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In situ chemical oxidation (ISCO) is one 
of the most commonly used remediation 
approaches for soil and groundwater 
contaminated with chlorinated solvents, 
petroleum hydrocarbons, coal tar 
and emerging contaminants such as 
perfluorinated compounds. A major 
advantage of ISCO is its ability to rapidly 
enhance destruction of contaminants at 
high concentrations. Like other remediation 
technologies, proper implementation of 
ISCO requires site specific information to 
address site specific questions including: 

Are the contaminants susceptible to ISCO? Which oxidant to use? At what dose? What is the natural 
oxidant demand (NOD)? What is the longevity of the oxidant in the subsurface? Which activators to use? 
Is there potential for metals mobilization? And so on. In some cases, ISCO can be applied in combination 
with other technologies, particularly bioremediation for long term polishing and natural attenuation, but 
also electrokinetics, soil vapor extraction or with in situ stabilization, as at the Søllerød Gasworks site 
profiled in this issue. One key to effective decision making for ISCO projects is using laboratory treatability 
testing prior to field implementation. Laboratory bench-scale testing provides proof of concept and most 
importantly an opportunity to optimize amendment and dosing strategies prior to going to the field which 
can lower costs and increase peace of mind during field implementation. 

Sincerely, Your Partner in Remediation Success, SiREM  

Focus on: In Situ Chemical Oxidation

In this Issue:
• A conversion with Anh 

Pham (University of 
Waterloo) on ISCO and 
emerging contaminants 

• A profile of combined ISCO-
in situ stabilization of coal 
tar residuals at Søllerød 
Gasworks 

• Technology Focus: ISCO 
Column Studies 

• Updates on SiREM’s 
outreach, events and staff

Follow us on 
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effective means of immobilizing PFAS in situ. In addition to PFAS 
remediation, recently we have started looking at the treatment of 
PFAS in landfill leachates and biosolids, and monitoring of PFAS by 
passive sampling tools. I think our group will continue to work on 
PFAS for the foreseeable future.

Perfluorinated compounds are clearly a focus of much 
research of late by you and others, nevertheless, rela-
tively few PFAS/PFOA remediation projects seem to 
have been implemented. Are there major technological 
challenges to overcome before effective in situ remedi-
ation of these compounds becomes feasible? Or do you 
view the inertia as more regulatory, financial, logistical 
at this point?  
AP. As we all know, it is very difficult to break down PFAS because 
the C-F bonds in PFAS are extremely strong. After all, C-F is the stron-
gest bond in organic chemistry! While there are treatment technolo-
gies that can destroy C-F bonds, such as electrochemical oxidation 
or reductive defluorination by hydrated electrons, currently these 
technologies can only be used ex situ. In fact, most R&D efforts on 
PFAS treatment to date have focused on developing ex-situ treatment 
approaches. In my opinion, finding a way to make the technologies 
that are effective ex situ to work in situ will be a major technological 
challenge that we need to overcome. This is easier said than done, 
but to me this is perhaps the most logical approach since PFAS are so 
recalcitrant that I do not see there will be an easy way to destroy them 
other than using some harsh oxidation or reduction approaches.

Your research has a strong emphasis on physical and 
chemical remediation methods - is there a reason you 
have focused on these compared to say bioremediation?
AP. Physical, chemical and biological processes are all interesting, 
but my tendency to work on physical-chemical processes perhaps 
stems back to the fact that both my parents are chemists: my father 
is an organic chemist while my mother is a physical chemist. I think 
when your parents talked about chemistry all the time you did not 
have much choice rather than becoming a chemist yourself! 

Are there implications of your research beyond site 
remediation?
AP. In addition to the research on remediation, over the years our 
group has worked on a variety of topics including treatment of oil 
sands produced water, development of passive sampling tools, and 
electrochemical water treatment technologies. These projects are 
quite different in nature, but the chemical processes that occur in 
each system are governed by the same sets of fundamental chemis-
try rules and principles. In our research, we aim to gain an in-depth 
understanding of the chemical processes in each system so that we 
can manipulate them to design better treatment technologies/better 
passive sampling tools.
 
