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KEcuador

. 01l, ~60% of national income, lax to non-
existent environmental regulations

. Aguinda vs. Chevron, 1993: US$20 billion

. Assessing cancer risk in workers from the
flower and petroleum industry

. Microbial enrichments: chlorpyrifos,
aldicarb, pentachlorophenol, benzene



Ecuador: assessing risk,
exploring solutions
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Outline

. Idaho, California: Selenium

. Selenium accumulation in Salton Sea
sediment: differences by geographical location
and depth
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Selenium (Se)
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Selenium (Se)
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Se 1n the Western US

North America, Cretaceous period, 85 Ma

Image credits: Ron Blakey, Colorado Plateau Geosystems Inc.
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The Salton Sea, CA
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Se 1n sediment

Se VI: selenate

aerobic
anaerobic
Sef: elemental
Selenate: SeO,* -\ mobile

Selenite: SeO,*

immobile, biologically inert

Lenz & Lens, 2009



Selenium (Se) in the Salton Sea

. 5 pg L'l (water); 5 mg kg! (soil)

. Se 1s the most notable 1norganic pollutant
of concern

. Se 1s an imminent threat to birds

. Lattoral sediments will be affected by a
reduction in the size of the lake



Research objectives

. Evaluate differences in littoral sediment
across geographical locations, depth

. Quantify selenate reduction rates and
kinetic parameters for selenate
reduction

. Identify the sediment parameters that
control Se retention at the centimeter
scale



METHODS



Flow-Through Reactors (FTRs) to

sample, characterize sediment @ cm
scale

/
» Particle size, surface area

e C,,.» Npgp Se content

org’

. Abundance of selenate
® reducers (MPN)
-
« Sorption
@

. Selenate reduction rates

- K ,R _forselenate

_  reduction

Pallud et al., 2007
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Kinetics of selenate reduction, differences
with depth
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FTRs: calculating rates of SeVI reduction

N

OUTPUT €O frcrrrmn input [Se(VI)]

........... output [Se(VI)]
_/ > time

m)  Se(VI) reduction rate
INPUT AC between input  volumetric flow
C and output \ % rate
1 Se(VI AC x
co VD serR="""9

V

volume of sediment

> time Image credits: Céline Pallud, 2015
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Image credits: Pallud et al., 2007; Céline Pallud, 2015



Most Probable Number (MPN)

SeO,+6e —— SeY

Abundance estimates: number of replicates, dilutions and positives

Image credits: Lenz & Lens, 2009; Wikimedia Commons



Most Probable Number (MPN)

SS-1

Image credits: Google Earth, JF VillaRomero



RESULTS
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MPN of selenate -reducers (SeRP cm sediment)

105 -

—
S

103 -

102 .

=
o
1

=
1

sites

350 -
3 ~

% T 3001
€€

2 2 2501
35

o

gﬁ? 200 1
85

S «, 1501
T O

L o
.g% 100 -
g E

© £ 50
a.

o

(b)

Table 1 K; and nf parameters calculated from isotherm data
fitted to the Freundlich model for our seven study sites sampled

in July 2011

Sites K; nf

A bdl bdl
B 1.42 0.8
C 0.53 1.0
D 0.22 0.5
E bdl bdl
F 0.61 0.7
G 1.07 0.8

bdl below detection limits

VillaRomero et al., 2013
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Kinetic parameters: K , R

by depth
Km Rmax
cm UM nmol/h/cm?
0-2 448.6 16.6
2-4 10.0 11.5
NORTH 4-6 100.0 8.5
6-8 661.0 29.2
0-2 15.0 10.0
2-4 173.8 6.4
SOUTH 4-6 420.8 11.9
6-8 616.1 16.5

X

NORTH

SOUTH

VillaRomero 2015, in preparation



Kinetic parameters: K

TABLE 2. Potential rates of selenate reduction in surficial
sediments at 25°C and apparent K, s for selenate

Site Total selenium  Selenate reduction K, (pM

(wmol kg™ 1) (wmol 17"V h™Y) Se0,27)
Massie Slough 48 + ( 22.07 (expt 1) 62
10.65% (expt 2) 720
Big Soda Lake* 19 £ 0 3.57 34
Lead Lake 1+0 3.01 16
Searsville Lake 19 1.91 20

Hunter Drain 14 =1 0.74 7.9
June Lake 5+0 0.51 ND?
San Francisco Bay 4 0.41 22
Big Soda Lake* 140 = 0 0.21 ND
San Francisco salina 2 0.12 ND
Mono Lake¢ 9+( 0.07 ND
Roadside salina 80 <0.01 ND

Steinberg & Oremland, 1990



Selenium accumulation 1n Salton Sea
littoral sediments - conclusions

. Littoral sediment i1s biogeochemically diverse:
parameter, location, depth

. Potential selenate reduction rates are six orders of
magnitude greater than selenium input. Virtually all
Se remains sequestered in sediments

. Potential selenate reduction rates, highest in site with
the highest COKg and N content. Role of salinity,
microbial reduction vs. abiotic sorption.

