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Abstract

A method for determining thiodiglycol (TDG), a mustard gas hydrolysis product in water, serum and urine samples using gas
chromatography—mass spectrometry (GC-MS) aftievbutyldimethylsilylation (TBDMS) is described. Quantitation of TDG was performed
by measuring the respective peak area on the extracted ion chromatograin2%3, using an internal standard, the TDG homologue,
thiodipropanol, peak area of which was measuredh&s321. The presence of salts in the sample solution not only suppressed the loss
of TDG by vaporization during the evaporation of water, but also facilitated the rate of production of di-silylated derivatiest- bis(
butyldimethylsilyoxylethyl)sulfide (TDG-(TBDMS). Under the pretreatment conditions used, in which 0.5 ml of water sample supple-
mented with 10QuM potassium chloride was evaporated to dryness under reduced pressure, followed by reactimettiyl-N-(tert-
butyldimethylsilyl)trifluoroacetamide at 6@ for 1 h, TDG-(TBDMS) was reproducibly detected with about a 55% recovery and a limit of
detection (LOD, scan mode, S/N =3) of 5.4 ng/ml. TDG was also determined by GC-MS from a 0.5 ml serum sample (after perchloric acid
deproteinization) and from a 0.1 ml urine sample, after TBDMS derivatization. The LOD was determined to be 7.0 and 110 ng/ml for serum
and urine, respectively.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction former Japanese military forces just after World War |1l have
become serious social and diplomatic problems. Blistering,
Mustard gas (HD, bis(2-chloroethyl)sulfide) is a blistering vomiting, blood agents and tear gases produced by the for-
agen{1], that was extensively used in World War land Il,and mer Japanese military forces were also left behind in Japan,
continued to be produced for warfdgy. HD was also used  and recently have been excavated from former Japanese mil-
in the Iran—Iraq conflict in the 198Q8], and use of chemi- itary force facilities during land excavatiof@]. Therefore,
cal warfare agents (CWA) is now prohibited by the Chemical the detection and identification of blistering agents is impor-
Weapons Convention on the prohibition of the development, tant in terms of potentially dangerous terrorist situations and
production, stockpile and use of chemical weapons and onvalidating their presence and possible exposure.
destruction4]. In 1995, AUM Shinrikyo caused a sarin gas Concerning the analysis of CWA including HD, various
attack in the Tokyo subway system against defenseless peoplenethods have been reviewgd8], and a recommended pro-
[5]. This real incident points to the great threat of chemical tocol from sample treatment to final instrumental analysis is
warfare terrorism. In addition, the disarmament of stockpiled available[9]. HD is easily decomposed both in in vivo and in
chemical weapons is now an urgentissue, and, as a result, théhe environmenf2]. In water, HD is hydrolyzed to thiodigly-
disposition of chemical weapons abandoned in China by thecol (TDG), a stable nonvolatile and nontoxic compound
[10]. Therefore, instead of identifying HD, the determina-
msponding author. Fax: +81 471358001 tion of TDG should pr_ovide indirect proof of the_e_xistence of
E-mail addressseto@nrips.go.jp (Y. Seto). HD. Chromatographic analyses of decomposition products
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of CWA including TDG, after derivatizatiofiL1], have been in a 1-ml screw-capped glass vial (Nichiden Rika Garasu,
reviewed. TDG has been analyzed by liquid chromatogra- type MV-7, Tokyo, Japan), as described in Sectof Into
phy (LC)-mass spectrometry (M$)2], LC coupled with the vial, 504! of MTBSTFA and 50ul of an acetonitrile so-
flame photometric detectidti3] and capillary electrophore-  lution, which contained 2pg/ml of TDP [internal standard
sis[14]. TDG can be derivatized by pentafluorobenzoylation (IS)to correct for the derivatization] and g%/ml of nonade-
[15], heptafluorobutylatiofil6] and trimethylsilylatiorf17], cane [Go, IS to correct for the GC injection volume] were
and analyzed by gas chromatography (GC)-MS. added, and the vial was sealed with Teflon-cap, homogenized
Our laboratory has adoptdért-butyldimethylsilylation by sonication for 5 min and incubated at8Dfor 1 h. For the
(TBDMS) derivatizatior{18] for the GC—MS analysis of the  standard, into a new vial, a 50+volume of MTBSTFA and
nerve gas hydrolysis producfS], methylphosphonic acid  50ul of an acetonitrile solution, which contained an appro-
(MPA) and alkylmethylphosphonic acids (RMPA), and de- priate amount of TDG and 25g/ml of TDP and 25.g/ml
veloped pretreatment methods for soils and biological sam- of C19, were added. The vial was then sealed, homogenized
ples[19-21] If the TBDMS derivatization technique is ad- and incubated at 6C for 1 h. A 14l volume of the mixture
equate for the GC-MS analysis of TDG, a GC-MS method was then applied to the GC-MS system, as described below.
after TBDMS derivatization would be advantageous for the
simultaneous determination of nerve gas and HD hydrolysis 2.3. Gas chromatography—mass spectrometry
products. Concerning environmental samples, Tomkins and
Segd22] developed a TBDMS GC-MS method for ground- The GC-MS system consisted of an HP 6890 gas chro-
water samples. Adopting a tandem solid phase extractionmatograph combined with an HP 5973 quadrupole mass spec-
using the octadecylsilica support and a hydrophobic carbona-trometer (Agilent Technology, Tokyo, Japan). GC was per-
ceous sorbent with a large surface area, and pyridine, to retaiformed on a DB5-MS capillary column (30 ®0.25 mm
the TDG during the extraction solvent evaporation, they at- i.d., 0.25.m thickness, J&W Scientific, Folson, CA). The
tained a limit of detection (LOD) between 4 and 16 ng/ml but carrier-gas (helium) flow-rate and split ratio were adjusted to
rather poor extraction recovery of 23%. Black et al. reported 0.8 ml/min and 30, respectively. The injection port and trans-
on the analysis and detection of CWA and related compoundsfer line were maintained at 250 and 28D, respectively. The
in various environmental samples taken from the Kurdish vil- temperature program for the separation was as follows, ini-
lage of Birjinni, which had been attacked by the Iraq military tial temperature, 90C (1 min hold), then a ramp to 29C
forces[23]. They detected TDG and the other decomposition at 20°C/min (5 min hold). Mass spectrometric acquisition
compounds by TBDMS GC-MS from aqueous extracts of was started 5min after sample injection. For the qualitative
samples, but did not report on the precision of the method. and quantitative analysis, an electron ionization (El, ioniza-
Here, we report on the improvement of a TBDMS deriva- tion energy, 70 eV; ionization current, 3418 was used as
tization method for the GC-MS analysis of TDG from water, the ionization mode. The ion source and quadrupole ana-
serum and urine samples, utilizing salt addition effect. lyzer were maintained at 230 and 10, respectively. The
data acquisition mass range was 50-550, and sampling was
. 0.8 scan/s. The extracted ion chromatograms were obtained
2. Experimental at m'z 293 for the TDG derivativemvz 321 for the TDP
derivative, andm/z 268 for Gg. For the structural confir-
mation, chemical ionization (Cl, ionization energy 105eV,

