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ABSTRACT

Contamination of explosive compounds in the soils of military shooting range may pose risks to human and ecosystems.
As shooting ranges are located at remote places, active remediation processes with hardwares and equipments are less
practical to implement than natural solutions such as bioremediaton. In this study, a series of experiments was conducted
to select a suitable carbon source and to optimize dosing rate for the enhanced bioremediation of explosive compounds in
surface soils and sediments of shooting ranges with indigenous microorganisms activated by external carbon source.
Treatability study using slurry phase reactors showed that the presence of indigenous microbial community capable of
explosive compounds degradation in the shooting range soils, and starch was a more effective carbon source than glucose
and acetic acid in the removal of TNT. However, at higher starch/soil ratio, i.e., 2.0, the acute toxicity of the liquid phase
increased possibly due to transformation products of TNT. RDX degradation by indigenous microorganisms was also
stimulated by the addition of starch but the acute toxicity of the liquid phase decreased with the increase of starch/soil
ratio. Taken together, the optimum range of starch/soil ratio for the degradation of explosive compounds without
significant increase in acute toxicity was found to be 0.2 of starch/soil.
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Table 1. Physico-chemical properties of the shooting range soils used in the experiments

Soil Soil pH % Clay % Silt % Sand % Organic carbon
TNT soil 6.63 418 3234 63.48 3.52
RDX soil 7.23 3.25 28.50 68.25 2.61
e 7K PTEE F4P) WEIZ cldlel R4Sk & - e
%) SRRAE Ghaold o 29 0 sl TR T F w2 25 Glueos
S, 10g B & 20mLe] oHEYUEZYS Wi, 30°C = 10 —
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50,000 mg/L. CaCl, 843} 1: 1 3057 B 8 ..
AL AANE 0.2 ume] %%LS-_ 714 PTFE 24P g
HE)Z ofaka) TR BAEIIC z
Aol A3 TNT ¥ RDX EF8ME AccuStandard o2
(New Haven, CT, USApIA Tul3}3L, RDX A3 4F 0
&2l mono-nitroso RDX(MNX), di-nitroso RDX(DNX) Time (days)

2 tri-nitroso RDX(TNX)= SRI International(Menro Park,
CA, USA)2] Dr. R. SpanggordZlX FoJs] Fch. o
U 7]&5F (technical grade)]o] ¥4HE BRI 7153}

I AL = UG T2 ARE 8Hll= HPLCE©]
A, o ssEEe ACSFEOIR Al AMSE ¥
o2+ AT (18.3 MQ-cm)©| AT

| —
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=) ‘?}%501]/\1 ELB:% A7} & ol INT 5% 72
2E Fig. 13} o] AR > X5} > oA EAN] Mg
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2 2 EEQeE Bt I kel wlsh i
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7] wiZolet AEET. tiERTeie B TNTE 27]
o F7FeIATH ke, ols EdelA HdoR 83|
7 A Zlolm, o] A AL AlA S5t AR
A EY 2AdME EY A7 EXAEE <18l
TNTZ} &3S ofngitt.

Fig. 1. TNT concentrations in the liquid phase of slurry reactor
amended with different carbon sources.
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Fig. 2. Comparison of remaining TNT concentrations in the solid
phase of slurry reactor amended with different carbon sources
after 7 days of incubation.
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Fig. 3. TNT concentrations in the liquid phase of slurry reactor
incubated with varying ratio of starch/TNT contaminated soil.
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Fig. 4. TNT concentrations remaining in the solid phase of slurry
reactor incubated with varying ratio of starch/TNT contaminated
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Fig. 5. Acute toxicity of the liquid phase in TNT slurry reactor at
day 7.
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Table 2. Liquid phase pH at day 13 in slurry reactor amended with different ratio of starch/RDX contaminated soils

Starch/Soil ratio

pH Control
0.01 0.1 0.2 0.5 1.0
Average 7.23 7.13 7.00 6.98 6.82 6.63
Stdev 0.06 0.02 0.02 0.01 0.02 0.04

*S/S = Starch (g) / Soil (g) ratio

35
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Time (days)

Fig. 6. Liquid phase RDX concentrations in slurry reactor
incubated with varying ratio of starch/RDX contaminated soil.
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Fig. 7. Liquid phase chromatogram showing concomitant increase of reduced RDX metabolites and decrease in RDX concentration at day
5. (a) starch/RDX contaminated soil ratio of 0.01, (b) starch/RDX contaminated soil ratio of 0.2.
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Fig. 8. Reduction of RDX and accumulation of three RDX metabolites in the liquid phase of slurry reactor amended with different ratio of

starch/RDX contaminated soil.
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