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ABSTRACT 

Degradation of TNT was investigated using a novel strain A. noscomialis isolated from the waste 

water from an explosive manufacturing facility. Immobilized cell culture of A. noscomialis was 

evaluated for aqueous and soil medium. Biodegradable ability of this bacteria was performed 

with 40, 80 & 120 mg/L for aqueous  for 48 h time period and 100, 200, 400, 600, 800 & 1000 

mg/ Kg TNT concentration for soil medium for 90 days duration. Biodegradation study was 

monitored by HPLC analysis. More than 90 % removal was observed in all the treatment except 

control. LC- MS/MS analysis identified Hyroxylaminodinitrotoluenes (HADNTs), 

aminodinitrotoluenes (ADNTs) and diaminonitrotoluenes (DANTs) as the main degradation 

products. 

 

 

 

 

CCoorrrreessppoonnddiinngg  AAuutthhoorr::  SS..  MMaarryy  CCeelliinn  ((cceelliinn  kkuummaarraann  @@  yyaahhoooo..ccoomm))  



International Journal of Advanced Scientific and Technical Research                    Issue 5 volume 7, Nov. –Dec. 2015  

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

©2015 RS Publication, rspublicationhouse@gmail.com Page 288 
 

INTRODUCTION 

TNT is the main explosive contaminating water and soils in munitions facilities & military bases. 

TNT is one of the most widely used high explosives, partly because of its insensitivity to shock 

& friction. TNT is toxic to humans, causing liver necrosis and aplastic anemia (ATSDR 

1995)[1]. In animals TNT may cause liver, blood, immune system & reproductive damage (EPA 

2005)[2]. Since TNT is toxic to humans and animals, its decontamination is very necessary. 

Many remediation technologies have been developed for TNT in waste water and soil. Among 

these technologies, Bioremediation is ecofriendly and cost effective technology (Halasz et al., 

2012)[3]. 

Microbial remediation of TNT have recently been reviewed, studies on microbial remediation of 

TNT have been compiled in numerous reviews (Khan et al 2013, Anuradha et al 2015, Mulla et 

al 2014)[4-6]. TNT degradation using immobilized microorganisms has been well documented 

(Ullah et al 2010, Tope et al 1999)[7,8]. Immobilization of microbial cells was applied to protect 

the microbial cells from possible effects due to pollutants, metabolites or changes in the 

environment condition (Steffan et al., 2005)[12].Immobilization of cells protects bacterial cells 

from environmental conditions such as pH and toxic compounds. Immobilization can be 

achieved in a number of ways by physical adsorption, ion-coagulation, cross-linking, and 

entrapment (Su et al., 2006)[13]. Alginate matrices is popularly used for entrapment of cells for 

remediation of contaminant (Bazot and Lebeau, 2009; Yanez-Ocampo et al., 2009)[14,15]. 

Alginate is a natural polymer, extracted from macro-algae used for the preparation of gel beads. 

Alginate beads provide nutrients and facilitating the transfer of oxygen which is required for 

mineralization of contaminant (Cunnighama et al., 2004; Sathesh Prabua and Thatheyus, 2007; 

Vancov et al., 2007)[16-18].   

Strains of the genus Acinetobacter is capable of degrading many pollutants from the 

environment. A number of studies have focused on the biodegradtion of xenobiotics by 

Acinetobacter, phenol degradation (Briganti et al 1997)[9], toluene (Zilli et al., 2001)[10], 

benzoic and p-hydroxybenzoic (Delneri et al., 1995)[11]. However there is no literature available 

on the degradation ability of Acenitobacter noscomialis.  

In the present research, a novel strain was isolated and identified to evaluate its capability of 

immobilized microorganisms to degrade TNT from aqueous and soil.  

MATERIALS AND METHODS 

Chemicals 

2,4,6- Trinitrotoluene (TNT) in pure form (99.9%) was obtained form an explosive 

manufacturing facility in India. All the other chemicals used were of analytical and HPLC grade 

obtained from standard manufacturers. 
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Microorganism and culture media  

Soil and water samples contaminated with TNT were collected from an explosives 

manufacturing facility in Pune, India and subjected to identification by 16S rRNA gene 

sequencing. Among the various identified bacterial isolates, ability of A. noscomialis (an isolate 

from outlet water from nitrate unit of TNT manufacturing process) to degrade nitro aromatics 

was confirmed by preliminary experiments using Greiss assay. The serially diluted samples of 

water contaminated with TNT were plated at different dilutions onto Tryticase Soy Agar (TSA) 

consisting of the following components (g/L of distilled water): casein peptone (17), soya 

peptone (3), NaCl (5), di-potassium phosphate (2.5), dextrose (2.5)  and agar (15). After 

incubation for one week at 30˚ C, discrete colonies were picked from the plates and sub-cultured 

on TSA for further processing and identification. During the study A. noscomialis was grown and 

maintained in Tryptic Soy Broth (TSB) and TSA media 

 

