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Project Background

« Data gaps surrounding effectiveness of in situ bioremediation
a) Influence of site specific soil properties over looked in “off the shelf” remedies

= Recent studies have identified that biostimulation can work:

a) Understanding phosphorous bioavailabllity (siciliano et al., 2016; Hamilton et al., 2018; Bulmer et
al., 2018)

« Sorption, complexation, precipitation

b) Addition of low molecular weight organic acids to chelate Ca and Mg ions
Increase availability of phosphorus (siciliano et al., 2016; Chen, 2018)

« However, remediation at some sites has stalled
a) Believed to be related to buffering capacity and carbonate mineralogy
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Soll Buffering Capacity

= Ability of a soil system to resist changes in pH
Related to CEC, base saturation, and acid neutralizing capability.

« Stalling is likely associated with a failure of the solls to buffer against
the biostimulatory solutions

Results in formation of Ca-P complexes that are stable compounds with
relatively low solubilities
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=Rl Gl » Neutral to Alkaline Soils
=  Chernozems, Luvisols & Brunisols

Distributipn of Chernozems
Chernozems

Broyn Chernozem
I Daik Brown Chermozem

e = CaCO; and MgCO4 minerals
= Fe, Zn, Mn — CO; minerals

Gray Chermozem

CaCO; + H,CO; & Ca?* + 2HCO;

Image : https://bioone.org/journals/canadian-journal-of-soil-science/volume-91/issue-5/CJSS10022/Chernozemic-soils-of-Canada-Genesis-distribution-and-
classification/10.1139/CJSS10022.short
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Project Objective — ‘A Holistic Approach’

« Understand role of site-specific properties in the effectiveness of
biostimulation techniques for the remediation of petroleum impacts in
cold-region calcareous soills
‘a) How geochemical parameters ‘condition’ biostimulatory solutions ‘

b) Effect of conditioned solutions on microbial activity
c) How those interactions influence the effectiveness of biostimulation

« END GOAL.: Create a conceptual model that integrate site-specific
geochemical parameters and microbial activity to estimate benzene

degradation rates.
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Calcium Dissolution Kinetics

Cumulative Ca#*,, Over Time

10 15 20
Days After Treatment

Site a b R* n
Arcola 0.43 | 1.38 0.84 6
o Beechy 0.001| 3.40 0.92 3
Flaxcombe 0.19 | 1.46 0.83 3
Mazenod 0.09 | 1.78 0.75 6
Montmarte 1.94 | 0.99 0.86 10
Spalding 0.10 | 1.65 0.88 3
Arcola
-e-Beechy Power function
—-Mazenod Ing;=Ina+blint
Montmarte
Spalding

25 30
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Weathering In the Prairies

Soil Exchange Sites

Carbonate Saturation

Higher CEC means more Ca
available for dissolution.

Carbonate and pH are
intrinsically linked to P
availability.
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Next Steps
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Study #2

Conditioned Solutions
from Study #1

Base IRC Solution
- —_—
positive control

20 mL Serum Bottle

« 1mL benzene (0.4—-1ppm)
2 mL Ulrich culture

9 mL solution

Minimum three replicates per solution
30 day trial

« Benzene concentrations

« (Gene expression

Deionized Water
negative control
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Study #2

. . Gene Expression
Conditioned Solutions P

_— — . Benzene catabolic:
from Study #1 . berC
. e pbzdN
Base IRC Solution . Nitrogen:
positive control

 narG (nitrate reductase)
onized * nirS/nirK (nitrite reductase)
Deionized Water ___| . . huo (nitrification)

negative control Phosphorous:

* pstA (phosphate transport,
membrane component)

« phoA (alkane phosphatase)

« phoB (phosphorous starvation)



