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Assessment on the Extraction Efficiency of Explosive Compounds in Soil
for Improving the Working Draft of International Standard

Goontaek Lee* * Inho Jung - Bohyun Kim - Dongwook Kim
National Instrumentation Center for Environmental Management, Seoul National University

ABSTRACT

The ISO document of ISO/TC/190/SC3/WG11/N11 is a working draft of international standard (WD) dealing with
analytical method for the determination of explosives and related compounds using high performance liquid
chromatography. The scope of this WD covers the storage of samples, preparing test portion, extraction and instrumentation.
The main purpose of this study was to improve the extraction conditions which were already adopted in the WD. For this
purpose, mechanical shaking method could be corresponded up to 18 hours of ultrasonic bath extraction in the WD was
tested. Methanol was also tested with the intention of being added as an extracting solvent other than acetonitrile in the WD.
According to the results, 16 hours of mechanical shaking method showed statistically the same effectiveness as that of
18 hours of ultrasonic bath extraction. In case of extracting solvent, methanol also showed statistically the same extraction
capability as acetonitrile for DNB, TNT, 2-A-DNT and 2,4-DNT. However, the recovery rate of TNB with methanol
extraction was 40% higher than that of acetonitrile extraction. Through adding mechanical shaking method into committee
draft (cf. the next stage draft of the WD during the process for making international standard), ISO standard of analyzing
explosives and related compounds in soil would become more useful in dealing with huge number of field samples in the
laboratory. In other aspect, adopting methanol as an alternative extracting solvent would be very effective in the terms of
exchangeability with GC-ECD/MS method which is being developed by German experts.
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Fig. 1. Chromatogram of explosive and related compounds in test portion.
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Table 1. Procedures of each extraction method

PLE

USE

MSE

* Amount of sample soil (20 g) + Sea sand
* Parameters for PLE system
- Solvent: MeOH
- Cell dimension: 33 ml
- Preheating time: 0 min
- Heating timet: 5 min
- Static time: 15 min
- Flush volume: 60%
- Purge time: 200 sec
- Pressure: 140 bar/2000 psi
- Temperature: 100°C
 After extraction, the volume of extract is
measured for the calculation
» The extract is analyzed using HPLC

18 hours.

30 min

PTFE filter

* The filtrate is analyzed using HPLC

* Put 10 g of soil sample and 20 ml of ACN or « Put 10 g of soil sample and 20 ml of ACN or
MeOH in 40 ml of brown glass vial.

« Extract explosive compounds from soil
through ultrasonic waves (400 W, 28 kHz) for

MeOH in 40 ml of brown glass vial.

« Extract explosive compounds from soil
through mechanical shaking (at 200 rpm) for
4, 8, 16 hours respectively.

* Allow the soil particles to settle in the vial for * Alow the soil particles to settle in the vial for

30 min

« Filter an aliquot of supernatant with 0.45 um ¢ Filter an aliquot of supernatant with 0.45 um

PTFE filter
* The filtrate is analyzed using HPLC

Table 2. HPLC conditions for the analysis of explosive and related compounds

HPLC conditions

* Mobile Phase

* Column Temperature 30°C
* Flow Rate 0.8 mL/min
* Injection volume 20 uL

* Detection wavelength

Isopropanol : Acetonitrile : Water =18 : 12 : 70

230 nm (Diode Array Detector)

* Column C-18 column (Shiseido CAPCELL PAK-MG, 250 mm x 4.6 mm)
7Vat7] Slte] 247k F= WA *}04 ACNZ} 3482 VI3 AF= Table 39 vehd nie} 2t}
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T3l JEAIZES 4X7E, 8AIZE, 16A]7EC 2 %Ll"f} 88%= 7F& =T}t TNB, DNB, TNT, 2-A-DNT, 2,4-
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Table 3. Percent relative recovery of ultrasonic bath extraction (USE) and mechanical shaking extraction (MSE) based on pressurised

liquid extraction (PLE) (Unit: %)
Explosive Extractant PLE USE MSE4 MSES8 MSE16
ACN 100 65 56 58 60
TNB
MeOH 100 60 61 65 69
ACN 100 81 74 77 79
DNB
MeOH 100 70 66 69 71
ACN 100 89 85 87 88
TNT
MeOH 100 80 82 84 84
ACN 100 81 93 82 82
2-A-DNT
MeOH 100 68 69 71 71
ACN 100 82 75 86 82
2,4-DNT
MeOH 100 71 77 73 79
Mean (%) 100 75 74 75 76
Cf. MSE4: 4 hour shaking/MSES8: 8 hour shaking/MSE16: 16 hour shaking
Table 4. Analytical results according to different extractants (Unit: mg/kg)
Explosive Extractant PLE USE MSE4 MSE8 MSE16
ACN 7.39 4.79 4.11 4.23 4.44
TNB MeOH 9.87 5.93 6.05 6.44 6.77
M/A ratio (%) 133 124 147 150 152
ACN 8.87 7.15 6.54 6.84 6.96
DNB MeOH 9.45 6.65 6.27 6.54 6.74
M/A ratio (%) 107 93 96 96 97
ACN 58.76 5227 49.94 51.09 51.57
TNT MeOH 62.52 49.50 51.18 5247 52.71
M/A ratio (%) 106 96 102 103 102
ACN 3.32 2.69 3.10 271 273
2-A-DNT MeOH 3.56 2.42 246 2.51 2.53
M/A ratio (%) 107 90 79 93 93
ACN 3.60 2.94 2.69 3.09 2.93
2,4-DNT MeOH 3.52 2.50 2.71 2.58 2.78
M/A ratio (%) 98 85 101 83 95
Cf. MSE4: 4 hour shaking/MSES: 8 hour shaking/MSE16: 16 hour shaking
DNT(-0.646 <& < 1.081), 2,4-DNT(-0.408 <3 <0.877)% 33 7|AIMTE AlZH|| IHE F& &8 BUL
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Table 5. Concentrations of soil according to extraction time by mechanical shaker

(Unit: mg/kg)

Shaking time & Extactants TNB DNB TNT 2-A-DNT 2,4-DNT
MSE4-ACN 4.107 6.535 49.937 3.098 2.691
MSES-ACN 4292 6.841 51.088 2.709 3.091
MSE16-ACN 4.439 6.964 51.572 2.731 2.934
MSE4-MeOH 6.050 6.269 51.182 2.455 2.711
MSE8-MeOH 6.439 6.541 52.473 2.508 2.578
MSE16-MeOH 6.763 6.738 52.709 2.530 2.775

Cf. MSE4: 4 hour shaking/MSE8: 8 hour shaking/MSE16: 16 hour shaking
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