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1. INTRODUCTION 

 

EA Engineering, Science, and Technology, Inc., PBC (EA) has prepared this In Situ Microcosm 

(ISM) Study Report for the Santa Fe County Judicial Complex (SFCJC) State Lead Site (the site) 

located at 327 Sandoval Street in Santa Fe, New Mexico (Figure 1).  The work was completed 

under EA’s Professional Services Contract number 19-667-3200-0007 and in accordance with 

applicable requirements of New Mexico Administrative Code, Title 20, Chapter 5, Part 119 and 

the Work Plan for CRP Development, File Review, Baseline Groundwater Monitoring, In Situ 

Microcosm Study, Benzene Plume Delineation, FRP Development, and Discharge Permit, Santa 

Fe County Judicial Complex State Lead Site, 327 Sandoval Street, Santa Fe, New Mexico, 

approved by the New Mexico Environment Department (NMED) Petroleum Storage Tank 

Bureau (PSTB) on June 27, 2019 under work plan identification (WPID) number 4072.   

 

Bio-Trap® ISM units were installed in monitoring wells TWN-03, SFCMW-10, CMW-01,   

MW-1R, MW-11, and MW-4R to assess the potential for biodegradation of benzene, toluene, 

ethylbenzene, and xylenes (BTEX), the polycyclic aromatic hydrocarbon (PAH) naphthalene, 

petroleum alkanes (C5 – C16), 1,2-dibromoethane (ethylene dibromide or EDB), and 1,2-

dicholoroethane (ethylene dichloride or EDC) in groundwater under amended and unamended 

site conditions (Figure 1).  Bio-Trap® ISM units are field-deployed passive samplers that provide 

a very large surface upon which bacteria of interest can grow; they may be amended with various 

augmentations, such as different electron acceptors or donors.  They can also be used to monitor 

contaminant concentrations and anions relevant to monitored natural attenuation (MNA) 

bacterial processes.  

 

At the SFCJC, the following types of Bio-Trap® ISM units were installed: 

 

• MNA control units containing no amendments.  These units were used to assess the 

potential for MNA of EDB and EDC under current in situ conditions and to serve as a 

baseline for comparison with amendments, including the addition of nitrate and sulfate 

electron acceptors.  (Note: nitrate and sulfate may also serve as nutrient sources for 

bacterial growth, as nitrogen and sulfur are essential components of enzymes and 

structural proteins.) 

 

• BioStim® units amended with nitrate or nitrate and sulfate to serve as electron 

acceptors.  These units were used to determine if biostimulation of indigenous bacteria 

using nitrate or nitrate and sulfate results in greater bacterial numbers than the control 

MNA units.  

 

• BioAug® units amended with sulfate as the electron acceptor and SDC-9 bacterial 

culture.  The SDC-9 culture is a proprietary mixture of anaerobic bacteria, including 

Dehalobacter and Dehalococcoides spp., which have been shown to use EDC and EDB 

as electron acceptors under anaerobic conditions.  Oxygen exposure can irreversibly 

inhibit dechlorination, growth, and viability of these obligate anaerobes (Amos et al, 

2008).  BioAug® units were used to determine if bioaugmentation will result in greater 

numbers of bacteria than the control Bio-Trap® and BioStim® units. 
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Multiple Bio-Trap® ISM units may be deployed in the same monitoring well to simultaneously 

evaluate different treatment options.  In addition, Bio-Traps® may be analyzed to determine 

concentrations of contaminants of concern (COCs) in addition to dissolved gases and anions 

commonly used to evaluate MNA processes.  The following is a summary of deployed Bio-

Trap® ISMs (Table 1): 

 

• MW-11: Standard Bio-Trap® (Standard Bio-Traps® are not analyzed for site COCs) 

• TWN-03: MNA, BioStim®, and BioAug® (BioStim® with nitrate plus sulfate and 

BioAug® with sulfate and SDC-9 culture) 

• SFCMW-10: MNA and BioStim® (BioStim® with nitrate plus sulfate) 

• CMW-01: MNA and BioStim® (BioStim® with nitrate plus sulfate) 

• MW-1R: MNA and BioStim® (BioStim® with nitrate and nitrate plus sulfate) 

• MW-4R: Standard Bio-Trap®  

Forty-eight (48) days after the Bio-Trap® ISM units were deployed, they were retrieved and sent 

to Microbial Insights for the following analyses:  

 

• QuantArray®, which quantifies genes associated with total numbers of Eubacteria and 

sulfate-reducing bacteria 

• QuantArray-Petro®, which quantifies genes associated with bacteria that degrade BTEX, 

PAHs, and petroleum alkanes  

• CENSUS®, which quantifies genes associated with Dehalobacter and Dehalococcoides 

spp.  

