.0 0.015J 0.1% 10.6 32 31.0%
Perfluorononanoic Acid (PFNA) ug/L 0.059J | 0.0046 U 0.064 J 0.010J
Perfluorooctane Sulfonamide (PFOSA) ug/L 0.058 U | 0.0058 U 0.058 U 0.0058 U
Perfluorooctane Sulfonate (PFOS) - EPA PHA = 0.20 ug/L ug/L 25.7 0.0033 U 27.0 31 11.5%
Perfluoropentanoic Acid (PFPeA) ug/L 4.0 0.54 13.4% 4.2 3.3 79.1%
Perfluorotetradecanoic Acid ug/L 0.052U | 0.0052 U 0.052 U 0.0052 U
Perfluorotridecanoic Acid ug/L 0.032U | 0.0032U 0.032U 0.0032 U
Perfluoroundecanoic Acid (PFURA) ug/L 0.037 U | 0.0037 U 0.037 U 0.0037 U

TOTAL DETECTED PFCs ug/L 93.6 2.4 2.6% 94.2 25.8 27.4%

© Amec Foster Wheeler 2016




[able 3. Summary of PFAS removals for various treatment processes.
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Unfortunately,
Not all PFAS
are Treated

Effectively
with the Same
Treatment
Systems.

PFAAs sorbed better to anionic exchange resins (AlX)

T 9!9.‘!""’.'.‘!‘.9.'!'."?,!‘.’9@?.

PFAA Precursors sorbed better to GAC

|| e

Inflow Effluent— Post  Effluent— Post Re- Effluent — Post
GAC activated GAC AlX

— t1 ~ 2 weeks

t2 ~ 4 weeks

Faster breakthrough of

PFAAs with GAC than
AlX

Total organofluorine
(i.e. PFAAs + PFAA

| ~—_ precursors) show that

—— total PFAS has faster
breakthrough with AIX

Afls & ES am A LA . - -




What are the environmental impacts of TCP? (continued)

‘s aresult o low abiofic and biotc degradation ~~+» TCP1is expected to exist solely as & vapor i the
rates, TOP may remain n groundwater or long ambient aimosphere and s subjectto
periods of fime (ATSOR 1992; Samin and Janssen ~ photodegradation by reacton wih hydroxy
010 radicals, with and estimated hafIfe ranging from
4 TCP il ikt th botom of 2 groindiatr 13{046 days DFS 2011, HSDB 2003 Sami

aqufo ecause s censtyis e hof - endenssen20tZ,

Water. Therefore, TGP in pure form i iely to exst -+ TGP s unlikely to become concentrated In pians,

a5 dense nonagueous phase iquid (CalEPA fish or other aguatic organisms because 1t has a

2009) low estimated bioconcentraton factor (BOF| range
0f 3.310 13 {ATSDR 1992, 1995; HSDB 2009).




1,2,3TCP

Treatment
Technologies

What technologies are being used to treat TCP?

Treatment technologies for groundwater that are
available for remediation of chlorinated
hydrocarbons include pump and treat, permeable
reactive barriers, in situ chemical oxidation and
bioremediation (reductive dechlorination) (Cal/EPA
2009).

TCP in water can be removed using granular
activated carbon (GAC); however, TCP has only a
low to moderate adsorption capacity for GAC and
may require a larger GAC treatment system,
thereby, increasing treatment costs (Dombeck and
Borg 2005; Molnaa 2003; Tratnyek and others
2008).

In a full-scale study, hydrogen release compound
(HRC®) successfully reduced TCP to non-detect
levels through the promotion of anaerobic
reductive dechlorination of TCP in groundwater
(Tratnyek and others 2008).

Treatment for TCP in water using ultraviolet
radiation and chemical oxidation with potassium
permanganate has achieved some success for
low-flow systems (Dombeck and Borg 2005;
Cal/EPA 2009).

