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1. INTRODUCTION

Geosyntec Consultants Inc. (Geosyntec) retained SiREM Laboratory (SiREM) to perform a 
laboratory biotreatability study to assess the potential for in situ bioremediation of chlorinated 
methane compounds in groundwater for the deep zone of upper surficial aquifer at the Brunswick 
Site in Georgia (the Site). The objective of the study was to assess anaerobic biodegradation of 
the target compounds, namely chloroform (CF), dichloromethane (DCM), chloromethane (CM),
and methane. 

The groundwater labelled MW-28D was collected on 28 Feb 2020 by Geosyntec personnel and
received by SiREM on 4 Mar 2020 at a temperature of 9 degrees Celsius (°C). The soil labelled 
TSB-01_MW28D (83-84, 84-85, 85-86, 86-87) was collected on 4 Mar 2020 by Geosyntec 
personnel and received by SiREM on 12 Mar 2020 at a temperature of 4 °C. Refer to Appendix A 
for the chain of custody documentation received with the materials.

The remainder of this report contains a summary of key biodegradation processes (Section 1.1), 
the experimental materials and methods (Section 2), the results and discussion of the microcosm 
study (Section 3), conclusions (Section 4) and report references (Section 5).

1.1 Summary of Biodegradation Processes

Biological degradation products of CF may potentially include DCM, CM, methane, and the end 
product carbon dioxide (CO2) as shown Figure 1; with the most commonly found pathway 
highlighted in green.  

The presence of CF may inhibit microbial activity, notably impairing the activity of aerobic bacteria, 
fermentative and methanogenic microbes. Natural attenuation processes can occur in situ and 
are often mediated by indigenous microbial populations present at chlorinated methane sites. 
Enhanced reductive dechlorination (ERD) can in certain cases be achieved by stimulating the 
indigenous microbial populations through the addition of electron donors. Bioaugmentation is the 
process in which a microbial population known to promote ERD or other biodegradation 
processes is introduced to groundwater to enhance the rate or extent of biodegradation. KB-1®

Plus is a custom formulated natural microbial consortium containing microorganisms (including
Dehalobacter [Dhb]) capable of degrading CF to DCM.  The KB-1® Plus culture also has the ability 
to further degrade DCM to acetate and CO2, most likely by a fermentation pathway (SiREM, 
unpublished data). In addition, recent research has also identified a Dhb strain responsible for the 
fermentation of DCM (Justicia-Leon et al., 2012) (as highlighted by the green arrows in Figure 1).

2. MATERIALS AND METHODS

The following sections describe the materials and methods used for microcosm construction and 
incubation (Section 2.1), and microcosm sampling and analysis (Section 2.2).
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2.1 Microcosm Construction and Incubation

2.1.1 Microcosm Construction

Biotreatability microcosms were constructed in a disposable anaerobic glove bag containing the 
Site groundwater and all the materials required to construct the treatment and control 
microcosms. The glove bag was purged with nitrogen gas to create an anaerobic environment 
and to protect any microorganisms present in the site materials from oxygen exposure.   

Microcosms were constructed on 26 March 2020 (Day -11) by filling sterile 250 millilitre (mL) 
(nominal volume) screw cap Boston round clear glass bottles (Systems Plus, New Hamburg, ON) 
with 200 mL of Site groundwater. The bottles were capped with MininertTM closures to allow 
repetitive sampling with minimal chlorinated volatile organic compound (cVOC) loss and to allow 
nutrient amendment, as needed, throughout the incubation period. All treatment and control
microcosms were constructed in triplicate. Table 1 summarizes the details of microcosm 
construction and the amendments used for the treatment and control microcosms.

Anaerobic sterile control microcosms were constructed to quantify potential abiotic and 
experimental cVOC losses from the microcosms. The sterile controls were constructed by 
autoclaving the Site geologic materials at 121 °C and 15 pounds per square inch (psi) pressure 
for 45 minutes (min). After autoclaving the sterile control microcosms were returned to the 
anaerobic chamber, filled with 200 mL of Site groundwater, and amended with mercuric chloride 
and sodium azide as described in Tables 1 and 2.

2.1.2 Microcosm Amendments and Incubation

All microcosms were sampled and incubated in an anaerobic chamber (Coy Laboratory Products, 
Grass Lake, MI) filled with an atmosphere of approximately 80 percent (%) nitrogen, 10% CO2

and 10% hydrogen (Linde Gases, Guelph, ON). Hydrogen in the anaerobic chamber functions to 
scavenge trace oxygen via a palladium catalyst. Anaerobic conditions in the anaerobic chamber 
were verified using an indicator containing resazurin (Sigma, St. Louis, MO) in a mineral medium, 
which turns pink in the presence of oxygen. During quiescent incubation, all microcosms were 
covered to minimize photodegradation, and stored horizontally to minimize cVOC losses via the 
(submerged) MininertTM closure. Microcosms were incubated for a period of up to 164 days at 
approximately 22 °C (room temperature).

After consultation with Geosyntec, it was decided that the CF concentrations in the microcosms 
were representative of concentrations measured at the Site, so it was not necessary to spike the 
microcosms.

Treatment microcosms were amended with electron donor on 7 April 2020 (Day 0) and 14 July 
2020 (Day 98). Lactate as sodium lactate (CHEMCO Inc, St-Augustin-de-Desmaures, Quebec) 
was the selected electron donor evaluated in this study. The first microcosm of each treatment
and control was amended with resazurin (Sigma, St. Louis, MO) to monitor redox conditions.
Resazurin turns from pink to clear in the absence of oxygen and can be used to indicate the on-
set of reducing conditions. Details of amendments are provided in Tables 1 and 2.
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Bioaugmentation may improve the extent and rate of dechlorination for chlorinated methanes.
Microcosms are typically bioaugmented after reducing conditions required by the KB-1® Plus 
culture are achieved. Suitable reducing conditions are typically achieved after electron donor 
addition and are indicated by changes of the resazurin indicator color (from pink to clear), and the 
on-set of sulfate reduction. Sulfate reduction was observed on Day 20. Therefore, the Lactate 
Amended/KB-1 Plus treatment microcosms were bioaugmented with KB-1® Plus culture on 12
May 2020 (Day 35). The first replicate of this treatment was bioaugmented a second time on Day 
99 after observing limited dechlorination activity relative to the second and third replicates. Details 
of bioaugmentation are presented in Tables 1 and 2.

2.2 Microcosm Sampling and Analysis

2.2.1 Microcosm Sampling Schedules

Aqueous samples were collected from the control and treatment microcosms approximately every 
2-4 weeks for analysis of cVOCs, dissolved hydrocarbon gases (DHGs – ethene, ethane, and 
methane), and pH. Aqueous samples were also collected less frequently for analysis of volatile 
fatty acids (VFAs – lactate, acetate, propionate, formate, butyrate, pyruvate) and anions (sulfate, 
nitrate, nitrite, chloride, phosphate, bromide). The microcosms were sampled using gas-tight 1
mL Hamilton glass syringes. Separate sets of syringes were used for the bioaugmented and non-
bioaugmented treatments to minimize the potential for transfer of KB-1® Plus microorganisms
from bioaugmented to non-bioaugmented treatments. Syringes were cleaned with acidified water 
(pH ~2) and rinsed 10 times with de-ionized water between samples to ensure that volatile organic 
compounds (VOCs) and microorganisms were not transferred between different samples or 
treatments.  

2.2.2 Analysis of cVOCs and Dissolved Hydrocarbon Gases

This section describes the methods used to quantify the VOCs and DHGs. The quantitation limits 
(QL) for the VOCs and DHGs are 20 micrograms per liter (µg/L) in the microcosms based on the 
sample dilution factor used and the lowest concentration standards that are included in the linear 
calibration trend.

Aqueous VOC and DHG concentrations in the microcosms are measured using an Agilent 7890 
gas chromatograph (GC) equipped with an Agilent G1888 headspace autosampler programmed 
to heat each sample vial to 75 °C for 45 min prior to headspace injection into a GSQ Plot column 
(0.53 millimeters x 30 meters, J&W) with a flame ionization detector (FID). Sample vials are 
heated to ensure that all VOCs in the aqueous sample partition into the headspace. The injector 
temperature is 200 °C, and the detector temperature is 250 °C. The oven temperature is 
programmed as follows: 35 °C for 2 min, increased to 100 °C at 50 degrees Celsius per minute 
(°C/min), then increased to 185 C at 25 C/min and held at 185 °C for 6.80 min. The helium 
carrier gas is to flow at a rate of 11 milliliters per minute (mL/min).

