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To provide the best course of treatment, state of the art medical practice often encompasses 
personalized medicine that integrates the unique nature of the patient. In the same way, remediation 
laboratory treatability studies using site groundwater and aquifer materials, can also be viewed as 
“personalized medicine for contaminated sites”. These studies allow testing of remediation strategies 
in a geochemical and microbiological context that represents site-specific conditions, leading to insights 
that often improve project management and remediation outcomes. 

Treatability studies can efficiently provide comparisons of various treatment technologies, test multiple 
conditions concurrently and provide the flexibility to assess changes to remediation strategies that would 
be impractical at field scale. Treatability studies minimize risks associated with remedy selection and 
implementation, increase stakeholder confidence and may even lead to reduced remediation time 
frames and costs. The use of advanced molecular biological and analytical tools, such as next generation 
sequencing, compound specific isotope analysis and natural attenuation parameters, such as iron 
minerals characterization, are answering increasingly complex questions that impact site conceptual 
models, degradation rates and site clean-up strategies. 

In this issue we discuss anaerobic BTEX degradation in a conversation with Elizabeth Edwards and the 
importance of treatability testing to this research; our Technology Focus is column studies and how these 
can model flowing conditions. Updates on conferences, staff, social events and other activities can also 
be found. Have a Happy Spring!  

Sincerely, Your Partner in Remediation Success, SiREM    

Focus on Decision Making and Optimization 
of Remediation using Treatability Studies  In this Issue:

Our focus is treatability 
studies and anaerobic BTEX 
degradation including:

• A conversation with Professor 
Elizabeth Edwards on the 
advantages and challenges 
of anaerobic BTEX 
degradation

• A treatability case study for a 
BTEX site

• Column studies for assessing 
remediation under flowing 
conditions  

• Updates on SiREM 
outreach, presentations and 
employees
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Treatability Testing to Assess 
Anaerobic BTEX Degradation  
Anaerobic biodegradation of benzene, toluene, ethylbenzene and 
xylenes (BTEX) is a compelling alternative for in situ bioremediation 
in hydrocarbon plumes where oxygen is commonly in short supply. In 
anaerobic BTEX degradation, nitrate, sulfate or CO2 replace oxygen as 
an electron acceptor to support the metabolism of specialized BTEX 
degrading microorganisms; this is a major advantage as nitrate or 
sulfate are relatively easy to apply to groundwater compared to oxygen. 

Over the past 2 years, SiREM, the University of Toronto (Elizabeth 
Edwards’ Lab) and industrial partner Federated Co-operatives Limited 
have performed more than 10 anaerobic BTEX treatability studies 
under a Genome Canada project*. These 12 to 14-month laboratory 
studies were performed using groundwater and geologic materials 
from sites located in Ontario, Western Canada, and the USA and 
focused primarily on the potential for anaerobic benzene or BTEX 
degradation under natural and enhanced conditions. 

Ontario BTEX Site Treatability Case Study
One study conducted under the project was for a site located in 
Ontario, Canada contaminated with BTEX at concentrations as high 
as 6 mg/L. Amendments included the addition of nitrate or sulfate 
and the benzene degrading bioaugmentation culture “DGG-1” which 
contains a benzene degrading Deltaproteobacteria called ORM-2, that 
functions under sulfate reducing or methanogenic conditions. Initially 
site geologic materials tested negative for ORM-2 (Gene-Trac® ORM-2) 
but were trace positive for the benzene degraders that function under 
nitrate degrading conditions based on benzene carboxylase and Pep-
tococcaceae detection (Gene-Trac® abcA/Pepto- ben). This suggested 
that nitrate biostimulation or the addition of sulfate and bioaugmen-
tation with the DGG-1 culture may be a viable remediation strategy.   

The study demonstrated that all BTEX compounds could be degrad-
ed anaerobically under methanogenic and bioaugmented condi-
tions, specific findings included:    

• Degradation of all compounds, except naphthalene, was 
observed with nitrate amendment when the abundance of 
benzene degrading Peptococcaceae bacteria increased. 

• Sulfate addition alone stimulated degradation of only toluene 
and xylenes.