Immobilization techniques 

A. noscomialis was immobilized in two different matrices: sodium alginate beads for aqueous 

treatment (Bashan., 1986)[19] and agar cubes for soil treatment (Saez et al. 2012)[20]. All the 

equipment and materials used in the preparation of the entrapped cells were sterilized and the 

operations were carried out under sterile conditions. A. noscomialis was cultured in TSB and 

incubated at 30 ˚C for 48 h on a shaker (120 rpm). Then, the biomass pellets were harvested by 

centrifugation at 10,000 rpm and washed with sterile distilled water for their use in 

immobilization of bacteria. 

The biomass palettes of A. noscomialis were inoculated in saline solution (0.1%, w/v) till 

solution became turbid, this cell suspension was mixed in sodium alginate (2%, w/v) in 1:1 ratio. 

Saline Sodium alginate solution was extruded drop by drop in CaCl2 (1%, w/v) solution. Then 

the beads (3mm diameter) were washed several times in sterile distilled water (Wang et al., 

2012)[21] and left overnight in Calcium chloride solution for hardening of beads. The number of 

colony-forming units for each bead was 2.51×10
6
 CFU/bead. 

 

Palettes of A. noscomialis was inoculated in TSB and was kept in an orbital shaker at 37°C at 

120 rpm for 16 h to attain sufficient microbial growth. 5 ml of inoculated culture was transferred 

to 5 ml of fluid agar (3%) and solidified in 90 mm diameter petri dishes at room temperature. 

Immobilized Agar plates so obtained were cut into agar blocks of 0.5 x 0.5 cm cubes using a 

sterile scalpel. The number of colony-forming units for each agar cube was 3.9×10
6
 CFU/bead. 

 

Biodegradation studies 

Shake flask experiments for aqueous degradation study was performed with different 

concentrations of TNT solutions viz. 40, 80 and 120 mg/L in 250 ml Erlenmeyer flasks. 

Trypitcase soy broth was added to the TNT solution for Bacterial growth. All solutions were 

sterilized before inoculation. Experiments using free culture were carried out by transferring 10-

12 loops full of the inoculum to each treatment and for immobilized study, 30 sodium alginate 

beads per treatment was used. All treatments with Bacteria were incubated in orbital shaker for 

48 h at 30ºC, 120 rpm.  
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For soil degradation study pot culture experiments was performed. According to the artificial soil 

contamination procedure (Brinch et al, 2002)[22], TNT dissolved in organic solvent (acetone) 

was transferred into sieved soil and was evenly distributed to obtain TNT concentrations ranging 

from 100, 200, 500, 1000, 1500 and 2000 mg/Kg which was the actual concentration found in 

the contaminated soils of the TNT manufacturing site. TNT contaminated soils thus prepared 

were air dried and transferred to pots, each measuring 4 x 4 inches of capacity to hold 400 gm of 

soil. The microbial cells of A. noscomialis were immobilized in agar cubes and inoculated in 

these pots (one agar plate per pot). The pots were incubated at room temperature for 90 d. The 

moisture level of the soil in all the pots was maintained at 40-50% of the water holding capacity 

of soil, by sprinkling tap water whenever necessary.  

 

Monitoring the growth of bacteria in water and soil 

Bacterial growth in shake flask experiments was quantified by the optical density (OD) at 600 

nm. Absorbance was measured using a spectrophotometer (HACH model DR 890). OD was 

taken at different time intervals i.e 6, 24, 30 and 48 h. The growth of bacteria immobilized in 

sodium alginate was measured by counting viable cells. One alginate bead was dissolved in 1mL 

of 0.4M potassium phosphate solution for 3 min. Serial dilutions of this solution were carried 

out, and 0.1mL was inoculated in TS agar for 24 h at 28˚ C, and the number of colony-forming 

units was recorded as CFU/bead (Ocampo et al., 2009)[15]. Where in soil, sampling was done 

after first 15 days then after every 30 days of inoculation to know the extent of bacterial growth. 

Bacterial colonization was determined by counting the colony forming units wherein one gram 

(1g) of soil samples were suspended in distilled water, serially diluted, and plated on Tryptic soy 

agar (TSA). Colonies of bacteria grown on all the plates were calculated.  

 

Analysis of TNT Concentration. 

 

TNT contaminated soil samples inoculated with A. noscomialis was analyzed for residual TNT 

concentration by high-performance liquid chromatography (HPLC). US Environmental 

Protection Agency (EPA) method 8330A (2007)[23] was followed wherein aliquots of 5 ml 

capacity from aqueous treatments were taken at frequent intervals from each treatment in amber 

colored vials to which 5 ml of acetonitrile was added. These samples were sonicated for 1 h at 

18º C and kept undisturbed for 15-20 mins.  Then supernatant of the samples were centrifuged 

for 15 min at 10,000 rpm, followed by filtration using 0.45 μm Teflon filter.  

