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Site remediation of contaminated groundwater, soil and sediment 
has been a key focus for SiREM for almost two decades. While 
our commitment to site remediation continues, SiREM is excited 
to announce the addition of wastewater and process engineering 
treatability testing services at our new location in Knoxville, TN. 

Wastewater and Process Engineering Treatability studies are 
used to evaluate and optimize reactors for biological and physical 
parameters, amendment effectiveness, system design and process 
improvements. These custom studies can include product 
performance analysis, process evaluation, engineering design 

and support, technology compatibility and proof-of-concept assessment. A wide range of technologies 
and media are routinely tested for treatment of metals, organics, inorganics, total and dissolved 
solids, chemical and biological oxygen demand, leachate, pH, odor, color and toxicity. 

Bench-scale testing minimizes risks associated with large or full-scale technology implementation 
and provides the opportunity to evaluate project or site-specific variables. The upfront costs to 
inform a final design and build stakeholder confidence reduces the risk of a design mistake or 
delivery of an unoptimized solution. The cost and time needed for corrective action and rework at 
the full-scale application stage can greatly exceed the resources required for a laboratory study. 
As we say, to play safe in the field, do it in the lab first! 

Sincerely, Your Partner in Remediation (and Wastewater and Process Engineering) 
Success, SiREM    

Issue Focus: Wastewater and Process Engineering 
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Remediation Treatability Testing: Customized microcosm and 
column studies to evaluate and optimize site-specific remediation per-
formance variables for chlorinated solvents, petroleum hydrocarbons, 
PAHs, metals, energetics and explosives and other contaminant 
classes in soil, groundwater and sediment. 

Passive Samplers: Comprehensive passive sampling services for 
hydrophobic organic contaminants, such as PAHs, PCBs, Dioxins & 
Furans, and organochlorine pesticides (SP3TM) and water-soluble 
compounds (SPeeperTM) in pore water (sediment and soil) surface 
water and stormwater and VOCs in air (Waterloo Membrane Sampler; 
WMSTM).

Specialized Analytical Testing: Analytical services to monitor reme-
diation processes and progress, including dissolved hydrocarbon 
gases, volatile fatty acids, anions and compound specific isotope 
analysis (CSIA). SiREMNATM provides a testing suite to evaluate natural 
attenuation remedies for organic and inorganic compounds. 

SiREM also offers specialized testing for custom applications such as 
in situ stabilization formulations, leaching tests, sorption isotherms 
and column tests, dissolved metal treatment, microscopy and related 
microbiology associated with biofouling and microbial community 
analysis for a variety of environmental applications.

To find out more about how SiREM can help with your project needs, 
contact SiREM’s Customer Service Coordinator Brent Pautler 
(bpautler@siremlab.com).

We are excited to announce that SiREM has added a new laboratory 
location in Knoxville, Tennessee, which in partnership with our Guelph, 
Ontario facility, provides additional resources to support our U.S., 
Canadian and international customers. The addition of the Knoxville 
location increases our portfolio of leading-edge environmental reme-
diation solutions and brings on board new highly skilled practitioners 
to our team!

Our Expanded Suite of Products and Services 
Wastewater and Process Engineering Treatability Testing: Client- 
and process-specific wastewater treatment and process optimization, 
including flocculation, settling, filtration, bioreactor performance, pH 
adjustments and other evaluations that address how well industrial 
treatment processes perform, what issues may cause upsets and 
how to correct them. 

Bioaugmentation Cultures: KB-1® and KB-1® Plus cultures for chlori-
nated solvents. DGG-BTM culture for anaerobic bioremediation of ben-
zene. 1,4-dioxane culture for aerobic bioremediation of 1,4-dioxane. 
Other cultures for emerging contaminants are available for treatability 
testing and custom scale-up.  

Gene-Trac® Molecular Testing: Over 40 different Gene-Trac® tests 
available to quantify key microorganisms, functional genes and 
microbial community composition for assessment of bioremediation 
and wastewater system performance. 

Duane Graves and Jacques Smith visited SiREM Guelph in early March 
to discuss strategy and they provided the team with University of 
Tennessee Volunteers hats. Go Vols!