Bench-scale tests have also investigated chemical
oxidation with Fenton’s reagent for the treatment

\/
0’0

\/
0’0

\J
0.0

of TCP in groundwater. A study found that Fe(2+)
was the most effective type of iron at reducing

TCP (Khan and others 2009; Samin and Janssen
2012).

degradation in water using advanced oxidation
processes involving ozone and hydrogen peroxi

(Dombeck and Borg 2005).
Be
shown limited degradation 0 In saturated soil

and groundwater (Samin and Janssen 2012;
Sarathy and others 2010; Tratnyek and others
2008, 2010).

Bench- and field-scale studies have identified
granular zero valent zinc as an effective reductant
for remediation of TCP in groundwater, with more
rapid degradation compared with granular zero-
valent iron and limited accumulation of
intermediate products (ATSDR 2011; Sarathy and
others 2010; Salter-Blanc and others 2012;
Tratnyek and others 2010).

Recent studies are investigating the use of
genetically engineered strains of Rhodococcus for
the complete biodegradation of TCP under aerobic
conditions (Samin and Janssen 2012).



What is the
Incidence of

1,2,3TCPIn
California?
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*Very expensive to remove from drinking
water.

*Those Environmental Justice
communities least able to absorb the

costs are going to bear the burden of
cleanup.

Tosum up on
1,2,3 TCP:

* The state needs a plan on how to help
those Communities.




1,4 Dioxane




1,4 Dioxane:
What is it used

for?

Technical Fact Sheet - 14-Dioxang

. . o product n the manufacture of polyethylene
o Itis a by-product presentin many goods, including rphilate PET) s o 201

paint strippers, dyes, greases, antifieeze and

aircraft deicing fluids, and in Some consumer Traces of 1 4-ioxang may be present in some
products (deodorants, shampoos and cosmetics) food supplements, food containing residugs from
(ATSDR 2012; Mohr 2001), packaging achesives or on food crops treated with

o A U vana. A pesfcides that contain 1.4-ioxane (ATSDR 2012
+1,4-Dioxane Is used as a purifying agent in the DHHS 201

manufacture of pharmaceuticals and is a by-



1,4 Dioxane:
Commonly
found with

solvent
plumes, very
toxic.

State

Guideline

(ng/L)

Source

Alaska 77 AL DEC 2016
California 1.0 Cal/EPA 2011
Colorado 0.35 CDPHE 2017

Connecticut 3.0 CTDPH 2013
Delaware 6.0 DE DNR 1999

Florida 3.2 FDEP 2005

Indiana 7.8 IDEM 2015

Maine 4.0 MEDEP 2016

Massachusetts 0.3 MADEP 2004
Mississippi 6.09 MS DEQ 2002
New Hampshire 0.25 NH DES 2011
New Jersey 0.4 NJDEP 2015
North Carolina 3.0 NCDENR 2015
Pennsylvania 6.4 PADEP 2011

Texas 9.1 TCEQ 2016

Vermont 3.0 VTDEP 2016
Washington 0.438 WA ECY 2015
West Virginia 6.1 wWV DEP 2009




1,4 Dioxane:

Treatment
Technologies

7:50 PM

& epa.gov

What technologies are being used to treat 1,4-dioxane?

-,
o

Pump-and-treat remediation can treat dissolved
1,4-dioxane in groundwater and control
groundwater plume migration, but requires ex-situ
treatment tailored for the unlque propertles of 1,4-
dloxan =Hre .

(EPA
2006; Kiker and others 2010).

Commercially available advanced oxidation
processes using hydrogen peroxide with ultraviolet
light or ozone can be used to treat 1,4-dioxane in
wastewater (Asano and others 2012; EPA 2006).

Peroxone andi iron actlvated persulfate omdatlon

contammate (Eberle 2015; Zhong 2015; Li
2016; SERDP 2013d).

In-situ chemical oxidation can be successfully
combined with bioaugmentation for managing
dioxane contamination (DoD SERDP 2013d;
Adamson 2015).

