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�-"�%&.�: Extraction of chemical warfare agents (CWA’s), ��ethyl S�2�(diisopropylamino)ethyl 

methylphosphonothiolate (VX) in soil sample has been done. The extraction was performed using six 

different solvents at ambient and cold temperature. Percent recovery of VX in soil samples was quanti�

tatively determined by mean of LC�Tandem MS using selected reaction monitoring (SRM). The degra�

dation products of the VX were screened by using multiple reactions monitoring (MRM). The storing 

effect investigation has shown the ability to extract the VX in soil samples and the application of 

LC�MS was most useful to detect the VX after cold water extraction, but not for its degradation prod�

ucts.  

/��0#% ": extraction, chemical warfare agent, VX, soil chemistry, LC�tandem MS. 
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Prohibition of the development, production, stock�

piling and use of chemical weapon came into force 

on 29 April 1997 under the Chemical Weapons 

Convention (CWC). To achieve the objectives and 

purposes, the convention is administrated by the 

Organization for the Prohibition of Chemical Wea�

pons (OPCW) based in The Hague, The Nether�

lands (Carrick ������� 2001; Wils, 2005). Part of this 

process involves the verification of chemical war�

fare agents, their precursors or their degradation 

products in samples collected from suspected pro�

duction or storage sites or from the environment in 

the cases of alleged uses (OPCW, 1997). Never�

theless, in part owing to inadequate battlefield sam� 

pling and identification, the verification of the 

CWA’s is often difficult (Black & Read, 2005). 

Soil has often been used as a sampling me�

dium for verification of alleged use of CW agents 

and was used as a medium in an international in�

ter�laboratory comparison (Round�robin) test for 

the verification of chemical disarmament coordi�

nated by the VERIFIN (Rautio, 1990; Hootjsschur 

�����., 2002). The determination of CWA's in soil 

samples depends on effectiveness, reliability, and 

simplicity of methods of extraction. A number of 

works related to the extraction of CW agents from 

soil have been reported (Verweij & Boter, 1976; 

Tornes ��� ���, 1991). However, those studies re�

vealed unsatisfactory result mainly for soil con�

taminated with 	�ethyl S�2�(diisopropylamino)ethyl 

methylphosphonothiolate�(VX).
   

Gronewold �������(1999) has reported that this 

phenomenon due to characteristic structure of VX 

(Figure 1) containing alkaline behavior from diiso�

propylaminoetyl moiety. This moiety is responsible 

for strong adsorbent character and is also contribute 

to the compound’s reputation for being difficult to 

detect. The objective of this study, therefore, was to 

develop of the extraction method for identification 

of VX in soil sample. 
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This report is based on the laboratory work 

focused on the extraction of VX in soil sample and 

identification of its degradation products. The ex�
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traction of VX was carried out based on the Finnish 

Institute for Verification of Chemical Weapon 

Convention recommended operating procedure 

(VERIFIN ROP) (Rautio, 1994), and newly me�

thod developed during the laboratory work. The 

VX was spiked into the soil and then the spiked soil 

samples were extracted. LC�MS method was em�

ployed for quantitative analysis and the results of 

each method were compared. 

The storing effect of spiked sample before 

analysis was evaluated. The spiked soil samples 

were stored at ambient and cold temperature for 2 

and 4 weeks before analysis. The best method cho�

sen during the laboratory work was used to extract 

the stored sample and the results were compared. 

The LC�MS was employed to screen the VX degra�

dation products. 
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Fine sand soil was used as a soil matrix in the 

study. The soil was collected from the experimental 

farm of the Agricultural Research Center of Fin�

land in Jokioinen. The soil was dried in air and 

sieved through a 2 mm screen to remove debris 

prior to use. The soil properties have been charac�

terrized by the supplier as shown in Table 1. 
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The chemicals and equipments used were pro�

vided by VERIFIN. The VX used was property of 

the VERIFIN laboratory and was an analytical ref�

erence standard. The VX was received and used as 

a 47.6 µg/mL (acetone) standard solution.  !��"
#�
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All other chemicals were purchased by VERI�

FIN from the commercial sources: aceton (Merck�

�Darmstadt, Germany), amoniumhydroxide (Me�

rck�Dramstadt, Germany), triethylamine (Fluka 

chemie GmbH, Switzerland), methanol HPLC gra�

dient grade (J.T Baker, Holland), silylation grade 

acetonitrile (Piere, USA), N,O�bis (trimethylsilyl) 

trifluoroacetamide (BSTFA) (Pierce, USA), and 

formic acid (Merck�Darmstadt, Germany). Ultra 

high quality (UHQ) water was obtained from VE�

RIFIN laboratory.  