After withdrawing a sample (as described in Section 2.2.1) from the microcosms, the sample is 
injected into a 10 mL auto sampler vial containing acidified DI water (pH ~2). The sample volume 
is added to the vial containing acidified DI water to bring the total volume up to 6 mL. The water 
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is acidified to inhibit microbial activity between microcosm sampling and GC analysis. The vial is
sealed with an inert Teflon™-lined septum and aluminum crimp cap for automated injection of 3 
mL of headspace onto the GC. One VOC standard is analyzed with each set of samples to verify 
the instrument five-point calibration curve using methanolic stock solutions containing known 
concentrations of the target analytes. Calibration was performed using external standards
purchased as standard solutions (Sigma, St Louis, Missouri), where known volumes of standard 
solutions were added to acidified water in auto sampler vials and analyzed as described above 
for microcosm samples. Data are integrated using Chemstation Software (Agilent Technologies, 
Santa Clara, California). 

2.2.3 Analysis of Anions and Total Volatile Fatty Acids  

Anions and total VFA analysis was performed on a Thermo-Fisher ICS-2100 ion chromatograph 
(IC) equipped with a Thermo-Fisher AS-DV autosampler and an AS18 column. An isocratic 
separation was performed using 33 millimolar (mM) reagent grade sodium hydroxide eluent 
generator cartridge (Thermo Scientific, Burlington, ON) eluent for 13 min. One standard was 
analysed with each set of samples tested in order to verify the seven-point calibration using 
external standards of known concentrations. External standards were prepared gravimetrically 
using chemicals of the highest purity available (Sigma St Louis, MO or Bioshop, Burlington, ON). 
Data were integrated using Chromeleon 7® Chromatography software (Thermo-Fisher, 
Burlington, ON). The QLs were as follows: 0.07 milligrams per liter (mg/L) total VFA, 0.07 mg/L 
chloride, 0.09 mg/L nitrite, 0.09 mg/L nitrate, 0.07 mg/L sulfate, 0.07 mg/L phosphate and 0.08 
mg/L bromide. The total VFA value was initially calibrated as lactate, but includes lactate, formate, 
acetate, propionate, pyruvate and butyrate (valerate has not been confirmed). The VFA method 
described below (Section 2.2.4) is used to quantify individual VFAs. 

A 0.5 mL sample was withdrawn (as described in section 2.2.1), after which the sample was 
placed in a 1.5 mL micro-centrifuge tube. Samples were centrifuged for five minutes at 13,000 
revolutions per minute (RPM) to remove solids. The supernatant was removed, diluted 50-fold in 
DI water and placed in a Thermo-Fisher autosampler vial with a cap that filters the sample during 
automated injection onto the IC through a 25 microliter (µL) sample loop.

2.2.4 Analysis of Volatile Fatty Acids  

Individual VFA (lactate, acetate, propionate, formate, butyrate and pyruvate) analysis was 
performed on a Thermo-Fisher ICS-2100 IC equipped with a Thermo-Fisher AS-DV autosampler 
and an AS11-HC column. A gradient separation was performed using the following eluent profile; 
1.0 mM sodium hydroxide for 8.0 min to 15 mM at 18.0 min and proceeding to 30 mM at 28.0 min 
with a flow rate of 0.25 mL/min. Calibration was performed using external standards of known 
concentrations. One standard was analysed with each set of samples to verify the instrument’s 
seven-point calibration curve produced using external standards of known concentrations.
External standards were prepared gravimetrically using chemicals of the highest purity available 
(Sigma St Louis, MO or Bioshop, Burlington, ON). Data were integrated using Chromeleon 7®

Chromatography software (Thermo-Fisher, Burlington, ON). The QLs were as follows: lactate 
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0.40 mg/L, acetate 0.54 mg/L, propionate 0.31 mg/L, formate 0.23 mg/L, butyrate 0.41 mg/L and 
pyruvate 0.69 mg/L.

A 0.5 mL sample was withdrawn (as described in section 2.2.1), after which the sample was 
placed in a 1.5 mL micro-centrifuge tube. Samples were centrifuged for five minutes at 13,000 
RPM in a micro-centrifuge to remove solids. The supernatant was removed, diluted 50-fold in DI
water and placed in a Thermo-Fisher autosampler vial with a cap that filters the sample during 
automated injection onto the IC through a 25 µL sample loop.

2.2.5 Analysis of pH

The pH measurements were performed using an Oakton pH spear with a combination pH 
electrode (Oakton, Vernon Hills, IL). A 0.5 mL sample was collected (as described in section 
2.2.1), the vial was removed from the glove box and the pH was measured on the lab bench. The 
pH spear was calibrated at each sampling event according to the manufacturer’s instructions 
using pH 4.0, 7.0 and 10 standards. 

3. RESULTS AND DISCUSSION

The following sections present and discuss the results of the biotreatability study:

Redox processes (Section 3.1),

Volatile Fatty Acids (Section 3.2),

pH (Section 3.3)

Chlorinated ethenes biodegradation results (Section 3.4),

Tables 2, 3, 4, 5, and 6 provide chlorinated methanes, methane, anion, VFA, pH, and Gene-Trac
data from the control and treatment microcosms over the incubation period for the study. All 
chlorinated methane and methane concentrations are presented in units of mg/L and millimoles 
per microcosm bottle (mmol/bottle) to demonstrate mass balances on a molar basis.
Concentrations were converted from mg/L to mmol/bottle using Henry’s Law as demonstrated in 
Appendix B. All anion and VFA concentrations are reported in mg/L. Gene-Trac data is reported 
in gene copies per liter (gene copies/L). Table 6 presents the cVOC half-lives. Figures 2 through 
6 present trends in the concentrations of chlorinated methanes and methane in the control and 
treatment microcosms over the incubation period for the study.

3.1 Redox Processes

The addition of electron donor typically results in microbial activity that promotes changes in the 
redox conditions in groundwater. Aerobic or mildly reducing redox conditions will become more
reduced, providing the conditions necessary to support anaerobic degradation of chlorinated 
methanes. 
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The sequence of redox reactions in groundwater is well known (Appelo and Postma, 1994).
Oxygen is first consumed, followed by nitrate (denitrification), iron, manganese, and sulfate 
reduction. The final step is CO2 reduction producing methane (methanogenesis). The 
consumption of each species in sequence indicates that conditions are becoming increasingly 
reducing. Dechlorination of chlorinated methanes typically occurs in the range of sulfate reducing 
to methanogenic conditions.

In the sterile and active control microcosms, nitrate remained at non-detect (ND) throughout the 
incubation period and sulfate concentrations remained relatively stable (Table 3). Methane 
concentrations also did not increase (Table 2). This suggests that reducing conditions were not
established in these microcosms. These observations are consistent with the low level of 
microbial activity expected in the sterile control microcosms and suggest that there were either 
insufficient populations of indigenous CF degrading bacteria or inappropriate conditions for their 
activity. 

In the Lactate Amended treatment, sulfate degraded from 38 mg/L on Day 0 to 4.6 mg/L on Day 
20. On Day 20 sulfate was at ND in replicates 1 and 3. Sulfate persisted at a reduced 
concentration in replicate 2 until reaching non-detect on Day 91. The concentration of methane 
remained relatively stable throughout the incubation period.

In the Lactate Amended/KB-1 Plus® Bioaugmented treatment, sulfate degraded from 41 mg/L on 
Day 0 to 4.6 mg/L on Day 20. The data indicates there was a partial rebound in sulfate 
concentrations from Day 20 to Day 35, but an overall trend of sulfate reduction was observed with 
complete reduction of sulfate being observed on Day 91. The concentration of methane increased 
slightly over the incubation period.

These results suggest that using lactate as an electron donor can support the creation of reducing 
conditions necessary for ERD of chlorinated methanes to occur.

3.2 Volatile Fatty Acids

Lactate is a fermentable electron donor source to promote microbial activity. The fermentation 
results in the production of hydrogen, which is the ultimate electron donor used by dechlorinators.

