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Hanford 100H Site Characterization
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Overall Objective
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To carry out field investigations to assess the potential for immobilizing Cr(VI) in groundwater using lactate-
stimulated bioreduction of Cr(VI) to Cr(lll) at the Hanford 100H site, and to determine critical community
structure changes and stressors that would enable control and predictions of fundamental biogeochemistry
that enables this bioremediation strategy for Cr(VI)
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Field HRC Injection Test
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Post-HRC Injection Changes in Electrical Conductivity

Environmental
Remediation
Sclences

42

_—Pump

2 Days after
HRC injection

R
T

D 3DAYS
Hypothesis: Lactic acid
30 DAYS

Hypothesis: Reaction halo 45
due to formation of
precipitates

3
A
f(reeeee

||||
B

 —

_2 = | (0] 1 2
Groundwater Flow > CHANGE IN CONDUCTIVITY (mS/m)




8/23  8/30 9/6

8/16

8/9

7119  7/26 8/2

7112

5

/

7

|Redox dropped from 240 to -130 mV
0.35 mg/l (4.5%)

| DO dropped from 9 mg/l (~100%) to

9/6

8/30

Results of HRC Biostimulation

8/23

8/16

wnwixepy -

8/16

8/9

uebaq Huidwnd
pue uonasful DYH

4===-=-

T-=---

LE+08 f----v----a-----

g
3

B
[}
£§
ES
[ =4

8%
m.ﬂ-
EH

1E+07 +----
1E+06 +----

ssewolg

8/9

8/2

7126
8/2

ater
7/19
7/26

7/19

- -Well 45 - injection well
7112

I — Pumping w
n = Well 44 - pumping

7/12

7/5

1.E+05 A
7/5

fr
o
—

0.1

f
o
o
—

1000 ¢



Nitrate (ppm)

Fe(ll) Concentration, mg/L

Biogeochemical Evidence of Microbial Metabolism in Groundwater
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= General bacterial biomarkers indicate rapid enrichment in 13C
= 13Cratio is greater than expected (overall spiked HRC ratio was 15 per mil)
= 13C polylactate used as spike it is not esterified to glycerol backbone
» jtisreleased and consumed more rapidly
= Biomarkers for Flavobacteriaceae increased following injection but showed minimal
enrichment with 13C.
» Flavobacteria do NOT typically utilize lactate, but may use glycerol (backbone, unlabeled)
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Microarray analysis of bacterial community changes
during Cr(VI) remediation at Hanford 100H site:

Dynamics of some significant organisms.
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Functional groups — Iron reduction
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Functional groups — Methanogenesis
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Functional microarray analysis

Environmental
Remediation
Sclences

900 .
Injection well Monitoring well April 17th 2006

.© 800
-
©
| -
Iy 700
L
Q© 600-
= Chromium
9 500 P M Nitrate
© Cytochrome
c 400 Sulphate
=2 B Methanogenesis
n Methane oxidation
C 300
@©
0
= 200 -|

100

O,A
45ft 49.5ft 52.5ft 56.5ft 45ft 49.5ft 52.5ft 56.5ft

Nitrate, Sulfate, Iron reduction. Methanogenesis, Methane oxidation, Sulfur oxidation.
Many chromium tolerance/reduction genes.

\

rreerrre

L, Joy Van Nostrand - Oklahoma



)
Frrererer
_

Array spotted with
universal 16S
probe set

O0O00O0OO0O000O0
CRONONONONCHONONONG
O ONCRONONCHCHONONG
ONONONONONONCNONONG
O0O0000OO0O0O0O0

O0O00O0OO0O000O0
CRONONONONCHONONONG
O ONCRONONCHCHONONG
ONONONONONONONONONG
ONONONORONCRONONONG

----100 pm----

® °CrRNA
® LCrRNA

1

NanoSIMS + microarray indicates active organisms

Affymetrix PhyloChip

Fluorescence
Scan

ONONON N N NONONON |
| JONORONON NONONON |
ONONON N NCRCRONONG
ONONONONON NONON N¢
O} _NONORONOCRONONONG
O0O0O0O0OO0O000O0
CHONON N NONON EONO
ONONCRONONCHCHONONG
ONONONON NONON NONG
[ N NONONOCRONONONG

rRNA profile shows
species that are present

iIn the community

(Hoeprich, Pett-Ridge, Brodie, et al. New Genomics:GTL project)

System-specific
NimbleGen chip
+ NanoSIMS
13C:12C analysis

Indicates subset of active
community that consumed
13C-label substrate

|‘ “Chip-SIP” yields identity and function from the same sample I



s Biology to Elucidate Field Relevant Responses

Emvironmental
Remediation
Sclences

Desulfovibrio are present at Ecosystem Lo ey
elevated numbers during - Computational
biostimulation Bigiony S ——

Computational

- .
Population

Cell
Desulfovibrio spp. have been observed as

predominant populations at Hanford 100-H Protein
during biostimulation (Hazen et al.)

RNA Genomic

Proteomic
Metabolomic

I C tati I
How do cellular responses to relevant field omputationa

conditions impact cellular activities and survival?

]

/\l A
!N

BERKELEY LaB




What is Known from Hanford 100H Lactate Biostimulation Experiment
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* In situ hydrogeological, geochemical (including radioactive and stable isotope
analyses), geophysical measurements, and microbiological analyses of water samples
and sediments provided detailed and robust interpretation of field-scale biogeochemical
processes.

« The 13C concentration, which was used to label the injected lactate, is essential to track
and identify the presence of microbial metabolism and lactate degradation.

« A sequential depletion of competing terminal electron acceptors 0%, NO5, Fe3,SO,%
and transiently CO,, creating a sustained dissolved, ferrous ion envwonment

« Achemical reaction of ferrous ion with toxic and soluble Cr(VI) causes the formation of
nontoxic and insoluble Cr(lll)-Fe complexes.

* Cr(VI) concentration has remained below the drinking water standards for ~3 years
after a single 40Ib polylactate injection.

« The longevity of the Cr(VI) bioimmobilization indicates an efficacy of using lactate
injection for controlling the Cr(VI) concentration in groundwater at many contaminated
sites.
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« Sulfate influx down-
expressed

» Metal efflux up-expressed
» chrAB up-expressed

* FMN dependent
nitroreductase, NADH

dehydrogenase, and FMN
reductase up-expressed
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Klonowska, A., He*, Z., He, Q., Hazen*, T.C., Thieman, S.B., Alm*, E.J.,
Arkin*, A.P., Wall*,J.D., Zhou*, J. and Fields*, M.W. Global Transcriptomic
Analysis of Chromium(VI) Exposure of Desulfovibrio vulgaris Hildenborough
Under Sulfate-Reducing Conditions. (in press)
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