2 g of soil sample was suspended in 10 ml of acetonitrile, vortex swirled for one minute, and 

placed in a cooled (18°C) ultrasonic bath for 18 h. 5 ml of supernatant was taken and combined 

with 5 ml of calcium chloride solution; this mixture was shaken and left for 15 minutes 

undisturbed. Supernatant was than filtered through a 0.45 μm Teflon filter. 

Analytical separation was carried out using Flexar HPLC of Perkin Elmer Inc. C18 column, (3 

μm, 150 x 4.6 mm) was used as stationary phase and the mobile phase was methanol: water 

(50:50 v/v) mixture at a flow rate of 1 ml/min. Detection was performed by a photo diode array 

detector. 
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Analysis of degradation intermediates 

Metabolites confirmation was made from mass spectra which were obtained on an ABSciex 

QTRAP 4500 Linear Ion Trap Quadrupole LC/MS/MS Mass Spectrometer. The 

chromatographic conditions used were C18 Column (15 cm x 4.6 mm x 5 µm) and 

methanol:water (60:40), using  a flow rate of 0.7 ml/min. Both positive [M + H]
+ 

and negative 

[M-H]
-
 ion modes were used for analysis.  

RESULTS AND DISCUSSION 

Growth and Biotransformation of TNT  

Growth of immobilized A. noscomialis in soil was monitored by counting colony forming units 

(CFU) during the study. CFU measurements had shown a positive trend i.e. 7.6 X 10
5
 to 7.9 X 

10
5
 cells/ g of soil, which confirms the tolerance to high concentration (up to 2000 mg/ Kg) of 

TNT.  

Fig. 1 shows the biotransformation of TNT in aqueous. Shake flask study was conducted for the 

degradation of TNT from aqueous solution. An isolated bacterium was immobilized in sodium 

alginate beads and was incubated for 48 hrs. From HPLC analysis it was revealed that 92.9, 85.5 

and 36.98 % of 40, 80 and 120 mg/ L of TNT was transformed in first 24 hrs of incubation and 

then the biotransformation rate increased rapidly in all treatments resulting in complete 

transformation in 48 hrs. 

Bacterial cells immobilized in agar cubes were inoculated in TNT treated soil for 90 days. Fig. 2 

shows the TNT removal in all the treatments from soil. The bacterial isolates were found to 

remove 99% , 96% respectively 200 and 2000 mg/ Kg of TNT very efficiently during growth. 

More than 90% removal was observed in all the treatments except control. 

                  

Fig. 1: TNT removal from aqueous medium by immobilized cells of A. noscomialis in sodium 

alginate beads. Results shown are averages ± SD of three independent experiments. 
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Fig. 2: Removal of TNT from soil by immobilized cells A. noscomialis in agar cubes. Results 

shown are averages ± SD of three independent experiments. 

Identification of metabolites during TNT degradation 

TNT biotransformation and intermediates was monitored by LC-MS/MS analysis. In all the 

treatments TNT was completely transformed by immobilized cells of A. noscomialis. During 

HPLC analysis secondary metabolites peaks can be observed in chromatogram (Fig.3), which 

can be possible degradation products. Qualitative analysis by LC-MS/MS revealed formation of 

degradation product of TNT (Fig.4). Hyroxylaminodinitrotoluenes (HADNTs), 

aminodinitrotoluenes (ADNTs) and diaminonitrotoluenes (DANTs) are identified as the 

metabolites formed during transformation of TNT. Hong et al. [24] found that in the absence of 

an external carbon or energy source, E. coli  resting cells transformed TNT to 

hyroxylaminodinitrotoluenes (2HADNT, 4HADNT, with 4HADNT as the dominant isomer), 

aminodinitrotoluenes (4ADNT), 2,4-di (hydroxylamino)-6-nitrotoluene (24D (HA) 6NT), 2,4-

diamino-6-nitrotoluene (24DA6NT).   
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Fig. 3: Overlaid chromatogram showing TNT degradation by A. noscomialis 

 

 

Fig. 4: LC MS/MS spectra of TNT metabolites obtained from the TNT contaminated aqueous 

sample after 48 h of incubation 
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CONCLUSION 

Bacterial strain isolated from waste water from TNT manufacturing facility was identified as A. 

noscomialis. Which in immobilized form was found to grow in TNT contaminated soil and 

aqueous medium and able to remove and transform TNT. LC-MS/MS analysis confirmed the 

biotransformation of TNT to HADNTs, ADNTs and DANTs.  
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