The equipment used included pH universal 

paper (Macherey�Nagel, Germany), screw�capped 

bottles 10 and  25 mL (Pyrex), universal centrifu�

ge (Hettich, Germany), qualitative filter paper 

90mm DIAx100 circle (Whatman), disposable pla�

stic syringe equipped dispossal filter PTFE millipo�

re 0.45 Millex LCR (Millex, Irrish), Bond elut SCX 

cation exchanger (Varian, USA), sonicator Branson 

3210 (Branson, Netherland), cooling system (Lau�

da, Wobser GmbH & Co, KG), and a rotary eva�

porator (Buchi Labortechnique, Switzerland). 
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A soil sample (5 g find sand soil) was weigh�

ed into 25 mL screw�capped glass bottle and was 

spiked with VX at concentration level of 5 ppm. 

The standard solutions of VX were injected in soil 

that was shacked vigorously by hand and allowed 

to stand for 60 min at ambient temperature prior to 

extraction.  
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Six different solvents were tested for the ex�

traction including: 1% triethylamine in methanol 

(TEA/MeOH) [1], 1% ammoniumhydroxide in me�

thanol (NH4OH/MeOH) [2], water pH 2/ambient 

temperature [3], water pH 2/4 
o
C [4], water pH 

7/ambient temperature [5], and water pH 7/4 
o
C [6].  

Three spiked soil samples and a blank were 

extracted in parallel with 5 ml of each solvent using 

ultrasonic vibration for 10 min and then centrifuged 

for 3 min at 2000 '. The supernatants were quickly 

filtered through Whatman Number 4 filter paper to 

remove particulate matter. The extraction was per�

formed twice and then supernatant was combined 

into 10 ml volumetric flask. The supernatant was 

filtered through disposal filter PTFE millipore 0.45 

Millex LCR. The prepared extracts were stored in 

freezer at –20 
o
C prior to analysis. An amount of  

10 µl of 25% NH4OH was introduced in 1 mL of 

each water extract at pH 2 just before analysis for 

tuning extract solutions alkaline. 
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Sets of spiked soil sample were stored at 

ambeint temperature for 2 and 4 weeks. The sam�

ples were extracted using the best method chosen 

during the laboratory work. Evaluation of storing 

effect was made by analyzing the recoveries of VX 

obtained after the different storing periods and the 

screening of some degradation products of VX was 

then performed.  
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Analysis of samples were performed using the 

LC�MSMS applying selected reaction monitoring 

(SRM) for quantification of analyte and multiple 

reaction monitoring (MRM) for screening of degra�

dation products. 
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Soil type 

 

Humus (%) Organic C (%) pH (H2O) Mineral (mg/L) 

Ca K Mg P Na S 

Fine sand 4.57 2.65 5.65 1565 123 60 31.7 42 23.6 
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Chemical Analysis SRM/MRM Dwell Time [s] 

P

O

S

O

N

 

VX�

 

Quantitation 

(APCI+) 

 

m/z 268 > 128 

 

0.5 

S
N

S
N

 

Bis(diisopropylaminoethyl)disulfide 

 

screening (AP�

CI+) 

 

m/z 321 > 128 

 

0.2 

P

O

OH

O
 

Ethyl methylphosphonate�

 

screening (AP�

CI�) 

 

m/z 123 > 95 

 

0.2 

P

O

S

OH

N

 

S�2�diisopropylmetylphosphono thiolate�

 

screening (AP�

CI�) 

 

m/z 238 > 160 

 

