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MuniRem is a commercial, patented chemical reagent that employs reduction chemistry, primarily using a sulfur-

based compound (like sodium dithionite) in an alkaline solution to degrade energetic materials into non-hazardous 

products rapidly. While reports generally indicate its effectiveness in destroying single explosives like 2,4,6-

Trinitrotoluene (TNT), which often degrades relatively quickly, and other targets such as Hexogen (RDX) and 

Oktogen (HMX), which tend to be more resistant, the information gap seems to relate to the publicly available, 

detailed comparative degradation studies of the reagent's efficiency in complex, real-world mixtures of explosives. 

This study summarizes laboratory tests evaluating MuniRem’s effectiveness in degrading various explosives 

(TNT, Pentaerythritol Tetranitrate (PETN), Tetrazene, RDX, HMX, Tetryl, Nitroglycerin (NG), Styphnic acid 

(TNR) and Nitrocellulose) in different matrices (aqueous solution and soil). The results demonstrate high 

degradation performance, with removal efficiencies reaching or exceeding 99% for most compounds, confirming 

MuniRem as a reliable and sustainable solution for contaminated site cleanup.  

 

The tests were performed in (a) Aqueous Solution:  Used for the degradation of an EPA 8330 explosive 

mixture (i.e., RDX, HMX, Tetryl, NG, PETN, TNT, Dinitrotoluenes (DNTs), Nitrotoluenes (NTs), 

Trinitrobenzene (TNB)) as well as for the degradation of Tetrazene and TNR and (b) Soil Matrix: Used for the 

degradation of an explosive mixture of TNT, RDX, HMX, Tetryl, and TNR, along with a mixture of NG, PETN 

and Nitrocellulose. A test for the degradation of neat TNT was also performed.  

 

The experimental procedures included the following steps: gradual addition of MuniRem products (e.g., 

MuniRem-SUF-D, MuniRem-FEB, MuniRem-OPT-D, MuniRem-001-D, MuniRem-HPH-D) under continuous 

stirring, monitoring of temperature (typically below 85 − 90◦C), conducting reference experiments (without 

MuniRem) for comparison and analysis of samples (using HPLC-DAD and/or HPLC-MS/MS) to determine the 

concentrations of explosives and degradation products. 

 

The degradation of a wide range of explosives (Mix EPA 8330) in aqueous solution with MuniRem-OPT-D 

and MuniRem-SUF-D showed complete removal. Specifically, RDX, HMX, Tetryl, PETN, NG, DNTs, NTs, 

TNB, and TNT were fully decomposed, with concentration levels being non-detectable (N.D.) in all the cases. 

While some natural degradation of HMX (48.5%) and Tetryl (29.0%) was observed in the reference experiment, 

MuniRem proved significantly more effective, achieving reductions higher than 97.0%. 

 

The degradation of the primary explosive Tetrazene with MuniRem-OPT-D in an aqueous solution was 

complete (100%), with the concentration dropping from 5000 mg/L to non-detectable levels (LOD: 0.05mg/L) 

after treatment. 

 

Tests with different MuniRem reagents (OPT-D, HPH-D and 001-D) in aqueous solution resulted in 

extremely high degradation rates of TNR. MuniRem-OPT-D and MuniRem-HPH-D achieved complete 

degradation (100%) for a MuniRem/TNR mass ratio of 12.4, while MuniRem-001-D achieved degradation of 

99.97% for the same mass ratio. 

 

MuniRem reagents also successfully degraded explosive mixtures in soil. Specifically, MuniRem-OPT-D 

and MuniRem-FEB effectively deconstructed TNT, RDX, HMX, Tetryl, and TNR achieving non-detectable 

concentrations for nearly all compounds, with RDX degradation reaching 99.5%. Furthermore, MuniRem-SUF-

D, MuniRem-OPT-D, and MuniRem-FEB proved efficient in the complete decomposition of NG, PETN, and 

Nitrocellulose mixture within soil matrix. 

 

In laboratory tests for neat TNT degradation using MuniRem-SUF-D and MuniRem-FEB, the final TNT 

concentration was extremely low (i.e., 0.08 g), compared to the reference amount of 5.0 g, indicating a 

neutralization rate exceeding 98%. 

Table 1 summarizes the key findings from the laboratory decontamination tests. 
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Table 1: Explosive destruction effectiveness with different MuniRem products 

 

Explosive material Matrix MuniRem Product Used 
Decontamination 

Efficiency (%) 

TNT  Neat SUF-D and FEB 98.4% 

Soil OPT-D and FEB >99.99%* 

Aqueous (Mix EPA 8330) SUF-D and OPT-D >97.0% 

RDX  Soil OPT-D and FEB 99.5% 

Aqueous (Mix EPA 8330) SUF-D and OPT-D  >97.0% 

HMX  Soil OPT-D and FEB >99.8% 

Aqueous (Mix EPA 8330) SUF-D and OPT-D  >97.0% 

Tetryl Soil OPT-D and FEB >99.8% 

Aqueous (Mix EPA 8330) SUF-D and OPT-D  >97.0%  

NG  Soil SUF-D, OPT-D and FEB >98.0% 

Aqueous (Mix EPA 8330) SUF-D and OPT-D  >91.0% 

PETN  Soil SUF-D, OPT-D and FEB >98.8% 

Aqueous (Mix EPA 8330) SUF-D and OPT-D  >91.0% 

Nitrocellulose Soil SUF-D, OPT-D and FEB >98.5% 

Tetrazene Aqueous OPT-D 100% 

TNR 

 

Soil OPT-D and FEB >93.8% 

Aqueous OPT-D  100% 

Aqueous HPH-D 100% 

Aqueous 001-D  99.97% 

* Decontamination efficiency values reported as 'greater than' (>) are calculated using the limit of detection 

(LOD), as post-treatment concentrations were below detectable levels. 

 

The laboratory tests confirm the high and broad effectiveness of MuniRem products in neutralizing both 

primary (Tetrazene) and secondary (TNT, RDX, HMX, Tetryl, NG, PETN, TNR) explosive materials as well as 

the propellant Nitrocellulose in various matrices. The degradation efficiency, which approaches or reaches 100%, 

documents that MuniRem technology constitutes a sustainable, reliable, and rapid solution for the environmental 

remediation of explosive-contaminated areas.    

 

References  

[1] Environmental Security Technology Certification Program (ESTCP). (2013). Final Report: Field 

Demonstration of a Chemical Treatment Technology (MuniRem) for Explosives-Contaminated Soil. Project ER-

200927. U.S. Department of Defense. 

[2] NATO Science and Technology Organization (STO). (2014). Use of MuniRem Reagents for the Safe 

Neutralization of Munitions and Energetic Materials. Technical Report RTG-AVT-219. 

 

 