TDG and thiodipropanol (TDP) were obtained from Sig- ionization current 230A) was used. Reagent gas used was
ma—Aldrich chemicals (Milwaukee, W1, USAN-Methyl- methane (1.5 10~°Torr). The ion source and quadrupole
N-(tert-butyldimethylsilyl)trifluoroacetamide (MTBSTFA)  analyzer were maintained at 250 and 106 respectively.
was obtained from Pierce (Rockford, IL, USA). Stock The data acquisition mass range was 100-550, and sampling
solutions, TDG and TDP, were prepared in acetonitrile Was 0.8 scan/s.

(10mg/ml) and stored in tightly capped glass vials at
—20°C, and were used within 1 month. Working solutions 2-4. Sample pretreatment

(100pg/ml) were prepared by diluting the stock solution with ] .
additional acetonitrile. A 0.5ml volume of an agueous sample was spiked with

Human serum sample was obtained from the Tokyo 9—25ul of anacetonitrile solution of TDG, and concentrated

Metropolitan Police Hospital (lidabashi, Tokyo, Japan) as 0 dryness under reduced pressure atGon a Model EC-
outdated transfusion serum. Human urine sample was col-27CS centrifugal evaporator (Sakuma Seisakusho, Tokyo,

2.1. Reagents

lected from a volunteer at our institute. Japan) in a 1-ml screw-capped glass vial. Alternatively, the
concentrated solution was frozen in liquid nitrogen in a glass
2.2. tert-Butyldimethylsilylation vial, and dried on a centrifugal evaporator (freeze-dry).

