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Abstract

During Vietnam War, nitroaromatic compounds such as 2,4,6-trinitrotoluene (TNT)
have been widely used many kinds of explosive which bombed the immense network
of connecting underground tunnels in Cu Chi District, Ho Chi Minh City, Vietnam. This
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study aims to optimize the method of using gas chromatography — mass spectrometry
(GC-MS) to analyze TNT and then apply it to determine TNT in soil samples which
collected around the Cu Chi area tunnels. In this experiment, ultrasonic was used to
extract TNT from the soil samples to Acetonitrile before injecting 1uL sample solution
into GC-MS. This method had linear concentration range of TNT from (5.0 to 500) ng/

g with limit of detection was 2.0 ng/g, the relative standard deviations of peak area were
under 2.0 % and the recovery was from 80 % to 103 %. The results showed that TNT
contamination in studied soil samples were not detected.
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1 Introduction

During Vietnam War, nitroaromatic compounds such
as 2,4,6-trinitrotoluene (TNT) have been widely used
many kinds of explosive. Probably the most serious
environmental problem facing the Vietnam Army
today is soil contaminated with munitions residues at
throughout the Vietnam. Soils have become
contaminated over the last many years by (a) Vietnam
War, (b) waste discharges from manufacturing of
explosives and propellants, (c) military training.
Among them Cu Chi tunnel, the immense network of
connecting underground tunnels at Cu Chi District, Ho
Chi Minh City, Vietnam, the number of American
bombs and bullets dropped about 500,000 tons. On
average, each resident suffered 1.5 tons of bombs from
1954 to 1975 [1]. TNT is highly toxic, carcinogenic to
human and contaminate the environment. It can diffuse
and quite mobile in water and soil sources. [2, 3]. When
TNT is released into the environment, the processes of
adsorption,  biodegradation and  photochemical
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decomposition of such contaminated soil are complex
[4]. So, an analytical method combining quick and
accurate extraction, identification, and quantitation of
TNT at pg/g level in the soil is required. The method
must be precise enough to allow guantification with a
minimum number of replicate determinations. It must
also be accurate over the range of concentrations
measured to enable a decision when need to address the
post-war consequences of bomb and mine [5]. Most
previous methods for determining TNT in
environmental matrices rely on chromatography.
Liquid chromatography (LC) and gas chromatography
(GC) — mass spectrometry (MS) are the techniques of
choice for detection TNT in soil due to high sensitivity
and reliability [6,7,8,9]. The known thermal instability
of TNT makes LC a better choice for routine analysis
than GC. The LC-MS limited to standard spectrum
library database so the difficult to screen for TNT and
its biological and photochemical degradation products.
Meanwhile, the GC-MS has a big standard library
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database that can make the screening of TNT and
degradation products easier [10]. TNT strongly adsorbs
and forms many types of bonds with components in the
soil sample [11, 12]. In the past, the Soxhlet extraction
was commonly used for the extraction of TNT from the
sample matrix in 48 h with MeOH solvent [13]. This
method was time consuming and required an enormous
amount of solvent in the extraction process. TNT can
be extracted ultrasonically with acetonitrile for 18 h
under cold conditions according to EPA 8330 B
method [14]. This method gives the TNT recovery
efficiency of nearly 100 %, but the continuous
ultrasonic extraction for 18 h with high intensity of
sound waves can affect humans and the working
environment.

The objective of this research was to develop a method
that could be used to determine the concentration of
TNT in soil. The method should be suitable for
commercial use by contractors analyzing large
numbers of soil samples from Vietnam military

installations which could be contaminated with TNT.
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2.4.6-Trmitrotoluen (TNT)
Fig. 1 Structure of TNT

Table 1 Physical and Chemical Properties of TNT [2]

