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Abstract 

Environmental contamination of explosives, especially by nitro esters and nitro aromatics such as 

TNT, DNT, RDX, HMX etc.,  is a matter of ever increasing concern as  enormous amounts of 

these compounds are being produced for military and civilian activities relating to manufacturing 

of explosives and its use in related processes viz, loading, assembly, packing, firing and training. 

Due to recalcitrant nature, these chemicals pose threat to human health and environment. It is 

essential to develop a suitable remediation technology for treating these contaminants. Existing 

physicochemical techniques based on open burning, oden detonation, adsorption, advanced 

oxidation process etc., are neither cost-effective nor environmentally safe, as they merely transfer 

the contaminants from one phase to the other. Realising the need for development of an eco-

friendly strategy the present study has been taken up with three different objectives viz., (i) site 

characterization of the TNT and DNT contaminated soil and water and batch studies on soil 

adsorption behaviour of TNT and DNT. (ii) Evaluation of the efficiency of native microbes 

isolated from the contaminated sites in degrading these chemicals and (iii) studies on 

phytoremediation by energy crops viz., Azolla microphylla, Jatropha curcas and Ricinus 

communis.  

Site characterization studies were aimed to assess the type and extent of explosive contamination 

in soil and water environment of a selected explosive manufacturing facility in India. These studies 

proved high levels of explosive contamination in both soil and water profile. pH of the sites was 

found to be acidic ranging from 1.3 to 5.6 Concentration of TNT in the contaminated site ranged 

from 20 ppm to 2000 ppm. Studies on soil adsorption behavior of explosives can help in assessing 

the fate and mass transport characteristics of these chemicals in the subsurface environment, which 

is essential for risk assessment and implementation of proper remediation technologies. In soil 

adsorption experiments DNT and TNT of varying concentration in water were added to varying 

soil quantities. Soil adsorption levels for DNT and TNT were carried out by taking out samples at 

timely intervals.The equilibrium adsorption data were analyzed usingvarious adsorption isotherm 

models viz, Frendulich isotherm, Langmuir model, DubninRadushkevich model, BET model and 

Temkin isotherm model. Adsorption data for TNT is best fitted in the following decreasing order 

for different studied models: Freundlich> BET >DR > Temkin > Langmuir model, where in DNT 
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adsorption data is best fitted in the following order, DR >Freundlich> BET > Langmuir >Temkin 

model. The adsorption affinity of the selected soil as per Freundlich model for both DNT and TNT 

is less (3.53 mg/g for TNT and 8.16 mg/g for DNT) necessitating the need for an efficient eco-

friendly treatment procedure in place. 

Native microflora present in the contaminated soil and water samples of the selected explosive 

manufacturing facility was evaluated for treating DNT and TNT in aqueous phase and soil media. 

Identification by 16S rRNA gene sequencing was carried out by in collaboration with Institute of 

Microbial Technology (IMTECH) Chandigarh. Brachybacterium paraconglomeratum, 

Delftialacustris, Pseudomonas mosselii, Bacillus infantis were the identified microbial species 

from the contaminated sites. These selected bacterial strains were tested for tolerance to DNT and 

TNT (100 to 2000 mg/Kg) in soil and for treating synthetic DNT and TNT wastewater (40, 80 and 

120 mg/L). Complete removal of both DNT and TNT (99 %) was achieved by the potential bacteria 

Pseudomonas mosselii in 48 hours of treatment time at an initial DNT and TNT concentration of 

120 ppm. The order of degradation was found to be Pseudomonas mosselii >Delftia lacustris > 

Brachybacterium paraconglomeratum>Bacillus infantis, for both DNT and TNT 

respectively.Owing to its superior performance of P. moselli was chosen for soil remediation study 

wherein it was observed that, Pseudomonas mosellii could successfully uptake the DNT and TNT 

from contaminated soils having concentrations up to 2000 mg/kg, the maximum concentration 

found in the explosive manufacturing site selected in the present study. After 180 days of bacterial 

incubation, complete DNT and TNT removal (99 %) was observed in all the treatments except 

control. Concomitant with reduction in DNT and TNT concentration, formation of unidentified 

putative metabolites was found to occur in both soil and water samples treated by P.mosselli. 

In phytoremediation studies, pot culture experiments were carried out using Azolla microphylla 

for treating DNT and TNT in aqueous phase at concentrations ranging from 40, 48 and 120 mg/L 

respectively. A. microphylla has the capacity to accumulate DNT and TNT up to an optimum 

concentration of 80 ppm in aqueous phase in 10 days of exposure. High concentrations beyond 80 

mg/L were found to be toxic to its growth and proliferation. In soil bioremediation studies, biofuel 

crops Jatropha curcas and Ricinus communis, were evaluated to treat both DNT and TNT in 

concentrations ranging from 100 to 2000 mg/Kg. Among the two different chosen plants, the 
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performance of former was better with respect to DNT and TNT removal up to a soil concentration 

of 1000 mg/Kg (> 95 % removal) in 365 days. Removal efficiency of Jatropha curcas for DNT 

and TNT was found to be in the order of. 1000>500>200>100>1500>2000 mg/Kg Maximum 

reduction of DNT (97%) and TNT (96%) were found to occur in soils with1000 mg/kg of imparted 

concentration and minimum reduction in concentration occurred in soils treated with 2000 mg/kg 

of both DNT and TNT. With respect to Ricinus communis, degradation order was found to be 

500>200>100> 1000>1500>2000 mg/kg for both DNT and TNT respectively.  

The current study revealed the potential of Pseudomonas moselli for treating DNT and TNT. The 

viability of Azolla microphylla as a potential wetland plant species has been proven for DNT and 

TNT concentrations up to 80 mg/L. Soil remediation by the potential phyto remediator Jatrpha 

curcas was proven to be successful up to soil DNT and TNT contamination levels of 1000 mg/Kg. 
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