The signs are up in Knoxville! 

SiREM is Expanding to Serve 
you Even Better!

mailto:bpautler%40siremlab.com?subject=


environmental challenges seems greater than ever. Despite the 
temporary economic disruption of the COVID-19 pandemic, which will 
pass, now is a good time for budding scientists and engineers to give 
serious consideration to a career in the environmental field, research, 
and related industries.

Can you describe the importance of doing treatability 
testing before designing full-scale systems for process 
engineering and wastewater?
D.G. I’m not much of a gambler. I would almost always spend a little 
upfront to inform a final design and build confidence in a process. 
Without treatability data, the risk of making a design mistake or 
delivering an unoptimized solution increases. When that happens, 
the cost and time needed for corrective actions and rework can 
greatly exceed the resources required for an informative treatability 
study that could have prevented costly performance problems.

Is there a moment in your career that you are particularly 
proud of? 
D.G. There is no specific moment. I’ve been blessed to have a very 
stimulating career, but I’m most proud of the people I’ve worked 
with, and maybe helped a little along their career paths. I’m always 
thrilled to see young people I’ve known, and in some cases hired, 
build their own personal reputations as high-achieving, dependable 
professionals. This transcends just the workplace. I have taught small 
children for many years. The reward of seeing them grow into self-
reliant, productive, caring professionals gives me great pleasure. 

Could you describe one of the most challenging projects 
you have worked on and how you were able to rise to 
the challenge?
D.G. The most intense project I have worked on has to be the Anthrax 
bioterrorism event of 2001. The level of anxiety in the people involved 
was greater than anything I have ever experienced. However, the 
most challenging project occurred a few years ago with a United 
Nations funded cleanup of a methamphetamine super lab in the 
middle of Cambodia. This one required international diplomacy, 
cultural sensitivity, dealing with a serious language barrier, and a 
complex, exothermic, acid gas producing chemical reaction that had 
to be conducted in open top fiberglass water tanks under anhydrous 
conditions with only hoes and shovels to mix the reaction reagents. 
My wife often recounts the story of my first call home when she 
asked how the project was going and my honest response was that 
at least no one had died yet. Thankfully, no one did, and the work 
was successfully completed. I’ll be forever grateful to two colleagues 
who were instrumental in accomplishing the project goals and the 
charming Cambodians I met along the way.

What do you enjoy doing outside of work hours?
D.G. I take a holistic view of life and I’ve been very blessed to be able 
to do things I enjoy and that are fun and stimulating at work (for the 
most part) and away from work. This often leads to a blurred interface 
between work and non-work. The things I do outside the office or lab 
frequently come back around to add value and insight to the day job. 
So, what do I enjoy when not working? Here is a partial list: I’m a 
woodworker (I enjoy making wood archery bows among other things), 
blacksmith, and gardener. I keep a small flock of chickens. I own a 
nice beagle. I teach small children, which really helps when it’s time 
to explain technical details to non-technical folks. I love road biking, 
fishing and just being outside. But my favorite non-work “job” is being 
“Pawpaw” to seven grandchildren, each different and delightful.

What do you look forward to most in your new role as US 
Operations Manager of SiREM
D.G. Transitioning to SiREM is easy because I get to work with 
people who are already my friends. I fully expect this to be a fun new 
adventure in solving environmental problems with an even greater 
opportunity to apply innovative thinking that is already a hallmark of 
SiREM’s reputation in the industry.

Could you describe your leadership style and how you 
plan to implement it into the SiREM US Operations? 
D.G. I have a keep-it-simple philosophy on leadership that is rooted 
in my childhood. First and foremost is a piece of Biblical wisdom 
from Jesus: “Treat others the way you want to be treated.” Related 
to that concept is to never ask anyone to do anything that I would not 
be willing to do and could not do safely. Finally, I holdfast a nugget 
of wisdom from my father who was part of the World War II D-Day 
invasion at Omaha Beach: Expect more from people than they think 
they can achieve and we’ll often both be happily surprised by the 
outcome.