When you are not working hard at research and teaching 
at the University of Waterloo, how do you like to relax in 
your spare time? 
AP. I spend time with my family. Our daughter is 5 years old, and we 
spend most of our time on weekends driving her to music and ballet 
classes, ice skating practice sessions, and other activities. Both my 
wife and I were born and raised in Vietnam where there is no snow, 
so it has been lots of fun to watch our daughter learn how to skate!    

A Conversation with Anh Pham

What would you say is the “sweet spot” for ISCO in terms 
of the types of contaminants and scenarios where it is 
most desirable as a remediation approach? 
AP. ISCO has the potential to be an effective remediation approach 
if the target contaminant is reactive with the oxidant to be injected, 
and if the site has low natural oxidant demand (NOD) and high hy-
draulic conductivity. To me, selecting a proper oxidant is always the 
key because if the contaminant is not reactive and/or NOD is high, 
the contaminant is unlikely to be destroyed regardless of how effec-
tive the oxidant is delivered and distributed in the subsurface. This 
may sound like a cliché, but time and again we see in our research 
how important it is to assess the contaminant’s reactivity, especially 
when dealing with novel contaminants. For example, when working 
with sulfolane we learnt that this contaminant is reactive with the 
hydroxyl radical but not with the sulfate radical, which suggests that 
base-activated persulfate has the potential to be effective while ma-
trix-activated persulfate will not work. Assessing the reactivity of con-
taminants with different oxidants and the effects of NOD can be done 
relatively quickly in the lab.

Your recent work has focused on, chlorendic acid, sulfo-
lane and benzoic acid, which are perhaps less well known 
than many groundwater contaminants. How do you decide 
on which compounds to focus for your research?  
AP. Although the opportunity to study each of these contaminants 
arose under different circumstances, I remember that in all cases 
we decided to jump at the chance because we thought that these 
compounds were quite interesting and unique. In the case of chloren-
dic acid, its complex chemical structure got me excited immediately 
the minute I saw it. In the case of sulfolane, its chemical structure 
reminded me of 1,4-dioxane so I suspected that lessons learned from 
the remediation of 1,4-dioxane will be relevant to the remediation of 
sulfolane. While benzoic acid is not really a contaminant, we used it 
as a model compound to investigate how organic contaminants are 
transformed by heat-activated persulfate because benzoic acid is 
easy to work with and does not volatilize at high temperature.

Is there a remediation challenge that comes to mind 
that you see as key to your future research? 
AP. Like other researchers, I am extremely excited by the research 
on PFAS, not only because the chemistry of PFAS is really fascinat-
ing but also because there is an urgent need for effective PFAS re-
mediation technologies. Our research group has been investigating 
the adsorption of PFAS by colloidal activated carbon to determine 
if the injection of activated carbon into the subsurface can be an 

Anh Pham is an Assistant Professor in the 
Department of Civil and Environmental 
Engineering at the University of 
Waterloo. He obtained a B.S. in Chemical 
Engineering from Hanoi University of 
Technology and his M.S. and PhD in Civil 
and Environmental Engineering from 
the University of California, Berkeley. He 
currently serves on the editorial board 
of Critical Reviews in Environmental 
Science and Technology. Dr. Pham’s 
research focuses on the remediation of 

contaminated soil and groundwater, oil sands process water, and 
removal of emerging contaminants such as per- and polyfluoroalkyl 
substances (PFAS), chlorendic acid, and sulfolane. Dr. Pham 
presented his work in our 30-May-19 webinar on “Laboratory testing to 
evaluate remediation options for unique and emerging contaminants” 
a recorded version is available here.  

https://register.gotowebinar.com/recording/8256455313482195725
https://register.gotowebinar.com/recording/8256455313482195725


Combined remediation approaches often have clear benefits, plus 
potential challenges, related to synergies and interferences of the 
technologies. These challenges were surely front of mind for the 
team including the Capital Region of Denmark and consultants COWI 
and Geosyntec, tasked with remediating historical contamination at 
the Søllerød gas works site. The site, in suburban Copenhagen, was 
a manufactured gas plant from 1907-1963 and was contaminated 
with coal tar, a viscous black liquid containing hundreds of chemi-
cals including carcinogens such as benzene. The coal tar had once 
been held in a lagoon and was detected up to 15 meters below the 
surface. Almost 50 years after the site ceased operations benzene 
concentrations in groundwater exceeded 1,000 µg/L and other con-
taminants included phenols and naphthalene. The presence of a 
nearby municipal supply well further prompted the need for a rapid 
and effective remediation approach. 

