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Abstract

Microcosm tests simulating bioslurry reactors with 40% soil content, containing high concentrations of TNT and/or
RDX, and spiked with eithefC]-TNT or [*C]-RDX were conducted to investigate the fate of explosives and their
metabolites in bioslurry treatment processes. RDX is recalcitrant to indigenous microorganismsin soil and activated
sludge under aerobic conditions. However, soil indigenous microorganisms alone were able to mineralize 15% of
RDX to CO, under anaerobic condition, and supplementation of municipal anaerobic sludge as an exogenous
source of microorganisms significantly enhanced the RDX mineralization to 60%. RDX mineralizing activity of
microorganisms in soil and sludge was significantly inhibited by the presence of TNT. TNT mineralization was
poor (< 2%) and was not markedly improved by the supplement of aerobic or anaerobic sludge. Partitioning studies
of [Y*C]-TNT in the microcosms revealed that the removal of TNT during the bioslurry process was due mainly to
the transformation of TNT and irreversible binding of TNT metabolites onto soil matrix. In the case of RDX under
anaerobic conditions, a significant portion (35%) of original radioactivity was also incorporated into the biomass
and bound to the soil matrix.

Introduction metabolites remained unclear. To our present knowl-
edge, no radiolabeled experiments have been addressed
Munitions compounds such as 2,4,6-trinitrotoluene to the fate investigation of RDX and its metabolites
(TNT) and hexahydro-1,3,5-trinitro-1,3,5-triazine during the bioslurry treatment process. Therefore, in
(RDX) have contaminated soils in many sites where spite of extensive studies in the biodegradation of
manufacturing, handling, and disposal of explosives TNT and RDX in bioslurry reactor systems, the mass
were conducted in the past. The persistence and tox-balance of TNT and RDX conversion to final prod-
icity of these explosives represent an environmental ucts is still largely missing (Crawford 1995). In this
hazard (Walker & Kaplan 1992); thus the soil from paper, microcosm tests simulating bioslurry reactor
the contaminated sites must be remediated. Biore- conditions using eithet{C]-TNT or [**C]-RDX were
mediation holds the promise of being a cost effec- conducted to investigate the fate of the explosive in
tive and environmentally safe practice. One biological slurry reactors, where a complete removal of TNT
process, a hioslurry reactor system, has proven to beand RDX with respective concentrations of 1000 and
effective in the removal of explosives from contam- 2000 mg/kg in soil was previously demonstrated (Shen
inated soil (Funk et al. 1993; Manning et al. 1995; et al. 1998). The partition of-fC]-TNT, [**C]-RDX,
Shen et al. 1998). A complete removal of TNT and and their metabolites in the soil slurry over time was
RDX has been demonstrated in these bioslurry treat- determined to provide some insight into the dynam-
ment processes; however, a previous radiotracer studyic process during biodegradation, i.e., mineralization,
(Funk et al. 1993) showed that only 0.5% of the initial biotransformation, and binding to soil.
TNT was mineralized, while the fate of TNT and its
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Materials and methods

Sources of organisms

Microorganisms were indigenous microbes found in
a sandy soil collected from munitions burning pits at

Angus, Ontario. Neither TNT nor RDX was detected
in this soil. Municipal activated sludge and anaero-

ratio to 40%. The added activated sludge or anaerobic
sludge, which provided exogenous sources of microor-
ganisms in the soil slurry, gave respective dry weight
ratios of 0.27% and 0.45% in the soil slurry. Final TNT
and RDX concentrations were 1000 and 2000 mg/kg,
respectively, on the basis of soil dry weight. Before
being incubated at 28C on a rotary shaker (150 rpm),
the aerobic microcosms were flushed with pure oxy-