Physical Description (physical Yellow,
state at room temperature) odorless solid

Molecular weight (g/mol) 227
Water solubility (mg/L at 25 °C) 130
Octanol-water partition coefficient 16
(KOw) '
Soil organic carbon-water 300
coefficient (KOC)
- . 240
0
Boiling point (°C) (Explodes)
Melting point (°C) 80.1
2 Materials and methods
2.1 Chemicals
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Extraction solvents were optima-grade acetonitrile
(ACN), acetone, dichloromethane (DCM) and
methanol (MeOH) (Schalaur, Spain). Standard 2,4,6
Trinitrotoluene (TNT) was obtained from the ministry
of defense (Vietnam) — the general department of
engineering — 14 mechanic and chemicals one member
limited liability company. The standard analyte
solution was prepared from TNT at a concentration of
1.0 mg/mL in ACN. Subsequent dilutions were made
in the same solvent. All standard solutions were held at
4 °C. The internal standard (IS), triphenyl phosphate
(TPP) was purchased from Merck (Germany). The IS
solution was 100 ng/mL TPP in ACN.

2.2 Instruments

All the extracts were analyzed with an Agilent 7890 A
GC (USA) interfaced with an Agilent 5975 C MS
(USA). A DB-5Ht capillary column was used, with
dimensions of 30 m length, 0.25 m i.d., and 0.25 um
film thickness. The injection port liner was held at 250
°C. The GC-MS transfer line and ion-source
temperatures were 250 °C and 230 °C, respectively.
The GC oven temperature started at 90 °C for 1 min,
was ramped at 20 °C/min to 140 °C, then at 6 °C/min to
200 °C. The final temperature (200 °C) was held for 6
min. Helium flow was 1.0 mL/min. The MS was
operated in electron ionization (EI) and SIM modes.
The total analysis time to complete GC-MS run was
approximately 15 min/sample.

2.3 Analytical procedures

2.3.1 Soil samples

The soil samples were collected at sites around Cu Chi
tunnel area in Cu Chi District, Ho Chi Minh City,
Vietnam. They were stored in glass bottle on ice until
arrival at the laboratory, where they were stored at —20
°C until preparation and analysis. Reference samples,
uncontaminated soil from the same series, were
collected in the same manner in an area outside the Cu
Chi tunnel. All soil samples were air-dried for 24 h,
sieved through a #10 metal sieve (opening size 2.00
mm), and stored in clean glass bottle prior to extraction.
A 2 g portion of each sample was reserved for moisture
content determination.

2.3.2 Fortification procedure

The blank sample was analyzed to determine the
background level of the TNT. It showed no presence of
the TNT (below level of LOD was 16 ng/g). The soil
samples (200 g) were fortified with a stock of standard
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chemicals in 150 mL of ACN and were
homogenization with ah food processor. After the
solvent was evaporated with a rotary evaporator, the
soil could sit in a fume hood until dried at room
temperature. The fortified soil was then stored and used
for analysis. The spiking level was 50 ng/g for analyte.
All the fortification samples were in triplicates.

2.3.3 Extraction procedure

Accurately weigh 2 g was extracted with 20 mL ACN
in a 50 mL centrifuge tube. After immersing stand
overnight, sonicated for 3 h at 20 °C. The sample was
added powder CaCl; 0.2 % wi/v and separated from
suspension by centrifuging at 5,000 rpm for 10 min.
The extraction was repeated one times in the same
procedure. ACN was removed from the extract by a
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3.2 Extraction

3.2.1 Investigation of extraction solvents

The 15 samples collected around in the Cu Chi tunnel
area were screened for TNT according to the optimized
sonication method. Before extraction, all samples were
manually cleaned of debris such as rocks, root balls,
and metal pieces. Soil is a heterogeneous assembly of
biotic and abiotic components. The mechanisms which
bind not completely understood, but one can speculate
that they may include contributions from Van der
Waals interactions, hydrogen bonding, electrostatic
attraction through exchangeable cations and a degree of
covalent bonding through silanol esters.

Because of the inhomogeneity of soils and the variety
of binding mechanisms that appear to be involved, an
extracting solvent must perform several functions. First
it must be capable of displacing analyte from high-

Fig. 2 GC-MS full scan chromatogram of TNT and spectrum

rotary evaporator and the dried residue was dissolved
in 1 mL of the IS solution for GC-MS analysis.