When did you first become interested in the 
environmental field and what was it that inspired you 
the most? 
D.G. Honestly, my entry into the environmental field was serendipitous. 
My post-doctoral research appointment in biophysics was coming to an 
end and an opportunity arose to work in a bioremediation treatability 
lab operated by a large environmental consulting firm. The work 
seemed interesting, I needed a job, my skills aligned reasonably well 
with what that company needed, and for over 30 years I’ve continued 
to build a career in environmental microbiology and chemistry.

Given the current state of flux in politics, climate, 
technologies etc. do you have any predictions on how 
the environmental field might be impacted in the 
coming years? 
D.G. When I first started in the environmental field, an older 
practitioner asked me what my 5-year career plan was since all the 
contaminated sites would be cleaned up by then. That was over 30 
years ago and the end is nowhere in sight. In fact, and maybe because 
I have several years of perspective, the complexity and diversity of 

Duane is the new US Operations Man-
ager at SiREM with over 30 years of 
experience focused on environmen-
tal biotechnology; environmental fo-
rensics; in situ groundwater, soil and 
sediment remediation; evaluation 
of airborne biological contaminants; 
and remediation of groundwater. His 
practice at SiREM specializes in (i) 
the development, selection, feasibility 
evaluation, design and deployment of 

remedial solutions of hazardous and mixed-waste treatability for 
complex process engineering and wastewater; (ii) biogeochem-
ical evaluations related to metals attenuation, and (iii) investi-
gation and mitigation of biological agents. Duane also provides 
expert opinions and testimony to support litigation regarding en-
vironmental chemistry, remediation, and microbiology associated 
with the transport and fate of organic, organochlorine, and inor-
ganic chemicals and metals in sediment, soil, and groundwater; 
environmental forensics; liability allocation; remediation; and en-
vironmental technology issues.

A Conversation with Duane Graves, Ph.D.
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Results
The study indicated that the SOB consortium preferred warm tem-
peratures and slightly acidic pH with optimal growth in the reactors at 
30°C and pH 6. Bacterial growth was absent at 1 mg/L dissolved oxy-
gen (DO), whereas at 3 mg/L DO, growth compared well to fully aerated 
conditions. These findings help define the optimized operating condi-
tions required for the full-scale system.  

Flue gas desulfurization (FGD) systems mitigate sulfur oxide emis-
sions from the combustion of high-sulfur fossil fuels, reducing acid 
precipitation and associated environmental and health impacts. FGD 
commonly uses lime-based slurries to precipitate sulfur dioxide (SO2) 
as calcium salts including hannebachite (CaSO3•0.5H2O) or gypsum 
(CaSO4•2H2O) depending on oxygen (O2) availability. Under excess 
O2 conditions FGD produces gypsum, a marketable commodity, but 
under O2 deficient conditions, hannebachite is formed, which is land-
filled as it has no commercial value. Although it is possible to convert 
hannebachite into gypsum using chemical oxidation, the methods 
are often expensive, hazardous and use strong oxidants and acids. 
An alternative approach is exploiting the biogeochemical oxidation 
of sulfite to sulfate by sulfur-oxidizing bacteria (SOB) which derive en-
ergy in the process.  

The flue gas desulfurization byproduct hannebachite
is a waste. The biogeochemical oxidation of
hannebachite by sulfur-oxidizing bacteria

produces gypsum, a useful product.

Lab Study to Optimize Gypsum Production
To optimize gypsum production from hannebachite a lab study was 
performed where a natural consortium of SOB was tested in different 
bioreactor configurations.1    

Three reactor designs were used to maintain the SOB and evaluate 
control parameters. A “seed reactor” provided a source of SOB bio-
mass. Stirred slurry reactors allowed for larger scale process test-
ing of biomass loading and recycling, temperature, nutrient require-
ments and pH impacts. Additionally, a CO2-free slurry reactor was 
used to encourage the SOB to consume limestone derived carbonate 
by limiting the availability of  atmospheric CO2. Additional analyses 
included Identification of SOB using next generation sequencing (e.g., 
Gene-Trac® NGS), and thermogravimetric analysis to determine the 
relative production of hannebachite and gypsum. 

