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Evaluation of Sequenced SEPR and S-ISCO Remediation of 
 MGP Contamination in Soil 

Summary 

EthicalChem successfully completed a competitive treatability test in 
March, 2017 for remediation of MGP contamination at an 
international site. The site is located adjacent to a major body of water 
and contains subsurface soil contamination as well as NAPL. 
EthicalChem’s patented SEPR (Surfactant Enhanced Product Recovery) 
and S-ISCO (Surfactant-enhanced In Situ Chemical Oxidation) were 
evaluated for extraction of bulk NAPL and in situ treatment of residual 
contamination.  

Procedures 

Surfactant screening tests were conducted to select the optimal 
EthicalChem surfactant for both the SEPR and S-ISCO processes and 
evaluate SEPR and S-ISCO performance on site soil.  

Vials were set up to contain five grams of NAPL with 20 mL of aqueous 
solution. The control contained only NAPL and DI water. Four different 
surfactant solutions were evaluated at 20 g/L including E-Mulse 3, E-
Mulse 10, E-MULSE 6, and E-Mulse 74. Vials were shaken and left to 
settle. Visual analysis was performed to determine which surfactant 
most effectively removed the NAPL from the glass walls of the vial, 
reduced the viscosity of the NAPL creating a more extractable material, and/or created a temporary 
emulsion which has potential to phase separate above ground after extraction. 

Jars were set up containing 20 g of homogenized, contaminated site soil along with 20 mL of aqueous 
solution. The control contained only soil and DI water. Four surfactants were screened at 20 g/L including 
E-Mulse 3, E-Mulse 10, E-Mulse 6, and E-Mulse 74. Vials were shaken and left to settle. Evaluation of the 
soil tests included TPH analysis of the aqueous phase to determine which surfactant most effectively 
desorbed and solubilized TPH contamination into the aqueous phase in a stable emulsion, thereby making 
it readily available for oxidation.  

Based on the surfactant screening tests, the optimal surfactant, E-Mulse 3, was selected for the SEPR and 
S-ISCO processes. Column tests were then set up to evaluate NAPL removal and contaminant destruction 
using the E-Mulse 3 surfactant. Columns were packed with contaminated site soil which was spiked and 
homogenized with 1% by weight of site NAPL. Three columns were conducted where one was a control 
pumped with only DI water for 28 days; the second was treated for seven days with SEPR, consisting of 
25 g/L E-Mulse 3 with 1% hydrogen peroxide; and the third was treated for seven days with SEPR (same 
as column 2), followed by twenty one days of S-ISCO, consisting of 20 g/L E-Mulse 3 and alkaline activated 
sodium persulfate (100 g/L, pH>12). Following the treatments, soil was extruded, homogenized and sent 
for third party NELAC accredited analysis of contaminants of concern (COCs). 

PROJECT FACTS 

Site 

International MGP Site                                       

Contaminants of Concern 

TPH, PAHs 

Objectives 

Demonstrate removal of NAPL 
and controlled destruction of 

MGP contaminants 

Technologies 

SEPR and S-ISCO 

Results 

99% reduction of TPH               
97% reduction of PAH’s           

98% VOCs 
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Results 

Visual analysis of the SEPR surfactant screening tests, E-Mulse 3, E-Mulse 10, and E-Mulse 6 all performed 
well, creating an extractable NAPL phase (Figures 1a and 1b). Quantitative results from the S-ISCO 
screening tests revealed that E-Mulse 3 was the optimal surfactant for desorbing and solubilizing 
contaminants into a stable emulsion (Figure 2). Based on these results E-Mulse 3 was selected for both 
the SEPR and S-ISCO phases.  

 

Initial concentrations of the NAPL spiked soil were 1,299,700 
ug/kg PAHs and 17,581 mg/kg TPH. Following the twenty eight day soil column tests, the control column, 
pumped with only DI water, showed little reduction in PAH and TPH concentrations with final 

Figure 1a – NAPL vials post shaking and 
settling with surfactant solutions. Left to 
right: DI water (control), E-Mulse 3, E-
Mulse 10, E-Mulse 6, E-Mulse 74. NAPL 
removed from glass in vials 2, 3 and 4.  

Figure 1b Bottoms of the NAPL Vials after 24 
hours of settling. Left to right: DI water 
(control), E-Mulse 3, E-Mulse 10, E-Mulse 6, 
E-Mulse 74). NAPL readily falls from bottom 
of vials 2, 3, and 4. 
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Figure 3a – Soil PAH and VOC concentrations pre and post 
treatment. 
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Figure 3b – Soil TPH concentrations pre and post 
treatment. 

Figure 2 – Aqueous phase TPH after shaking and settling soil with 
surfactant solutions. E-Mulse 3 solubilized the most TPH, meaning this 
surfactant would make the most contaminant available for oxidation 
during S-ISCO.  
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concentrations in the control soil of 1,102,920 ug/kg PAHs and 13,997 mg/kg TPH. This indicates the NAPL 
and soil sorbed contaminants were highly hydrophobic and were tightly bound to the soil, minimally 
affected by water flow. The SEPR column, treated with E-Mulse 3 and hydrogen peroxide for seven days, 
showed a significant decrease in soil concentrations by 59% PAHs and 70% PAHs; final soil concentrations 
were 529,100 ug/kg PAHs and 5,231 mg/kg TPH. The SEPR/S-ISCO column, treated the same as SEPR for 
seven days followed by E-Mulse 3 and alkaline activated sodium persulfate for twenty one days, showed 
a total decrease of >99% PAHs and 99% TPH in the soil with final concentrations of 4,287 ug/kg PAHs and 
186 mg/kg TPH. Table 1 and Figures 3 a and 3b summarize and illustrate the soil column results.  

 

Table 1. Spiked Soil Column Results 

  

Total 
PAH's 

(ug/kg) 

Percent 
PAH 

Reduction 

Total 
VOCs 

(ug/kg) 

Percent 
VOC 

Reduction 

Total 
TPH 

(mg/kg) 

Percent 
TPH 

Reduction 

Initial Homogenate (Average) 1,299,700 -- 99,400  -- 17,581 --  

Control Column (DI Flush) 1,102,920 15% 100,000  -1% 13,997 20% 

Post SEPR Treatment 529,100 59% 58,400  41% 5,231 70% 

Post SEPR/ SISCO Treatment 4,287 >99% 1,917  98% 186 99% 

 

Conclusion 

E-Mulse 3 was selected as the optimal surfactant for this site based on NAPL and soil surfactant screening 
tests. E-Mulse 3 with hydrogen peroxide was used during SEPR to remove bulk phases of NAPL. E-Mulse 
3 with alkaline activated sodium persulfate was used during S-ISCO to destroy residual contaminants in 
place.  

Overall, soil column tests demonstrated the ability of EthicalChem SEPR and S-ISCO technologies to 
remove and destroy very high levels of NAPL, PAHs, VOCs, and TPH from contaminated site soil, achieving 
>99%, 98%, and 99% of PAHs, VOCs, and TPH, respectively. 
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