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What are Soil Sterilants?

Non-selective, persistent, residual herbicides that render 
treated soil unfit for plant growth 

• Selective vs non-selective
• Selective herbicides control specific types of vegetation

• Non-selective herbicides used for total vegetation control

• Residual and Persistent
• Continued or prolonged existence of herbicides (beyond 

one growing season)

• Related to half life which depends on: 
• Application rate, soil moisture, pH, temperature, OM 

content, microbial content, etc.

• Chemical and physical properties, composition, etc.
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• Applied historically at wellsites, 
transmission lines, oil and gas distribution 
and industrial facilities, pipelines and 
electric substations, railways

• Program participants halted use in 1990s 
based on persistence and mobility 

• Secondary impacts through leaching, 
runoff or wind dispersion

• Best estimate - >60,000 sites in Alberta

Photo Credit: 
Millennium EMS Solutions

Soil Sterilant Application
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Sterilants – Management Challenges

•Identification and Delineation

•Risk Assessment and Management

•Remediation

Photo Credit: Advisian

Considerable effort over past 20 years, however 
knowledge gaps remain
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Sterilants – Collaboration Opportunity

OBJECTIVE:

To establish proven, technical, and cost-effective strategies and best management 
practices for effective management of sites impacted by residual soil sterilants, with the 
goal of supporting regulatory site closure.
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Program Structure

• 5-year Program
• Initiated in 2019

• Scope
• Address challenges specific to 

AB

• Applied research

• Bromacil and tebuthiuron 
focus

• Structure
• Program management and 

delivery agent – InnoTech

• Steering Committee

• Expert Advisory Committee



Identification 
and 
Delineation
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#2. 
Sampling 

Best 
Managemen
t Practices



9

#5. Field Screening Technologies



10

Sample
Depth

Bromacil

InnoTech EAS 
(LC-MS/MS)

Commercial Lab 
(GC-MS)

m µg/kg µg/kg
Tier 1 Agricultural Guidelines for Fine and Coarse-Grained Soil 
* 9 9

Detection Limit 0.02 8
BH1 0.5 0.08 <8
BH1 2.5 0.81 <8
BH2 0.5 0.04 <8
BH2 2.5 2.1 <8
BH3 0.5 0.19 <8
BH3 2.5 3.33 <8
BH3 3.5 86.8 64
BH3 4.8 4.93 <8

*Applicable Guidelines
Alberta Environment and Parks (AEP). 2019.  Alberta Tier 1 Soil and Groundwater 
Remediation Guidelines. Land Policy Branch, Policy and Planning Division. 198 pp. 

#3. Laboratory 
Method 
Development – 
Low Level 
Detection 
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#4. Total vs. Phytoaccessible Concentrations of Bromacil and 
Tebuthiuron

RESEARCH QUESTION
Does adsorption of bromacil or tebuthiuron to soil result in a significant difference between the 
total sterilant mass in soil and the phytoaccessible sterilant mass? 
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Bromacil: Adsorption Reduces Phytoaccessibility of Total Sterilant Mass
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Tebuthiuron: Adsorption Reduces Phytoaccessibility of Total Sterilant Mass



Risk 
Assessment 
and 
Management

This Photo by Unknown Author is licensed under CC 
BY-SA

https://fallout.gamepedia.com/Lab_scale
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
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#6/8. Sterilant-Specific Model Input Data and Bromacil Mobility

GOAL
Refine input parameters for sterilant fate, mobility & 
degradation

• AB-specific (field conditions & receptors)

• Applicable within AB Tier 1 and 2 guideline framework

Task Status

Sensitivity analysis Complete

Summarize Impacted Site Characteristics Complete

Metabolite Review Memo Complete

Laboratory Experimental Design Complete

Laboratory Experiment – Half-life (bromacil & tebuthiuron) Ongoing

Laboratory Experiment – Koc Complete

Summary Report and Information Matrix (combined with 
project #8)

Pending lab experiment 
results
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#7. Risk Assessment for Protection of Irrigation Water and 
Freshwater Aquatic Life

TASKS

1. Current Tier 1 model evaluation for irrigation and freshwater aquatic life pathways for bromacil and 
tebuthiuron (Complete)
 2. Alternative model evaluation to adjust irrigation and freshwater aquatic life pathways for bromacil and 
tebuthiuron (Complete)
 3. Sterilant-pathway risk matrix development (In progress)
 4. Guideline development considering source depletion and varying Alberta field conditions (In progress)