bic sludge from wastewater treatment plants of Ste- gen to build strict aerobic conditions, while nitrogen
Catherine and Vaudreuil, Quebec, respectively, were gas was employed to purge the head space of anaerobic
also used as potential exogenous sources of explosivemicrocosms in order to maintain strict anaerobic condi-
degrading microorganisms in this experiment. tions. The microcosms were sampled regularly (every
two or three days), with subsequent flushing with pure
oxygen or nitrogen gas to keep aerobic or anaerobic
conditions. After initial incubation under anaerobic
Commercial grade TNT and RDX (with a purity conditions for a certain period of time, some micro-
99%) were provided by Defense Research Establish- cosms were supplemented with 4 ml of the activated
ment Valcartier, Quebec, Canada*C]-TNT and sludge and switched to aerobic conditions in order to
[**C]-RDX with respective specific activities of 124 investigate the effect of sequential anaerobic-aerobic
and 28.7uCi/mmole were synthesized and recrystal- conditions on the mineralization of TNT, RDX, and
lized with a purity over 99% as described by Ampleman their metabolites.

etal. (1995). 2-Amino and 4-aminodinitrotoluene, and

2,4-diamino and 2,6-diaminonitrotoluene were pur- Distribution of [**C]-TNT, [**C]-RDX, and their

chased from AccuStandard (New Haven, CT). 2,4,6- metabolites in soil slurry

Triaminotoluene was bought from Chem Service (West

Chester, PA). Mono-, and trinitroso-RDX were synthe- Partitioning of TNT, RDX, and their metabolites in
sized according to the method (Brockman et al. 1949). the soil slurry was investigated in a series of micro-
All other chemicals were reagent grades. cosm bottles simulating the bioslurry reactor condi-
tions (Shen et al. 1998). The serum bottles were filled
with the soil, activated or anaerobic sludge, molasses
feed, and explosives (unlabelled TNT and RDX), as
described in the mineralization study. They were then
The soil slurry microcosms were prepared as follows: spiked with 100,000 dpm of eithe?¥fC]-TNT or [**C]-

a series of 100-ml serum bottles was filled with;40 RDX. The mineralization of TNT or RDX was mea-
of either [4C]-TNT or [**C]-RDX solution (100,000  sured by counting the radioactivity fCO, evolved
dpm), 0.80 ml of a TNT-acetone solution (20 g/L) from the serum bottles, and collected in a KOH trap.
and/or 0.80 ml of an RDX acetone solution (40 g/L). The extractable portion of TNT, RDX, and/or their
The acetone solutions were mixed and the acetone wasmetabolites in the soil slurry was assayed by extract-
then removed under a stream of nitrogen gas. Next, ing the soil slurry with acetonitrile and then counting
16.0 g of the sandy soil (dry weight) and 1 ml of the [**C] radioactivity in the extract. At appropriate
a molasses feed were added to the microcosms. Theintervals during the incubation, one microcosm bottle
molasses feed was prepared as follows (g/L): 132.5 g was sacrificed for the extraction of TNT, RDX, and/or
of molasses, 29.6 g NaHGDand 35.3 g KHC@. their metabolites by introducing 20 ml of acetonitrile.
The molasses feed was additionally supplemented with The mixture of soil slurry and acetonitrile was vigor-
29.6 g of NaSQ, in the case of anaerobic microcosms. ously shaken for 5 min, left overnight on a rotary shak-
Finally, 8 ml of the municipal activated sludge (with er at 150 rpm, and then filtered through GF/F glass
VSS concentration: 9.73 gVSS/L) or anaerobic sludge microfiber filter paper (Whatman International Ltd.).
(with VSS concentration: 12.74 gVSS/L) was injected The soil cake from the filtration was extracted two more
into the serum bottle as shown in Table 1, and the total times using an additional 20 ml of acetonitrile and 20
weight of soil slurry in the serum bottle was completed ml of distilled water, respectively. All filtrates were
to 40 g by distilled water, bringing the soil dry weight combined, and the total radioactivity was measured.