In situ stabilization/solidification (ISS) involves mixing contaminated 
soils with binders, such as cement, to produce a monolithic material, 
thereby decreasing the mobility and toxicity of contaminants. While 
ISS has a demonstrated track record at hundreds of sites in the US 
alone, it does not typically destroy contaminants, which can pose an 
ongoing groundwater contamination threat. ISS used in combination 
with in situ chemical oxidation (ISCO-ISS) has emerged recently as an 
attractive alternative to deployment of ISS alone. 

Due to the nearby groundwater extraction wells, 100 meters down-
gradient at the Søllerød site, there was a need to quickly reduce the 
source flux, but also remove potential long-term sources of contami-
nation. There has been an ongoing pump and treat (P&T) installation 
at the Site since 2000, but the Capital Region wanted to remove the 
source so the P&T system could be shut down permanently. The proj-
ect team ultimately settled on testing an approach combining ISS 
with Portland/Slag Cement and ISCO with persulfate.  

Søllerød gas works in the 1950’s indicating location of former coal tar 
lagoon and Gas Holder 

Laboratory Testing of ISCO-ISS Approach 
A rigorous pre-design bench-scale test was conducted at SiREM to 
measure the performance of ISCO-ISS in soil core and groundwater 
samples collected from the Site, including the impact on primary con-
taminants, benzene and phenolic compounds, through both degrada-
tion and stabilization processes. 

The study was designed to answer specific technical questions: 

1. How much persulfate is required? 

2. What is the most efficient method to achieve alkaline per-
sulfate activation?

3. What is the optimal amendment application sequence? 

4. Are there potential interferences of persulfate chemistry 
with cement chemistry? 

5. What is the hydraulic conductivity, and strength of the re-
sulting cement and its ability to stabilize contaminants?    

The lab study included the following findings and recommendations:

• Destruction of BTEX compounds was tested at 2%, 3% and 4% 
persulfate (w/w), acceptable performance was achieved with 
both 3% and 4% persulfate treatment. 

• Portland/slag cement (an alkaline material) was acceptable for 
base activation of persulfate and addition of sodium hydroxide 
(NaOH) was not required.

• Stabilization of site soils was possible using an 8% (by dry weight 
of soil w/w) locally available Portland/slag cement. 

• LEAF leach testing indicated the reduction in leaching for ISS 
alone was > 99% for benzene and > 93% for naphthalene. All 
contaminants tested exceeded the 75% flux reduction require-
ment with combined ISCO-ISS. 

• A two-step approach, in which alkaline (NaOH) activated 
persulfate was added to the soil before cement addition, 
produced superior strength and lower permeability, however, 
a more cost-effective one-step approach with persulfate and 
cement added together produced acceptable performance 
characteristics and was recommended for the Site. 

“The lab study demonstrated ‘proof of concept’ and the 
data needed for design and implementation of ISCO-ISS 
in the field… By using cement to activate the persulfate, a 
separate step for field application was eliminated, which 
directly translated to schedule and cost savings.” 
- Chris Robb-Geosyntec Consultants 

Two Technologies are Better than One! 
Combined In Situ Stabilization & ISCO Remedy for a Coal Tar Site

Gas Holder
Former Coal Tar Lagoon 
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A total of 75 columns were installed requiring 266 (metric) tons of 
cement, 104 tons of persulfate and treating a total soil volume of 
1,865 m3 (surface area of 200 m2). 