3 Results and discussion

3.1 GC-MS Conditions

TNT has a high boiling point and can thermal
decomposition at high temperatures then need
controlled during the analysis [15]. The TNT standard
solution is injected into the GC-MS system and the
signal is recorded in scan mode. The EIl mass spectra
got are searchable in commercial MS libraries that are
a precious tool for identifying unknowns. On the
chromatogram showed that TNT eluted at 7.9 min
(Figure 2) and no other peaks appeared in the
chromatogram. The quantitative ion was m/z 210 and
the qualitative ions were m/z 164, 180 and 193.

Scan 625 (7.943 min): TNT-500ppb.D\data.ms
28004 210

i 130 150 160 170 180 190 200 210 260 250 240 280 200 200 2B0 200 300 310 320 330

energy binding sites. It should also maintain the soil
organic matter in an open structure in which imbibed
organics can diffuse. The extractant must provide the
analyte with adequate solubility so that any equilibrium
partitioning between the solvent and the soil organic
matter will be strongly in favor of the extracting
solvent.

For these functions, a relatively polar organic solvent
is expected to be optimum for TNT. In this research,
we evaluated acetone, CAN, DCM and MeOH for
extraction of TNT from fortified soil and sonicated in
60 min prior to GC-MS determination. The results
(Figure 3) show that polar solvents such as ACN,
MeOH give higher extraction efficiency than less polar
solvents, but the extraction efficiency is still low and
needs further optimization.
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Fig. 3 Extraction solvents (A) and the ultrasonic extraction time (B)

3.2.2 Optimization of Sonic Bath Extraction

According to the extraction process of TNT from the soil
sample of U.S. EPA 8330 B, the sample was extracted by
ultrasonic for 18 hours at a cold temperature of 6 °C and
achieved a recovery efficiency of nearly 100 %. But the
longtime of ultrasonic could affect to the laboratorial
environment. In this research, soil samples were extracted
with an immersed overnight in organic solvents and
investigated the ultrasonic extraction time to evaluate the
recovery efficiency in order to minimize the time
ultrasonic. Seven sub-samples of soil were processed
using ACN. An amount of 2 g sub-sample of each soil
was weighed out to the nearest 0.01 g and transferred to a
50 mL centrifuge tube. Aliquots of 20 mL of each solvent
were added to each test tube, and the soil was immersed
in the solvent overnight. After that, one-milliliter aliquots
were removed for analysis after 30 min, and (1, 2, 3 and
4) h in the sonic bath. Experimental results showed that 3
h was the best time for sonic bath extraction. To enhance
the extraction efficiency, the extraction was repeated one
time in the same procedure.

3.3 GC-MS Validation

El mass spectra have the advantage of being searchable
for standard mass spectra in a commercial database. So,
the GC-MS method used for the quantitation TNT content
and evaluates the ability to analyze and detect its
biological and photochemical degradation products in the
soil sample to serve the research team's next research
directions. The GC oven temperature started at 90 °C and

Table 2 GC-MS validation results

solvent delay time at 5.5 min to minimize the MS system's
contamination.
Linear concentration range: Inject standard solutions of
TNT in the concentration range from (5 to 500) ng/mL
and record chromatograms under optimal conditions. The
calibration curve equations and correlation coefficients
are showed in (Table 2).
Accuracy (% RSD): Perform 6 replicates sub-sample of
soil containing TNT at a concentration of 50 ng/g and
record the chromatograms. The accuracy of the method
was assessed through the RSD value (Table 2).
Limit of detection (LOD) and limit of quantitation (LOQ):
Record 7 chromatograms of the fortified sample
containing TNT concentration at 50 ng/mL, the LOD and
LOQ values are calculated by the formula [15]:

LOD =tpg=7* SD, LOQ =10 x SD
Where SD is the standard deviation of the ratio of the
analyte signal to the internal standard signal and toge 7 iS
the Student’s t-value appropriate for the single-tailed 99
percentile t-statistic and a standard deviation estimate
with n — 1 degrees of freedom [16]. The calculated LOD
and LOQ values are shown in the Table 2 below.
Field samples
The 15 samples collected around Cu Chi tunnels area were
screened for TNT according to the optimized method
described previously. The detection and identification were
done with the GC-MS system. Table 3 shows the
concentrations got for the samples. the recovery was from
80 % to 103 %. The results showed that TNT
contamination in studied soil samples were not detected.