Chemicals

Mineralization of [*C]-TNT and [*C]-RDX in soil
slurry microcosms
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Table 1 Summary of microcosm conditions

[*4C]-TNT mineralization under aerobic conditions (Figure 2)

Samples Activated sludge supplement Explosive conc. (mg/kg soil)
(gVSS/kg slurry) TNT RDX
TNT*-soil None 1000 0
TNT*-soil-sludge 2.7 1000 0
TNT*-soil-control None 1000 0
TNT*-RDX-soil None 1000 2000
TNT*-RDX-soil-sludge 2.7 1000 2000
TNT*-RDX-soil-control ~ None 1000 2000

[*C]-TNT mineralization under anaerobic conditions (Figure 3)

Samples Anaerobic sludge supplement  Explosive conc. (mg/kg soil)
(gVSS/kg slurry) TNT RDX
TNT*-soil None 1000 0
TNT*-soil-sludge 4.5 1000 0
TNT*-soil-control None 1000 0
TNT*-RDX-soil None 1000 2000
TNT*-RDX-soil-sludge 4.5 1000 2000
TNT*-RDX-soil-control ~ None 1000 2000

[*4C]-RDX mineralization under aerobic conditions (Figure 4)

Samples Activated sludge supplement  Explosive conc. (mg/kg soil)
(gVSS/kg slurry) TNT RDX
RDX*-soil None 0 2000
RDX*-soil-sludge 2.7 0 2000
RDX*-soil-control None 0 2000
RDX*-TNT-soil None 1000 2000
RDX*-TNT-soil-sludge 2.7 1000 2000
RDX*-TNT-soil-control ~ None 1000 2000

[*4C]-RDX mineralization under anaerobic conditions (Figure 5)

Samples Anaerobic sludge supplement  Explosive conc. (mg/kg soil)
(gVSS/kg slurry) TNT RDX
RDX*-soil None 0 2000
RDX*-soil-sludge 4.5 0 2000
RDX*-soil-control None 0 2000
RDX*-TNT-soil None 1000 2000
RDX*-TNT-soil-sludge 4.5 1000 2000
RDX*-TNT-soil-control ~ None 1000 2000

* [¥4C]-labeled compounds.

The non-extractable portion of the radiolabel, defined released from the soil digestion was absorbed in two
as incorporated into the biomass and/or irreversibly consecutive traps each containing 20 ml of 0.1N KOH,
bound to the soil, was liberated by digesting the soil and its radioactivity was then counted. The radioactivi-
cake from the final filtration with potassium dichromate ty associated with non-extractable metabolites in some
and a mixture containing sulfuric acid and phosphor- microcosm samples ( due to unavailability of the diges-
ic acid (3:2 v/v) (Nelson & Sommers 1982CO, tion set-up at the early experimental stage) was esti-
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\/ Figure 2 Mineralization of TNT in soil slurry under aerobic condi-
14¢ radioactivity 14C radioactivity tions. (O, microcosm containing TNT, RDX and sdil}, microcosm
count count containing TNT, RDX, soil and activated sludgk; heat killed con-
trol. TNT and RDX concentration was 1000 and 2000 mg/kg dry

soil, respectively, in all microcosms).
Figure 1 Flow chart of the determination of{C]-radiolabel (TNT
as an example) partitioning in different phases

Results and discussion

mated by a mass balance using the initéC]-TNT or TNT mineralization and transformation
[**C]-RDX radioactivity count, the radioactivity in the

CO,, and the radioactivity count of extractable prod- TNT mineralization was studied in the microcosms

ucts including {*C] starting material (Figure 1). with and without the presence of RDX. The presence
of RDX in the microcosms had no pronounced impact