A 0.5 ml volume of human serum was spiked with 5425
TBDMS derivatization was performed as described previ- of an acetonitrile solution of TDG, and combined with 2 ml
ously[21]. The aqueous sample solution was taken to drynessof 4% perchloric acid. After vortexing for 1 min, the mixture
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was centrifuged at 1500 g for 5min, and a 0.5ml aliquot  which a degert-butyl molecular ion (M—(CHz)3Cl*, m/z

of the resulting supernatant was neutralized with potassium 293) was observed in addition to a TBDMS derivative specific

carbonate. The resulting solution was again centrifuged, andfragment ion (vVz 147). The Cl mass spectrum of the TB-

the supernatant was dried by the above-mentioned methodsDMS derivative of TDG gave ethyl adduct iotM[+ CoHs]*,

A 0.1 ml volume of human urine was spiked with 5—+1l0 m/z 379), des-methyl molecular ion (IMCHz]*, m/z 335),

of an acetonitrile solution of TDG, and dried by the above- [M—(CHs)3C]" (m/z293) and degert-butyldimethylsilyloxy

mentioned methods. ion ([M—(CH3)3CSi(CHs)20]*, m/z 219) (data not
shown). The EI and ClI mass spectra of the TDG-
(TBDMS); is consistent with those of the reference report

3. Results [23].

The TBDMS derivative of TDP, ahomologue of TDG, was
3.1. Gas chromatography—mass spectrometry of eluted at 9.8 min, and gave a characteristic El mass spectrum
tert-butyldimethylsilylated thiodiglycol of di-tert-butyldimethylsilylated TDP (TDP-(TBDMS)

Fig. 1F), where alM—(CH3)3C]*, (m/'z321) was observed in
A 50l volume of an acetonitrile solution containing addition to a fragment ion afVz147. The Cl mass spectrum
1 mg/ml of TDG, 1 mg/ml of TDP and 0.2 mg/ml of1¢ of the TBDMS derivative of TDP gaveM + CoHs]* (mvz
was combined with 501 of MTBSTFA, and incubated at  407), [M—CHz]" (m/z 363), M—(CH3)3C]* (m/z 321) and
60°C for 1h, and analyzed by GC-M&ig. 1 shows the [M—(CHz3)3CSi(CHz)20]* (m/z 247) (data not shown). On
total ion chromatogram and extracted ion chromatograms. the extracted ion chromatogrammfz 293 in the EI mode,
The TBDMS derivative of TDG was eluted at 8.9min, only one peak appeare&i@. 1B), and, similarly only one
and gave characteristic EI mass spectrum oftedi- peak appeared on the extracted ion chromatogramiaz$21
butyldimethylsilylated TDG (TDG-(TBDMS), Fig. 1E), in (Fig. 1D). On the extracted ion chromatogramrofz 268,
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Fig. 1. Gas chromatography—mass spectrometsrobutyldimethylsilyl derivatives of thiodiglycol and thiodipropanol. A aDacetonitrile solution containing
1mg/ml of TDG (1), 1 mg/ml of TDP (2), 0.2 mg/ml of nonadecangy@) and 5Qul of MTBSTFA was incubated at 60C for 1 h, and the resulting reaction
mixture was subjected to GC-MS. (A) Total ion chromatogram (TIC); (B)—(D) extracted ion chromatognam283 (B),m/z 268 (C) andn/z 321 (D); (E)
mass spectrum of the peak 1 in Fig. 1A (TDG-(TBDM)S)F) mass spectrum of peak 2 in Fig. 1A (TDP-(TBDME)
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Fig. 1. Continued.

which was a molecular ion of {g, only one peak appeared

at 9.1 min Fig. 1C).

In the early stage of the reaction of TDG with

MTBSTFA, monosubstituted derivative of TDG (&rt-
butyldimethylsilyloxyethyl(2-hydroxyethyl)sulfide,

TDG-

TBDMS) was also found, which eluted at 7.1min. El

mass spectrum of the TDG-TBDMS gavielH(CH3)3CJ*
(m/z 179) and M—(CH3)3C-OH + HJ" (m/z 163) (data

not shown). ClI mass spectrum of the TDG-TBDMS

gave M+ CoHs]™ (m/z 265), M—OH]* (mv/z 219) and

[M—(CHz3)3Cl* (m/'z179) (data not shown).

For a quantitative estimation, the areas under the peaks ofBut manganese chloride had no effect on the amounts pro-
the TDG-(TBDMS)», TDP-(TBDMS) and nonadecane on
the respective extracted ion chromatograms were measuredand TDP. Inthe presence of 548 KCI, the amount of TDG-

3.2. Derivatization efficiency of thiodiglycol with

MTBSTFA

During the derivatization of TDG with MTBSTFA, the
amount of TDG-(TBDMS) increased linearly with increas-
ing the reaction time, and saturation was not observed within to the maximum level at about 1 h, and completely disap-
1 h, aperiod oftime, that led the saturation of TBDMS deriva- peared after several hour incubation (data not shown). The

tive produced from MPA and RMPAL9]. The increase in

TDG-(TBDMS), was also observed, even when the reac-

tion was performed at room temperature. The peak of TDP-
TBDMS appeared at the early reaction stage and grew to
the maximum level at about 5 h, and completely disappeared
after 1 day incubation (data not shown).