0.2 
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A HP 1100 LC pump with a C18 reverse pha�

sed column (Waters XTerra
TM 

MS; 150 x 4,6 mm, 

5 µm) was applied for separation of the analytes by 

applying the isocratic elution using 80% of metha�

nol (B eluent) of and 20% of 20 mM NH4Ac/pH 

8.6 (A eluent) as eluent components. A flow rate of 

1 mL/min with an injection volume 20 µL, was ap�

plied. A gradient elution (5% (B) – 100% (B)/0 –5 

min+5min isocratic) or isocratic elution (50%:50%; 

A:B) were used for screening of degradation pro�

ducts of VX. 
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A Micromass Quattro II triple stage quadrupole 

mass spectrometer with positive and negative 

APCI ionization modes was used. Cone voltage 

20 V and corona voltages 3.5 kV and 2.0 kV in 

positive mode and negative modes, respectively, 

were applied. Source temperature was 150 ºC 

and probe temperature was 450 ºC. Nitrogen was 

used as APCI sheath gas and drying gas with 

flow rates of 75 L/h and 350 L/h, respectively. 

Argon was used as the collision gas with a pres�

sure 1.0 x 10
�3

 mBar. Collision energies applied 

were 15 eV. Selected reactions (SRM, MRM) for 

different chemicals are collected in Table 2. A 

quasi�molecular ion of each analyte was used as 

parent ion and a most intense reaction was appli�

ed for analysis. One example reaction (m/z 268 > 

128 for VX) is presented in Figure 2. 
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Over the last decade, LC/MS has evolved 

from being primarily a research tool, available in 

number of analytical laboratories, to robust and wi�

dely available analytical and investigative techni�

que (Dass, 1999; Niessen, 1999). At the time of 

my experimental work of this subject, few labora�

tories were using LC/MS in the analysis of chemi�

cal relevant to the CWC. This was due to a number 

of factors, two of which where the cost of instru�

mentation and a perception that the technique was 

difficult to implement in an analytical laboratory. 

In the intervening years, the cost of basic LC/MS 

have been reduced, and the instrumentation has be�

come robust and easier to operate. LC/MS is now a 

mature technique that should be considered by all 

laboratories that are required to analyze chemicals 

related to CWC.  

	&�!-%&�!#(�#4�
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A set of quantification standards were obtai�

ned by spiking the analyte in each blank extract at 

concentration levels of  0.05, 1.0, 2.5, and 5 ppm 

corresponding recoveries 1, 20, 50, and 100%, re�

spectively. A typical chromatogram for blank and a 

standard at 0.05 ppm and a calibration curve are 

presented in Figure 3.� �
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CW agents in the environment are subject to 

hydrolysis and oxidation (Munro, �����., 1999). Both 

of these processes generally lead to more polar and 

less reactive molecules; example is the compound 

that was being investigated in this study. Although 

polar degradation products can be extracted from 

matrices such as soil with noaqueous polar solvent, 

water is often the solvent of choice and is the stand�

ard solvent included in the Recommended Opera�

ting Procedures for CWC�related analysis (Rautio, 

1994). 

The Technical Secretariat of the OPCW has 

provided rigid criteria for unambiguous identificati�

on of compound relevant to the CWC (OPCW, 

2002). These are primarily aimed at the level used 

in OPCW Proficiency Tests, in which analytes are 

typically present at concentration from 5 to 50 ppm, 

and full scanning MS for identification. The reliable 

result of the quantitative analysis of chemical relat�

ed to CWC depends essentially on the collection of 

good samples and well�planned, effective and rea�

sonably simple preparation suitable to the method 

analysis. Proper preparation of samples requires a 

thorough understanding of the behavior of the vari�

ous types of chemicals in different sample matrices, 

both before and after the sample preparation, and 

awareness of the limitation of the chosen instru�

mentation method of analysis. 

The extraction of VX was investigated in this 

study from soil using two different solvents (metha�

nol and water). First the effectiveness of the me�

thanol extraction was compared using two different 

modifiers: 1% TEA and 1% NH4OH. Then, the re�

search was continued with water extractions which 

were performed in two different pH values (pH 7 

and pH 2) and temperatures (ambient and + 4 ºC).  