Analysis and identification of TNT and RDX on the TNT mineralization. For clarity reasons, only

metabolites the TNT mineralization in the microcosms contain-

ing TNT and RDX are presented in Figures 2 and 3. In
TNT, RDX, and their metabolites in the soil slurry general, the TNT mineralization was very poer?%)
were extracted and analyzed according to the methodunder either aerobic or anaerobic conditions. A com-
Bouvier and Oehrle (1995). Briefly, about 2.5 g of soil  parison of TNT mineralization in the active and con-
slurry was mixed with 10 ml of acetonitrile in a 15-ml  trol microcosms under aerobic conditions (Figure 2)
glass tube with aTefld® coated screw cap. Theslurry indicates that the biological mineralization of TNT
was extracted by ultrasonicating the sample atC0  was less than 0.5%, and most of the TNT mineral-
overnight. Five ml of the supernatant was mixed with ization was due to abiotic degradation. Contrary to our
10 ml of CaC} solution (10 g/L) and then analyzed expectation, supplementation of activated sludge in the
by HPLC (Spectra-Physics Model SP8100, Thermo microcosm resulted in a decline instead of an increase
Separations Products, California Inc.) equipped with in the TNT mineralization, which may be explained
a SUPELCOSIL C8 column (25 cm 4.6 mm, 1.D.) by an increase in organic content in the microcosm
and a 254-nm UV detector. The mobile phase consistedwith sludge supplement and a dilution fC]-TNT
of 18% iso-propanol and 82% organic-free deionized as organic matter to be abiotically degraded. Under
water. TNT and RDX metabolites in HPLC analysis anaerobic conditions, TNT mineralization in all micro-
were identified by comparing their retention time and cosms was less than 0.5% after 52 days of incubation,
UV spectrum with pure TNT and RDX metabolitesand and the supplement of anaerobic sludge only slightly
confirmed using gas chromatography/mass spectrom-increased the TNT mineralization extent from 0.15%
etry (Varian Saturn Il, Varian associates, Inc., Sugar to 0.25%. The sequential anaerobic-aerobic processes,
Land, TX). as shown in Figure 3, did not significantly improve the
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that many microorganisms are able to biotransform
TNT under aerobic or anaerobic conditions. The pres-
ence of strong electron-withdrawing nitro groups on
the aromatic ring causes an electron deficiency in the
aromatic ring, thus prohibiting electrophilic attack by
oxygenases of aerobic bacteria, but favoring the reduc-
tion of its nitro groups to amino derivatives such as
aminodinitrotoluene and diaminonitrotoluene. Even
under aerobic conditions, nitroaromatic compounds
are reduced to corresponding metabolites (Rieger &
Knackmuss 1995). The formation of azoxy compounds
as a result of abiotic coupling reactions of unsta-
ble hydroxylamino metabolites under aerobic condi-
tions poses restriction on the further mineralization of
TNT metabolites (Carpenter et al. 1978; Michels &
Gottschalk 1994). Although anaerobic transformation
of TNT is widely reported, the partially reduced prod-
ucts are rarely mineralized (Preuf3 & Rieger 1995). To
date, the most promising results of TNT mineralization
were achieved in pure white rot fungus cult®eane-
rochaete ChrysosporiufMichels & Gottschalk 1994;
TNT mineralization, indicating that the TNT anaer- Fernando et al. 1990), in which 40% and 15% min-
obic metabolites were still recalcitrant under aerobic eralization of TNT were accomplished at a respective
conditions. concentration of 0.36 and 20.4 mg/L after 3 weeks
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Figure 3 Mineralization of TNT in soil slurry under anaerobic-
aerobic sequential conditions® ( microcosm containing TNT, RDX
and soil;l , microcosm containing TNT, RDX, soil and anaerobic
sludge; ¢, heat killed control. TNT and RDX concentration was
1000 and 2000 mg/kg dry soil, respectively, in all microcosms).

In parallel to the TNT mineralization study, TNT
metabolites in the soil slurry microcosms without
receiving [*C]-TNT were analyzed and identified over
the incubation time in order to find out the fate of
TNT besides mineralization. 2-Aminodinitrotoluene
(2-ADNT) and 4-aminodinitrotoluene (4-ADNT)
were the main identified TNT metabolites in
the aerobic microcosms. However, 2-ADNT, 4-
ADNT, 2,4-diaminonitrotoluene (2,4-DANT), and 2,6-

of incubation. However, due to its non-native nature in
soil and its sensitivity to relatively high TNT concentra-
tions, the application d®. Chrysosporiuno remediate
heavily contaminated soil is still questionable (Spiker
et al. 1992).