Biogeochemical Oxidation of a Flue Gas Desulfurization Byproduct: 
Turning Waste into a Marketable Resource
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Process Bench-Scale Optimization Design for FGD byproduct treatment.   

Plots that highlight the influence of pH on the SOB consortium growth 
(left) and oxygen requirement (right).1

Typical progression of gypsum formation in study slurry reactors.1   

The conversion of hannebachite to gypsum was 
successful in each of the reactor designs. In the 
CO2-free and stirred slurry reactors, the conver-
sion took between 10 and 21 days to increase 
the gypsum content from approximately 50% to 
greater than 80%, translating to an average con-
version rate of 2.1% per day. The rate remained 
constant regardless of whether the reactors 
operated with mechanical mixing or air lift or at 
ambient temperature or 30°C. Overall, a well 
optimized bioreactor produced a final product 
containing up to 96% gypsum in 10 days. NGS 
revealed that the SOB consortium contained a 
variety of bacterial genera including both SOB 
and sulfate-reducing bacteria (SRB) with Halo-
thiobacillus, Thiovirga and Thiomonas being the 
dominant sulfur-oxidizers. 

In a well optimized bioreactor, sulfur-oxidizing bacteria produced a final product containing up 
to 96% gypsum, a level of enrichment exceeding the minimum specification for gypsum used 

in commercial applications.



SiREM now offers customizable bench-scale evaulation studies for 
waste treatment technologies for the removal of a contaminants 
from leachate or wastewater systems by providing:

• Evaulation studies to investigate contaminant removal 
technology alternatives; 

• Column testing  to evaluate adsorption and precipitation 
procesesses; and

• Product/process perfomance optimization. 

Optimization of treatment technologies is critical to achieve accept-
able leacheate treatment prior to discharge to municipal wasterwater 
treatment plants.

SiREM routinely designs and implements
bench-scale tests to evaluate a wide range of 

technologies to optimize contaminant removal
from industrial waste streams

Case Study: Optimizing Removal of Arsenic from 
Leachate
The design and implementation of a bench-scale test to evalute and 
optimize the removal of arsenic from landfill leachate was carried out 
through precipitation and co-precipitation of arsenic with iron. Pre-
liminary testing was conducted to assess arsenic removal from site 
wastewater by adsorption to direct reduced iron (DRI) “sponge iron” 
fines with the overall objectives of:

1. Evaluating of the potential of DRI to remove arsenic  from 
leachate;

2. Estimating the specifc arsenic binding capacity of DRI; and  

3. Observing the performance of DRI in a small-scale system 
including reactivity, flow/back pressure, effluent pH, potential 
for arsenic leaching and the toxicity profile of the DRI after 
exposure to arsenic containing leachate. 

Once the preliminary testing demonstrated that DRI could remove 
arsenic from landfill leachate, a follow-on study was implemented to 

evaluate oxidation followed by DRI co-precipitation. Sodium hypochlo-
rite was the chosen oxidant and testing variables included retention 
time, pH, iron dose, oxidant demand and arsenic removal efficiency. 
Ultimately, combined oxidation and iron co-precipitation was deter-
mined to be the most effective strategy for arsenic removal in this 
landfill leachate. 

Similar studies and approaches can be applied for development of 
sustainable and reliable waste management strategies for a range of 
technologies at other sites

Technology Spotlight | Bench-Scale Studies for 
Contaminant Removal from Waste Streams

For More Information on Bench-Scale Wastewater Testing Services 
Visit: http://www.siremlab.com/wastewater-and-process-engineering-testing/
or contact Duane Graves by email at dgraves@siremlab.com. 

Bench-scale columns used to test arsenic removal alternatives for 
landfill leachate

Chlorine and peroxide treatments were evaluated to optimize arsenic 
treatment efficiencies

Implications and Conclusions
The microbial conversion of FGD byproducts to gypsum reduces costs 
and increases profits by converting material destined for the land-
fill into a valuable commodity. The SOB associated with the conver-
sion were found naturally in the FGD byproduct (hannebachite) and 
have potential for industrial-scale applications provided biomass is 
monitored and adequate dissolved oxygen is provided for growth. Al-
though the SOB community composition varied between reactors the 
overall conversion performance was consistent. The large diversity 
and functionality of SOB consortiums may allow other FGD treatment 
applications, such as elemental sulfur recovery by bioelectrochemi-
cal systems.2 Overall, these results suggested that SOB bacterial con-

sortiums are not only a viable remedial alternative for sulfur remedia-
tion but can recover valuable commodities in the process.      