Rt | Concentration . . > o Recovery LOD | LOQ
(min) | range (ng/mL) Calibration Curve R Y6RSD efficiency (%) SD (ng/g) | (ng/g)
7.943 5.0-500 Y =0.0008X —0.0126/ 0.9975 | 7.1 80-103 51 16 51

)
@ Dai hoc Nguyén Tat Thanh

NGUYEN TAT THANH



Tap chi Khoa hoc & Céng nghé tap 6,56 1

Table 3 Concentrations of TNT in the Soil Samples

Results (ng/g)
N° Sample Cu Chi | Recovery
Tunnel (%)
1 | QTTB-CC-OB1-30 “ND 80.2
2 QTTB-CC-OB1-60 ND 83.0
3 | QTTB-CC-OB1-90 ND 86.0
4 | QTTB-CC-0OB1-120 ND 82.1
5 | QTTB-CC-OB1-150 ND 88.6
6 | QTTB-CC-OB2-30 ND 103.1

e e
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7 QTTB-CC-OB2-60 ND 99.2
8 QTTB-CC-0OB2-90 ND 89.3
9 | QTTB-CC-OB2-120 ND 86.8
10 | QTTB-CC-0OB2-150 ND 101.2
11 | QTTB-CC-OB3-30 ND 99.0
12 | QTTB-CC-OB3-60 ND 91.6
13 | QTTB-CC-OB3-90 ND 86.1
14 | QTTB-CC-0OB3-120 ND 90.2
15 | QTTB-CC-OB3-150 ND 99.0

* ND: Not detected

4 (A) '

(8) l ’

Fig. 4 The chromatograms of the soil sample (A) and the spiked soil samples (B)

4 Conclusion

In this study, the extraction method using the ultrasonic
extraction for TNT in the soil sample showed high
efficiency and stability. The GC-MS methods can
determine TNT at trace levels in soil samples. Soil
samples collected around the Cu Chi tunnels did not
detect TNT, which is a positive signal for human health
and the environment in this area. With this result, the
research direction can be extended to the screening of

References

TNT and its degradation products in groundwater
samples or water sources, pond sediments in the areas
around the Cu Chi tunnels, in order to overall assessment
to prevent contamination of TNT to the environment and
public health.

Acknowledgments: The authors would like to express
their sincere thanks to the Institute for Tropical
Technology and Environmental Protection (VITTEP)
for providing equipment and locations for this study.

1. Di tich qudc gia dac biét, “Di tich lich sir Bia dao Ca Chi”, Cuc Di san van héa (http://dsvh.gov.vn/di-tich-lich-

su-dia-dao-cu-chi-1490#).

2. U.S. Environmental Protection Agency (EPA) (2014). Technical fact sheet — 2,4,6-trinitrotoluene (TNT), EPA
505-F-14-009, Office of Solid Waste and Emergency Response.

@ Dai hoc Nguyén T4t Thanh




Tap chi Khoa hoc & Céng nghé tap 6, s6 1

3. U.S. Environmental Protection Agency (EPA) (2011). Emerging Contaminants — 2,4,6-Trinitrotoluene (TNT),
5U.S. EPA 505-F-10-010. Office of Solid Waste and Emergency Response.

4. J. C. Spain, J. B. Hughes and H. J. Knackmuss (2000). Biodegradation of nitroaromatic compounds and
explosives. CRC Press LLC, U.S, pp. 185-239.

5. Tiéu chuan quéc gia. (2014). Khdc phuc hdu qud bom min, vdt liéu né sau chién tranh, TCVN 10299

6. Thenmozhi and M. Decasena. (2020). Remediation of 2,4,6-trinitrotoluene Persistent in the Environment — A
review. Soil and Sediment Contamination: An International Journal, Vol. 29, No.1, pp. 1-13.

7. S. Campbelll, R. Ogoshi, G. Uehara, and Q. X. Li. (2003). Trace Analysis of Explosives in Soil: Pressurized
Fluid Extraction and Gas and Liquid Chromatography-Mass Spectrometry. Journal of Chromatographic Science,
Vol. 41, No. 6, pp. 284-288.