RDX mineralization

The RDX mineralization in soil slurry was also inves-

diaminonitrotoluene (2,6-DANT) were observed inthe tigated under conditions with and without the pres-
anaerobic microcosms at early stages of incubation, ence of TNT. The mineralization of RDX in all aerobic
and the total concentration of amino and diamino deriv- microcosms was less than 3% after 35 days of incuba-
atives could make up 50% of the initial TNT concen- tion under strictly aerobic conditions, as shown in Fig-
tration. In the late stage of incubation, further degrad- ure 4. The indigenous soil microorganisms were only

ed metabolites, such as triaminotoluene aratesol,

able to mineralize 1.9% of RDX with an initial concen-

were also detected in the anaerobic soil slurry. We tration of 2000 mg/kg dry soil when RDX was the sole
have never detected the above metabolites in our con-explosive in the soil slurry microcosm. Supplement of

trol microcosm (without TNT supplement), indicating

activated sludge in the microcosms as an exogenous

these metabolites were from TNT degradation. The microbial sources slightly increased the RDX miner-

results of TNT mineralization and metabolite identifi-

alization extent (reaching 2.2%). Our further results

cation in the microcosm study indicate that the removal from the microcosms with activated sludge and RDX
of TNT in the bioslurry reactors under either aerobic or (data not shown here) also indicate that microorgan-
anaerobic conditions was mainly due to biotransforma- isms in municipal activated sludge only mineralized
tion to intermediate metabolites, which are refractory 0.65% RDX (with a concentration of 500 mg/L sludge)

to further microbial degradation and mineralization.

after 40 days of incubation under strictly aerobic condi-

Our results are consistent with a recent literature tions. These results are consistent with those reported

survey (Marvin-Sikkema & de Bont 1994) reporting

by Hoffsommer et al. (1978), who found no disappear-
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Figure 4. Mineralization of RDX in soil slurry under aerobic con-
ditions. €, microcosm containing RDX and soll] , microcosm
containing RDX, soil and activated sludg&; microcosm contain-
ing RDX, TNT and soil;O, microcosm containing RDX, TNT, soil
and activated sludgey, heat killed control. TNT and RDX con-
centration was 1000 and 2000 mg/kg dry soil, respectively, in all
microcosms).
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Figure 5 Mineralization of RDX in soil slurry under anaerobic
or sequential anaerobic-aerobic conditiond., (microcosm con-
taining RDX and soil;l, microcosm containing RDX, soil and
anaerobic sludgeA, microcosm containing RDX, TNT and soil;
@, microcosm containing RDX, TNT, soil and anaerobic sludge;
¥, heat killed control. TNT and RDX concentration was 1000 and
2000 mg/kg dry soil, respectively, in all microcosms).

ance of RDX in an activated sludge system. These datation of RDX mineralization in aerobic and anaerobic

suggest that RDX is persistent to indigenous microor-
ganisms in soil and activated sludge under strictly aer-
obic conditions. The data in Figure 4 also reveal that
the RDX-mineralizing activity of indigenous microor-
ganisms in soil and activated sludge is inhibited by
the presence of TNT in the microcosms. The inhibito-
ry effect of TNT is reflected by the significant drop
in RDX mineralization from 2.2% () to 1.4% ()
when TNT was added to the microcosms. This antag-
onistic effect of TNT on the RDX mineralization may
be attributed to the toxicity of TNT and its metabolites
to the metabolic activity of RDX mineralizing organ-
isms, since TNT and its metabolites are more toxic
than RDX (Hawari et al. 1996).

In contrast to the mineralization of RDX under aer-
obic condition, soil indigenous microbes were able to
mineralize RDX up to 15% under anaerobic condi-
tions after 52 days of incubation when RDX was used
as the sole explosive (Figure 5). The mineralization
extent of RDX was markedly enhanced by the supple-
ment of municipal anaerobic sludge, reaching 60% in
the microcosms containing RDX, soil, and anaerobic
sludge. The data in Figure 5 also illustrated that RDX
mineralizing activity of indigenous microorganismsin

microcosms by the presence of TNT indicates that the
RDX degrading bacteria (either aerobic or anaerobic)
are sensitive to toxicity of TNT and of its metabolites.