The results indicated the hydraulic conductivity of the soil 
cement columns met the project requirements of less than 1 
x10-7cm/s, indicating low permeability, and that most samples 
met the unconfined compressive strength (UCS) criteria (0.15 to 
0.35 MPa), with 6 of 36 samples requiring further curing prior to 
exceeding UCS criteria. These data suggest the columns will have 
long-term subsurface durability. Contaminant destruction in the 
field mirrored the lab study, with virtually complete destruction 
of benzene by ISCO and an estimated 50-100 kg of benzene 
destroyed. Naphthalene and phenols exhibited 80-85% and 
99% percent mass reductions, respectively. The overall goal 
from the ISCO-ISS system is exceeding 75% reductions in mass 
flux compared to pre ISCO-ISS values. A groundwater monitoring 
program is currently underway to assess mass flux reductions.  
 
“The project has been very successful and is expected to 
have fully achieved the success criterion with a reduction of 
the pollution flux at the same time as a good strength and 
low hydraulic conductivity of the soil after soil mixing.”

- Torben Højbjerg Jørgensen, COWI

After installation of the columns, a membrane was installed to 
limit surface water infiltration which is discharged to a nearby 
stream. The site is in the planning stages for redevelopment, with 
an elder care facility as one potential option. 

 

The remediation of coal tar residuals at Søllerød illustrates the 
power of combined technologies, but also how laboratory treatability 
studies can lay a technical foundation and reassure stakeholders 
that innovative approaches have a high probability of success. 
At Søllerød a relatively small upfront investment in a treatability 
study verified and optimized the implementation strategy and pro-
vided peace of mind throughout the remediation process.  

References
Durant, Neal. 2019. Full-Scale Remediation of a Coal Tar Source Area 
Using Combined ISCO + ISS at the Former Søllerød Gaswork Site in 
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Temadag%201%20-%20Soil%20Mixing/Lars%20Nissen.pdf

Field Implementation of ISCO-ISS at Søllerød

Armed with lab data, the project team moved to field pilot testing 
and full-scale implementation in the summer of 2018. This was 
the first time this approach had been applied in Denmark and 
there were logistical challenges related to nearby residences as 
well as complex geology including highly plastic clay and peat 
soils. 

Like the lab tests, but much larger, the field installation created 
cylindrical soil -concrete columns. The columns were produced 
using a 2-meter (m) diameter auger, and temporary metal casing, 
to a depth of up to 5 m. After removal of 3-5 m of peat, the 
remaining soils were mixed with 8% slag cement combined with 
2.5-3% persulfate (Klozur® SP and Klozur® KP, PeroxyChem). 

Curing Portland cement combined with persulfate in molds which were 
used for leach tests and permeability and strength testing. Chris Robb-
Geosyntec (Front) and Michael Healey 

Søllerød Site in 2018–Wood chips are all that is visible above the 
installed membrane and 75 ISCO-ISS cement cylinders 

A 70 metric ton drill rig with an auger and casings was used to install 75, 
2- meter diameter, 8% slag cement and 2.5-3% persulfate columns for 
ISCO-ISS   

ISCO
Control

3

http://www.atv-jord-grundvand.dk/Afholdte_moeder/Vintermoede2019/Temadag%201%20-%20Soil%20Mixing/Lars%20Nissen.pdf
http://www.atv-jord-grundvand.dk/Afholdte_moeder/Vintermoede2019/Temadag%201%20-%20Soil%20Mixing/Lars%20Nissen.pdf


SiREM offers a variety of ISCO focused treatability tests and 
procedures used for oxidants including permanganate, hydrogen 
peroxide, percarbonate and persulfate. ISCO column studies 
mimic the dynamic nature of flowing aquifer systems; providing 
a more realistic simulation of in situ remediation conditions than 
batch systems.  

Column studies are a state-of-the-art approach for 
understanding and optimizing ISCO processes in 

the laboratory prior to field implementation  
 
Column studies use native soil, or other media (e.g., sand), with 
groundwater pumped through it at a constant rate over several days 
to weeks. As flowing systems, columns effectively model dynamic 
processes such as oxidant transport, oxidant demand, persulfate 
activation developing and contaminant degradation. Column studies 
can also be used for ISCO permeable reactive barriers (PRB) design 
parameters, including oxidant longevity, required thickness and 
performance life. 
 