Lactate was detected at Time 0 in the treatments (Table 4). Excluding a suspected outlier in 
replicate 3 of the Lactate Amended treatment, the average lactate concentration was 237 mg/L. 
By Day 35 the concentration of lactate reached ND with a corresponding increase in the 
concentration of acetate. On Day 66 acetate concentrations remained relatively stable and there 
were detections of propionate.

These results indicate that the fermentable portions of the electron donors were being actively 
consumed and fermented. 
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3.3 pH 

The optimum pH for reductive dechlorination is 6.8 to 7.5 (Middledorp et al., 1999) with 
dechlorination occurring at reasonable rates in the 6.0 to 8.5 pH range (SiREM, unpublished 
data). The pH in all control microcosms was measured to be between 5.79 and 6.72 throughout 
the incubation period with a large majority of measurements between 6.1 and 6.6 (Table 5).

These results suggest that the Site materials can provide and maintain a pH in the acceptable
range for reductive dechlorination.

3.4 Gene-Trac®

Samples from the bulk groundwater and treatment microcosms were submitted for analysis of 
Dhb and cfrA (Table 6 and Appendix B). cfrA is a functional gene of Dhb that is associated with 
reduction of chlorinated methanes.

The baseline groundwater results, which were used to represent the time zero conditions, were 
reported as being 1 x 106 gene copies/L of Dhb and 2 x 107 gene copies/L of cfrA. On Day 140 
the count of Dhb increased to 108 for both treatments, but cfrA decreased to 106. 

These results suggest that Dhb with the appropriate genes for reductive dechlorination were 
present in microbial populations native to the Site and persisted in both treatments throughout the 
incubation period. However, the Gene-Trac data does not correspond with the chlorinated 
methane concentration data where a comparatively strong dechlorination performance was 
observed for the Lactate Amended/KB-1® Plus Bioaugmented treatment, possibly due to sampling 
being done after active CF and DCM degradation occurred

3.5 cVOC Biodegradation Results

3.5.1 Degradation Half-Lives for Chlorinated Methanes 

Laboratory half-lives were calculated based on the average dechlorination observed in the 
treatment microcosms as indicated in Table 6. First order reaction kinetics was assumed for all 
calculations as described in Newell et al, 2002. The half-lives were calculated using the following 
relationship:

=
ln(2)

ln
C2

C1

t2 t1

where,

C1 is the concentration at early time (t1 days)
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C2 is the concentration at later time (t2 days)

Based on the data collected, the calculated dechlorination half-lives for CF and DCM were 
determined (Table 6). Half-lives were not determined in situations where the concentration 
remained stable or increased throughout the study period.

3.5.2 Anaerobic Sterile and Active Control Microcosms

All chlorinated methane concentrations in the sterile and active control microcosms remained 
relatively stable over the incubation period with no increases in degradation products, therefore 
half-lives were not calculated (Table 2 and Figures 2 and 3). These results are consistent with the 
limited microbial activity suggested by the lack of observed sulfate reduction (Table 3) and 
methanogenesis measured in these control microcosms.

3.5.3 Lactate Amended Microcosms

In the Lactate Amended treatment, the concentration of CF decreased from Day 20 to Day 49
(Table 2 and Figure 4). This activity ceased following Day 49, and after consultation with 
Geosyntec the microcosms were amended with additional lactate on Day 99. After Day 99, CF 
dechlorination accelerated and continued for the remainder of the incubation period. Throughout 
the incubation period CF dechlorination was accompanied by a corresponding increase in the 
concentration of DCM. The half-life of CF was calculated to be 18 days (Table 7). The 
concentration of DCM did not decrease; therefore, no half-life was calculated.  These results 
suggest that intrinsic CF degrading populations were present at the site, but DCM degrading 
bacteria were either not present or their activity was inhibited. 

These results suggest that complete degradation of chlorinated methanes in the Site material may 
not be possible when using lactate amendment alone. 

3.5.4 Lactate Amended/KB-1® Plus Bioaugmented Microcosms

In the Lactate Amended/KB-1® Plus Bioaugmented treatment, the concentration of CF decreased 
steadily after bioaugmentation on Day 35 until it was ND on Day 133 (Table 2 and Figure 5). At 
the same time there, was a corresponding increase in the concentration of DCM. From Day 119 
to the end of the incubation period net degradation of DCM was observed. Towards the end of 
the incubation period there was an increase in the concentration of methane supporting that
complete dechlorination CF, and DCM was occurring. Half-lives of CF and DCM were calculated 
to be 9.2 and 19 days, respectively (Table 7).

Since the timing of dechlorination activity varied notably between replicates for this treatment the 
replicates were also plotted individually (Figure 6) and separate half-lives were calculated (Table 
7). Replicate 1 had limited activity prior to the second lactate amendment on Day 99. As a result, 
this replicate was also bioaugmented with KB-1® Plus at that time. Afterwards dechlorination was 
rapid and complete. In contrast, dechlorination activity in replicates 2 and 3 was sustained from 
the initial bioaugmentation to the end of the incubation period. However, the activity was more 
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gradual and the incubation period did not extend long enough to observe complete dechlorination 
of DCM. The half-lives of CF and DCM were between 3.1 and 6.7 times shorter for replicate 1 
than for replicates 2 and 3.

These results suggest that complete degradation of chlorinated methanes in the Site material may
be possible when using lactate amendment in combination with KB-1® Plus bioaugmentation. 

4. CONCLUSIONS

The laboratory biotreatability study results suggest the following conclusions:

1. Lactate amendment can promote the appropriate geochemical conditions for reductive 
dechlorination of chlorinated methanes. 

2. The native bacterial populations at the Site appear to be suitable for facilitating
dechlorination of CF to DCM, but not degradation of DCM. 

3. Complete dechlorination of CF and DCM was achieved after KB-1® Plus bioaugmentation 
with lactate as the electron donor. 

4. The Site materials can provide and maintain a pH in the acceptable range for reductive 
dechlorination.

The results of this study indicate that ERD using KB-1® Plus bioaugmentation combined with 
lactate as an electron donor has the potential to be an effective remedial approach for the Site.
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APPENDIX B: Gene-Trac Reports



Customer:  Duane Graves, Geosyntec Consultants SiREM Reference:  S-5817

Project:  Brunswick Deep LF Report Date:  15-Jun-20

Customer Reference:  Si-4384 Data Files:  iQ5A-DHB-QPCR-0512
                   iQ5A-DB-DHB-QPCR-0320

Table 1a:  Test Results

Si-4384-BULK

See final page for notes.

Analyst:  _________________                  Approved:  ___________________
                  Jennifer Wilkinson            Ximena Druar, B.Sc.
                  Senior Laboratory Technician II            Genetic Testing Coordinator

Certificate of Analysis: Gene-Trac® Dehalobacter  Assay

Sample ID

Dehalobacter
(Dhb)

Percent Dhb
(1) Gene Copies/Liter

0.04 - 0.1 % 1 x 106

1/15



Customer:  Duane Graves, Geosyntec Consultants SiREM Reference:  S-5817

Project:  Brunswick Deep LF Report Date:  15-Jun-20

Customer Reference:  Si-4384 Data Files:  iQ5B-cfrA-QPCR-0023
                     iQ5B-cfrA-DB-QPCR-0023

Table 1b:  Test Results

Si-4384-BULK

See final page for notes.

Analyst:  _________________                  Approved:  ___________________
                  Jennifer Wilkinson            Ximena Druar, B.Sc.
                  Senior Laboratory Technician II            Genetic Testing Coordinator

Sample ID

Chloroform Reductase A/ Dichloroethane Dehalogenase
(cfrA /dcrA)

Percent cfrA
(1) cfrA Gene Copies/Liter

Certificate of Analysis: Gene-Trac® cfrA/dcrA
Chloroform Reductase A/ Dichloroethane Dehalogenase Assay

0.6 - 2 % 2 x 107

2/15



Customer:  Duane Graves, Geosyntec Consultants SiREM Reference:  S-5817

Project:  Brunswick Deep LF Report Date:  15-Jun-20

Customer Reference:  Si-4384 Data Files:  iQ5C-ORM2-QPCR-0138
                 iQ5C-ORM2-DB-QPCR-0138

Table 1c:  Test Results

Si-4384-BULK

See final page for notes.