The yields of VX from find sand soil matrix with 

different solvents are presented in Table 3. 

From Table 3 can be seen that ammonium hy�

droxide gave the best yield (60%) that was 9% 

higher when the extraction is corresponded with the 

VERIFIN ROP method where TEA is used as the 

alkaline modifier of methanol. A recovery com�

parable to the VERIFIN ROP method was obtained 

using cold water (+4 ºC) as extraction solvent at pH 

2.  

When the temperature water was increased to 

ambient at pH2, the recovery of VX was decreased 

12%. The same increase of temperature at pH 7 had 

almost no effect for efficiency of water extraction. 

The decrease of pH in ambeint temperature in�

creased the recovery 17% and in +4 ºC the increase 

of recovery was 27%. Declaration of the effect of 

pH is obvious. The VX exists in lowered pH as the 

ionized form and is then more watersoluble than as 

the neutral form (see Figure 4). 
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Recovery of the analyte, when spiked sam�

ples were let to stand in ambient temperature dur�

ing two or four weeks was investigated. The de�

crease of the yield of the analyte when spiked 

samples were let to stand in ambient temperature 

for two or four weeks before water extraction/pH 2 

and 4ºC is presented in Table 4. The recovery de�

creased about 40% during the period of the first 

two weeks and an additional about 10% during the 

second two weeks. 
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In the several OPCW�designated laboratories, 

LC/MS is used as the initial screening procedure 

for aqueous extracts of matrices such as soil. This 

usually provides a tentative identification of polar 

analytes within half a day, in the basis of molecu�

lar mass, any fragment ions present, and retention 
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time. A second analysis, under LC/MS/MS condi�

tion, usually provides a firmer identification of the 

basis of a limited number of product ions, most of 

which result from simple neutral ions. The screen�

ing of VX degradation products have been report�

ed previously by some authors (Bjork, 2003; 

United State/Finland, 2002). Degradation products 

were screened in this work from samples which 

were stood at ambeint temperature two or four 

weeks. Three degradation products including ethyl 

methylphosphonate, S�2�(diisopropylamino)ethyl 

methylphosphonothiolate, and bis[2�(diisopropyla�

mino) ethyl] disulfide) were screened from sam�

ples stored two weeks using LC�MS method. The 

degree of degradation of VX during the period was 

also estimated. The screening results are presented 

in Figure 5. By corresponding the height of the 

signal of ethyl methylphosphonate obtained from a 

sample with that obtained from 1 ppm standard 

sample it was estimated that the portion of 1�1.5 

ppm of VX had hydrolyzed during the first two 

weeks. S�2�(diisopropylamino) ethyl methylpho�

sphonothiolate could not to be detected in any 

samples. 

	��	���
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A new procedure for verification chemical 

warfare agents VX in soil based on cold water ex�

traction (water pH 2 at 4 
o
C) has been achieved. 

Cold water extraction of soil spiked with VX has 

been performed, with a result that is comparable 

with that of the VERIFIN ROP method (Rautio, 

1994), (the recovery using cold water is even 

greater than 1% TEA/MeOH). �

The storing effect investigation has shown 

the ability to extract the VX in soil samples after 4 

weeks and the application of LC�MS was most 

useful to detect the VX in soil after cold water ex�

traction, but not for its degradation products. 

Therefore, further investigation of VX degradation 

after cold water extraction is highly recommended. 

�
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Solvent pH Temperature Reg. coeff. (r2) Yield(%) 

1% TEA/methanol 

(VERIFIN ROP method) 

Alkaline ambient 0.999 51 ± 4.8 

1% NH4OH/methanol Alkaline ambient 0.999 60 ± 2.5 

Water 7 ambient 0.991 30 ± 1.2 

Water 2 ambient 0.998 47 ± 1.9 

Water 7 + 4ºC 0.999 31 ± 1.9 

Water 2 + 4ºC 0.999 58 ± 2.6 
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One hour 0.999 58 ± 2.6 

Two weeks 0.999 19 ± 5.0 

Four weeks 0.989 12 ± 3.8 
�
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