ISCO Column Case Study: 
A recent treatability study, for a confidential site with phenolic 
compounds contamination in groundwater, used pre-column batch 
microcosm testing to: 

1. Determine buffering capacity of aquifer materials to quantify 
base requirements for alkaline activation of persulfate. 

2. Screen the effectiveness of two oxidants, ZVI, and injectable 
activated carbon for phenolics remediation. 

3. Compare two surfactants for their ability to enhance 
dissolution of phenolic compounds.  

The most promising oxidant in the screening study was base activated 
persulfate (BAP), which proceeded to column testing in combination 
with and without surfactant flush columns. The six-column study 
included, two non-amended controls, two surfactant columns and 
two columns with solid potassium persulfate activated by solid 
calcium hydroxide. The persulfate reagents were mixed directly into a 
sand/aquifer matrix mixture as solids to simulate a PRB application. 

Technology Spotlight | ISCO Column Studies

Contact Sandra Dworatzek (sdworatzek@siremlab.com), 515-515-0839 for more information on 
ISCO Columns and SiREM’s other ISCO Treatability Services. 

“This was our first column study simulating an ISCO PRB. It 
was exciting to see the treatments performing as designed, 
with the ISCO reagents lasting almost exactly as estimated. 
I would highly recommend this approach for site specific 
feasibility testing” 

- Sandra Dworatzek, SiREM

The column study demonstrated the effectiveness of a surfactant 
flush and BAP under flowing conditions. Furthermore, the study 
determined slow release BAP reagents, added as solids, extended 
treatment longevity, which was sustained though 25 pore volume 
flushes. This study shows that a wide breadth of technologies can 
be screened in one study and that columns provided data suited for 
strategy verification, optimization and design of a possible ISCO PRB 
at the subject site. 

Column study set-up for Phenolics site. Treatments tested included 
surfactant flushing, “slow release” solid persulfate reagents and solid 
calcium hydroxide

Pre-column screening microcosms with base activated persulfate (BAP) 
and percarbonate treatments shown

ISCO BAP
4ISCO

Control
3

ISCO BAP
5

ISCO BAP
6

ISCO
Percarbonate

6
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Our annual Lab Health and Safety Refresher was held on 13-March-19. The workshop was organized by 
SiREM’s Lab health and Safety coordinators Sandra Dworatzek (front left) and Michael Healey (front right). 
Topics presented by staff members included “Good Laboratory Practice” (Jen Wilkinson) “Ergonomics” 
(Alicia Hill), “Biosafety” (Ximena Druar) and “Task Hazard Analysis” (Taylor Aris). There was also a 
“scavenger hunt” in which safety equipment and staged safety violations were identified by teams. Many 
thanks to the organizers and presenters who made this a successful event and who help keep us safe 
every day! 

SiREM FOCUS 

Health and Safety

Promotions

Upcoming Remediation Short Courses in Greater Philadelphia and Newark, NJ

Jeff Roberts 
Promoted to Principal

Phil Dennis
Promoted to Principal

Sandra Dworatzek
Promoted to Principal

Ximena Druar
Promoted to Laboratory 
Supervisor I

SiREM is co-hosting, with Tersus Envrionmental and Pace Analytical, half-day short-
courses on recent technical advances in the characterization and remediation 
of chlorinated volatile organic compounds and related compounds in soil and 
groundwater. Short courses will be held in West Chester, PA (Sep. 10), Mt. 
Laurel, PA (Sep. 11) and Newark, NJ (Sep. 12). Jeff Roberts of SiREM will present 
“Bioaugmentation. It’s not just for TCE Anymore” and “How Treatability and 
Molecular Testing Saves Time, Money and Heartburn.” Additional topics will include 
presentations focusing on electron donors, zero valent iron, analytical testing for 
monitored natural attenuation parameters and 1,4-dioxane.
Visit https://www.remediationseminar.com/short-course/us to register.  
 

https://www.remediationseminar.com/short-course/us to register


Kela Ashworth, graduated in 2011 with a B.Sc. from the Chemical Physics Program at the University of Guelph. 
When Kela first started her degree, she thought a career in forensics was her future, but as her studies pro-
gressed through varying Co-op placements, including one conducting wastewater treatment analyses, she re-
alized that the environmental field was more compelling. Helping to make the planet a better place to live was 
important!

