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Actionable Data:
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Actionable Data:

. - \
What Ma¢¢ Calls Faj) Small/Wip Big

Nition; Actionable data that defines efficacy and/or
mechanism of Contemplateq treatment
Strategy performed using site media at gy}
full-scale

Actionable Data
Defi

Definition: Any data collection

activity Specifically
planned to defi

ne project direction

Bench-Scale: Ex sity

* Matt typically yses for abiotic
(ISCO/ISCR) trea

conditiong

* Identify undesirab]e intermediates
* Check for full-scale safety concerns (e.g.,
heat, off gassing, ete)

Mo

High Precision
LowAccuracy

Sutherson et 5 (2015)
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HOW

Stable Isotope Probing
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stable isotope probing (SIP):

not applicable for contaminants used
as electron acceptor
(other tools are available)

electron acceptor
(reduced)




The SIP Label

HELLO

WALENE

13C enriched 13C enriched contaminant incubate in site
(~ 10 = 100 %) loaded on a bio-trap well (30 to 90 days)
manufactured in situ microcosm

contaminant

13C Stable Isotope

SboiEi el B e CSIA used to track '3C enrichment in
~ 0

biomass and dissolved inorganic carbon
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WHEN

Groundwater Treatment
Case Studies

Case Study 1 - MNA vs Enhanced Aerobic Treatment of Benzene
Case Study 2 - Bio Contribution of a Chem/Bio Treatment Train of Benzene

Case Study 3 - Stimulating Multiple Degradation Pathways for the Treatment of Chlorobenzenes




. t of Benzene
d Aerobic Treatmen
1: MNA vs Enhance
Case Study1:

Georgia Site
e Challenge:

* MNA or Bioremediaton
* (With Caleiypm Peroxide)

SIP - Benzene
* Biotrap
* P2C benzene
* Deployed for g» days




Case Stu dy T: MNA vs Enhanced Aerobic Treatment of Benzene

microbialinsights

Results Georgia Site

Table 1. Summary of the results obtained from the Bio-Trap® Units. Interpretation guidelines and glossary are found later in the

document. = Ch ((
sample Name MW-1-11-MNA MW-2-11-Permeox - a emge:
- e ) . MNA 5
Cont c [ 4
& aminant Loss ¥ v or B'O*‘emedmto“
'C Benzene Pre-deployment (jg/bd) 185+ 12 185+ 12 (With Cale (UM Pepoy,
3¢ Benzene Post-deployment (ug/bd) 130411 148411 OXIde)
Biomass & *C Incorporation
Total Biomass (Cells/bd) 9916405 o 4_ 3.83E406
-| 0 ¢ Enriched Biomass (Cells/bd) 4.57E404 . 6 % 2.376405 < 6 2%

il SIp -
Average PLFA Del (%s) 864 2202 . S | 4! Bet’lzeme
Maximum PLFA Del (%e) 4469 ; 6971 = T ‘;C'Otga
9¢ Mineralization approaching max \ Ll enzene

DIC Del (%s) 2227

L — Y [ * Deployed f,
%13 2 enrichment 2 _ L yed for 2 dpys

4.47%

G ity Structure (% total PLFA)
Firmicutes (TerBrSats)

Proteobacteria (Monos)

Anaerobic metal reducers (8rMonos)
Actinomycetes (MidBrSats)

General (Nsats)

Eukaryotes (Polyenoics)

Physiological Status (Proteobacteria only)
Slowed Growth
Decreased Permeability
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Case Stu dy T: MNA vs Enhanced Aerobic Treatment of Benzene

n
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microbialil

Results

Table 1. Summary of
document.

sample Name
Contaminant Loss

C Benzene Pre-deploy
¢ Benzene Post-deplo.

Biomass & “C Incorpor

Total Biomass (Cells/bd)
¢ Enriched Biomass (C|
Average PLFA Del (%s)
Maximum PLFA Del (%o)
“C Mineralization

DIC Del (%)

%13C

Community Structure (¢

Firmicutes (TerBrSats)
Proteobacteria (Monos)
Anaerobic metal reducers
Actinomycetes (MidBrSat:
General (Nsats)
Eukaryotes (Polyenoics)

Physiological Status (Prd

Slowed Growth
Decreased Permeability

pmol/bead

increase in **C

; bundance:
Figure 1 e asavies,

i i £ 8¢,
PFLA-SIP Monoenoic Biomarker g/ 11;70’
13C Enrichment Trends A

Cg:l.Q:O

il

istatststsist

wic Cyl90
151m6c  16:1w7c 16 Wit 16.1wSc 1T1wBo Cy170 181w 181w

PFLA Monoenoic Biomarkers

Georgia Site

Chall, ;
. vaf ov\rge.