• Bioaugmentation with the DGG-1 culture, with or without 
sulfate addition, accelerated benzene degradation.

A Conversation with Elizabeth Edwards 
about Anaerobic BTEX Degradation 

What is it about BTEX contamination in aquifers that 
make it such a challenge?  
EE. The group of compounds referred to as BTEX represent the most 
water soluble of the petroleum hydrocarbons like gasoline or crude 
oil, so they sorb less and migrate further with groundwater flow. 
Benzene is a particular challenge as it is by far the most toxic of the 
BTEX compounds (a proven human carcinogen) and is more recalcitrant 
under anaerobic conditions.

What are the advantages and disadvantages of anaerobic 
versus aerobic processes for BTEX contamination?  
EE. Aerobic processes are very good for BTEX. These compounds are 
great substrates for all kinds of aerobic microbes. Because of this, 
any oxygen present rapidly gets consumed. Then you either must 
re-oxygenate somehow or rely on anaerobic processes. Adding oxygen 
in sufficient quantities is difficult or impossible at many sites, and 
thus anaerobic processes are desirable. 

Our theme in this issue is treatability testing, can you 
explain how these studies are important for your research?  
EE. Treatability studies are particularly useful at 1) determining 
if microbes capable of degrading your compounds of interest are 
present in samples from the site and thus likely active at the site 
and  2) for comparing relative impacts of aerobic or anaerobic condi-
tions and amendments of different kinds on degradation rates and 
extent. A microcosm enables a closed mass balance, and thus a better 
handle on the processes within. And when you do have activity in a 
microcosm, it is the perfect start for a subsequent enrichment 
process. Eventually a stable enrichment culture is obtained for further 
in-depth study. 

You were recently awarded the Killam Prize for your work 
in bioremediation of chlorinated solvents, do you see 
potential for bioaugmentation of BTEX as it is used 
currently for PCE and TCE?  
EE. I have been working on anaerobic BTEX degradation, for 30 years. 
This process is reliable and very effective, particularly for toluene and 
xylenes and the process is comparable in rate to TCE dechlorination. 
However, benzene is a different story. While there is plenty of energy 
in the benzene molecule to fuel anaerobic microbial degradation, you 
have to break the aromatic and symmetrical structure of benzene to 
unlock and breakdown the molecule. As a result, benzene biodegradation 
in the absence of oxygen is very much slower than toluene. And this 
is a major drag, because benzene is way more toxic. However, I am 
confident that once we understand how microbes do this, that we will 
be able to speed up the reaction, or at least create the conditions to 
promote the reaction consistently in situ. 

Elizabeth Edwards is a Professor in the 
Department of Chemical Engineering 
and Applied Chemistry at the University 
of Toronto. Dr. Edwards is internationally 
known for her work on anaerobic biore-
mediation and is currently co-investigator 
with SiREM on a Genome Canada project 
focusing on the application of anaerobic 
BTEX degradation pathways. 

On May 17, 2018, Elizabeth Edwards will be our featured Webinar 
speaker, presenting on the topic of “30 years of Anaerobic Benzene 
Biodegradation - where are we now?”

To register click here  

http://www.siremlab.com/webinar-series-next-webinar-may-17-2018-1200-pm-100-pm-eastern/


Overall the study indicated that biostimulation with nitrate was ef-
fective at enhancing biodegradation of all BTEX compounds and bio-
augmentation with DGG-1 accelerated benzene degradation. These 
results illuminate a path forward for in situ remediation at the site.    
The extensive treatability testing under the research project continues 
to contribute to a greater understanding of the potential challenges 
and optimal conditions associated with anaerobic BTEX degradation 
including expected degradation rates, the range of geochemistry under 
which the process is viable, the ability to degrade mixtures, the most 
effective use of amendments and the need for bioaugmentation. Sandra 
Dworatzek, who manages treatability services at SiREM and is the 
user GAPP project lead says …. 

“The opportunity to participate in such an extensive 
program of treatability testing for petroleum 

hydrocarbons has helped to further our understanding 
of anaerobic  BTEX degradation and is laying a solid 

foundation for upcoming field pilot tests.” 