Ex-situ bioremediation using a fixed-film, moving-
bed biological treatment system is also used to
treat 1,4-dioxane in groundwater (EPA 2006).

Electrical resistance heating may be an effective
treatment method (Oberle 2015).

Phytoremediation is being explored as a means to
remove the compound from shallow groundwater.
Pilot-scale studies have demonstrated the ability
of hybrid poplars to take up and effectively

L4

-

-,

degrade or deactivate 1,4-dioxane (EPA 2001a,
2013a; Ferro and others 2013).

Microbial degradation in engineered bioreactors
has been documented under enhanced conditions
or where selected strains of bacteria capable of
degrading 1,4-dioxane are cultured, but the impact
of the presence of chlorinated solvent co-
contaminants on biodegradation of 1,4-dioxane
needs to be further investigated (EPA 2006,
2013a; Mahendra and others 2013).

Results from a 2012 laboratory study found 1,4-
dioxane-transforming activity to be relatively
common among monooxygenase-expressing
bacteria; however, both TCA and 1,1-
dichloroethene inhibited 1,4-dioxane degradation
by bacterial isolates (DoD SERDP 2012).

Isobutane-metabolizing bacteria can consistently
degrade low (<100 ppb) concentrations of 1,4-
dioxane, often to concentrations <1 ppb. These
organisms also can degrade many chlorinated co-
contaminants such as TCA and 1,1-dichoroethene
(1,1-DCE) (DoD SERDP 2013c).

Ethane effectively serves as a cometabolite for
facilitating the biodegradation of 1,4-dioxane at
relevant field concentrations (DoD SERDP 2013f).

Biodegradation rates are subject to interactions
among transition metals and natural organic
ligands in the environment. (Pornwongthong 2014;
DoD SERDP 2013e).



- Communities impacted by some of the other
contaminant plumes will also find 1,4 Dioxane
in their water.

1,4 Dioxane:
Second Verse

- It will need a different treatment technology.

* It will be expensive.
Sdme as

The Eirst. * Those _communltles Igast able to afford the
cost will be the most impacted.

* Sound familiar?




Groundwater
Contamination:

The Never-
Ending
Story

*We knew in the 1960s that there were
chemicals that were getting into
groundwater. This was the impetus for

the Resource Conservation and Recovery
Act.

* We still do not have any program for the
pre-market review of the over 85,000
Chemicals in commercial production.



So...
What's the

damages?

Number of sources exceeding MCL | (1l s = fe) 0 1o = Gl |

CHEMICAL
TRICHLOROETHYLENE
TETRACHLOROETHYLENE
NITRATE (AS NO3)

NITRATE (AS N)

PERCHLORATE
1.2,3-TRICHLOROPROPANE
CARBON TETRACHLORIDE
ARSENIC

NITRATE + NITRITE (AS N)
1,I-DICHLOROETHYLENE
GROSS ALPHA

FLUORIDE (F) (NATURAL-SOURCE)
1.2-DICHLOROETHANE
CIS-1,2-DICHLOROETHYLENE
CHROMIUM (TOTAL)
ALUMINUM
DI(2-ETHYLHEXYL)PHTHALATE
URANIUM (PCI/L)

NITRITE (AS N)

GROSS BETA
TRANS-1,2-DICHLOROETHYLENE
1,1,2-TRICHLOROETHANE

| 3-DICHLOROPROPENT. (TOTAL)
BENZENE

BENZ0 (A) PYRENE

CYANIDE

DICHLOROMETHANE
HEPTACHLOR

MERCURY

NICKEL

THALLIUM

Number of Sources Exceeding MCL

145
117
98
86
84
83
0l
56
48
34
2
20
18
1

I
3
7
6
b
3
2
2
1
|
l
I
|
l
I
1
l
|

Total Number of sources in LA County

2189



‘We need a better plan on

ok Groundwater!
A?Naey ‘We need a comprehensive
Message strategy that includes keeping

contaminants out of our water
resources.
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