8. M. E. Sigman; Cheng-Yu Ma. (2001). Detection limit for GC/MS analysis of organic explosices. J Forensic Sci,
Vol.46, No. 1, pp. 6-11.

9. A. Ostrinskaya, R. R. Kunz, M. Clark, R. P. Kingsbhorough, Ta-Hsuan Ong, and S. Deneault. (2018). Rapid
Quantitative Analysis of Multiple Explosive Compound Classes on a Single Instrument via Flow-Injection Analysis
Tandem Mass Spectrometry. J Forensic Sci, Vol. 64, No. 1, pp. 223-230.

10. Wiley (2020). Wiley Registry of mass spectral data, 12" Edition.

11. N. Singh, D. Hennecke, J. Hoerner, W. Koerdel and A. Schaeffer. (2008). Sorption—Desorption of
Trinitrotoluene in Soils: Effect of Saturating Metal Cations. Bulletin of Environmental Contamination and
Toxicology, Vol. 80, No. 5, pp. 443-446.

12. P. Sharma, M. A.Mayes and G.Tang. (2013). Role of soil organic carbon and colloids in sorption and transport
of TNT, RDX and HMX in training range soils. Chemosphere, Vol. 92, No. 8, pp.993-1000.

13. S. D. Harvey, R. J. Fellows, J. A. Campbell, and D. A. Cataldo. (1992). Determination of the explosive 2,4,6-
trinitrophenylmethylnitramine (tetryl) and its transformation products in soil. Journal of Chromatography A, Vol.
605, No 2, pp. 227-240.

14. U.S. Environmental Protection Agency (EPA). (2006). Nitroaromatics, Nitramines, and Nitrate Esters by High
Performance Liquid Chromatography (HPLC). Method 8330 B (SW-846).

15. M. F. Ahmed, A. Hussain, and A. Q. Malik. (2016). Thermal decomposition and kinetic evaluation of decanted
2,4,6-trinitrotoluene (TNT) for reutilization as composite material. IOP Conference Series Materials Science and
Engineering, Vol. 146, No. 1.

16. U. S. Environmental Protection Agency (EPA). (2016). Definition and Procedure for the Determination of the
Method Detection Limit. EPA 821-R-16-006, Revision 2. U.S. EPA Office.

Xac dinh 2,4,6-trinitrotoluen trong c4c mau dit xung quanh khu vuc dia dao Ca Chi
bang phwong phap sic ki khi — khéi phé

Tran Tuan Viet, Nguyen Khac Manh, H Wien Nie, Thai Tien Dung, Le Anh Kien
Vién K1 thuat Nhiét doi va Bao vé Maéi truong (VITTEP)
viet.vittep@gmail.com

Tom tat Trong chién tranh Viét Nam, cac hop chét nitroaromatic nhu 2,4,6—trinitrotoluene (TNT) di dwoc sir
dung rong réi trong nhiéu loai chat nd dung dé danh bom mang ludi rong I6n két ndi dia dao Cu Chi, Thanh phé
Ho Chi Minh, Viét Nam. Nghién ctru ndy nham t6i wu héa phuong phap sir dung phuong phap sac ki khi — khoi
phd (GC-MS) dé phan tich TNT va sau d6 ung dung dé xac dinh TNT trong cac mau dét lay xung quanh khu vuc
dia dao Cu Chi. Trong thi nghiém nay, song siéu am dugc sir dung dé tach TNT tir mau dat sang Acetonitril trudc
khi bom 1 pL dung dich miu vao GC-MS. Phuong phéap nay c6 dai ndng do tuyén tinh caa TNT tir (5-500) ng/g
VGi gidi han phat hién 1a 2 ng/g, d léch chuan twong ddi cua dién tich peak nho hon 2 % va d6 thu hoi tir (80-103)
%. Két qua cho thay khdng phat hién 6 nhidm TNT trong cac mau dit nghién ciu.

Tir khda TNT, mau dét, dia dao Cu Chi

@ Dai hoc Nguyén Tat Thanh

o


https://www.sciencedirect.com/science/article/abs/pii/S004565351300458X#!
https://www.sciencedirect.com/science/article/abs/pii/S004565351300458X#!
https://www.sciencedirect.com/science/article/abs/pii/S004565351300458X#!

