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Novel organism deployed for In situ Bioremediation of 1,4-
Dioxane in Groundwater
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Transformative biology for
1,4-Dioxane degradation
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ane: An emerging contaminant found in more
than 10% of US drinking water

1,4-Diox

A chemical that was widely used for
industrial chemical processes

Impacting over 90 million people in
the US; >1,900 utilities

EPA Dioxane Health Reference Level
(HRL): 0.35 to 35 pg/L

Like PFAS, itis slow to degrade,
becoming a persistent environmental

problem
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Biodegradation of 1,4-dioxane

Microbe

—»

oy / DNA Gene Transcription
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Enzyme targeting 1,4-dioxane Metabolic d egra dation
as a growth substrate

Oxygen

1,4-dioxane degradation as a Carbon Dioxide + Water
fortuitous side reaction I

Oxygen

Microbe Gene Transcription

QO W

Cometabolic degradation

) Transformation Products
Enzyme targeting

alternative substrate

Horst, J.F., Bell, C.H., Lorenz, A., Heintz, M., Miao, Y., Saling, J., Favero, D. and Mahendra, S. (2019)
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(and Chemical Oxidation)

* In situ mixing ﬁ
Potentially hazardous substrates A“\

* Rapid substrate utilization

Oxygen depletion ®
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ALL22 0001

« Gram positive aerobic bacterium
« Naturally occurring and non-sporulating strain ~
e Easy to cultivate and grows well in nutrient rich medium

* Doesn't need presence of 1,4-Dioxane to maintain degradation phenotype (no activation
required)

* Previously shown to degrade 1,4-Dioxane metabolically under lab conditions

* No previously known studies done to show ability of microbe to degrade 1,4-Dioxane in
groundwater



State Regulations for 1,4-D

» Half of US states have a groundwater cleanup standard for 1,4-dioxane

Groundwater cleanup
level/standard

Guidance/advisory/
screening levels

Drinking water health
standard/action level

Applied USEPA RSL at
. some sites for cleanup or

drinking water guidance




Laboratory experiments
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250.0 7
;  ALL22 0001 grown in nutrient media.
ézoo.o  Synthetic minimal media containing
5 I ~200 ppm of 1,4-Dioxane inoculated at
1500 } OD 0f 1 & 0.1
0 ]
e » Incubated for 72h and 1,4-Dioxane
§C§1°°-° I concentration measured.
O -
.g j * ~100% degradation of 1,4-Dioxane
~ %007 observed.
00 oh 2 | on e oh [ o ‘ sampling fime
30C Sampling temperature (°C)
1 0.1 Starting ODy,




1,4-D concentrations (ppm

ALL22 0001 grown in nutrient media

Synthetic minimal media containing ~11 ppm, 5
ppm, & 1 ppm of 1,4-Dioxane inoculated at OD
0f 0.1

Incubated for 96 h

1, 4- Dloxane degradatlon at low concentratlons
>95% 1,4-Dioxane degradation observed

Noog Noo© No org-
96h 96h 96h
egativ

1Tppm Sppm Tppm
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degradation in groundwater (Lab

conditions)
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200 7
 ALL22 0001 grown in nutrient media

» Groundwater from pilot site containing
approximately
18 ppm of 1,4-Dioxane inoculated at ODg, of 0.1

* |ncubated for 72h

15.0 1

10.0 1

« >85% degradation of 1,4-Dioxane

/2h

5.0 71

1,4-Dioxane concentration (ppm)

0.0




First In Situ Application of ALL22_0001

Location: Southern California

Inoculation Date: November 2022

Client: Confidential Site

Site Type: Industrial, Groundwater Plume
Application: In Situ Groundwater Pilot Study



Existing conditions

ELEVATION 1N FEET MEAM SEA LEVEL
L =

[llﬂ 123 FT HGS!

| INTERBEDDED SITY CLAY AND CLAY PCE = TETRACHLORDETHENE

INTERBEDDED SILT AND CLAYEY SiLT

KD = NOT DETECTED

1 BOS = FEET BELOW GROUND SURFACE

CONCENTRATIONS REFORTED IN MICROGRAMS
TER.

FINE TO COARSE-GRANED SAND
GROUNDWATER SAMPLE

* CVOC plume due to industrial contamination post-
ISCO

 Significant remaining 1,4-dioxane, not originally
targeted

« Two plumes at different depths in separate confined
sandy transmissive aquifers

« Well A: shallow water bearing zone (17-32ft bgs);
18,000 ppb 1,4-dioxane

* Well B: deep water bearing zone (49-59ft bgs); 670
ppb 1,4-dioxane



Bl
th
BN
L1
LL]
BE
B8

Experimental conditions
* First in-situ application of ALL22 0001

* Bioaugmentation with live culture and
nutrient mixture of two wells

» Periodic down-well air sparging due to anaerobic
conditions in the aquifer

Five-month monitoring period with no additional
injection of organisms or nutrients
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Results weil
Well-A L
+ Up to 97% reduction of 1,4-dioxane (18,000-440 ug/L in 5 Lo
months) 3
* Negligible rebound observed in the well — B §
* 33% reduction after just one week
Well-B
Well-B 3
e Up to 98% reduction of 1,4-dioxane (670-12 pug/L in 2.5 months) ~ P g
* 63% pilot study endpoint reduction E 200 :
* 49% reduction after just one week 00| 2
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1,4-Dioxane degradation in relation to cell number
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Well A Well B
200 1Ex07 1200 1E+07
A @ 1,4-Dioxane ® 1,4-Dioxane
A A ALL22 000] 1E+06 A A ALL22. 0001 |y
—20000 = 1000
~ ' + -
P A TE+05 =< 200 1E+05
= 15000 A 2 - 9 B
0 1E+04 £ 2 A 1E+04 €
5 A S0 400 A >
2 ®e® 18403 © 5 A o)
.0 10000 O 2 A i 1E+03
o A 0O 400 ®
~ 1E+02 DI (@) ® 1E+02
~ 5000 < )
1E+01 — 200 ®e A 1E401
0 1E+00 0 1E+00
16-Oct 5-Dec 24-Jan 15-Mar 4-May 16-Oct 5-Dec 24-Jan 15-Mar 4-May

Cell concentration in the range of 500 cells/ml is enough to sustain in-situ degradation.

Culture can sustain post-inoculation in-situ for at least 5 months without supplementing
carbon/nutrients/substantial oxygen



First in situ
demonstration

of ALL22 0001 to
degrade
1,4-Dioxane

>950,
reduction

in 1,4-Dioxane
concentration observed in
both wells

Negligible
rebound

in Well 1
1,4-Dioxane
concentrations

63%
reduction

in Well 2
1,4-Dioxane
concentrations at the
end of trial
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