Kela joined SiREM part-time in 2011, during her final semester. Initially, Kela assisted with DNA isolations, 
progressing to Gene-Trac analysis and reporting. Over time, with Kela’s background in chemistry it became 
clear she was an ideal fit for treatability studies. Currently, she manages treatability projects including planning, 
set-up, conducting analyses, data management, reporting, and communicating with clients. A key focus for 
Kela is ISCO studies, to determine the feasibility and to optimize chemical oxidation approaches as a remedial 
option for soil and groundwater. Kela also coordinates SiREMNA, our natural attenuation testing service, which 
involves integration of varying data from chemical, to geophysical, to biological. Like many SiREM employees, 
Kela enjoys coming to work in part because of the people, who ultimately spend a lot of time together in the lab 
and are like a family.

“I like the work, it’s exciting to see a treatment implementation succeed and when it doesn’t,  the question of why is 
interesting to figure out.” - Kela Ashworth, SiREM Laboratory Technician 

Outside of work, Kela enjoys ballet classes as a form of fun and exercise. Her children are following in her footsteps, with her 4-year old daughter set 
to dance in her first recital this year, and her youngest dancing with her sister at home. As a family, the Ashworth’s enjoy time outdoors - Camping at 
Provincial Parks and hiking the trails closer to her home allows Kela to enjoy the environment she is helping to clean up. 

Employee Spotlight | Kela Ashworth, B.Sc., 
Laboratory Technician

Conferences and Outreach
Clemson Hydrology Symposium: Current collaborative research on the development and scale-
up of bioaugmentation cultures and monitoring methods for BTEX compounds was presented by Phil 
Dennis in a platform presentation “Advances in Anaerobic Bioremediation of Benzene” on April 1-3 at 
Clemson University, South Carolina. 

2019 RPIC Federal Contaminated Sites Workshop: The Real Property Institute of Canada’s 
(RPIC) Federal Contaminated Sites Workshops was held June 4-5 in Halifax, Nova Scotia. The RPIC 
workshops are for environmental professionals that manage and remediate Federal contaminated 
sites. The focus of the workshop was emerging contaminants. Jeff Roberts (SiREM) presented a 
platform “Bioremediation Options for Emerging Contaminants” which focused on cleanup of 1,4- 
dioxane and trichloropropane in groundwater and a poster “Enhanced In-Situ Bioremediation of TCE at 
the Former Gloucester Landfill Site” profiling the first use of the KB-1® culture at a Canadian Federal 
contaminated site. 
   
University of Guelph and Waterloo Guest Lectures: Phil Dennis (SiREM) gave a guest 
lecture “Bioremediation, the Dehalococcoides & KB-1 Story and Beyond” to microbiology students 
at the University of Guelph (UG) on 28-March-19 (photo left). Phil also co-presented at the “Microbes 
at Work” forum, held at the University of Waterloo (UW) Centre for Microbial Research on 11-April-19, 
where he spoke on the topic of “Cleaning our Groundwater with Dechlorinating Microbes”. Many 
Thanks to Professors Lucy Mutharia (UG) and Trevor Charles (UW) for the opportunity to spread the 
good word about bioremediation.   

Rhode Island Society of Environmental Professionals (RISEP): SiREM and Tersus 
Environmental, current sponsors of RISEP, spoke at the RISEP luncheon held on 15-May-19 at 
Save the Bay Center in Providence. Phil Dennis (SiREM) and David Alden (Tersus) Co-presented 
“Working with Nature to Detoxify a Growing Range of Contaminants” a look at how bioremediation/
bioaugmentation is routine for chlorinated compounds and is expanding into contaminants such as 
BTEX and 1,4-dioxane.  