The data in Figure 5 also reveal that the supple-
ment of activated sludge increased the mineralization
rate of RDX again in the microcosms that had ini-
tially been incubated under anaerobic conditions. The
improvement in RDX mineralization in the sequen-
tial anaerobic-aerobic process may be explained by
enhanced degradation of RDX metabolites to,CO
under aerobic conditions rather than additional min-
eralization of remaining RDX, since the RDX miner-
alization was very poor in the microcosm containing
RDX, TNT, soil, and activated sludge under aerobic
conditions (Figure 4).

In parallel to the RDX mineralization study,
metabolites from RDX degradation in the anaerobic
microcosms without receiving4C]-RDX were mon-
itored by HPLC over the time course of incubation.
Figure 6 shows that at least six metabolites from RDX
degradation were observed in the anaerobic micro-
cosms in the early period of incubation when compar-
ing the HPLC chromatogram of active sample with that
of control one. These metabolites were further degrad-

soil and anaerobic sludge under anaerobic conditionsed with increasing incubation times, as shown by the

was also inhibited by the presence of TNT, i.e. areduc-
tion in mineralization from 60% to 47%. The reduc-

disappearance of their peaks in HPLC chromatograms.
The formation of several RDX metabolites in the RDX
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Figure 6 HPLC chromatograms of soil slurry samples from anaero-
bic microcosms with the supplement of RDX (Figure 6a) and without
the supplement of RDX (Figure 6b).

mineralization process also suggests that the RDX
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Figure 7. Non-extractable portion of explosive and its metabolites
over the time course in microcosms simulating bioslurry reactors
containing TNT and RDX.q, Y*C-TNT under aerobic conditions;
@, 1“C-TNT under anaerobic conditioris}, “C-RDX under aero-

bic conditions andll, 1*C-RDX under anaerobic conditions)

went through several degradation processes before theconditions, the non-extractable amounts of radioactiv-

formation of CQ. These degradation processes may
be the same as those proposed by McCormick et al.
(1981), however further study in the identification of
these metabolites will assist the interpretation of the
RDX degradation pathways.

Biological degradation of RDX has been demon-
strated previously (Osmon & Klausmeier 1973; Sikka
et al. 1980; McCormick et al. 1981; Yang et al. 1983).
Recently, researchers from several groups (Kitts et al.
1994; Binks et al. 1995; Crawford et al. 1995) suc-
cessfully isolated several microorganisms responsible
for the degradation of RDX. Until now, no radiotrac-
er study has been reported for the monitoring of the
fate of RDX in bioslurry reactor processes although

ity from [*“C]-TNT elevated gradually to 72% after 30
days of incubation under anaerobic conditions. The
non-extractable profile of TNT and its metabolites
may be explained by the TNT transformation under
different conditions, and the adsorption and interac-
tion between TNT metabolites and the active sites of
the soil matrix. The results from our previous study
(Shen et al. 1998) showed that all TNT in the aerobic
bioslurry reactor was transformed into aminodinitro-
toluene and other metabolites in less than 10 days,
and these metabolites were not readily further trans-
formed under aerobic conditions. During this period,
part of TNT metabolites might adsorb quickly with
the soil matrix, resulting in a fast increase in the non-

RDX degradation has been observed earlier (Funk et extractable amount of TNT and its metabolites. In con-

al. 1993; Manning et al. 1995; Young et al. 1997).
Fate of TNT and RDX metabolites

The data givenin Figure 7 outline the dynamic process-
es of non-extractable portion of TNT, RDX, and their

metabolites over the time course in the soil slurry
microcosms simulating the bioslurry reactors contain-
ing TNT and RDX. The non-extractable portion of