Analyst:  _________________                  Approved:  ___________________
                  Jennifer Wilkinson            Ximena Druar, B.Sc.
                  Senior Laboratory Technician II            Genetic Testing Coordinator

0.004 - 0.01 % 1 x 105

Certificate of Analysis: Gene-Trac® ORM-2,
  Assay

Deltaproteobacterium ORM-2 

Sample ID

ORM-2 16S rRNA Gene Copies/LiterPercent ORM-2
(1)

3/15



Customer:  Duane Graves, Geosyntec Consultants SiREM Reference:  S-5817

Project:  Brunswick Deep LF Report Date:  15-Jun-20

Customer Reference:  Si-4384 Data Files:  iQ5B-SRB-QPCR-0060
                     iQ5B-DB-SRB-QPCR-0060

Table 1d:  Test Results

Si-4384-BULK

See final page for notes.

Analyst:  _________________                  Approved:  ___________________
                  Jennifer Wilkinson            Ximena Druar, B.Sc.
                  Senior Laboratory Technician II            Genetic Testing Coordinator

Certificate of Analysis: Gene-Trac® SRB,
 Sulfate Reducing Bacteria (dsrA ) Assay

0.07 - 0.2 % 2 x 106

Sample ID

Sulfate Reducing Bacteria 
(dsrA )

Percent dsrA
(1) dsrA Gene Copies/Liter

4/15



Customer:  Duane Graves, Geosyntec Consultants SiREM Reference:  S-5817

Project:  Brunswick Deep LF Report Date:  15-Jun-20

Customer Reference:  Si-4384 Data Files:  iQ5A-abcA-QPCR-0115
                  iQ5A-DB-abcA-QPCR-0115

Table 1e:  Test Results

Si-4384-BULK

See final page for notes.

Analyst:  _________________                  Approved:  ___________________
                  Jennifer Wilkinson            Ximena Druar, B.Sc.
                  Senior Laboratory Technician II            Genetic Testing Coordinator

Certificate of Analysis: Gene-Trac® abcA
Benzene Carboxylase Assay

NA 9 x 103 U

Sample ID

Benzene Carboxylase
(abcA )

Percent abcA
(1) abcA Gene Copies/Liter

5/15



Customer:  Duane Graves, Geosyntec Consultants SiREM Reference:  S-5817

Project:  Brunswick Deep LF Report Date:  15-Jun-20

Customer Reference:  Si-4384 Data Files:  iQ5C-Pepto-QPCR-0113
                  iQ5C-DB-Pepto-QPCR-0113

Table 1f:  Test Results

Si-4384-BULK

See final page for notes.

Analyst:  _________________                  Approved:  ___________________
                  Jennifer Wilkinson            Ximena Druar, B.Sc.
                  Senior Laboratory Technician II            Genetic Testing Coordinator

Certificate of Analysis: Gene-Trac® Pepto-ben                                         
Peptococcaceae Assay

NA 9 x 103 U

Sample ID

Peptococcaceae

Percent Peptococcaceae (1) Peptococcaceae  16S rRNA                     
Gene Copies/Liter

6/15



Table 2: Detailed Test Parameters, Test Refe  

Customer Sample ID

SiREM Dhb Test ID

SiREM cfrA  Test ID

SiREM ORM-2 Test ID

SiREM SRB Test ID

SiREM abcA  Test ID

SiREM PeptoBen Test ID

Date Sampled (2)

Matrix

Date Received (2)

Sample Temperature

Filtration Date (2)

Volume Used for DNA Extraction 

DNA Extraction Date 

DNA Concentration in Sample
(extractable)  

PCR Amplifiable DNA

Dhb qPCR Date Analyzed

cfrA  qPCR Date Analyzed

ORM-2 qPCR Date Analyzed

SRB qPCR Date Analyzed

abcA  qPCR Date Analyzed

PeptoBen qPCR Date Analyzed

Laboratory Controls 
(see Tables 3, 4, 5, 6, 7, & 8)

Comments

See final page for notes.
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Table 2: Detailed Test Parameters, Test Reference S-5817

Customer Sample ID Si-4384-BULK

SiREM Dhb Test ID DHB-2242

SiREM cfrA  Test ID CFR-0058

SiREM ORM-2 Test ID ORM-0196

SiREM SRB Test ID SRB-0336

SiREM abcA  Test ID ABC-0162

SiREM PeptoBen Test ID PEP-0140

Date Sampled (2) 29-Apr-20

Matrix Groundwater

Date Received (2) 29-Apr-20

Sample Temperature NA

Filtration Date (2) 4-May-20

Volume Used for DNA Extraction 300 mL

DNA Extraction Date 6-May-20

DNA Concentration in Sample
(extractable)  

5635 ng/L

PCR Amplifiable DNA Detected

Dhb qPCR Date Analyzed 24-May-20

cfrA  qPCR Date Analyzed 10-Jun-20

ORM-2 qPCR Date Analyzed 7-May-20

SRB qPCR Date Analyzed 7-May-20

abcA  qPCR Date Analyzed 13-May-20

PeptoBen qPCR Date Analyzed 10-Jun-20

Laboratory Controls 
(see Tables 3, 4, 5, 6, 7, & 8)

Passed

Comments  - -

See final page for notes.
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Table 3: Gene-Trac Dhb Control Results, Test Reference S-5817

Spiked 
Gene Copies per Liter

Recovered
Gene Copies per Liter

Positive Control 
Low Concentration

24-May-20
Genomic DNA 
(CSLDB-0471) 2.6 x 108 2.8 x 108 Passed

Positive Control 
High Concentration

24-May-20
Genomic DNA 
(CSHDB-0471) 3.7 x 1010 3.0 x 1010 Passed

DNA Extraction 
Blank

24-May-20  Sterile Water (FB-3540) 0 2.6 x 103 U Passed

Negative Control 24-May-20
Test Reagent Blank 

(TBDB-0471)
0 2.6 x 103 U Passed

See final page for notes.

CommentsLaboratory Control
Analysis 

Date
Control Description

Dhb 16S rRNA

9/15



Table 4: Gene-Trac cfrA/dcrA  Control Results, Test Reference S-5817

Spiked 
Gene Copies per Liter

Recovered
Gene Copies per Liter

Positive Control Low 
Concentration

10-Jun-20
Genomic DNA 
(CSLC-0023) 8.2 x 106 4.6 x 106 Passed

Positive Control 
High Concentration

10-Jun-20
Genomic DNA 
(CSHC-0023) 1.8 x 109 2.2 x 109 Passed

DNA Extraction 
Blank

10-Jun-20  Sterile Water (FB-3540) 0 2.6 x 103 U Passed

Negative Control 10-Jun-20
Test Reagent Blank

(TBC-0023)
0 2.6 x 103 U Passed

See final page for notes.

Laboratory Control
Analysis 

Date
Control Description

cfrA

Comments

10/15



Table 5: Gene-Trac ORM-2 Control Results, Test Reference S-5817

Spiked 
Gene Copies per Liter

Recovered
Gene Copies per Liter

Positive Control Low 
Concentration

7-May-20
Genomic DNA 
(CSLO-0138) 5.2 x 108 1.9 x 108 (3) See Note 3

Positive Control 
High Concentration

7-May-20
Genomic DNA 
(CSHO-0138) 9.1 x 109 5.4 x 109 Passed

DNA Extraction 
Blank

7-May-20  Sterile Water (FB-3540) 0 2.6 x 103 U Passed

Negative Control 7-May-20
Test Reagent Blank

(TBO-0138)
0 2.6 x 103 U Passed

See final page for notes.

Comments

ORM-2

Control Description
Analysis 

Date
Laboratory Control
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Table 6: Gene-Trac SRB Control Results, Test Reference S-5817

Spiked 
Gene Copies per Liter

Recovered
Gene Copies per Liter

Positive Control Low 
Concentration

7-May-20
Genomic DNA 
(CSLSR-0060) 1.0 x 106 1.1 x 106 Passed

Positive Control 
High Concentration

7-May-20
Genomic DNA 
(CSHSR-0060) 8.2 x 107 7.8 x 107 Passed

DNA Extraction 
Blank

7-May-20  Sterile Water (FB-3540) 0 2.6 x 103 U Passed

Negative Control 7-May-20
Test Reagent Blank

(TBSR-0060)
0 2.6 x 103 U Passed

See final page for notes.