¥ Biore ?
* (With Caleiyme ot 4iaton

leium Peroxide)

SIP — Benzene
$ _Biotmp
. ¢3c be"zem
* Deployed for 82 days




Case St
udy1:
« MN
A vs Enhanced Aerobic Treatment of B
enzene

12
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MEMO

TO: Georgia Site project Tearm
FROM: Matt Burms
suBJECT: SIP Results increase in **C
pATE:  May 24,2017 abundance:
. 15:1wWeC,
ymarker . 17:1wW8C,

The stabile isotope probing (stP) study for the Georgia site ds . CY17:0,

provided the information listed below: . 18:wAac

Both Remdial Options are Viable . Cyla: 1o}

/ 15¢.benzene loss from both the MNA and stimulated
biotraps il z
v 1 enriched biomass in both biotraps
v 3¢ enriched dissotved organic carbon (pic) in both To @ +0
biotraps i v Enriched. B
v High abundance of pmteobacteria. a phylum containing
penzene-degrading bacteria !
aerobic Microbes More Efficient
/ Greater incorporation of ¥C into biomass and DIC - N
v Biomass approaching greatest possible enrichment (given Q Z g z 3
the initial enrichment of 10%)
P T
v Five pmtenbacteriﬂ biomarkers showed significant W 18wIe  Cy190
relative increase in 3¢ gbundance {compared to MNA)
2rs
WER USA
Matt Burns
Technical Fellow

75 Adiogion 5t
ath Foat
Baston, MA DI

WSRO

N
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GASTANK N ATFECTED vAvost

RESTDENTIAL
v

LIMIT OF i
AFFECTED L
GIOUNDLWIATER
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/s
‘\Lim:ws[,) SOIL + NAPL AREA
(REMOVED)

120/




Case St
udy1:
« MN
A vs Enhanced Aerobic Treatment of B
enzene

MEMO
ect Teamm

Georgia Site Proj

TO:
increase in **C
abundance:
. 15:1wWeC,
ymarker . 17:1wW8C,
The stabile isotope probing (stP) study for the Georgia site ds . CY17:0,
13 pmvided the information listed below: . 18:wAac
poth Remdial Qptions Are viable o G y 19:0
/ vicbenzene loss from both the MNA and stimulated
biotraps
v 1 enriched biomass in both biotraps
d dissotved organic carbon (DIC) in both

FROM: Matt Burns

SUBJECT: SIP Results

DATE: May 24,2007

Challenge:

* MNA or B/
. g ¥ Biore -
(with Ca ’C/'um“;:eeféiqco(n

I c)

¥ ¥ enriche

biotraps
v High abundance of pmteobacteria. a phylum contai

benzene—degradingbacteﬁs

Aerobic Microbes More Efficient

/ Greater incorporation of ¥C into biomass and DIC

v Biomass approaching greatest possible enrichment (given

the initial enrichment of 10%)

v Five pmtenbacteriﬂ biomarkers showed significant
relative increase in »¢ abundance (comp

ning SIP "
’ .Bl'Otrap BenZene
° i3, b"\lem

*D
eployed for g2 4,
ys

{
{

8
P

181wlc  Cy190

2rs

Matt Burns
Technical Fellow




Case St
udy 2: si
s Bio Contri i
ibution of a Chem/Bio Treatm
ent Train of Be
nzene

Legend

<o 25-ft Radius
Pilot Test Injection Point
Temnporary Moenitoring Vel

plan to Assess Bio Component pe - o=
¢: benzene concentrationtrends : — '
-k — attribute : e

. Basi
. ISCO relatively quick
dagmdation within first month

. Post1 month = bio
. Covrelate bio to dec
concevxtrations

. Advanced Diagnostic - SIP
. Apply amendment
hat chemical )
\ RT3+ D

. Monitor for indicatorst
PiIW-2 [] ",-‘:';P_T_W_'d“,.

rease in sulfate

oxidation complete ORP & Sulfate)

. when ORP negative, deploy **C
benzene pated biotrap

. Incubate for one wonth

0 21 )




Case Stu dy 2: Bio Contribution of a Chem/Bio Treatment Train of Benzene

. Legend
&5 25-ft Radius
® Pilot Test Injection Point
®  Temporary Monitoring Well
S UMW-6

- nt
plan to e io Compone

Performance Monitoring

16

Results

from the Sio-Trap*® Units.
Table 3. Summary of the vamvewﬂsm

WRCPTW.50{022317)

2232017

mvenzent —
i%ﬁf&&'««m@ utfﬁzed

V¢ ganzene Post-depioyment (1 )

Biotrap Incubation

=i GRO
?Z;'.T;’qu,f('{.‘m'.?;"“ ‘a be ‘ . 5276008 1)
:;5.,":”,1::*:.2':':%,“)'“”"“’ incorporated
Maximuem PLFA (Yo 4 -
into PLFAS . e .
~ Other studies i Ey,\%z\l/?ed
oaverage 282%e 5
“Firmicutes (TerBrSats) ) - ‘::
'ro('obm«ﬂlwm om
ey e S & | - |
General (Nuﬂ)

——— o: Time Since Treatment (months)
eria only) %

physiclogicalStatus Proteobacteria o0 I—

“Slowed Growth

—8—Benzene

—8—Sulfate

Concentration (u/L)

Community Structure (1 1LY

000
Decreased Permeability
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Case Study 2: s
y s Bio Contribution of a Chem/Bio Treatment Train of B
enzene