. Highest selenate reduction potential and highest £
do not coincide spatially



Outline

Isolating selenate reducers

Engineering the microbiome to address
chemical contamination



Microbial metabolism: ~4 BY

Energy

Organic
Contaminamt

Image credits: In-situ bioremediation, National Academy Press, 1993



Microbial metabolism: ~4 BY

Environment International

Volume 61, November 2013, Pages 98-114

L)

ELSEVIER

Review

Microbial degradation of polyfluoroalkyl chemicals in the
environment: A review

Jinxia Liu® & - &4 Sandra Mejia Avendafio®



Finding microbes

SS-1

Image credits: Google Earth, JF VillaRomero



Engineering microbes

AUGUST 13,2015

Stanford researchers genetically engineer yeast
to produce opioids

40 1T ' D

Image credits: Thodey et al., 2014; Stanford University, 2016



Engineering microbes

AUGUST 13,2015
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Engineering microbes

TrendSin_—__
|Biotechnology

Wolume 23, Issue 3, March 2005, Pages 135-142

Accessing microbial diversity for bioremediation and
environmental restoration

Debarati Paul, Gunjan Pandey, Janmejay Pandey, Rakesh K. Jain &

Harnessing microbial gene pools to remediate [=] ~ «Previous | hext Aicle »
persistent organic pollutants using genetically
modified plants—a viable technology? This Article

1. Exp. Bot. (2015) 66 (21):
Elizabeth L Rylott’, Emily | Johnston and Neil C. Bruce doi: 1 nﬁfnlggé?ffb?% R
+ Author Affiliations

First published online: August 17,
2015

|* To whom correspondence should be addressed. E-mail: iz rylott@york. ac.uk



Microbial removal of Se
Water & Process Technologies

About Us Industries Applications Products Resources eStore

ABMet for Selenium Removal

Reduce total selenium to low single-digit ppb
levels with a single step process

GE’s ABMet process enables customers in the Power (FGD), Mining and other
industries to meet the strictest selenium discharge limits in one simple step
with minimal operating costs and operator attention. In addition, ABMet
removes nitrate and meta

ling mercury and arsenic.

ABMet’s innovative seed culture, specially formulated nutrient, and biofilter
design provide one time seeding, fast startup, and reliable performance.

With 17 years of experience, development, and a proven global installation
base, ABMet is trusted for selenium removal.

Image credits: GE, 2016



ITRC — Environmental Molecular
Diagnostics (EMD)

. . S i REM Search...
.. Join Our Mailing List!
Leading Science -Lasting Solutions

Home About SIREM - Products - Services Case Studies Publications Forms News Events Contact Us

Gene-Trac® Environmental Molecular Testing

Gene-Trac® testing is used to assess bioremediation potential and monitor enhanced bioremediation

B
performance by quantifying and characterizing key dechlorinating bacteria in groundwater and soil/sediment from ge I Ie § traC

contaminated sites.

Use Gene-Trac® to:

= Determine if suitable microorganisms are present for MNA remedies.

= Predict the effectiveness of biostimulation before the addition of electron donor.

= Determine the need for bioaugmentation.

» Predict if intermediates such as cis-DCE or vinyl chloride are likely to accumulate.
» Validate the performance of enhanced bioremediation projects.

Quantify and Characterize Environmental Microorganisms

Dehalococcoides (Dhc), Dehalobacter (Dhb) and Dehalogenimonas (Dhg) bacteria and key functional genes
such as vinyl chloride reductase are critical to bioremediation of many chlorinated compounds, including
chiorinated ethenes, ethanes, methanes and propanes. Gene-Trac® guantitative polymerase chain reaction
(qPCR) testing is used to characterize and quantify these key dechlorinating bacteria at contaminated sites.

EA

SIREM technician programing robot
used fo assemble Gene-Trac®
reactions

“= Image credits: SIREM, 2016

Gene-Trac® Tests Available



Engineering the human microbiome to
eliminate pollutants?
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