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The worldwide mostly used explosives like trinitrotoluene (TNT), hexogen (RDX), octogen 
(HMX), tetryl and others have been discharged in considerable amounts into the environment since 
the WW-I. Serious problems appear from then accepted waste disposal practices. The main 
environmental pollutions result due to wastewater discharge from ammunition plans into unlined 
lagoons and from contaminated soil of former firing ranges in military reservations. Because of the 
high potential for groundwater contamination and subsequent migration of hazardous chemicals, 
both the knowledge of ecotoxicity of energetics and their breakdown products, as well as 
biodégradation of nitroaromatics and their partially reduced products - nitramines is essential. That 
is, why the decontamination/ remediation of polluted soils, sediments, surface and groundwater is of 
strong public interest. 
Till the not very far past, incineration or even open burning and open explosion were the mostly 
used technologies for treatment of contaminated soils and sediments and for destruction of 
explosives and explosive devices within the demilitarisation efforts. 

This papers reviews data on the acute ecotoxicity and delayed effects (mutagenicity) of the 
model substance (TNT) and of a wide spectrum of its biodégradation products in the wastewaters 
and suggests the main metabolic pathways of biotransformation, involving biological reduction. 
Some possibilities of remediation of contaminated soils utilising microbial catabolic pathways 
leading to the hydroxy derivatives and up to the cleavage of the aromatic ring system in the 
presence of the soil bacteria Pseudomonas fluorescens are shown, as well as the practical utilisation 
of fungi Phanerochaete chrysosporium under aerobic conditions. 

In the wastewater from the TNT production (commonly known as the red water), it is possible 
to find about thirty various chemicals. Beside TNT, a couple of the products of its biodégradation, 
proceeding under environmental conditions, as well as some manufacturing by-productss were 
identified, such as toluene, two nitrotoluenes, six dinitrotoluenens, two trinitrotoluenes, three 
amino-nitrotoluenes, six amino-dinitrotoluenes, one amino-trinitrobenzene, one trinitrobenzene, one 
dinitrobenzene, one dimethyl-dinitrobenzene, one dinitroaniline, two methyl-nitrophenols, one 
dinitro-methylphenol and two nitrobenzonitriles, as shown in Tab. 1. This table summarizes also 
available data on the acute toxicity of products contained in the red water determined in the 
aquatic organisms, i.e. fish (fathead minnows -
Phoxinus p.) and water fleas (Daphnia magna), as well as on the chronic toxicity expressed as 
mutagenicity determined by the Ames test. 
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Tab. 1 Toxicity of the chemicals contained in the wastewater from the TNT production1 

Compound Fathead minnows Water fleas 
Phoxinus p. Daphnia magna Ames test 

96-h LCso mg/L 48-hECsomg/L + -

Toluene 12.6 19.6 _ 

2-Nitrotoluene 38.0 over 77.1 a -
4-Nitrotohiene 49.9 12.1 
2,3-Dinitrotoluene 1.9 4.7 + 
2,4-Dinitrotoluene 32.5 35.0 + 
2,5-Dinitrotoluene 1.3 3.4 
2,6-Dinitrotoluene 19.8 21.7 + 
3,4-Dinitrotoluene 1.5 3.1 + 
3,5-Dinitrotoluene 22.0 45.1 + 
2,3,6-Trinitrotoîuene 0.12 0.69 + 
2,4,6-Trinitrotoluene 2.4 11.9 + 
2-Amino-4-nitrotoluene 71.3 22.5 + 
2-Aimno-6-nitrotoluene 49.9 13.2 + 
3-Amino-4-nitrotoluene 25.5 5.8 + 
4-Amino-2-nitrotoluene 26.1 4.2 -
2-Arriino-4,6-dinitrotoluene 14.8 4.5 
2-Amino-3,6-dinitrotoluene 0.78 2.2 
3-Amino-2,4-dinitrotoluene 12.2 . 8.1 + 
3-AjTJÍno-2,6-dinitrotoluene 11.3 4.7 + 
4-Amino-2,6-dinitrotoluene 6.9 5.2 + 
4-Amino-3,5-dinitrotoruene over 13.1 a over 13 .1 a + 
5-AmÍno-2,4-dinitrotoíuene 2.4 3.1 + 
1,3,5-Trinitrobenzene 1.03 2.7 + 
1 ̂ -Dinitrobenzene 7.4 53.0 + 
1,5-Dimethyl-2,4-dinitrobenzene 7.9 24.3 
3,5-Dinitroaniline 21.4 14.7 + 
3-Methyl-2-nitrophenol 46.1 18.8 -
5-Methyl-2-nitrophenol 47.0 21.3 -
2,4-Dimtro-5-methylpheriol 3.2 3.5 + 
4-Nitrobenzonitrile 24.4 49.4 + 
3-Nitrobenzonitrile 60.2 48.1 + 

Note: 8 solubility limit, + mutagenic, - non mutagenic 
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The importance of this topic for environmental chemistry and ecotoxícology is obvious if we 
mention the high volume of only production wastes. So e.g. in Germany during the WW-II, the 
production of 0.8 min t TNT caused about 31 min m 3 highly contaminated wastewaters and 450 
thousand m 3 solid wastes 2 . 