CommentsLaboratory Control
Analysis 

Date
Control Description

dsrA
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Table 7: Gene-Trac abcA  Control Results, Test Reference S-5817

Spiked 
Gene Copies per Reaction

Recovered
Gene Copies per Reaction

Positive Control Low 
Concentration

13-May-20
Plasmid DNA 

(CSLAB-0115) 3.5 x 104 1.6 x 104 (3) See Note 3

Positive Control 
High Concentration

13-May-20
PlasmidGenomic DNA 

(CSHAB-0115) 3.5 x 106 1.8 x 106 Passed

DNA Extraction 
Blank

13-May-20  Sterile Water (FB-3540) 0 2.0 x 101 U Passed

Negative Control 13-May-20
Test Reagent Blank

(TBAB-0115)
0 2.0 x 101 U Passed

See final page for notes.

CommentsLaboratory Control
Analysis 

Date
Control Description

abcA

13/15



Table 8: Gene-Trac Pepto-ben Control Results, Test Reference S-5817

Spiked 
Gene Copies per Reaction

Recovered
Gene Copies per Reaction

Positive Control Low 
Concentration

10-Jun-20
Genomic DNA 
(CSLPE-0113) 3.8 x 105 1.6 x 105 (3) See Note 3

Positive Control 
High Concentration

10-Jun-20
Genomic DNA 
(CSHPE-0113) 4.1 x 107 4.4 x 107 Passed

DNA Extraction 
Blank

10-Jun-20  Sterile Water (FB-3540) 0 2.0 x 101 U Passed

Negative Control 10-Jun-20
Test Reagent Blank

(TBPE-0113)
0 2.0 x 101 U Passed

See final page for notes.

CommentsLaboratory Control
Analysis 

Date
Control Description

Pepto-ben

14/15



Notes:
Dhb = Dehalobacter
cfrA  = chloroform reductase A 
ORM-2 = Deltaproteobacterium ORM-2 
dsrA  = dissimilatory sulfate reductase A 
abcA = Benzene Carboxylase

I Sample inhibited the test reaction based on inability to PCR amplify extracted DNA with universal primers.
ng/L = nanograms per liter
mL = milliliter
NA = not applicable
ND = not detected
DNA = deoxyribonucleic acid
16S rRNA = 16S ribosomal ribonucleic acid
PCR = polymerase chain reaction
qPCR = quantitative PCR
°C = degrees Celsius

3Control was outside recovery limit guidelines (+/- 50%), however, test results are deemed acceptable if one 
of two positive controls falls within the recovery limit.

2Samples are stabilized by freezing at -80 °C upon sample reception (field filters) or in-lab filtration 
(groundwater).  Hold time not exceeded if sampling date is within 14 days of date received or filtration date.

E Extracted genomic DNA was not detected in the sample.

J The associated value is an estimated quantity between the method detection limit and quantitation limit.
U Not detected, associated value is the quantitation limit.
B Analyte was detected in the method blank within an order of magnitude of the test sample.

1Percent Dehalobacter , cfrA , ORM-2, Peptococcaceae, dsrA, or abcA in microbial population. This value is 
calculated by dividing the number of specific gene copies by the total number of bacteria as estimated by the 
mass of DNA extracted from the sample.  Range represents normal variation in enumeration.
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Customer:  Ali Ciblak, Geosyntec Consultants SiREM Reference:  S-5869

Project:  Brunswick Deep CF Report Date:  16-Jun-20

Customer Reference:  Si-4384 Data Files:  iQ5A-DHB-QPCR-0513
                     iQ5A-DB-DHB-QPCR-0321

Table 1a:  Test Results

Si-4384-DC-7/8/9-MID

Si-4384-DC-10/11/12-MID

See final page for notes.

Analyst:  _________________                  Approved:  ___________________
                  Jennifer Wilkinson              Ximena Druar, B.Sc.
                  Senior Laboratory Technician II              Genetic Testing Coordinator

7 - 19 %  2 x 108

7 -19 %  7 x 107

Certificate of Analysis: Gene-Trac® Dhb,
Dehalobacter  Assay

Dehalobacter
(Dhb)

Sample ID

Gene Copies/LiterPercent Dhb
(1)
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Customer:  Ali Ciblak, Geosyntec Consultants SiREM Reference:  S-5869

Project:  Brunswick Deep CF Report Date:  16-Jun-20

Customer Reference:  Si-4384

Table 1b:  Test Results

Si-4384-DC-7/8/9-MID

Si-4384-DC-10/11/12-MID

See final page for notes.

Analyst:  _________________                  Approved:  ___________________
                  Jennifer Wilkinson              Ximena Druar, B.Sc.
                  Senior Laboratory Technician II              Genetic Testing Coordinator

Certificate of Analysis: Gene-Trac® cfrA,
Chloroform Reductase A (cfrA ) Assay

Data Files:  iQ5B-cfrA-QPCR-0023
                    iQ5B-cfrA-DB-QPCR-0023

0.1 - 0.4 %  4 x 106

Sample ID

Chloroform Reductase A
(cfrA )

Percent cfrA
(1) cfrA Gene Copies/Liter

1 - 4 %  1 x 107
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Table 2: Detailed Test Parameters, Test Reference S-5869

Customer Sample ID Si-4384-DC-7/8/9-MID Si-4384-DC-10/11/12-MID

SiREM Dhb Test ID DHB-2267 DHB-2268

SiREM cfrA  Test ID CFR-0068 CFR-0069

Date Sampled(2) 26-May-20 26-May-20

Matrix Microcosm Microcosm

Date Received(2) 28-May-20 28-May-20

Sample Temperature NA NA

Filtration Date(2) 28-May-20 28-May-20

Volume Used for DNA Extraction 15 mL 15 mL

DNA Extraction Date 29-May-20 29-May-20

DNA Concentration in Sample
(extractable)  

2100 ng/L (J) 6750 ng/L (J)

PCR Amplifiable DNA Detected Detected

Dhb qPCR Date Analyzed 2-Jun-20 2-Jun-20

cfrA  qPCR Date Analyzed 10-Jun-20 10-Jun-20

Laboratory Controls 
(see Tables 3 & 4)

Passed Passed

Comments  - -  - -

See final page for notes.
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Table 3: Gene-Trac Dhb Control Results, Test Reference S-5869

Spiked 
Gene Copies per Liter

Recovered
Gene Copies per Liter

Positive Control 
Low Concentration

2-Jun-20
Genomic DNA 
(CSLDB-0472) 2.6 x 108 2.7 x 108 Passed

Positive Control 
High Concentration

2-Jun-20
Genomic DNA 
(CSHDB-0472) 3.7 x 1010 3.6 x 1010 Passed

DNA Extraction 
Blank

2-Jun-20  Sterile Water (FB-3555) 0 2.6 x 103 U Passed

Negative Control 2-Jun-20
Test Reagent Blank 

(TBDB-0472)
0 2.6 x 103 U Passed

See final page for notes.

Comments

Dhb 16S rRNA

Control Description
Analysis 

Date
Laboratory Control
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Table 4:  Gene-Trac cfrA Control Results, Test Reference S-5869

Spiked 
Gene Copies per Liter

Recovered
Gene Copies per Liter

Positive Control Low 
Concentration

10-Jun-20
Genomic DNA 
(CSLC-0023) 8.2 x 106 4.6 x 106 Passed

Positive Control 
High Concentration

10-Jun-20
Genomic DNA 
(CSHC-0023) 1.8 x 109 2.2 x 109 Passed

DNA Extraction 
Blank

10-Jun-20  Sterile Water (FB-3555) 0 2.6 x 103 U Passed

Negative Control 10-Jun-20
Test Reagent Blank

(TBC-0023)
0 2.6 x 103 U Passed

See final page for notes.

CommentsLaboratory Control
Analysis 

Date
Control Description

cfrA
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Notes:

Dhb = Dehalobacter

cfrA  = chloroform reductase A 

I Sample inhibited the test reaction based on inability to PCR amplify extracted DNA with universal primers.
ng/L = nanograms per liter
mL = milliliter
NA = not applicable
ND = not detected
DNA = deoxyribonucleic acid
16S rRNA = 16S ribosomal ribonucleic acid
PCR = polymerase chain reaction
qPCR = quantitative PCR
°C = degrees Celsius

3Control results are deemed acceptable if one of two positive controls falls within the recovery limit 
guidelines (+/- 50%).