TNT and its metabolites, as determined by radioac-
tivity, increased sharply (by about 35%) after 2 days
of incubation under aerobic conditions, but became
stable when the experiment lasted for a longer peri-
od. Unlike in the microcosms incubated under aerobic

trast to the aerobic process, the TNT metabolites from
anaerobic bioslurry reactor were further reduced over
the time into diamino and triamino derivatives, which
are more interactive and can be irreversibly bound
to the soil matrix (Lenke et al. 1994), resulting in
a decrease in the extractability of TNT metabolites
over the incubation time. A detailed explanation for
the mechanism of the triaminotoluene adsorption into
soil matrix can be found elsewhere (Rieger & Knack-
muss 1995). The non-extractable amounts of TNT and
its metabolites indicate that a significant portion of
TNT metabolites ended up being irreversibly bound
residue in the soil matrix during the bioslurry treat-
ment processes (Figure 7).
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Table 2 Partition of [4C]-RDX in the soil slurry microcosm incubated under anaerobic conditions

Incubation time (days) 4C Extractable (%) 14CO, (%) 14C Non-extractable (%) 4C Recovery (%)

0 99.9 0 1.7 101.6
2 954 0.6 2.4 98.4
13 75.2 6.9 13.5 95.6
23 41.9 20.4 22.4 84.7
28 17.8 33.0 36.7 87.5
38 14.9 42.2 34.4 915

The partitioning of*C-RDX and its metabolitesin  bial consumption of one unit of organic carbon, 0.80
the microcosm (containing cold TNT) also is shown unit of carbon source was evolved into &Qwhile
in Figure 7. The data reveal that less than 13% of 0.2 unit was assimilated into biomass. Based on the
RDX and its metabolites became non-extractable after above assumption, the amount &fG]-RDX assimi-
32 days of incubation under aerobic conditions, but lated into biomass would be about 10.5% for 42% of
the mineralization of RDX into C@in this micro- evolved as*CO,. Therefore the portion offC]-RDX
cosm was less than 2% during this incubation period. metabolites irreversibly bound to the soil matrix could
The profile of non-extractable portion of radiolabel be assigned as 24%. The recovery’8€]-RDX radi-
in this microcosm matched well with the disappear- olabel in this partitioning study varied from 84.7 to
ance of RDX in the aerobic slurry reactor conducted in 101.6% for several samples incubated during a period
the previous study (Shen et al. 1998), indicating that of 38 days. Deficits in radiolabel mass balance might be
measured radioactivity in the extract was mainly from attributed to incomplete chemical digestion of soil and
RDX or that the non-extractable portion was due to the biomass or to conversion of organic carbon (including
assimilation of RDX into biomass and/or binding ofits  [1*C]-RDX) to methane.
metabolites with the soil matrix. The results of radiotracer study in this paper pro-
The data in Table 2 present a mass balance andvide some insightinto the fate of TNT and RDX during
dynamic distribution of RDX and its metabolites inthe the bioslurry treatment processes as follows: TNT was
soil slurry microcosms containing RDX, TNT, soil, transformed with minimal mineralization during the
and anaerobic sludge under anaerobic conditions. Thetreatment, and a significant portion of TNT metabo-
non-extractable portion of radiolabel in the soil slurry lites bound to soil matrix. Anaerobic bioslurry reactor
was also presented in Figure 7 for comparison pur- with the supplement of municipal anaerobic sludge
poses. As the percentage 8fC]-RDX mineralization provided the best conditions for the mineralization of
increased over the incubation time, more RDX was RDX and degradation of TNT.
transformed into its metabolites and assimilated into
the biomass. Some of the amine metabolites from RDX
degradation, such as dimethylhydrazine and hydrox- Acknowledgments
ymethylhydrazine (McCormick et al. 1981), may bind
strongly to humic substances and to clay portion of the Authors thank Louise Paquetand Ed Zhou for excellent
soil matrix, and consequently reduce their extractabil- analytical services. This is a NRC paper numbered
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