• In addition, the Bio-Trap® ISM units were analyzed to determine concentrations of 

dissolved gases and anions that provide information pertinent to assessing geochemical 

conditions, and in some, concentrations of BTEX, naphthalenes, EDB, and EDC were 

also measured.  

The Microbial Insights Bio-Trap® ISM Study report with the results is provided in Appendix A.  

Field notes for deployment and retrieval of the Bio-Trap® ISM units were provided to the NMED 

PSTB in the Baseline Groundwater Monitoring Report dated December 10, 2019.  Results of the 

baseline groundwater monitoring event are shown on Figures 1 through 4.   
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2. BIO-TRAP® ISM STUDY RESULTS 

 

This section provides a summary of the Bio-Trap® ISM study results.  The results are discussed 

separately for each well.  

 

It is important to note that while bacterial DNA and genes of interest may be detected in any 

given sample, suitable geochemical conditions are essential before the desired processes will 

occur at appreciable rates.  For example, if site conditions are anoxic (generally dissolved 

oxygen (DO) concentrations less than 0.5-1.0 milligram per liter [mg/L]), then significant 

aerobic processes are unlikely to occur.  Conversely, anaerobic processes will not occur in the 

presence of appreciable quantities of DO because oxygen is toxic to strict anaerobes.   

 

It is also important to note that some bacteria involved in BTEX and petroleum alkane 

degradation, such as Pseudomas spp., are capable of both aerobic and anaerobic growth.  

Bacteria such as these grow optimally with oxygen but can switch to other electron acceptors, 

such as nitrate or metals, when oxygen is depleted.  These bacteria are referred to as facultative 

anaerobes.   

 

2.1. MW-11: Standard Bio-Trap® ISM Unit - DeVargas Plume 

 

MW-11 is located in the northern portion of the SFCJC site in the parking lot of the 200 West 

DeVargas Condominium complex in what has been referred to as the DeVargas Plume (Figure 

1).  Samples collected from the well during the baseline groundwater monitoring event showed a 

BTEX concentration of 193 µg/L, an EDB concentration of 0.74 µg/L, and a total naphthalenes 

concentration of 411µg/L (Figure 3).  The DO concentration measured during purging and 

sampling of the well was 0.03 mg/L, which is considered too low to support aerobic bacterial 

growth but will allow anaerobic bacterial growth.  

 

Concentrations of genes associated with aerobic BTEX degradation were moderate and within 

the same general ranges as gene copy numbers associated with anerobic BTEX degradation.  

 

Genes for aerobic and anaerobic PAH degradation were not detected.  

 

Gene copies associated with aerobic alkane degradation were low or not detected, while genes 

associated with anaerobic alkane degradation were not detected.  

 

Bacteria and genes associated with degradation of EDB were not detected.   

 

MNA may be a viable treatment option for residual BTEX contamination but may not be viable 

for remediation of total naphthalenes, alkanes, or EDB.  Addition of SDC-9 culture may 

encourage in situ degradation of the EDB. 

 

2.2 TWN-3: MNA, BioStim®, and BioAug® ISM Units – DeVargas Plume 

TWN-3 is also located in the DeVargas Plume approximately 30 feet northwest of MW-11 

(Figure 1).  Baseline groundwater monitoring results showed a benzene concentration of 29 

µg/L, a BTEX concentration of 44.1 µg/L, an EDB concentration of 4.4 µg/L, an EDC 
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concentration of 1.6 µg/L, and a total naphthalenes concentration of 5.0 µg/L (Figure 3).  

However, Bio-Trap® results showed that BTEX, EDC, and total naphthalenes were not detected 

at TWN-3.  The DO concentration measured during purging and sampling of the well was 5.68 

mg/L.  This concentration will readily support aerobic bacterial growth but will severely inhibit 

anaerobic bacterial growth.   