Legend
25.ft Radius
ple MEMO 3 3 i""l Test Injection Point
. . enporary konitoring Well
TO: oklahoma Site project Team i B D UMW-6
FROM: Matt Burns

SUBJECT: SIP Results
Performance Monitoring

DATE: May 24, 2017

I"lclgbl'(ll nsig

17
Results

Table 3. Summary of the

The stabile isotope probing (s1P) study for the oklahoma site

provided the information listed below
pemonstrated Angergbic Oxidation of Benzene following 15C0
¢ ContaminantLoss _ v c-benzene loss from the biotrap
T Benzene Pre-deplore v #C enriched biomass in the biotrap, similar to other
¢ Banzene Post-depioyt sulfate reduction SIP studies

Biotrap Incubation

?:.T :;:,,f (:::I[:: « No ¥ c enriched dissolved organic carbon (DIC); don't

¢ Enriched Biomass (Cel always see DIC enrichment initiaily with sulfate reduction

3."..’:3:‘;&3'&:}’., v Good rates of benzene degradation despite microbial
recovery from15C0 and initial microbial colenization and

¢ Mineralization growth onfo biotrap Benzene

OIC el 0] —

%Vc —8—Sulfate

—8—GRO

_Community Structure ()
Firmicutes (Tt erBrSats)
Protecbacters (Monos)
Anserodic metal reducen
Actinomycetes (MidBrSat
General (Nsats)
Eukaryotes (Polyencics)
: 1.00 3.00

Physiological status P Ti

Siowed Growth ime Si

Decreased Permeabiity S ince Treatment (months}
i

Pl

wepohm
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Case StUdy 3: Stimulating Multiple Degradation Pathways for the Treatment of Chlorobenzenes

SPNC TANCS

R \‘\ "l g s 7 DO = 0.0 mg/L
-3 A ORP: negative
R & 5 M s | L TCRB = 4,000 ug/L
VETERNG CABNET—ee L =
| £ f;f_ﬁt-# : il DCR ~ 25ug/l
ﬁ-l:’-l. ; '{: ' :l: -: ..\y —
s L\ o

SCALE N FEET
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Case StUdy 3: Stimulating Multiple Degradation Pathways for the Treatment of Chlorobenzenes

o nad vt

: .,.:;:?:TE'DRP: negative
T ——— / “TC® ~ 4,000 pg/L
‘DCB~ 25U/l
S CB ~ 1019/l

s ot e,
et e -

19 6 Days L o —— x tehi
o et Lte: "B =0.0u9/l
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Case StUdy 3: Stimulating Multiple Degradation Pathways for the Treatment of Chlorobenzenes

o
o
=
o
o
—

LAB REPORT

Site: Michigan Chlorbenzenes
Sample: MW-102
Procedure: SIP with 100% ,,C Chlorobenzene with DGGE

20 auys Band  Similar Gesus Stmilarity Inde

MW 102-24

12

3¢ Natural Abundance Bands
1.1 Bacteroides spp. 0.851
1.2 Geobacter spp. 0.811

1

1.3 Marmnilabiaceac (family) 0938
1.4 Acmetobacter spp. 0.986
1.8 Trichococcus spp 0912
1.6  Geobacter spp. 0.881
1.7 Trchococcus spp. 0.947 1 Trichococcus spp.
1.8 Bacteriodales (order) 0.887 )

' Acinetobacter spp.

43¢ Enriched Bands
2.1 Acietobacter spp 0.886
2.2 Trchococcus spp. 0.946

Acewngtobacter:
aerobic bacteria known to mineralize
aromatic compounds.

Trichocoeeus:
Acevotolerant/facultative fermentative
bacteria.
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Case St
udy 3: sti
¢ Stimulatin i
g Mult i
iple Degradation Pathways for the T
reatment of Chlor
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bt
v e iy o
Aes b
- ot " Sov
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Aniaeny

MEMO
TO: michigan Site Project Team
FROM: Matt Burns

SUBJECT: SIF Results

> DATE:  May24,2017
1
The stabile isotope probing (51P) study for the Michigan site
tion listed below:

provided the informa
Chlorobenzene Microagrophilic oxidation
« 1ic-chlorobenzene loss from the biotrap

# ¢ enriched DNA in biomass

/ DGGE separation and sequencin}
organism as Acinetobacter
« Acinetobacter: aerobic bacteria known to mineralize

concurrent Dpegradation of Mono-, Diz and Trichlorobenzenes
¥ Microcosm amended with ZV1 and fermentable donor
which stimulated reduction of more d\lurvsubsﬁtuted
chiorobenzenes
v Concurrent microaerop
monochlorobenzens
to vinyl chloride oxidation

- -
" -
OB -
c =2
z25 2
-~ 2t

~

g identify attenuating

1

' Acimetobacter pp.

2 Tric i
hilic oxidation of g1 Trichococcus spp.

¥ similar po&mlsredby Gossett

Matt Burns ;M £
. ! H ’.
Technical Fellow >0u'zmdsw. n to mineralize

e OTLLrAnt/ )
bacteria. facultative fermentative
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Conclusions

B Collect actionable data early in the
project management cycle

B Focus on actionable data that provides a
fail small/win big opportunity




