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Abstract 1 

     A rapid spectrophotometric determination for 2,4,6-trinitrotoluene (TNT) is significant 2 

because this method is suitable for simultaneous analyses of the numerous samples.  We 3 

found one problem that TNT reduction products interfere with the TNT detection in this assay, 4 

and we overcame this problem by heating the samples at 95℃, resulting in the production of 5 

compounds that did not interfere.  6 
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     The highly energetic chemical 2,4,6-trinitrotoluene (TNT) is a nitroaromatic explosive 1 

that is released into soil and water ecosystems mainly by many military activities (Comfort et 2 

al., 1995).  The persistence of TNT and its metabolites are of environmental concern because 3 

they may be cytotoxic and genotoxic to many living organisms (Bennett, 1994; Rieger and 4 

Knackmuss, 1995; Letzel et al., 2003).  Therefore, constructing the effective remediation 5 

technology for TNT as early as possible will be required; discoveries of bacteria possessing a 6 

high performance for TNT degradation will be necessary for constructing the complete 7 

TNT-degradation systems.  Also, decontaminating rapidly such TNT will be essential for 8 

leveraging the bacteria possessing a high performance of TNT biotransformations and/or for 9 

adding many cells in the TNT-polluted sites.  There has been much interest in the 10 

bioremediation of explosive-polluted water and soil (Nay et al, 1974); both aerobic and 11 

anaerobic TNT transformation by bacteria have been reported (Haidour and Ramos, 1996; 12 

Martin et al., 1997; Esteve-Nunez and Ramos, 1998; Kalafut et al., 1998).  The primary 13 

intermediates of TNT transformation by bacteria are hydroxylamino-dinitrotoluenes, 14 

amino-dinitrotoluenes, diamino-nitrotoluenes, and tetranitroazoxyltoluenes. 15 

     Biological transformation of TNT is usually determined by tracking the loss of the 16 

parent TNT and the production of metabolites by HPLC analysis (Ahmad and Roberts, 1995); 17 

however, this method may not be suitable for the timely analysis of multiple samples 18 

encountered in TNT degradation studies such as screening for TNT-metabolizing bacteria and 19 
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enzyme studies and so on.  For this issue, a simple spectrophotometric assay, in which TNT 1 

can be rapidly detected, is applicable for such many samples and it was developed by Oh et al. 2 

(2000), resulting in allowing the high throughput screening.  This assay is an excellent 3 

method because TNT can be briefly determined by measuring significant absorbance at 447 4 

nm of TNT solution in highly alkaline conditions; however, in this method, we found one 5 

crucial problem that a rapid spectrophotometric determination for TNT was not applicable to 6 

the TNT-metabolizing samples (Fig. 1), reacted with many cells (about 2.5×108 cells/mL) of 7 

Pseudomonas sp. strain TM15, which was isolated from TNT-contaminated soils in the 8 

Yamada Green Zone, Kitakyushu, Japan (Maeda et al., 2003).  Cell suspensions of this strain 9 

(resuspended in 50 mM sterilized phosphate buffer (pH 7.0) after grown until the late 10 

logarithmic phase in LB medium containing TNT (0.1 g/L) at 30℃) were mixed into 100 mL 11 

M8 minimal medium (Abrill et al., 1989) containing TNT (100 mg/L) and acetate (10 mM) as 12 

nitrogen and carbon sources, and then the mixture was incubated at 30℃ in the dark with 13 

shaking (120 rpm).  When reacted with many cells, we found the difference in the results of 14 

measurement value for TNT between HPLC analysis (detection at 254 nm with a Shimadzu 15 

SPD-10AVP UV-VIS detector) on an Inertsil ODS-2 column (GL Sciences Inc., Japan) with 16 

acetonitrile-distilled water (40: 60) as the mobile phase and spectrophotometric determination 17 

in which one measures significant absorbance at 447 nm generated by mixing 240 μL of 1 M 18 

NaOH and distilled water (1 mL) into 0.5 mL of the sample (removing the cells by 19 
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centrifugation at 5000×g for 10 min and by filtration with a membrane filter (0.2 μm, Toyo 1 

Roshi Kaisha, Ltd., Japan)), with a UV / VIS Spectrophotometer V-530 (Jasco Co. Ltd., 2 

Japan) as shown in Fig. 1, although no problems in few cells (about 5.0×106 cells/mL).  3 

Also, we demonstrated that high concentrations of TNT reduction products, 4 

2-hydroxylamino-4,6-dinitrotoluene (2HADNT) and 4-hydroxylamino-2,6-dinitrotoluene 5 

(4HADNT), were detected from the culture medium including many cells in comparison with 6 

that including few cells (data not shown) and then suggested that 2HADNT and 4HADNT 7 

may be responsible for this problem because these chemicals exhibit significant absorbance at 8 

447 nm as well as TNT in the highly alkaline solution (Fig. 2), although less effects than TNT 9 

does. 10 

     2HADNT and 4HADNT were spontaneously converted into 11 

4,4’,6,6’-tetranitro-2,2’-azoxytoluene (2,2’AzT), 4,2’,6,6’-tetranitro-2,4’-azoxytoluene 12 

(2,4’AzT), 2,2’,6,6’-tetranitro-4,4’-azoxytoluene (4,4’AzT) in agreement with the results of 13 

previously studies (Haidour and Ramos, 1996; Maeda et al., 2006; Pereira et al., 1979; 14 

Spanggord et al., 1995).  These tetranitroazoxytoluenes display no absorbance at 447 nm in 15 

highly alkaline solutions (Fig. 2).  Also, we found that 2HADNT and 4HADNT were rapidly 16 

decreased by treating at 95℃ with a Dry Thermo Unit DTU-1B (TIETECH Co. Ltd., Japan) 17 

in comparison with that at room temperature, judging from the results of stability tests of 18 

2HADNT and 4HADNTby HPLC analyses (data not shown).  Heat treatment at 95℃ was 19 
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the best ways to promote these reaction from 2HADNT and 4HADNT to 2,2’AzT, 2,4’AzT, 1 

and 4,4’AzT at short times. 2 

     Using our knowledge, the TNT-metabolizing samples were treated for 3 min at 95℃, 3 

and then TNT concentrations were analyzed by HPLC and spectrophotometric determination 4 

in these samples.  As shown in Fig. 3, the accuracy of quantification for TNT in 5 

spectrophotometric determination was recovered to the same level as HPLC analyses.  TNT 6 

was slightly decreased by heat treatment of TNT-metabolizing samples (Fig. 3) although TNT 7 

dissolved in distilled water was intact in initial terms (data not shown).  These results 8 

indicate that some enzymes leaked from TM15 cells may catalyze TNT.  We overcame one 9 

crucial problem that 2HADNT and 4HADNT interfered with the determination of TNT, by 10 

converting the other compounds that did not interfere.  Our technique may be applicable for 11 

the TNT detection in TNT-metabolizing and/or various environmental samples including 12 

many amounts of 2HADNT and 4HADNT, which are interfering substances in a rapid 13 

spectrophotometric determination method. 14 

 15 

 16 

 17 

 18 

 19 



 7

Acknowledgments 1 

     We are grateful to Chugoku Kayaku Co. Ltd., Japan, for their gift of 2 

2,4,6-trinitrotoluene and to Dr. Ronald Spanggord, Chemical Sciences and Technology 3 

Department, SRI International, for his gifts of 2-hydroxylamono-4,6-dinitrotoluene, 4 

4-hydroxylamino-2,6-dinitrotoluene, 4,4’,6,6’-tetranitro-2,2’-azoxytoluene, 5 

4,2’,6,6’-tetranitro-2,4’-azoxytoluene, and 2,2’,6,6’-tetranitro-4,4’- azoxytoluene. 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 



 8

References 1 

Abrill, M.-A., Michan, C., Timmis, K.N., Ramos, J.L., 1989. Regulator and enzyme 2 

specificities of the TOL plasmid-encoded upper pathway for degradation of aromatic 3 

hydrocarbons and expansion of the substrate range of the pathway. J. Bacteriol. 171, 4 

6782-6790. 5 

Ahmad, F., Roberts, D.J., 1995. Use of narrow-bore high-performance liquid 6 

chromatography-diode array detection for the analysis of intermediates of the biological 7 

degradation of 2,4,6-trinitrotoluene. J. Chromatogr. 693, 167-175. 8 

Bennett, J.W., 1994. Prospects for fungal bioremediation of TNT munition waster. Intern. 9 

Biodeter. Biodeg. 34, 21-34. 10 

Comfort, S.D., Shea, P.J., Hundal, L.S., Li, Z., Woodbury, B.L., Martin, J.L., Powers, W.L., 11 

1995. TNT transport and fate in contaminated soil. J. Environ.  Qual. 24, 1174-1182. 12 

Esteve-Nunez, A., Ramos, J.L., 1998. Metabolism of 2,4,6-trinitrotoluene by Pseudomonas sp. 13 

JLR11. Environ. Sci. Technol. 32, 3802-3808. 14 

Haidour, A., Ramos, J.L., 1996. Identification of products resulting from the biological 15 

reduction of 2,4,6-trinitrotoluene, 2,4-dinitrotoluene, and 2,6-dinitrotoluene by 16 

Pseudomonas sp. Environ. Sci. Technol. 30, 2365-2370. 17 

Kalafut, T., Wales, M.E., Rastogi, V.K., Naumova, R.P., Zaripova, S.K., Wild, J.R., 1998. 18 

Biotransformation patterns of 2,4,6-trinitrotoluene by aerobic bacteria. Curr. Microbiol. 19 



 9

36, 45-54. 1 

Letzel, S., Goen, T., Bader, M, Angerer, J., Kraus, T., 2003. Exposure to nitroaromatic 2 

explosives and health effects during disposal of military waste. Occup. Environ. Med. 60, 3 

483-488. 4 

Maeda, T., Nagafuchi, N., Kubota, A., Kadokami, K., Ogawa, H.I., 2006. One-step isolation 5 

and identification of hydroxylamino-dinitrotoluene, unstable products from 6 

2,4,6-trinitrotoluene metabolites, with thin-layer chromatography and laser time-of-flight 7 

mass spectrometry, Journal of Chromatographic Science, in press. 8 

Maeda, T., Yang, M., Ohsumi, Y., Kusano, K., Kadokami, K., Ogawa, H.I., 2003. Screening of 9 

TNT-biodegradable bacteria in soils polluted by 2,4,6-trinitrotoluene. J. Environ. Chem. 10 

13, 695-704 (in Japanese). 11 

Martin, J.L., Comfort, S.D., Shea, P.J., Kokjohn, T.A., Deijber, R.A., 1997. Denitration of 12 

2,4,6-trinitrotoluene by Pseudomonas savastanoi. Can. J. Microbiol. 43, 447-455. 13 

Nay, M.W., Randall, C.W., King, P.H., 1974. Biological treatability of trinitrotoluene 14 

manufacturing wastewater. J. Water Pollut. Control Fed. 46, 485-497. 15 

Oh, B.-T., Sarath, G., Shea, P.J., Drijber, R.A., Comfort, S.D., 2000. Rapid spectrophotometric 16 

determination of 2,4,6-trinitrotoluene in a Pseudomonas enzyme assay. J. Microbiol. 17 

Methods 42, 149-158. 18 

Pereira, W.E., Short, D.L., Manigold, D.B., Roscio, P.K., 1979. Isolation and characterization 19 



 10

of TNT and its metabolites in groundwater by gas chromatograph-mass 1 

spectrometer-computer techniques. Bull. Environ. Contam. Toxicol. 21, 554-562. 2 

Rieger, P.G., Knackmuss H.-J., 1995. Basic knowledge and perspectives on biodegradation of 3 

2,4,6-trinitrotoluene and related nitroaromatic compounds in contaminated soil. In: 4 

Spainm J.C. (Ed.), Biodegradation of nitroaromatic compounds. Plenum Press, New 5 

York, pp. 1-18. 6 

Spanggord, R. J., Stewart, K.R., Riccio, E.S., 1995. Mutagenicity of tetranitroazoxytoluenes: 7 

a preliminary screening in Salmonella typhimurium strains TA100 and TA100NR. Mutat. 8 

Res. 335, 207-211. 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 