Organic pollutants in general undergo a couple of abiotic physical and chemical processes (such 
as evaporation, washing, sorption, photochemical degradation, oxidation, reduction, hydrolysis) and 
transformations caused by soil microorganisms. In case of poorly soluble, non-volatile and 
chemically resistant compounds, the most important is the metabolism in microorganisms and 
plants. This is the case of military explosives for obvious reasons. 

There are two fundamental types of microbial transformations of aromatic nitro compounds 
leading to hydroxy derivatives and following cleavage of benzene ring. On the oxidative pathway, 
phenol is the product. Second possibility of substituting nitro- by hydroxy group is the oxido-
reductive pathway, where the amino group ( resulting from nitro group by reduction) is splitted (by 
both anaerobic and aerobic microorganisms) to ammonia. It is generally accepted that electrodonor 
substituents positively influence biodegradation.Tbis confirms the fact that TNT and its dinitro 
analogue (DNT) belong to the hardly degradable pollutants among nitroaromatic compounds. 
Contrary to the difficult direct oxidative cleavage of the nitro group (due to electron acceptor and 
steric impact of other nitro groups), the reduction of nitro groups proceeds smoothly under both, 
aerobic and anaerobic conditions, depending on the substituent in ̂ -position in the order -NH2 < -
OH < -H < -CH3 < -COOH < -NO2 3. 

A number of studies has been devoted to the biotransformations of TNT and DNT and 
identification of the products. Under the review publications, it is possible to mention3"6. 

The relatively complicated scheme shows predominantly reductive pathways from 2,4,6-TNT 
over 2-nitroso-4,6-DNT and 2-hydroxylamino-4,6-DNT to 4,4',6,6'-TN-2,2'-azoxytoluene, then 2-
amino-4,6-DNT, continuing over 2,6-amino-4-NT to the final 2,4,6-triaminotoluene. (The 
concurrent pathway leads analogically over 4-nitroso-2,6-DNT ). 

According to the identified products and microbial reduction of 2,4-DNT, it was possible to 
suggest the basic scheme of DNT biodégradation1. It is principally very similar to that of TNT: 2,4-
DNT is reduced to 2-nitroso-4-NT, then to 2-hydroxylamino-4-NT and 4,2'-dinitro-2,4'-
azoxytoluene, then 2-amino-4-NT and finally to 2,4-.aminotoluene. (The concurrent pathway leads 
analogically over 4-nitroso-2-NT). 

Due to a number of contaminated sites worldwide, there are attempts to find also processes with 
deep destruction including the benzene ring fission. First mineralisation of TNT by this way was 
shown by Russian scientists studying the effects of the soil bacterium Pseudomonas fluorescens 8. 
The first strictly anoxic bacterial strain belonging to the subgroup Desulfovibrio was studied later in 
Germany and the USA. The final product is p-cresol. 

Because of high electron density in the aromatic ring an oxidative degradation of TNT has long 
been believed to be impossible. Very recent experimental results, obtained from the white root rot 
fungus Phanerochate chrysosporium (able to degrade also other persistent pollutants like DDT or 
PCB thanks to a non-specific enzymic peroxidase system degrading lignin) are very positive, 
showing that the degradation rates of about 99 %, due to mineralisation, can be obtained. 

These results give a hope to utilise the aerobic processes for practical remediation of 
contaminated soil. 

Till now, composting of explosives-containing soils has been developed at three general levels of 
technology differing in the grade of manipulations and process control. At the simplest level the 
compost mixture is shaped as an open pile where water and nutrients can be added 9 , more effective 
solution is represented by an aerated static pile bioreactor 1 0 . As the most productive solution seems 
an encapsulated composting system in combination with controlled aeration and mechanical 
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agitation. This so called „mechanically-agitated in-vessel (MAJV)" or „Fairfield" reactor has been 
adapted to semi-continuous and continuous treatment of explosives-contaminated soils 1 0 . These 
examples show practical technological possibilities of a very effective decontamination and 
bioremediation of soils polluted by organic energetic materials, mainly TNT. 
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