The fact that methane concentrations were extremely low (up to 4.4 µg/L) supports the assertion 

that conditions are oxic.  Genes associated with the aerobic and anaerobic degradation of BTEX 

were detected at moderate to high concentrations, indicating that the plume has the genetic 

capacity for aerobic and anaerobic BTEX degradation.  However, aerobic degradation potentials 

of BTEX and PAHs were not different between the amended (BioStim®) and unamended (MNA) 

Bio-Traps®.  Although genes coding for enzymes responsible for anaerobic degradation of 

BTEX were detected in all three units, it is unlikely that these enzymes are active, given the 

significant concentrations of DO.   

Concentrations of genes associated with aerobic PAH degradation were low and genes associated 

with anaerobic PAH degradation were low or not detected in all units.   

Concentrations of genes associated with aerobic alkane degradation were moderate among all 

units and genes associated with anaerobic alkane degradation were not detected.  The 

simultaneous presence of moderate concentrations of genes associated with aerobic and 

anaerobic petroleum degradation may be due to the presence of facultative anaerobes.   

The CENSUS® analysis detected elevated concentrations of SDC-9 culture in the BioAug® 

treatment, which is very likely because the BioAug® treatment included SDC-9 culture; it does 

not necessarily indicate or confirm that these organisms are active.  It is unclear why low 

concentrations of sulfate-reducing bacteria (APS) and SDC-9 genes were detected in the MNA 

and BioStim® units because the DO concentration at TWN-3 is too high to allow for the growth 

of these obligate anaerobes.  It is possible that this is an artifact of having deployed the BioAug® 

unit near the MNA and BioStim® units (note that enumeration of APS genes also captures 

numbers of SDC-9 genes).  Regardless, the fact that the enzyme responsible for EDC 

degradation (1,2-DCA reductase [DCAR]) was not detected in any unit, supports the conclusion 

that dehalogenating bacteria were not active at the site.   

Collectively, it appears that nutrient amendment will not increase the BTEX degradation 

capacity at this location, and bioaugmentation with SDC-9 is recommended after oxygen 

depletion.   

 

2.3 SFCMW-10: MNA and BioStim® ISM Units – SFCJC Plume 

 

SFCMW-10 is located directly southeast of the SFCJC within the SFCJC plume (Figure 1).  

Baseline groundwater monitoring results showed a benzene concentration of 83 µg/L, a BTEX 

concentration of 145 µg/L, and a total naphthalenes concentration of 3,010 µg/L (Figure 3).  Bio-

Trap® results for BTEX and total naphthalene concentrations were generally consistent with 

laboratory analytical results.  The DO concentration at this location was 0.05 mg/L when 

measured during the baseline groundwater monitoring event, which is too low to support 

significant aerobic microbial growth.   
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Low to moderate concentrations of bacterial genes associated with aerobic and anaerobic BTEX  

metabolism were present in both units.  Gene copies related to BTEX degradation did not appear 

to be substantially different between the two units, although certain BTEX-degrading genes were 

present in the BioStim® unit but not in the MNA, and genes involved in anaerobic degradation of 

BTEX and naphthalene were detected at somewhat higher concentrations in the BioStim® unit.  

 

Genes associated with aerobic and anaerobic PAH degradation were higher in the BioStim® unit.   

 

Moderate concentrations of aerobic alkane-degrading genes were present in both units but were 

slightly higher in the BioStim® unit.  Genes for anaerobic alkane degradation were not detected.   

 

Sulfate-reducing bacteria (APS) concentrations were moderate in both units but concentrations 

did not vary between the two.  APS can produce significant concentrations of hydrogen sulfide 

as an end product of sulfate reduction and there are some reports that hydrogen sulfide 

accumulation may become toxic to bacteria, even to APS.  Although significant numbers of APS 

were detected, hydrogen sulfide was not detected.  This is likely because hydrogen sulfide reacts 

almost immediately with reduced metals and rapidly precipitates out of solution due to extremely 

low solubility.   

 

Collectively, these data suggest that nutrient amendment may enhance biodegradation of 

petroleum hydrocarbons at this location.  Hydrogen sulfide toxicity is unlikely in this and other 

anoxic wells at the site.   

