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Background/Objectives: 
Persistent low-level concentrations of benzene and atrazine (i.e., approximately 5 micrograms per 
liter [µg/L] greater than the Maximum Contaminant Level [MCL]) downgradient from a former 
agriscience manufacturing facility require treatment. A microcosm study was developed to evaluate 
the feasibility for in situ treatment of benzene and atrazine in the saturated zone. The primary 
objective of the study was to determine the most effective remedial approach for both compounds 
from a range of amendments and aerobic and anoxic remedial processes including enhanced 
biological degradation and/or in situ chemical oxidation (ISCO).        
 
Approach/Activities: 
A microcosm study was completed to evaluate and compare several potential oxygen-releasing 
amendments, including calcium peroxide (CaO2), hydrogen peroxide (H2O2), and Klozur®CR (mixture 
of Klozur®SP [alkaline activated sodium persulfate] and PERMEOX®Ultra [calcium peroxide]), and 
anaerobic biodegradation, including enhanced microbial sulfate reduction with calcium sulfate 
(CaSO4) or co-metabolically with CaSO4 plus emulsified vegetable oil (EVO). Microcosms were 
prepared with soil and groundwater collected from the downgradient plume and spiked with the 
target compounds to provide starting concentrations representative of historical in situ conditions 
while providing a starting point sufficient to demonstrate degradation. Select geochemical 
parameters were analyzed to understand their potential impact and ensure they were addressed in 
the design of the study; for example, soil oxygen demand was taken into consideration in 
determining appropriate test doses of aerobic amendments. Unamended microcosms were prepared 
to provide a point of comparison and abiotic controls using sterilized soil were prepared to account 
for potential changes not attributable to biodegradation.   
 
Results/Lessons Learned: 
All aerobic treatments (Klozur® CR, calcium peroxide, and hydrogen peroxide) were highly effective 
for reducing benzene concentrations in microcosms relative to untreated controls. Calcium peroxide 
and hydrogen peroxide were also effective at degrading atrazine, but not nearly as effective as 
Klozur® CR. Anoxic amendments including calcium sulfate alone and augmented with EVO were 
somewhat effective at degrading benzene and were not effective to any significant degree for 
degrading atrazine. Klozur® CR was the most demonstrably effective amendment for degrading both 
benzene and atrazine. Based on manufacturer information, Klozur® CR incorporates both a slow-
release oxygen compound to enhance biodegradation as well as persulfate to act as a chemical 
oxidant. Based on monitoring performed during the study, the pH of the microcosms prepared with 
Klozur® CR was maintained at biologically-optimum levels. However, the degree of degradation 
attributable to biological degradation versus chemical oxidation was not definitively determined in 
the study, as the results of Quant Array Petro analysis did not definitively indicate the presence of a 
microbial community capable of aerobically degrading benzene and/or atrazine. 
The most effective amendment tested in the batch study was selected for the pilot study, which was 
designed to determine the amendment injection approach and evaluate the treatment efficacy of 
benzene and atrazine in groundwater at low-level concentrations using the combined approach of 
ISCO and enhanced aerobic biological degradation. The pilot study was designed with Klozur®CR 
and will be implemented in 2025. Lessons learned during the implementation of the pilot and 
performance monitoring results will be presented at the conference. 
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