As shown inTable 1 the addition of a salt to the derivatiza-
tion reaction mixture dramatically increased the amounts of
TDG-(TBDMS), and TDP-(TBDMS). Potassium chloride
and potassium perchlorate increased their amount by 70-90
fold, compared to a salt blank. Sodium chloride, magnesium
chloride and sodium sulfate increased the yield by 10-50fold.

duced. The increase in efficiency was similar for both TDG

(TBDMS); and TDP-(TBDMS} increased rapidly and then
reached a constant value for times exceeding 1 h, in contrast
to those without KCI, where the amounts of TDG-(TBDMS)
and TDP-(TBDMS) increased nearly linearly for periods of
up to 7 h, and then became saturatEdy(2). The peak of
TDP-TBDMS appeared at the early reaction stage and grew

effect of KCI on increasing amounts of TDG-(TBDMS)
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Table 1

Effect of salt on the yield of theert-butyldimethylsilylated derivatives of thiodiglycol and thiodipropanol

Salt Amount (mmol) TDG-(TBDMSYCig TDP-(TBDMS)/C1g TDG-(TBDMS),/TDP-(TBDMS),
None - 0.18+ 0.04 3.1+ 0.8 0.061+ 0.009

KCI 0.3 124+ 0.2 210+ 6 0.059+ 0.002

KCIO4 0.16 16+ 0.4 280+ 5 0.058+ 0.002

NaCl 0.3 9.3+ 1.2 84+ 19 0.11+ 0.01

MgCl; 0.31 23+ 04 62+ 10 0.0374+ 0.002

MnCl; 0.31 0.144+ 0.18 0.26+ 0.19 0.41+ 0.22

NapSOy 0.15 5.2+ 0.7 394+ 11 0.14+ 0.02

Into a glass vial containing an appropriate amount of salf|5 an acetonitrile solution containingidy/ml of TDG, 25u.g/ml of TDP, 25u.g/ml of Ci9 and

50l of MTBSTFA was added, and incubated at'@Dfor 1 h, and the resulting reaction mixture was subjected to GC-MS. The peak areas of TDG-(TBDMS)
TDP-(TBDMS), and Gg on the extracted ion chromatogrammfz 293, 321 and 268 were measured. The ratio of the peak area of the analyte to that of C
was presented. Each value represents an averatgndard deviation of three trials.

and TDP-(TBDMS) was observed even with a minute (TBDMS),; versus TDG concentration) were linear from 0

amount present (1g0M), and saturated amounts of deriva- to 500 ng/ml without KCI y=0.0018 —0.042, 2=0.98

tives were obtained after 1 h with more than 300 KCI (TDG addition after evaporation)y=0.00067+0.0099,

(Fig. 3. ¥2=0.98 (TDG addition prior to evaporation)) and with KCI
(y=0.00031x —0.000081 2 =0.998 (TDG addition before

3.3. Quantitation of thiodiglycol in an aqueous sample evaporation)yy = 0.00017%+0.0034,»?=0.99 (TDG addi-
tion prior to evaporation)). The recoveries of TDG from aque-

Under the conditions used to evaporate aqueous solutionsous samples were determined to be 36% without KCI and

of TDG, the recovery of TDG was low (below 10%), in- 550 with KCI, respectively, calculated from a comparison

dicating loss of TDG by evaporation. After evaporation by of the curve slopes. The coefficients of variatior=@3) at

freeze drying without and with 5q0M KCI, a sample, in- 250 ng/ml were 21% without KCI and 10% with KCI, re-

cluding the appropriate amount of TDG, was analyzed by spectively. The limit of detection (LOD) measured by the

TBDMS GC-MS. The size of the TDG-(TBDMg)peak  scan mode was determined to be 5.4 ng/ml (S/N = 3).