The ability to optimize anaerobic BTEX pathways will be a big step 
forward in our ability to cost effectively deal with hydrocarbon plumes 
which are as common as gas stations. Treatability testing is leading 
the way to field pilots and full-scale remediation efforts in the near 
future. 

Nancy Bawa (University of Toronto) has performed many BTEX 
treatability studies - Nancy is pictured using one of SiREM’s glove bags 
to sample microcosms while maintaining anaerobic conditions. 

Impact of bioaugmentation with the 
benzene degrading culture DGG-1: 
Unamended aquifer materials were 
non-detect for benzene degrader ORM-2 
(bottom left) and benzene degradation 
was not observed for ~ 200 days (top 
left). Bioaugmentation with the DGG-1 
culture introduced ORM-2 (blue bars 
bottom right) inducing complete benzene 
removal in ~ 60 days (top right). Benzene 
was respiked at 3 time points and was 
subsequently degraded.

* This research is supported under a Genomic Applications Partnership Program (GAPP) grant funded by Genome Canada, 
Ontario Genomics, Ontario Ministry of Research and Innovation, Mitacs, Federated Cooperatives Limited and SiREM.

Funding for this project provided in part by:
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For more information on Treatability Studies and the Anaerobic BTEX Project contact Sandra Dworatzek 
(sdworatzek@siremlab.com) or call 519-515-0839.
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Laboratory treatability studies are commonly performed to evaluate 
and optimize remedial options prior to field implementation for 
a wide variety of contaminants including chlorinated solvents, 
semi-volatile organic compounds, petroleum hydrocarbons, 
metals and emerging contaminants. These studies are commonly 
performed in batch microcosms or continuous flow columns. 
Column studies performed by SiREM offer the advantages of 
simulating groundwater movement through aquifer media or a 
permeable reactive barrier (PRB). Column studies are ideal for 
understanding the impact of groundwater flow on distribution 
of contaminants and amendments as well as the impact of 
geochemical gradients, for example redox, which can vary along 
the flow path. These factors can often have significant impacts on 
remediation processes and success.

Column studies are used to evaluate technical 
approaches including:

• Bioremediation processes 
• Zero-valent iron (ZVI) PRB’s  
• Surfactant flushing 
• In situ chemical oxidation 
• Combined technologies  

Column studies are used to determine design 
parameters such as:

• Product Selection/Dosing: Compare amendments for 
optimal performance/lowest cost 

• Degradation Rates: To assist with predictions of field 
performance/clean-up times

• PRB Design Thickness: Determined using the residence 
time required for treatment and the expected groundwater 
flow velocity 

• Treatment Longevity: To assess site-specific potential for 
passivation and fouling of ZVI or other amendments 

• Metals Immobilization: Assess stability of precipitated 
metal complexes under changing conditions     

• Amendment Sequencing: To simulate effectiveness of 
sequential applications (e.g., ISCO/Bio - aerobic /anaerobic)        

SiREM’s technical experts are veterans in the design and operation 
of column studies, providing high quality reporting and scientifically 
grounded analysis to maximize the utility and interpretability of data.  

Technology Spotlight | Column Studies 
Performance Assessment Under Flowing Conditions 

Schematic of SiREM 
system used in flow 
through column studies

SiREM Lab Technician Alicia Quintanilla is pictured sampling ZVI 
columns used to compare the effectiveness of different ZVI products and 
determine design parameters for a ZVI PRB.

For more information on how column studies can be used to optimize remediation design parameters prior to field 
implementation contact Jeff Roberts (jroberts@siremlab.com) or call 519-515-0840.

 



On 13 January 2018, SiREM took part in Geosyntec Canada’s 20th Anniversary 
event at THEMUSEUM in Kitchener, Ontario. The celebratory get together was 
masquerade themed and SiREM staff enjoyed dressing up for the event and 
dancing the night away.

SiREM FOCUS  
Masquerade Party! SiREM Receives Industry 

Partner Award from 
Conestoga College

On 5 April 2018, Jeff 
Roberts accepted an 
Industry Partner Award 
on behalf of SiREM 
for their contributions 
working with students 
in the Life Science 
Research Project course 
at Conestoga College. Jeff 
hosted students from the 
Biotechnology Technician 
Program who had elected 
to research SiREM, giving 

them an opportunity to ask questions about the business 
and tour the SiREM lab. The culminating project was a 
prepared report and presentation to fellow classmates 
and faculty.