2Samples are stabilized by freezing at -80 °C upon sample reception (field filters) or in-lab filtration 
(groundwater).  Hold time not exceeded if sampling date is within 14 days of date received or filtration date.

E Extracted genomic DNA was not detected in the sample.

J The associated value is an estimated quantity between the method detection limit and quantitation limit.
U Not detected, associated value is the quantitation limit.
B Analyte was detected in the method blank within an order of magnitude of the test sample.

1Percent Dehalobacter (Dhb) or cfrA  in microbial population. This value is calculated by 
dividing the number of Dhb 16S ribosomal ribonucleic acid (rRNA) or cfrA  gene copies by 
the total number of bacteria as estimated by the mass of DNA extracted from the sample.  
Range represents normal variation in enumeration.
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Chain-of-Custody Form



Customer:  Ali Ciblak, Geosyntec Consultants SiREM Reference:  S-6100

Project:  Brunswick Deep CF Report Date:  9-Sep-20

Customer Reference:  GR6881 Data Files:   iQ5A-DHB-QPCR-0520
                     iQ5A-DB-DHB-QPCR-0328

Table 1a:  Test Results

Si-4384-DC-7/8/9-END

Si-4384-DC-10/11/12-
END

See final page for notes.

Analyst:  _________________                  Approved:  ___________________
                  Taylor Aris, B.Sc.                                         Ximena Druar, B.Sc.
                  Laboratory Technician                                         Genetic Testing Supervisor

4 - 13 % 9 x 108

1 - 4 % 2 x 108

Certificate of Analysis: Gene-Trac® Dehalobacter  Assay

Sample ID

Dehalobacter
(Dhb)

Percent Dhb
(1) Gene Copies/Liter
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Customer:  Ali Ciblak, Geosyntec Consultants SiREM Reference:  S-6100

Project:  Brunswick Deep CF Report Date:  9-Sep-20

Customer Reference:  GR6881

Table 1b:  Test Results

Si-4384-DC-7/8/9-END

Si-4384-DC-10/11/12-
END

See final page for notes.

Analyst:  _________________                  Approved:  ___________________
                  Taylor Aris, B.Sc.               Ximena Druar, B.Sc.
                  Laboratory Technician               Genetic Testing Supervisor

Certificate of Analysis: Gene-Trac® cfrA/dcrA
Chloroform Reductase A/ Dichloroethane Dehalogenase Assay

Chloroform Reductase A/ Dichloroethane Dehalogenase
(cfrA /dcrA)

Sample ID

cfrA Gene Copies/LiterPercent cfrA
(1)

Data Files:   iQ5B-cfrA-QPCR-0027
                     iQ5B-cfrA-DB-QPCR-0026

0.02 - 0.06 %

0.04 - 0.1 %

3 x 106

8 x 106
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Table 2: Detailed Test Parameters, Test Reference S-6100

Customer Sample ID Si-4384-DC-7/8/9-END Si-4384-DC-10/11/12-END

SiREM Dhb Test ID DHB-2306 DHB-2307

SiREM cfrA/dcrA  Test ID CFR-0103 CFR-0104

Date Sampled(2) 25-Aug-20 25-Aug-20

Matrix Groundwater Groundwater

Date Received(2) 26-Aug-20 25-Aug-20

Sample Temperature NA NA

Filtration Date(2) 28-Aug-20 28-Aug-20

Volume Used for DNA Extraction 15 mL 15 mL

DNA Extraction Date 28-Aug-20 28-Aug-20

DNA Concentration in Sample
(extractable)  

32000 ng/L 39000 ng/L

PCR Amplifiable DNA Detected Detected

Dhb qPCR Date Analyzed 3-Sep-20 3-Sep-20

cfrA  qPCR Date Analyzed 8-Sep-20 8-Sep-20

Laboratory Controls 
(see Tables 3 & 4)

Passed Passed

Comments  - -  - -

See final page for notes.
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Table 3: Gene-Trac Dhb Control Results, Test Reference S-6100

Spiked 
Gene Copies per Liter

Recovered
Gene Copies per Liter

Positive Control 
Low Concentration

3-Sep-20
Genomic DNA 
(CSLDB-0479) 2.6 x 108 2.2 x 108 Passed

Positive Control 
High Concentration

3-Sep-20
Genomic DNA 
(CSHDB-0479) 3.7 x 1010 3.6 x 1010 Passed

DNA Extraction 
Blank

3-Sep-20  Sterile Water (FB-3620) 0 2.6 x 103 U Passed

Negative Control 3-Sep-20
Test Reagent Blank 

(TBDB-0479)
0 2.6 x 103 U Passed

See final page for notes.

CommentsLaboratory Control
Analysis 

Date
Control Description

Dhb 16S rRNA
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Table 4: Gene-Trac cfrA/dcrA Control Results, Test Reference S-6100

Spiked 
Gene Copies per Liter

Recovered
Gene Copies per Liter

Positive Control Low 
Concentration

8-Sep-20
Genomic DNA 
(CSLC-0027) 8.2 x 106 5.9 x 106 Passed

Positive Control 
High Concentration

8-Sep-20
Genomic DNA 
(CSHC-0027) 1.8 x 109 1.9 x 109 Passed

DNA Extraction 
Blank

8-Sep-20
 Sterile Water 

(FB-3620)
0 2.6 x 103 U Passed

Negative Control 8-Sep-20
Test Reagent Blank

(TBC-0027)
0 2.6 x 103 U Passed

See final page for notes.

Comments

cfrA

Control Description
Analysis 

Date
Laboratory Control
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Notes:
Dhb= = Dehalobacter
cfrA  = chloroform reductase A 

I Sample inhibited the test reaction based on inability to PCR amplify extracted DNA with universal primers.
ng/L = nanograms per liter
mL = milliliter
NA = not applicable
ND = not detected
DNA = deoxyribonucleic acid
16S rRNA = 16S ribosomal ribonucleic acid
PCR = polymerase chain reaction
qPCR = quantitative PCR
°C = degrees Celsius

2Control was outside recovery limit guidelines (+/- 50%), however, test results are deemed acceptable if one 
of two positive controls falls within the recovery limit.

2Samples are stabilized by freezing at -80 °C upon sample reception (field filters) or in-lab filtration 
(groundwater).  Hold time not exceeded if sampling date is within 14 days of date received or filtration date.

E Extracted genomic DNA was not detected in the sample.

J The associated value is an estimated quantity between the method detection limit and quantitation limit.
U Not detected, associated value is the quantitation limit.
B Analyte was detected in the method blank within an order of magnitude of the test sample.

1 Percent Dhb or cfrA in microbial population.  This value is calculated by dividing the number of chloroform 
reductase A (cfrA ) gene copies by the total number of bacteria as estimated by the mass of DNA extracted 
from the sample.  Range represents normal variation in enumeration.
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Chain-of-Custody Form



TL0518   1/27/2021  

APPENDIX C: Henry’s Law Calculation



The following Henry’s Law calculation was used to convert aqueous concentrations (Table 2) to 
total mmoles of each analyte per microcosm bottle (Figures 2 to 5):

 =
+

  ( )

Where 

Cliq liquid concentration (mg/L)
Vliq liquid volume (0.225 L) per bottle
Vgas = headspace volume (0.025 L) per bottle
H = Henry’s Law constant (dimensionless)

The Henry’s Law constants used are summarized in the table below.

Analyte
Henry’s Law Constant a

(dimensionless)
Tetrachloroethene 0.602

Trichloroethene 0.417
cis-1,2-dichloroethene 0.184

1,1-Dichloroethene 1.06
Vinyl chloride 1.08

Ethene 8.78
1,1,1-Trichloroethane 0.609
1,1-Dichloroethane 0.256

Chloroethane 0.495
Ethane 20.5

Chloroform 0.178
Dichloromethane 0.121

Methane 27.3
CFC-113 21.7
CFC-123a 1.05

a Source: Montgomery, J.H. 2000. Groundwater Chemicals Desk Reference, Third 
Edition. CRC Press LLC, Boca Raton, FL.