 

2.4 CMW-01: MNA and BioStim® ISM Units – Capital 66 Plume  

 

CMW-01 is located in the parking lot of the Saveur Bistro Restaurant (former Capital 66) in the 

Capital 66 plume (Figure 1).  Baseline groundwater monitoring results showed a benzene 

concentration of 150 µg/L, a BTEX concentration of 165.2 µg/L, an EDB concentration of 0.25 

µg/L, and a total naphthalenes concentration of 4.7 µg/L (Figure 3).  Bio-Trap® results for 

benzene and EDB were consistent with laboratory results.  The DO concentration at this location 

was 3.01 mg/L when measured during the baseline groundwater monitoring event, which will 

support aerobic growth and inhibit anaerobic growth. 

 

Concentrations of genes associated with aerobic degradation of BTEX, PAHs, and alkanes were 

low to moderate in both units and were not substantially different between the two units.  

 

Concentrations of genes associated with anaerobic BTEX degradation were similar between 

units and anaerobic alkane-degrading genes were not detected.   

 

Numbers of APS were also moderate, but it is unlikely these bacteria are active given the 

concentrations of DO and nitrate at this well.  Dehalobacter spp. and 1,2-DCA reductase 

(DCAR) were not detected.  

 

Collectively, these data indicate that nutrient amendment is unlikely to increase degradation of 

BTEX, and EDB degradation would be possible once oxygen is depleted. 
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2.5 MW-1R: MNA, BioStim® with Nitrate, and BioStim® with Nitrate Plus Sulfate ISM 

Units – Design Center Plume 

 

MW-1R is located at the southeast corner of the 210 & 218 Montezuma Avenue building within 

the Design Center Plume (Figure 1).  Baseline groundwater monitoring results showed a benzene 

concentration of 1,700 µg/L, a BTEX concentration of 27,200 µg/L, an EDB concentration of 

0.52 µg/L, and a total naphthalenes concentration of 1,210 µg/L.  Bio-Trap® results for benzene 

and total naphthalenes were substantially lower than analytical laboratory results.  The DO 

concentration at this location was 0.0 mg/L when measured during the baseline groundwater 

monitoring event, which is considered too low to support aerobic bacterial growth but will allow 

uninhibited anaerobic growth.   

 

The in-situ sulfate concentration was less than 2.5 mg/L, which is two to three orders of 

magnitude less than sulfate concentrations measured at other locations.  This indicates that 

sulfate-reducing bacteria are active at this location, although APS concentrations did not appear 

to be substantially different between the two BioStim® units.   

 

In general, concentrations of genes associated with aerobic degradation of BTEX, PAHs, and 

alkanes were moderate to high, and higher in the MNA unit.   

 

Concentrations of genes associated with anaerobic BTEX degradation were mixed.  The 

concentration of benzoyl coenzyme A reductase (BCR) was highest in the MNA unit, the 

concentration of benzylsuccinate synthase (BSS) was highest in the BioStim® unit amended with 

nitrate, and benzene carboxylase (ABC) was highest in the BioStim® unit with nitrate, but not 

detected in the unamended MNA unit.   

 

No genes for anaerobic PAH degradation were detected and genes for aerobic PAH degradation 

were very low and only detected in the MNA unit.   

 

Genes for aerobic alkane degradation were very low and only detected in the MNA unit.   

 

Total numbers of APS comprised a large portion of the total bacterial community, and cell 

numbers did not vary between units.  It appears that nutrient amendment at this location will not 

increase concentrations of most genes associated with anaerobic BTEX, PAH, or petroleum 

alkane degradation. 

 

2.6 MW-4R: Standard Bio-Trap® ISM Unit - Design Center Plume 

 

MW-4R is located just south of the median in Cerrillos Road between the Design Center and the 

Bardacke Attorney General Complex in the Design Center plume (Figure 1).  Baseline 

groundwater monitoring results showed a benzene concentration of 1,800 µg/L, a BTEX 

concentration of 25,300 µg/L, an EDB concentration of 0.52 µg/L, and a total naphthalenes 

concentration of 1,210 µg/L.  The DO concentration at this location was 0.05 mg/L when 

measured during the baseline groundwater monitoring event, which is considered too low to 

support significant aerobic growth but will allow for anaerobic growth.  
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Concentrations of some genes associated with aerobic BTEX degradation were moderate while 

others were low.  Gene copies for anaerobic BTEX degradation were low to moderate. 