Conferences 
Battelle – 11th International Conference on the Remediation of 
Chlorinated and Recalcitrant Compounds, Palm Springs, California, 
8 – 12 April 2018 
SiREM was once again pleased to be an active participant at the Battelle Conference 
on the Remediation of Chlorinated and Recalcitrant Compounds. Sandra Dworatzek 
presented, “Flying below the radar: What are those other microbes doing?” during 
the Biological Remedies session which she co-chaired. SiREM also co-authored 
presentations on 1,4-dioxane, aerobic degradation of cDCE and vinyl chloride and 
presented posters on benzene degradation under anaerobic conditions, the effects 
of dissolved organic carbon on performance of ZVI-based remediation, and an 
assessment of implementation strategies for EISB. 

In addition to our exhibit hall booth, SiREM also held a client reception and social 
event on April 10th that featured a selection of fine California wines and spirited 
conversations. Thank you to all who attended. We look forward to seeing our valued 
customers and colleagues at the conference in spring 2020!       

NICOLE Workshop, 20-22 June 2018, Frankfurt, Germany
Phil Dennis (SiREM) is co-authoring a presentation “Enhanced Bioremediation of 
DNAPL Source Zones: Evolving Understanding and Increasing Capabilities” at the 
Network for Industrially Coordinated Sustainable Land Management in Europe (NICOLE). 

ASM Microbe 2018
Sandra Dworatzek (SiREM) is an invited speaker to the 2018 annual meeting of the 
American Society of Microbiologists in Atlanta and will present “Nature’s Cleaning 
Crew” that focuses on beneficial microorganisms and their role in bioremediation in 
the “Bugs at Work Session” on 11 June 2018. 
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SiREM is Co-Sponsoring New England Short Courses on 
Chlorinated Compound Bioremediation and Monitoring 
SiREM is co-hosting Short Courses in collaboration with Tersus 
Environmental and Pace Energy Services that will focus on leading 
edge technologies for bioremediation of chlorinated compounds. 
The courses will be held in Hartford (Rocky Hill) CT (May 8th), Boston 
(Woburn) Massachusetts (May 10th) and Providence Rhode Island 
on July 26th. Phil Dennis (SiREM) will present “Bioaugmentation - 
It’s not just for TCE Anymore” and “How Treatability and Molecular 
Testing Saves Time, Money and Heartburn”. 

For more information or to register please visit  
http://www.remediationseminar.com/

Rita Schofield is a senior laboratory technician who has been a part of SiREM since 2003.  Rita graduated 
from the Nova Scotia Agricultural College (now known as the Dalhousie Agricultural Campus) in 1983 as a 
biology laboratory technologist and early in her career, worked as an assistant to a Professor conducting 
heart research in the Pharmacology Department, at Dalhousie University.  

Since joining SiREM, Rita has applied her skills in many roles including bioremediation and chemical reduction 
batch and column treatability studies and conducting analytical testing and reporting.  She also assists 
with culture growth and maintenance, SiREMNATM testing and helping with method development for new 
and innovative studies. Rita also plays a vital role ensuring day to day operations in the lab run smoothly by 
dealing with lab maintenance, keeping an eye on inventory levels, and making sure key tasks are performed 
in a safe and timely manner. She treats the lab staff like family and enjoys the closeness they share.

“I look at the lab as my home away from home”
SiREM Senior Laboratory Technician, Rita Schofield

Away from SiREM, family comes first for Rita, and helping her kids is important.  Her eldest son, Greg, was recently married, and the family is spending 
a lot of time helping to renovate his new home.  Originating from Nova Scotia, Rita and her family travel back to visit a few times a year.  With her eye 
on the future, Rita and her husband have purchased land ‘back home’ in Nova Scotia with plans to eventually retire there.  

Employee Spotlight  | Rita Schofield
Senior Laboratory Technician

http://www.remediationseminar.com