Patented Injection Ready 60% SRS®-FRL Large 
Droplet Emulsified Vegetable Oil (EVO) Substrate 

for Maximum Retention
SAFETY DATA SHEET 

1. Product Identification 
Synonyms:

Recommended Use:

Supplier:  

2. Hazards Identification 
Emergency Overview
Caution:
Health Rating:
Flammability Rating:
Reactivity Rating:
Contact Rating:
Protective Equipment:
Storage Color Code:
Potential Health Effects
Inhalation:

Ingestion:

Skin Contact:

Eye Contact:
Chronic Exposure:
Aggravation of Pre-existing  
Conditions:



3. Composition/Information on Ingredients 
 

Ingredient Synonyms CAS # Percent Hazardous

4. First Aid Measures 
Inhalation:

Ingestion:

Skin Contact:

Eye Contact:

5. Fire Fighting Measures 
Fire:

Explosion:

Fire Extinguishing Media:

Special Information:

6. Accidental Release Measures 



7. Handling and Storage 

8. Exposure Controls/Personal Protection 
Airborne Exposure Limits:
Ventilation System:
Personal Respirators (NIOSH 
Approved):

Skin Protection:
Eye Protection:

Slips, Trips, and Falls:

9. Physical and Chemical Properties 
Appearance:
Odor:
Solubility:
Specific Gravity (water=1):
pH:
% Volatiles by volume  

@ 21C (70F):
Boiling Point:
Melting Point:
Flash Point (F): 
Autoignition Temperature: 
Decomposition Temperature: 
Vapor Density (Air=1):
Vapor Pressure (mm Hg):
Evaporation Rate (BuAc=1):
Viscosity @23 C (73 F): 
Partition Coefficient  

(octanol/water): 



10. Stability and Reactivity 
Stability:
Reactivity: 
Hazardous Decomposition  
Products:

Hazardous Polymerization:
Incompatibilities:
Conditions to Avoid:

11. Toxicological Information 
Soybean Oil: 

Emulsifier/Nutrient Mixture:

Sodium Lactate

SRS-SD

12. Ecological Information 
Environmental Fate:
Environmental Toxicity:
Degradability:

Soil Mobility:

Bioaccumulation Potential:

13. Disposal Considerations 

14. Transport Information 

15. Regulatory Information 



16. Other Information 
NFPA Ratings: 1 1 1
Date Prepared: 
Revision Information:

Disclaimer:



Prepared by:  
Phone Number:
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SAFETY DATA SHEET
1. CHEMICAL IDENTIFICATION AND COMPANY INFORMATION

Product Name:  KB-1® PLUS
Company Info: SiREM
    130 Stone Rd. W. Guelph, ON, N1G3Z2
    Phone: 519-822-2265  
    Toll Free, North America: 1-866-251-1747
    Fax: 888-635-3470
    www.siremlab.com

Emergency Phone Number: 519-822-2265 (for 24/7 assistance, contact poison center hotline in your 
      jurisdiction). 

Description:     Microbial inoculum (non-pathogenic, non-hazardous) in growth media 
      consisting of a dilute aqueous solution of mineral salts and nutrients.

Recommended Use:    Bioremediation of contaminated groundwater. 

Restrictions on Use:       KB-1® PLUS product intended for laboratory research and field   
      applications for cleanup of contaminated groundwater. Products are not  
      intended to be used as human or animal therapeutics, cosmetics,   
      agricultural or pesticide  products, food additives, or as household  
      chemicals.

2. HAZARDS IDENTIFICATION

GHS Classification: Not classified as “hazardous” per OSHA 29 CFR 1910.1200, “Hazard Communication”. 

GHS Label elements, including hazard and precautionary statements: Not Applicable.

HMIS
Rating:

Health Flammability Physical Hazard Personal Protection
1 0 0 B*

NFPA 
Rating:

Health Flammability Reactivity Special Hazard
1 0 0 N/A

* B = Safety Glasses, Gloves.

A review of available data indicates minimal potential for health effects related to normal use of this product.
Microbial components are non-pathogenic. The product is not expected to be a health hazard as a result of 
inhalation of mists, ingestion or skin contact.  Eye contact may result in mild irritation/redness.  Normal hygiene 
precautions should be observed, including eye protection, skin protection, and hand washing. The potential exists for 
individuals with hypersensitivity to biological materials to exhibit allergic sensitivity to biological components of this 
product (see Section 4, “First Aid Measures”).

3. COMPOSITION/INFORMATION ON INGREDIENTS

KB-1® PLUS  is a microbial culture grown in an aqueous dilute solution of mineral salts and nutrients classified as 
non-hazardous in accordance with provisions of OSHA 29 CFR 1910.1200, “Hazard Communication.”   

The microbial composition of KB-1® PLUS, as determined by phylogenetic analysis, includes:
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  Dehalococcoides sp.
  Geobacter sp.
  Methanomethylovorans sp.  
  Dehalobacter sp.
  Dehalogenimonas sp.

Identification of organisms was obtained by matching 16S rRNA gene sequence of organisms in KB-1® PLUS to 
other known organisms. The characteristics of related organisms can be used to identify potential or likely 
characteristics of organisms in KB-1® PLUS. 

4. FIRST AID MEASURES

Avoid direct contact with skin and eyes.  In any case of any exposure which elicits a response, a physician should be 
consulted immediately. 

Route of Entry Symptoms First Aid Procedures

Ingestion Upset stomach, irritation of 
digestive tract

Do not induce vomiting. Drink several cups of water.
Seek medical attention.

Skin contact Skin irritation – reddening, itching 
or inflammation.

Remove contaminated clothes. Wash skin with plenty of
water and soap. Seek medical attention if irritation 
develops or open wounds are present. 

Eye contact Eye irritation – redness, tearing, 
blurred vision.

Rinse immediately with plenty of water for 15 – 20 minutes,
lifting lower and upper eyelids occasionally (remove
contact lenses if easily possible). Seek medical attention if 
undue irritation or redness occurs.

Inhalation of mist Respiratory irritation, coughing,
breathing difficulty.

Remove victim to fresh air. Administer first aid as 
appropriate for symptoms.  Seek medical attention if serious 
symptoms occur.  

5. FIRE FIGHTING MEASURES

General: This material is non-flammable, consisting primarily of water, and poses 
no special hazards if involved in a fire situation.

Suitable extinguishing media: If material is involved in fire situation, use extinguishing media suitable
for surrounding fire.

Special protective equipment and
precautions for firefighters:

No special equipment necessary; use equipment appropriate for 
surrounding fire.

Hazardous combustion products:           Not applicable.

Toxic gases produced: Not applicable.

Shock/impact sensitivity: Not shock sensitive.

6. ACCIDENTAL RELEASE MEASURES

Method of containment and cleanup: Spilled KB-1® PLUS should be soaked up with sorbent and saturated with 
a 10% bleach solution (prepared by making a one in ten dilution of diluted 
standard bleach [normally sold at a strength of 5.25% sodium 
hypochlorite] to disinfect affected surfaces. Sorbent should be double 



Rev. No.:  0
Date:  8 January 2016
Page:  3 of 6  

 

                              

bagged and disposed of as indicated in Section 13.   After removal of 
sorbent, area should be washed with 10% bleach solution to disinfect. If 
liquid from the culture vessel is present on the fittings, non-designated 
tubing or exterior of the stainless steel pressure vessel liquid should be 
wiped off and the area washed with 10% bleach solution. 

Ventilation: No special ventilation is required in the event of the spill, as the material 
consists of water and non-volatile constituents.  If the potential for 
generation of mist exists, open windows and provide adequate 
ventilation. If high levels of mist are encountered, use personal protective 
equipment indicated below.

Eye/skin protection: Have eye-washing facilities readily available where eye contact can
occur. Wash skin with soap and water. Use appropriate protective gloves
when handling. Showering and changing into street clothes after work is
recommended.

Protective equipment for airborne mist: A NIOSH/MSHA approved dust mask or air purifying respirator with 
dust/mist filter is recommended where elevated concentrations of 
airborne mist are expected.

7. HANDLING AND STORAGE

Handling and storage precautions: Use personal protective equipment (eye & skin protection) and hygiene 
measures (hand washing) to minimize contact with the material. 

KB-1® PLUS is shipped in stainless steel pressure vessels and 
connected to injection lines and inert gas is used to pressurize the 
vessel to displace the contents.  KB-1® PLUS should be handled with 
care to avoid any spillage.  Vessels are shipped with 1 to 5 pound per 
square inch (psi) pressure; valves should not be opened until 
connections to appropriate lines for subsurface injection are in place. 

