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ABSTRACT

Mobility reduction of 2.4,6-trinitrotoluene (TNT) was tested by amending monopotassium phosphate (MKP) and
montmorillonite to a firing range soil contaminated with TNT. While addition of MKP enhanced sorption of TNT on soil
matrix, and combined use of MKP with montmorillonite significantly decreased desorption of TNT as well as remarkably
increased the TNT sorption. Montmorillonite amendment by 5% of soil mass resulted in TNT desorption of 0.12 mg/kg
from soil loaded with 9.93 mg/kg-TNT. The decrease of TNT desorption was proportional to the amount of
montmorillonite amended. At 10 and 15% amendment, only 0.79 and 1.23 mg/kg-TNT was desorbed from 29.33 and
48.80 mg/kg-TNT. In addition, the leaching of TNT with synthetic precipitation leaching procedure (SPLP) and
hydroxypropyl-p-cyclodextrin (HPCD) decreased, indicating that TNT in MKP/montmorillonite-treated soil became more
stable and less leachable. The results demonstrate that addition of MKP and montmorillonite to TNT-contaminated soil
reduces the mobility of TNT from soil not only by increasing TNT sorption, but also decreasing TNT desorption. It was
found that MKP and montmorillonite amendments by 5 and 10% of soil mass, respectively, were optimal for reducing the
mobility of soil TNT.
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Table 1. Physicochemical properties of the soil used in this study

Soil property Value
Texture sandy loam
Sand 69.0%
Silt 18.2%
clay 12.8%
Cation exchange capacity 17.37 cmol/kg
Exchangeable K* 0.007 cmol/kg
Exchangeable Ca** 0.002 cmol/kg
Exchangeable Mg** 0.004 cmol/kg
Exchangeable Na* 0.004 cmol/kg
Organic carbon content (f;.) 0.56%
Water holding capacity (1/3 bar tension) 16%
Soil pH 6.2
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Fig. 1. Sorbed concentration of 2,4,6-trinitrotoluene (TNT) in
monopotassium phosphate (MKP)-amended soil according to
sorption period. Initially applied concentration of TNT = 10 mg/kg.
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Fig. 2. Leachable concentration of 2,4,6-trinitrotoluene (TNT) in
monopotassium phosphate (MKP)-amended soil according to
incubation period. Initially applied concentration of TNT = 160
mg/kg, corresponding to leachable concentration of 8§ mg/L.
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Fig. 3. Log-transformed Freundlich sorption isotherm plotted as
log-transformed sorbed 2,4,6-trinitrotoluene (TNT) concentration
(¢) vs dissolved phase (C,,) of TNT at sorption equilibrium.
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Table 2. Sorbed and desorbed concentration of 2,4,6-trinitrotoluene (TNT) in the presence of MKP and/or montmorillonite

Soil treatment Initial TNT Sorbed TNT Desorbed TNT Desorbed fraction (%)
concentration (mg/kg) concentration (mg/kg) (A) concentration (mg/kg) (B) (A/B)
10 3.97+0.15 0.62+0.07 157422
Soil only 30 8.32+0.44 1.31+£0.04 15.8+0.8
50 11.53 +1.31 1.93 £0.37 16.5+1.5
10 7.79+0.23 1.11 £0.05 142+04
5% MKP-amended soil 30 214+0.14 3.77 £0.05 17.6+0.3
50 343+0.12 6.18£0.31 18.0+0.9
o5 MKP-5% on 10 9.47 £ 0.03 0.55+0.03 58+03
o MEF-5% montmortiionite- 30 27.78 020 2.01+0.12 72404
amended soil
50 46.18 £0.02 3.79+0.19 82+04
o5 MKP-10° ons 10 9.89 £ 0.02 0.26 £ 0.04 26x04
5% MKP-10% montmorillonite- 30 28.93 +0.08 1.17£0.17 4006
amended soil
50 48.44 £0.08 2.00+0.10 4.1+£02
o5 MKP-15% on 10 9.93+0.10 0.12+0.02 12+0.2
o MEE-157 montmorifionite- 30 2933 +0.11 0.79+0.12 2.7+04
amended soil
50 48.80 £0.11 1.23+£0.07 2.5+0.1
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Fig. 4. Desorbed fraction (desorbed concentration/sorbed concentration (g)) of 2,4,6-trinitrotoluene (TNT) from soil with different
amendment conditions with respect to desorption time. (a) Soil only (no amendment), (b) Monopotassium phosphate (MKP, 5% of soil
mass)-amended soil, (¢) MKP- and montmorillonite (5% of soil mass for each)-amended soil, (d) MKP- and montmorillonite (5% and
10% of soil mass, respectively)-amended soil, (¢) MKP- and montmorillonite (5% and 15% of soil mass, respectively)-amended soil.
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Fig. 5. Freundlich sorption and desorption isotherms of 2,4,6-trinitrotoluene (TNT) for soils with different treatments. C,, and q refers to
the TNT concentration in aqueous phase and sorbed phase at sorption equilibrium, respectively. (a) Untreated soil. (b) Potassium
phosphate monobasic (MKP)-treated soil. (¢) MKP- and bentonite (5% of soil mass)-treated soil. (d) MKP- and bentonite (10% of soil
mass)-treated soil. (¢) MKP- and bentonite (15% of soil mass)-treated soil.
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Fig. 6. Extractable fraction of 24,6-trinitrotoluene (TNT)
determined by synthetic precipitation leaching procedure (SPLP)
or HPCD extraction in soils with different amendment conditions.
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