Range of Values Most Cited Value Current AB Tier 1 Input

Bromacil
Koc* 2.3 – 1,768 30 – 40 66.6

T1/2 (days) 12 – 1,494 180 – 275 (0.5-0.75 yrs) n/a

Tebuthiuron
Koc 1.7 - 92 80 23

T1/2 (days) 12 – 2,920 365 – 730 (1-2 yrs) n/a

*Koc = octanol-water partitioning coefficient (no units); measure of mobility of substance in soil with higher values indicating 
strong adsorption
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#9. Native Species Ecotoxicity Evaluation

Endpoint
Land Use – Natural 

(fine-grained soil; mg/kg)

Bromacil
Current AB Tier 1 0.20

Native species-specific* 0.028

Tebuthiuron
Current AB Tier 1 0.046

Native species-specific* 0.018

*Not intended to replace existing guidelines for agricultural land or urban areas; endpoints based 
on research in fine-grained soil with select native vegetation species and modified protocol

CHALLENGE
• Evaluate the toxicity of bromacil and tebuthiuron to Alberta native 

species

• Develop potential alternative limits for direct soil eco-contact 
endpoints for areas of the province with dominant native species



Remediatio
n

This Photo by Unknown Author is licensed under CC 
BY-NC

http://www.pngall.com/environment-png
https://creativecommons.org/licenses/by-nc/3.0/
https://creativecommons.org/licenses/by-nc/3.0/
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#10: Investigation of Long-term Effects of Activated Carbon

PROJECT GOAL
Assess the long-term ability of activated carbon (AC) to 
immobilize bromacil and tebuthiuron in soil to evaluate AC as 
a valid remediation technology

RESEARCH QUESTIONS
1) What is the percent effectiveness of AC in immobilizing soil sterilants 

when applied to soil at ratios established in previous research (i.e., 
400:1)? 

2) If proven sufficiently effective in immobilizing soil sterilants, under 
what conditions could AC release soil sterilants, thus making them 
available to vegetation and/or leaching through the soil profile?
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#10: Investigation of Long-term Effects of Activated Carbon (II)

1. 
Desorption 

Assessment

• Modified SPLP (non-acidified) method desorption experiments with 
coarse- and fine-grained soils

2. Literature 
Review

• Could AC to degrade over time?
• What factors potentially influence desorption of sterilants from AC?
• How to simulate in-soil conditions over time (artificial weathering)?

3. Artificial 
Weathering

• 0, 10 and 20 freeze-thaw cycles
• Assess total vs. phytoaccessible fractions

METHODS
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#10: Investigation of Long-term Effects of Activated Carbon (II)

TEBUTHIURON BROMACIL

S
te

ril
an

t D
es

or
be

d 
(%

)



20

Bench-Scale Testing of Remediation Technologies

Scaled testing

Decision support for potential 
users

Information for 
providers/developers

Validation 

Establish effectiveness limits 
and influential factors

Evaluate costs and logistics

Technology identification

Applicable media Feasibility In/Ex-situ
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#13/11. Screening and Bench-Scale Testing of Remediation 
Technologies

Key Challenge Bench-Scale Testing
1) Treatment of sterilants at depths greater 

than 50 cm bgs in unsaturated soil, thus 

inaccessible to treatment at surface 

(ideally treated in situ)

Chemical oxidation and reduction 
approach, with and without surfactants

2) Sterilant destruction in soil where 

immobilization is not considered an 

acceptable option (in situ or ex situ)

In situ Biostimulation, with and without 
surfactants

3) In situ treatment of saturated 

fine-grained till soils and groundwater

In situ Biostimulation, with and without 
surfactants AND Electrocoagulation (ex 
situ) trial
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Project Synergies
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Synthesis and Collaboration

Program Outputs:

• Synthesize past learnings

• Partner to develop strategies and methods to 
effectively manage sterilant impacted sites

• Publicly available reports and fact sheets 
(post-program)

• Established community of practice

Drozdowski, B., C.B. Powter, S. Levy, 2018.  Management of 
Sterilant Impacted Sites: Literature Synthesis.  InnoTech Alberta, 
Edmonton, Alberta.  49 pp.

Drozdowski, B., S. Levy and C.B. Powter, 2018.  Remediating Soil 
Sterilant-Affected Lands: Summary of Stakeholder Discussions.  
InnoTech Alberta, Edmonton, Alberta.  42 pp.



THANK YOU

Simone Levy 
InnoTech Alberta
ph. 780-450-5210
e-mail: Simone.Levy@innotechalberta.ca

mailto:Steve.McMahon@innotechalberta.ca