  

Concentrations of genes for aerobic alkane degradation were low and genes for anaerobic alkane 

degradation were not detected.  

 

Bacteria and genes associated with EDB degradation were not detected.  Anaerobic conditions 

would be required for degradation of EDB, and bioaugmentation would be necessary.  
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3. SUMMARY AND CONCLUSIONS 

 

DeVargas Plume 

 

• In MW-11, EDB and total naphthalenes concentrations were above the standards.  

Aerobic and anaerobic degradation may be viable treatment options for residual BTEX 

contamination but may not be viable for remediation of total naphthalenes and alkanes.   

Carbon absorption with subsequent degradation could be a potential remedial alternative 

for naphthalene.  Anaerobic conditions and bioaugmentation with SDC-9 culture may 

encourage in situ degradation of the EDB. 

 

• In TWN-3, benzene and EDB concentrations were above the standards.  Aerobic and 

anaerobic degradation may be viable treatment options for residual BTEX.  Nutrient 

amendment appears to increase the BTEX degradation capacity at this location.   

Anaerobic conditions and bioaugmentation with SDC-9 culture may encourage in situ 

degradation of the EDB. 

 

SFCJC Plume 

 

• In SFCMW-10, benzene and total naphthalene concentrations were above the standards.  

Aerobic and anaerobic degradation may be viable treatment options for residual BTEX 

and PAHs.  Nutrient amendment may enhance biodegradation of petroleum hydrocarbons 

at this location.  Hydrogen sulfide toxicity is unlikely in this and other anoxic wells at the 

site.   

 

Capital 66 Plume 

 

• In CMW-1, benzene and EDB concentrations were above the standards.   Aerobic and 

anaerobic degradation may be viable treatment options for residual BTEX.  Nutrient 

amendment is unlikely to increase degradation of BTEX.  Anaerobic conditions and 

bioaugmentation with SDC-9 culture may encourage in situ degradation of the EDB. 

 

Design Center Plume 

 

• In MW-1R, benzene, EDB and total naphthalene concentrations were above the 

standards.  Aerobic degradation may be a viable treatment option for residual BTEX and 

PAHs.  Total numbers of APS comprised a large portion of the total bacterial community, 

and cell numbers did not vary between units.  It appears that nutrient amendment at this 

location will not increase concentrations of most genes associated with anaerobic BTEX, 

PAH, or petroleum alkane degradation.  Anaerobic conditions and bioaugmentation with 

SDC-9 culture may encourage in situ degradation of the EDB and EDC. 

 

• In MW-4R, benzene, EDB, and total naphthalene concentrations were above the 

standards.  Aerobic and anaerobic degradation may be viable treatment options for 

residual BTEX and to a lesser degree for PAHs.  Bacteria and genes associated with EDB 

degradation were not detected.  Anaerobic conditions and bioaugmentation with SDC-9 

culture may encourage in situ degradation of the EDB and EDC. 
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EA will develop remedial injection strategies for each of the four plumes at the SFCJC based on 

results of the Bio-Trap® ISM Study.  These strategies will be presented in the Final Remediation 

Plan for the site. 
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TABLE 



TABLE 1.  BIO-TRAP SAMPLING REGIMEN

IN-SITU  MICROCOSM STUDY

SANTA FE COUNTY JUDICIAL COMPLEX, SANTA FE, NEW MEXICO

Plume

Monitoring 

Well

Standard 

Bio-Trap®

MNA 

Bio-Trap®

Bio

Stimulation Bio-

Trap®

Bio

Augmentation 

Bio-Trap®

Bio-Trap® 

Stimulant(s) Culture

MW-11 1 -- -- -- --

-- 1 Sulfate SDC-9

1 -- Nitrate, Sulfate --

Santa Fe County 

Judicial Complex
SFCMW-10 1 1 -- Nitrate, Sulfate --

Capital 66 CMW-01 1 1 -- Nitrate, Sulfate --

1 -- Nitrate --

1 -- Nitrate, Sulfate --

MW-4R 1 -- -- -- --

Total 2 4 5 1

De Vargas
TWN-03

Design Center
MW-1R 1

1

--
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APPENDIX A 

MICROBIAL INSIGHTS BIO TRAP® IN SITU MICROCOSM STUDY 
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