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Abstract

Various micro-organisms are known to degrade 2,4-dinitrotoluene (DNT) through pathways involving intermediates. Addition of nutrients
stimulates the biodegradation process. Poultry litter has a consortia of micro-organisms along with many nutrients. The objective was to
study the DNT biodegradation using poultry litter in an aqueous medium. Complete biodegradation of 10-50 ppm 2,4-DNT solutions was
observed after two days interaction with poultry litter leachate without the formation of any intermediates. No degradation was observed using
autoclaved litter leachate.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Kinetics of adsorption and desorption of DNT to soil and
organic matter determine the degree of cleanup that can be

Dinitrotoluenes are a component of propellants for ar- achieved. The unavailable DNT (soil bound) persists in soils
tillery shells and are found in soils on firing ranges. DNT even when no DNT can be detected in the aqueous leachate.
is also present, as an impurity, in soils contaminated by This portion of the DNT is soluble in acetonitri]&0]; these
trinitrotoluenes (TNT). The Radford Army Ammunition authors used thBurkholderia sp. strain DNT using column
Plant was a major production site of DNT. The Volunteer, experiments whereas Hughes e{d).usedClostridiumace-
The Ravenna, and the Badger Army Ammunition Plants tobutylicumfor bio-degradation studies. Haidour and Ramos
have a substantial amount of DNT contaminated soil that [11] observed thaPseudomonas sp. Clone A was able to
needs to be treated. Various technologies to remove the soiluse DNT as N-source after the enzymatic removal of nitro
bound DNT and TNT include alkaline hydrolydis, enzy- groups from the aromatic ring. Optimum conditions for com-
matic reduction[2], and reaction with cationic surfactants plete biodegradation of TNT blpseudomonas putida have
(cetyltrimethylammonium bromidg3]). Pennington et al.  been reported that result in complete mineralizafiih)13]
[4] and Spain et a[5] have written exhaustively on the im- The microbial population of poultry litter is acidophilic
mobilization of 2,4- and 2,6-DNT and their biodegradation. bacteria, fungi, algae and aerobic heterotrofihd. This
Most of the explosive nitroaromatic compounds including population include®seuodomonas, Actinomycetes, andNo-
DNT are subject to transformation by micro-organisms. Ni- cardia. Poultry litter contains a large amount of nutrients
troaromatic compounds are in general more recalcitrant to (NOs, P>Os, K20) [15]. These nutrients are needed by mi-
biodegradation. Most of the researchers have concluded thatroorganisms for bioremediatidi6-18] of organic com-
polynitroaromatic compounds can only be transformed to pounds. The objective of this research was to study the
aminonitro compounds and can not be mineralized. Many biodegradation of 2,4-DNT in aqueous medium using poul-
others have investigated the biodegradation of OBH8]; try litter leachate.
reduction to diamine stage has been repoifgld under
anaerobic conditions.

2. Methods and materials

* Corresponding author. Tek:1 410 651 6030; fax:-1 410 651 7579. A stock solution of 2,4-DNT (97%, Aldrich Chemical
E-mail address: gcgupta@umes.edu (G. Gupta). Co.) was prepared (50mg in 500 ml of deionized water);
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Table 1 3. Results and discussion

Changes in 2,4-DNT concentrations (ppm) on mixing with poultry litter

leachate (1 ml leachate; = 7; standard deviation in parentheses) Almost complete degradation took place with 10 ppm
Initial concentration Final concentration 2,4-DNT (Table ) on the addition of 1 ml poultry lit-

ter leachate after 1 day; the percentage degradation de-

1 day 2 days < 4 ! ) c
0 018 (0.0) 00 creased significantly with increasing concentrations of
20 4.84 (10) 00 DNT, 100ppm DNT was degraded by only 34%. None
30 14.72 (2.5) 0.0 of the chromatogramg~{g. 1) showed any extra peak ex-
40 17.96 (3.0) 0.0 cept for those (isomyl acetate and 2,6-DNT) seen with the
50 37.41 (5.8) 36 (1.1)  standard solutions without the poultry litter leachate. No
100 66.51 (6.3) 55.1(26)  degradation or change in initial concentration of 2,4-DNT

was observed with autoclaved litter leachate showing that
the degradation observed with un-sterilized litter was only
by the micro-organisms present in the litter.

water solubility of 2,4-DNT is around 180 ppfh9]. A rep- On increasing the mixing time, between 2,4-DNT and
resentative sample of poultry litter was collected from the _sterilized leachate (1 ml) to 2 days complete degradation
university farm, air dried, homogenized and sieved (2mm). \yas seen with 10-40 ppm DNT but only 45% degradation
Five grams of litter was mixed with 50 ml deionized water, jth 100 ppm DNT. Increasing the amount of leachate to
shaken at 240 rpm for 1 h, centrifuged at 3000 rpm for 30 Min 2 mj resulted in 100% degradation of 10-50 ppm DNT after
and the leachate separated. Standard solutipns of 0, 10, 201 day; increasing the mixing time to 2 days resulted in 92%
30, 40, 50 and 100 ppm DNT were each mixed with 1ml gegradation with 100 ppm DNT (data not showrTable J).

of poultry litter leachate. Solutions both with and without A chemical kinetic study on the bio-degradation of 20 ppm
litter leachate were shaken on an orbital shaker for 24h at pNT with time (Fig. 2) showed it as a first-order rate re-
240rpm. Then 1 ml ofisomyl acetate was added to each solu-action with anR2 value of 0.98. Absence of any new peak
tion, shaken again for 1 h, refrigerated for 1 h and the organic i the chromatogramFig. 1) shows that the biodegradation
layer extracted. Using the analytical technique (GC/ECD; of 2 4-DNT is not accompanied with the formation of other
Agilent Technologies—Model 6890N series) employed by amino or nitro organic compounds.

the USACHPPM Lab[20] the organic layer was analyzed  The mineralization of 2,4 DNT by natural river water pop-
(Table . A sample of poultry litter was also autoclaved 1o yjations collected downstream of a TNT plant showed a lag
kill the micro-organisms; the leachate from autoclaved litter period of up to 3 weeki21]. Nishino et al[22] reported that
was prepared as before and used as above. Glassware UsgsiNT-degrading bacteria can completely degrade mixtures
was also sterilized. of DNT in liquid cultures without the production of aminon-
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Fig. 1. Gas chromatogram of 20 ppm DNT after reaction with poultry litter organisms.
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Fig. 2. Log concentration of DNT (20 ppm) mixed with poultry litter leachate vs. time of interaction.
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