During storage, avoid exposing stainless steel pressure vessels to 
undue temperature extremes (i.e., temperatures less than 0°C or 
greater than 30°C may result in harm to the microbial cultures and 
damage to the vessels). All valves should be in the closed position 
when the vessel is not pressurized to prevent the escape of gases and 
to maintain anaerobic conditions in the vessel. 

Incompatibilities: Avoid exposure of the culture to air as the presence of oxygen will kill 
the microbes.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

OSHA Permissible Exposure Limits
(PELs):

No occupational exposure limits are established for microbial 
constituents.  Mixture is not classified as “hazardous” in accordance 
with 29 CFR 1910.1200 “Hazard Communication,” exceedance of 
exposure limits is not anticipated either under normal conditions of 
use, or as the result of an accidental release. 

ACHIH Threshold  Limit Values (TLVs):

Engineering controls: Generally not required under normal conditions of use.  If method of 
use will result in significant mist generation, use under conditions of 
adequate ventilation.

Work practices: Use good hygiene practices, avoid mist generation, and minimize
contact with the material as a general precautionary measure.
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Personal protective equipment: Under normal conditions of use, wear safety glasses, protective
gloves (latex, vinyl or nitrile) and steel toed footwear as general 
precautionary measures, particularly when opening pressure vessel 
valves or when pressurizing vessels to inject contents into the 
subsurface environment. For laboratory use, also wear lab coat.  For 
higher risk of eye contact, wear safety goggles or face shield, as 
appropriate. Respiratory protection is not required under normal 
conditions of use (see Section 6, “Accidental Release Measures.”

9 . PHYSICAL AND CHEMICAL PROPERTIES

Appearance, physical state: Aqueous liquid, dark grey, slightly turbid under anaerobic conditions, 
pink if exposed to air (oxygen).  

Odor: Pungent (“skunky”) odor.

Solubility: Soluble in water.

pH: 6.5 – 7.5

Melting range Not determined, approximately equivalent to water.

Vapor density: Not determined, approximately equivalent to water.

Vapor pressure: Not determined, approximately equivalent to water.

Relative density: Not determined, approximately equivalent to water.

Evaporation rate: Not determined, approximately equivalent to water.

Initial Boiling point, boiling range Not determined, approximately equivalent to water.

Flammability Not flammable.

Partition coefficient Not Applicable.

Auto-ignition temperature Not Applicable.

Decomposition temperature: No data, bacterial contents will decompose by heating.

Flash point Not Applicable.

Flammable limits Not Applicable.

10. STABILITY AND REACTIVITY

Chemical stability and reactivity: Stable and non-reactive.

Possibility of hazardous reactions: Stable.  Spontaneous hazardous chemical reactions / decomposition 
will not occur.  

Conditions to avoid: Maintain under anaerobic conditions to preserve product integrity 
(exposure to air/oxygen will kill microbes).

Incompatible materials: Strong oxidizers, acids, water reactive materials.

Hazardous decomposition products: Not applicable.

Shock sensitivity: Not shock sensitive; will not decompose and form shock sensitive 
compounds.
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11. TOXICOLOGICALINFORMATION

Potential for pathogenicity: KB-1® PLUS has tested negative (i.e., the organisms are not present) for a variety of 
pathogenic organisms indicated below:

Pathogenic Organisms Disease(s) Caused Test Results

Salmonella sp. Typhoid fever, gastroenteritis Not Detected

Listeria monocytogenes Listerioses “

Vibrio sp., Cholera, gastroenteritis “

Campylobacter sp., Bacterial diarrhea “

Clostridia sp., Food poisoning, botulism, tetanus, gas gangrene  “

Bacillus anthracis Anthrax “

Pseudomonas aeruginosa Wound infection “

Yersinia sp., Bubonic plague, intestinal infection “

Yeast and Mold Candidiasis, yeast infection, etc. “

Fecal coliforms Indicator organisms for many human pathogens 
diarrhea, urinary tract infections 

“

Enterococci Various opportunistic infections “

While there is no evidence that virulent pathogenic organisms are present in KB-1® PLUS, there is potential that 
certain organisms in KB-1® PLUS may have the potential to act as opportunistic (mild) pathogens, particularly in 
individuals with open wounds and/or compromised immune systems. For this reason standard hygienic procedures 
such as hand washing after use should be observed.

12. ECOLOGICAL INFORMATION

This product is not rated as “hazardous” as either an acute or chronic ecological hazard, in accordance with the 
OSHA Hazard Communication standard, 29 CFR 1910.1200. 

13. DISPOSAL CONSIDERATION

Material must be disinfected or sterilized prior to disposal.  Consult local regulations prior to disposal.  

14. TRANSPORTINFORMATION

U.S. (D.O.T.): Proper Shipping Name:
Hazard Class:
UN/NA:
Labels:

Culture of Micro-organisms
Not Applicable
Not Applicable
Not Applicable

Canada (T.D.G.) Proper Shipping Name:
Hazard Class:
UN/NA:
Labels:

Culture of Micro-organisms
Not Applicable  
Not Applicable  
Not Applicable
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International:
IMDG:

Proper Shipping Name:
Hazard Class:
UN/NA:
Labels:

Culture of Micro-organisms  
Not Applicable
Not Applicable
Not Applicable

IATA: Proper Shipping Name:
Hazard Class:
UN/NA:
Labels:

Culture of Micro-organisms
Not Applicable
Not Applicable
Not Applicable

15. REGULATORY INFORMATION

TSCA: No

SARA TITLE III

Section 302 (EHS) Ingredients: No

Section 313 Ingredients:                                   No
Section 304 (EHS/CERCLA) Ingredients:      No

SARA TITLE III NOTIFICATION INFORMATION

Acute Health Hazard:                                    No

Chronic Health Hazard:                                  No

Fire Hazard:                                                    No

Sudden Release of Pressure Hazard:              No

16. OTHER INFORMATION

SiREM provides the information contained herein for hazard communication and safety planning purposes, based on 
existing information on each of the product components available in the literature; no independent testing was 
conducted on the final product. The above information is intended to be used only as a guide to the appropriate 
precautionary handling of this material by a properly trained person.  

 



















SODIUM BICARBONATE 
Safety Data Sheet 

1. Product Identification 
Synonyms:
CAS No: 
Chemical Formula: 
Recommended Use:
Supplier:  

2. Hazards Identification  

Emergency Overview
Caution:
Health Rating:
Flammability Rating:
Reactivity Rating:
Contact Rating:
Protective Equipment:
Storage Color Code:
Potential Health Effects
Inhalation:

Ingestion:

Skin Contact:
Eye Contact:



Chronic Exposure:

Aggravation of Pre-existing  
Conditions:

3. Composition/Information on Ingredients 
 

Ingredient Synonyms CAS # Percent Hazardous

4. First Aid Measures 
Inhalation:

Ingestion:

Skin Contact:

Eye Contact:

Note to Physician:

5. Fire Fighting Measures 
Fire:

Explosion:
Fire Extinguishing Media:

Special Information:



6. Accidental Release Measures 

7. Handling and Storage 

8. Exposure Controls/Personal Protection 
Airborne Exposure Limits:
Ventilation System:
Personal Respirators (NIOSH 
Approved):

Skin Protection:
Eye Protection:

9. Physical and Chemical Properties
Appearance:
Molecular Weight: 
Odor:
Solubility:
Bulk Density:
pH:
% Volatiles by volume  

@ 21C (70F):
Boiling Point:
Melting Point:
Flash Point (F): 
Autoignition Temperature: 
Decomposition Temperature: 
Vapor Density (Air=1):



Vapor Pressure (mm Hg):
Evaporation Rate (BuAc=1):
Partition Coefficient  

(octanol/water): 

10. Stability and Reactivity 
Stability:
Reactivity: 

Hazardous Decomposition  
Products:

Hazardous Polymerization:
Incompatibilities:
Conditions to Avoid:

11. Toxicological Information 
Toxic Dose: 
Inhalation:

Ingestion

Skin

Eyes

12. Ecological Information 
Environmental Fate:
Environmental Toxicity:

Persistence:

Soil Mobility:

Bioaccumulation Potential:



13. Disposal Considerations 

14. Transport Information 

15. Regulatory Information 

16. Other Information 
NFPA Ratings: 0 0 0
Date Prepared: 
Revision Information:

Disclaimer:



Prepared by:  
Phone Number:










