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Short communication

Use of poultry litter for biodegradation of soil contaminated
with 2,4- and 2,6-dinitrotoluene
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Abstract

Pseudomonas sp.andPseudomonas putidacan utilize dinitrotoluene (DNT) as N-source after the enzymatic removal of nitro groups from
the aromatic ring. Addition of nutrients is known to stimulate the biodegradation process. Poultry litter has consortia of microorganisms
(includingPseudomonas) along with many nutrients. The objective of this research was to study the biodegradation of 2,4- and 2,6-DNT
contaminated soil (from Badger Army Ammunition Plant) using poultry litter. Complete biodegradation of both 2,4- and 2,6-DNT in the soil
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as observed after 1-day interaction with poultry litter. No degradation was observed using autoclaved litter.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Nitrotoluenes have industrial applications as explosives
nd in the production of dyes and polyurethane foam. DNT

s manufactured by mixing toluene with nitric acid in the
resence of sulfuric acid resulting in the formation of 80%
,4-DNT and 20% 2,6-DNT. 2,4-DNT is highly reactive
nd is an explosion hazard; 2,6-DNT does not evaporate.
hile the nitro-aromatic compounds are easily biodegrad-

ble, the nitrotoluenes persist for long periods in soil and wa-
er[1]. Most of the sites (including army ammunition plants)
ontaminated with nitrotoluenes belong to the US govern-
ent. The Volunteer, Ravenna, and Badger Army Ammuni-

ion Plants have substantial amounts of 2,4- and 2,6-DNT
ontaminated soil (and underground water) that needs to
e remediated. Contaminated soils are in most cases exca-
ated and incinerated. New cleanup technologies at Badger
rmy Ammunition Plant include the use of UV radiation,
team flushing/stripping, co-solvents and chemical oxidation.
ther technologies to remove the soil bound DNT include

enzymatic reduction[2], reaction with cationic surfactan
(cetyltrimethylammonium bromide[3]), and the use of a
anaerobic fluidized bed granular activated carbon bior
tor [4]. Loss and transport of DNT in Wauconda Bay is
lieved to be controlled by photolysis, biotransformation
volatilization[5].

Pennington et al.[6] and Spain et al.[1] have writ-
ten exhaustively on the immobilization of 2,4- and 2
DNT and their biodegradation. Most of the researchers
concluded that polynitroaromatic compounds can onl
transformed to amino nitro compounds and cannot be
eralized. Others have reported the biodegradation of
[7–9] and its reduction to diamine stage under anaer
conditions[10]. Ortega-Calvo[11] used theBurkholderia
strain, whereas Hughes et al.[8] usedClostridium aceto
butylicum for DNT biodegradation studies.Pseudomona
sp. Clone A[12] andPseudomonas putida[13,14] can uti-
lize DNT as N-source after the enzymatic removal of
tro groups from the aromatic ring. DNT degrading stra
have been isolated only from industrial wastes (and not
activated sludge or other sites that have not been con
∗ Corresponding author. Tel.: +1 410 651 6030; fax: +1 410 651 7579.
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nated with DNT), which received continuous input of DNT
[1].
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The microbial population of poultry litter is acidophilic
bacteria, fungi, algae and aerobic heterotrophs[15]. This pop-
ulation includesPseuodomonas, Actinomycetes, andNocar-
dia.Poultry litter contains a large amount of nutrients (NO3,
4.1%; P2O5, 1.9%; K2O, 2.5%)[16]. Poultry litter has been
used for the biodegradation of atrazine[17], gasoline con-
taminated soil[18] and phenol[19]. The nutrients in the litter
are needed by microorganisms for biodegradation of organic
compounds[17–19]. Complete biodegradation of 10–50 ppm
2,4-DNT aqueous solution has been reported after 2 days in-
teraction with poultry litter leachate (microorganisms) with-
out the formation of any intermediates[20]. The objective
of this research was to study the biodegradation of 2,4- and
2,6-DNT in the contaminated soil (from Badger Army Am-
munition Plant) using poultry litter.

2. Materials and methods

Standard solutions of 2,4- and 2,6-DNT (97%, Aldrich
Chemical Co.) were prepared in deionized water; aqueous
solubility of 2,4- and 2,6-DNT is 180 and 120 ppm, respec-
tively, at room temperature[21]. The standard solutions were
analyzed by GC/ECD for calibration purposes[22]. The
DNT-contaminated soil from the Badger Army Ammuni-
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iment repeated with the autoclaved litter. All glassware used
was sterilized.

3. Results and discussion

The moisture content of the contaminated soil was 3.5%
and the pH was 9.27; these results compare well with the
properties of the Badger Army Ammunition Plant soil re-
ported by Zhang et al.[23]. The analytical method used for
the extraction and measurement of DNT results in increased
extraction of DNT, bound residue and metabolites compared
with the USEPA Methods 8330 and 8095[22].

The concentration of 2,4-DNT (Table 1) in the contam-
inated soil mixed with poultry litter decreased significantly
both on increasing the amount of litter and the time of interac-
tion. Complete removal of DNT took place with 1.0 g poultry
litter after 12 h and with only 0.6 g litter after 24 h. The in-
crease in the biodegradation of DNT both with an increase
in the amount of litter and the time of interaction suggests
the increasing role of the microorganisms. With 0.2 g litter
the amount of 2,4-DNT after 24 h was <10% of the origi-
nal amount (Table 1) suggesting that the mixtures were not
under nutritional stress. No biodegradation of DNT was ob-
served with autoclaved litter showing that the degradation
observed with unsterilized litter was only by the microorgan-
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ion Plant was dried at room temperature and refrigerat
mber bottles. A representative sample of poultry litter
ollected from the university farm, air-dried, homogeniz
ieved (2 mm) and refrigerated. Soil (0.1 g) was mixed
oultry litter (0.0, 0.2, 0.4, 0.6, 0.8, 1.0 g) and 10 ml de

zed water, shaken at 240 rpm (0, 6, 12, 24 h), then 10 m
soamyl acetate was added and shaken for 24 h to stop t
ction and extract DNT. Another 1 ml of isoamyl acetate
dded to each solution to ensure the extraction of soil b
NT, shaken again for 1 h, refrigerated for 1 h and the org

ayer extracted. Using the analytical technique (GC/E
gilent Technologies—Model 6890N series) employed

he USACHPPM Lab.[22] the organic layer (isoamyl aceta
xtract) was analyzed. The soil and poultry litter mixtu
ere spiked with DNT and extracted using isoamyl ace

o determine extraction efficiency. A sample of poultry li
as also autoclaved to kill the microorganisms and the e

able 1
hanges in 2,4-DNT concentration (ppm) in soil + poultry litter with tim

oultry litter (g) 0 h 6 h

.0 (Control) 27.1 (0.7) a, x 27.1 (0.6) a,

.2 27.1 (0.5) a, w 24.8 (0.3) b,

.4 27.1 (0.6) a, w 23.0 (0.2) c,

.6 27.1 (0.7) a, w 20.2 (0.2) d,

.8 27.1 (0.5) a, w 18.4 (0.3) e,

.0 27.1 (0.5) a, w 9.4 (0.5) f,

SD (0.9) 1.1

ean± standard deviation in parenthesis;n= 7. Means followed by the sam
omparisons and w–z are row-wise comparisons. LSD, least significa
sms present in the litter. Based on the DNT extraction
iency (97% and higher) from soil and litter samples sp
ith DNT it is clear that adsorption of DNT was not taki
lace.

The amount of 2,6-DNT (Table 2) in the contaminated so
as almost one third the amount of 2,4-DNT. A decreas

he concentration of 2,6-DNT in the contaminated soil m
ith litter was also observed on increasing the amount o

er and the mixing time. In this case complete biodegrad
ook place on using a higher amount of litter and incre
ixing time showing thereby that 2,6-DNT is more reca

rant. Earlier research has also shown that biodegradat
,6-DNT is slower compared to the biodegradation of
NT [24]. Biodegradation of 2,6-DNT is inhibited in th
resence of relatively high 2,4-DNT concentrations[1].

None of the chromatograms (Fig. 1 shows only the con
rol and the soil mixed with 0.4 g litter) showed any new p

12 h 24 h LS

26.7 (0.5) a, x 26.9 (0.6) a, x 2.6
8.4 (0.6) b, y 2.3 (0.2) b, z 2.1
7.7 (0.3) b, y 1.5 (1.0) b, z 0.9
5.9 (0.2) c, y 0.0 (0.0) c, z 1.5
2.3 (1.2) d, y 0.0 (0.0) c, z 1.2
0.0 (0.0) e, y 0.0 (0.0) c, y 1.7

1.4 1.3

r are not significantly different from each other (p≤ 0.05); a–f are column-wis
rence.
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Table 2
Changes in 2,6-DNT concentration (ppm) in soil + poultry litter with time

Poultry litter (g) 0 h 6 h 12 h 24 h LSD

0.0 (Control) 7.9 (0.1) a, x 7.9 (0.1) a, x 7.8 (0.1) a, x 7.9 (0.1) a, x 0.15
0.2 7.9 (0.1) a, x 7.8 (0.1) b, y 7.8 (0.1) a, y 7.6 (0.1) b, z 0.08
0.4 7.9 (0.1) a, w 7.1 (0.1) c, x 7.7 (0.1) b, y 7.5 (0.1) b, z 0.13
0.6 7.9 (0.1) a, w 7.1 (0.1) d, x 7.1 (0.1) c, x 6.2 (0.1) c, y 0.14
0.8 7.9 (0.1) a, w 7.0 (0.1) d, x 6.9 (0.1) d, y 2.4 (0.1) d, z 0.11
1.0 7.9 (0.1) a, w 4.9 (0.1) e, x 1.7 (0.1) d, y 0.0 (0.0) f, z 0.75

LSD 0.1 0.1 0.1 0.2

Mean± standard deviation in parenthesis;n= 7). Means followed by the same letter are not significantly different from each other (p≤ 0.05); a–f are column-wise
comparisons and w–z are row-wise comparisons. LSD, least significant difference.

except for the peaks seen with contaminated soil mixed with
poultry litter at 0 h. The absence of any new peak in the chro-
matograms shows that the biodegradation of 2,4- and 2,6-
DNT is not accompanied with the formation of other amino
or nitro organic compound intermediates. Use of isoamyl
acetate has been shown to extract much higher amounts of
DNT and metabolites compared with other solvents; the de-
tection limit using toluene or benzene as solvents was around
1 ppm and nitramines could not be detected with earlier tech-
niques[22]. A chemical kinetic study on the bio-degradation
of DNT with time (Fig. 2) showed it as a pseudo-first-order
rate reaction with aR2-value and rate constant of 0.96 and
1.5× 10−1 h−1 for 2,4-DNT and 0.84 and 5.0× 10−2 h−1 for
2,6-DNT, respectively. The degradation patterns using other
concentrations of both 2,4-DNT and 2,6-DNT were similar
to the one shown inFig. 2.

The mineralization of 2,4-DNT by natural river water pop-
ulations collected downstream of a TNT plant showed a lag
period of up to 3 week[25]. Nishino et al. reported that
DNT-degrading bacteria can completely degrade mixtures of
2,4- and 2,6-DNT in soil slurries without the production of
aminonitrotoluenes; adding DNT degrading strains in con-
taminated soil slurry resulted in the disappearance of DNT
accompanied by CO2 release[24]. Simultaneous biodegra-
dation of 2,4- and 2,6-DNT using a mixed-culture biofilm
reactor resulted in removal efficiencies over 98%[7]. Nu-
trient limitations control the onset of rapid DNT biodegra-
dation; biodegradation of DNT was rapidly stimulated by
the addition of a complete mineral medium but not by bi-
carbonate buffered deionized water or by phosphate amended
tap water[26]. Using a mixed consortia (Pseudomonas,Sph-
ingomonas, andStenotrophomonas) Snellinx et al. have also
Fig. 1. Gas chromatograms of solvent extracts of DNT-contaminated soil m
ixed with poultry litter (x-axis shows time (min);y-axis shows abundance (Hz)).
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Fig. 2. Concentration of 2,4- and 2,6-DNT in solvent extracts of soil mixed with poultry litter vs. time of interaction (x-axis shows time (h);y-axis shows
loge DNT concentration (ppm) in isoamyl acetate extract of DNT-contaminated soil with poultry litter; error bars represent standard deviation).

reported the degradation of DNT without accumulation of
any intermediates[27]; under aerobic conditions DNTs are
degraded via oxygenase reactions[28].

From the results presented here it can be concluded that the
consortia of microorganisms in the poultry litter can degrade
2,4- and 2-6-DNT without the production of other intermedi-
ates within a short period of 1 day. This is a significant finding
as so far cultures from uncontaminated (without DNT) sites
have not been shown to degrade DNT.
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