For more Information on Wastewater and Process Engineering Treatability 
Studies Visit: http://www.siremlab.com/wastewater-and-process-en-
gineering-testing/ or contact Duane Graves at dgraves@siremlab.com.  
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Guelph SiREM Staff Support the University 
of Tennessee Volunteers! 
Our new SiREM staff from Knoxville, Tennessee visited Guelph in 
March and brought presents for SiREM lab staff to support the 
“true U of T”, bright orange University of Tennessee Volunteers hats. 
Welcome to the SiREM Team, GO VOLS!

KB-1®  Cultures Continue to Ship Around the 
World
During these challenging times of social distancing and business 
closures, SiREM was able remain active as an essential business, 
ship our bioaugmentation cultures around the world and help 
our clients achieve their site remediation goals. Thank you to the 
outstanding efforts of our culture growth team and all our clients for 
continuing to choose KB-1® and KB-1® Primer for your chlorinated 
solvent contaminated sites.  

SiREM FOCUS 
News and Events

Bioaugmentation Culture Offerings Now Include BTEX DGG-

BTM is an anaerobic benzene degrading culture shown to be effective in increasing the 
number of key benzene degrading organisms under methanogenic or sulfate reducing 
conditions. It has been demonstrated in numerous treatability studies to promote 

the degradation of benzene under anaerobic conditions when absent previously.  Field pilot testing of this culture 
is currently underway with concurrent treatability studies being used to help monitor and understand the in-situ 
conditions associated with enhanced bioremediation of BTEX compounds.

Although benzene is a key regulatory driver at contaminated sites, in some cases, other gasoline components such as 
toluene or xylene, are co-contaminants with benzene. 

SiREM’s two new cultures DGG-TTM and DGG-XTM for toluene and xylenes, respectively are being tested in treatability 
studies with preliminary results showing the beneficial effect of bioaugmentation in combination with DGG-BTM for 
BTX sites. These cultures are currently available for bench-scale testing and are being scaled up for field pilot testing.   
SiREM is also in pre-commercial development of an ethyl benzene degrading culture (DGG-ETM), which is available for 
bench-scale testing.

For more information on DGG-BTM click here.

KB-1® Culture Used to Understand Bioenhanced Back Diffusion in TCE 
Plume
In a recent study published in Chemosphere, KB-1® was used to study TCE mass flux from 
low-permeability media. Overall, bioenhancement was most pronounced near materials of 
contrasting permeability, with KB-1® able to penetrate low-permeability media and overall 

distribution influenced by electron acceptors. Access the article here.

Hnatko, J.P., et al., 2020. Bioenhanced back diffusion and population dynamics of Dehalococcoides mccartyi strains 
in heterogeneous porous media. Chemosphere. 254: 126842. 

®

http://www.siremlab.com/kb-1-kb-1-plus/
https://www.sciencedirect.com/science/article/abs/pii/S0045653520310353


SiREM, Tersus Environmental, Directed Technologies Drilling and PACE Analytical co-hosted a two-part 
Virtual Remediation Short Course on the afternoons of Apr. 28 and Apr. 29. The first event included 
presentations from Phil Dennis on bioaugmentation of chlorinated solvents and featured a keynote 
lecturer from Prof. Elizabeth Edwards (University of Toronto) on the genomics of chlorinated solvent 
biodegradation. Part 2 featured Prof. David L. Freedman (Clemson University) as the keynote lecturer 
and he spoke on the use of 14C assays for the determination of rate constants for the degradation of 
chlorinated ethenes and 1,4-dioxane. For more information on Remediation Short Courses, please 
visit https://www.remediationseminar.com/

Short Courses
Conferences/Outreach

SiREM Webinar Series: Unravelling Sources and in situ Processes of Contaminant Remediation 
Using Multi-element CSIA
In our webinar held on 9-April-2020 at 12 PM EDT, Prof. Barbara Sherwood Lollar and Elizabeth 
Phillips (Department of Earth Sciences, University of Toronto) presented on applications of multi-
element compound specific isotope analysis (CSIA) for contaminant remediation. Sandra Dworatzek 
followed this presentation with SiREM’s CSIA offerings and how these applications have been applied 
to help customers achieve their remedial goals. To view a recording of the webinar, click here.

SiREM Webinar Series: Catalytic DNA and Nanoparticles for Environmental Sensing and 
Remediation
In our webinar held on 7-May-2020 at 12 PM EDT, Prof. Juewen Liu (Department of Chemistry, 
University of Waterloo) presented on how nanoparticles can be used as sensors for a variety of 
targets important for site remediation. Phil Dennis followed this presentation with information on the 
ongoing research  SiREM is conducting on novel remediation technologies. To view a recording of the 
webinar, click here.

SiREM Webinar Series: SiREM is Expanding to Serve you Event Better!
In our webinar held on 11-June-2020 at 12 PM EDT, we announced the SiREM expansion to Knoxville, 
TN. Dr. Duane Graves (US Operations Manager) and Jacques Smith (US Laboratory Manager) were 
introduced and presented on their expertise and what they will bring to the SiREM team. Jeff Roberts 
(Operations Manager) discussed the new offerings and how we will continue to provide our customers 
with the best customer support possible. To view a recording of the webinar, click here.

SiREM Passive Sampling Technologies to be Featured in Eurofins Environment Testing America 
Webinar
In the upcoming Ask the Experts webinar series on 23-June-20 Michael Healey and Brent Pautler 
along with Patricia McIsaac (Product Manager, Eurofins Environmental Testing America) will discuss 
the use of SiREM’s passive samplers (SP3TM and SPeepersTM) for sediment site investigation and 
decision making. Updates to diverless deployment methods for samplers will be demonstrated 
including several case studies on the advantages of passive sampling along with new technology 
updates. Click here for more information and to register for the webinar. 

Webinars

Staying Connected

SiREM Coffee Breaks go Virtual
During the COVID-19 pandemic, SiREM staff wanted to remain connected as 
employees began working from home as well as being separated by different 
shifts in the lab. Weekly Zoom “Virtual Coffee Breaks” allowed everyone to 
connect, share stories and a laugh with one another. Staff were often joined 
by special guests and potential future employees!  

https://www.remediationseminar.com/. 
https://register.gotowebinar.com/register/1900159907648997901
https://register.gotowebinar.com/register/1422854214379112204
https://register.gotowebinar.com/register/5873357326511484942
https://testamericainc.com/services-we-offer/webinars/upcoming-webinars/passive-samplers-for-sediment-water-for-pcbs-oc-pesticides-metals-and-other-inorganic-analytes/


sp
ri

n
g

/s
u

m
m

er
 2

0
2

0
R

em
ed

ia
ti

on
 P

a
th

w
a

ys

Jacques began his environmental remediation career shortly after immigrating to the US to assist 
with microbiological characterization of sulfur oxidizing bacteria. He currently manages the SiREM 
US laboratory where he is actively involved in treatability studies and Gene-Trac® testing. 

‘I am happy to join SiREM during this exciting time and look forward to the new 
opportunities to serve our customers.’- Jacques Smith, US Laboratory Manager 

Jacques earned his Ph.D. in molecular biotechnology from the University of the Western Cape, 
South Africa with focus on metagenomic gene mining to isolate cold-active lipase from Antarctic 
Dry Valley soil samples. This was followed by a Postdoctoral Fellowship at Stellenbosch University, 
South Africa where he assisted in technology transfer from the University of Groningen, The 
Netherlands to use yeast expression platforms for sub-unit vaccine production targeted against 
Human Papilloma Virus and Rotavirus. 

Jacques, together with his wife, spend a lot of their time doing home improvement projects or 
travelling internationally to visit family. He also enjoys sports, especially any opportunity to play 
a round of golf.                 

Employee Spotlight | Jacques Smith, Ph.D. 
US Laboratory Manager