fluctuated due to the lack of reproducibility of the deriva-

tization reaction, and could not be improved even by using 3.4. Quantitation of thiodiglycol in blood serum and

an IS (Go). This result is different from results obtained for urine samples

MPA and RMPA[19,21]. In contrast, reproducibility could

be achieved by the use of an IS (TDP), and the calibra- TDG in serum can be easily extracted and deproteinized

tion curves (peak area ration of TDG-(TBDMSp TDP- by treatment with a strong acid, and perchloric acid is
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Fig. 2. Time course of the production of TBDMS derivative of TDG. Al@cetonitrile solution containing2g/ml of TDG, 25ug/ml of TDP, 25u.g/ml of
Ci9 and 50ul of MTBSTFA with (closed circles) and without (open circles) KCI residue (final @) was reacted at 60C for an appropriate time, and the
resulting reaction mixture was subjected to GC-MS. The peak areas of TDG-(TBZMSYDP-(TBDMS), (B) and Gg on the extracted ion chromatogram
of m'z293, 321 and 268 were measured, and the ratio of the peak area of TBDMS derivative to thavas@lotted against incubation time.
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Fig. 3. Effect of potassium chloride on the production of TBDMS derivative of TDG. Into a glass vial containing K& acetonitrile solution containing

2 ng/ml of TDG, 25ug/ml of TDP, 25ug/ml of Cig and 50ul of MTBSTFA was added, and the solution was incubated &tGér 1 h, and the resulting
reaction mixture subjected to GC-MS. The peak areas of TDG-(TBRNA) TDP-(TBDMS), (B) and Gg on the extracted ion chromatogrammfz 293,

321 and 268 were measured, and the ratio of the peak area of TBDMS derivative to thgtvaislotted against the KCI concentration in the reaction mixture.

typically used for this purpose. Perchloric acid for the de- determined to be 80%, calculated from a comparison of the
proteinization of serum samples, and the usage of this agentcurve slopes.
improved the recovery of TDG during evaporation proce-
dure, and also facilitated the derivatization reaction, as a
matrix effect Table ). Combined with freeze-drying evap- 4. Discussion
oration, a serum sample, including the appropriate amount
of TDG, could be analyzed by TBDMS GC-MS. The peak  TDG is an analytical target compound for verifying the
area for TDG-(TBDMS) also fluctuated due to the lack use of and exposure to HD. The method described here is
of reproducibility of the derivatization, and was not im- simple, compared to the method of Tomkins and Sega, and
proved even by correction with an IS {§). By the cor- gives almost similar LOD value (5.4 ng/ml) and a higher re-
rection with TDP, the calibration curves were linear from 0 covery (55%) from aqueous samples. For the determination
to 500 ng/ml y=0.00009%+0.0014,y2=0.999 (TDG ad- of MPA and RMPA using TBDMS GC-MS, we usedd®r
dition after evaporation)y=0.000058&+0.0010,?=0.99 anthracene as I89,21] The findings herein indicate that, in
(TDG addition prior to evaporation)). The coefficient of vari- contrast to the large fluctuation in derivatization yields with
ation (0= 3) at 250ug/ml was 16%. The LOD measured by the correction with @, the correction of the yield values
the scan mode was determined to be 7.0 ng/ml (S/N = 3). Thewith the IS of TDP led to an improved reproducibility. Early
recovery of TDG from the serum sample was determined to in this research, we experienced no saturation in the TDG-
be 64%, calculated from a comparison of the curve slopes. (TBDMS), under the same TBDMS derivatization conditions
From the intercept of the calibration curve at thaxis, the as was used in the analysis of RMPA and MPA {60 1 h).
blank value of TDG in the serum sample was calculated to Moreover, the recovery was low during the evaporation step.
be 18 ng/ml. In contrast, a high derivatization yield was obtained for the
TDG in urine can be directly analyzed by TBDMS serum sample after a perchloric acid deproteinization pro-
GC-MS after evaporation. Various salts in the urine sam- cedure, indicating a positive matrix effect for the salt. This
ple may improve the recovery of TDG during the evapora- phenomenon isin contrastwith the derivatization of MPA and
tion procedure, and also facilitate the derivatization reaction. RMPA, which was suppressed in the presence of §hitk
The peak area of the TBDMS derivative of TDG also fluctu- The inclusion of KCI facilitated the efficiency of TBDMS
ated, and was notimproved even by the correction with an IS derivatization, enabling rapid (1 h) and reproducible produc-
(C19). After correction with TDP, the calibration curves were tion of TDG-(TBDMSY). It is possibly postulated that the
linear from 0 to Jug/ml (y=0.000034+0.0033,2=0.94 second derivatization reaction of the monosubstituted deriva-
(TDG addition after evaporationy,=0.00002%+0.00040, tive (TDG-TBDMS) could be efficiently proceeded in the
¥?=0.98 (TDG addition prior to evaporation)). The coef- presence of the salt. Concerning the salt species, this effi-
ficient of variation (=3) at 1ug/ml was 25%. The LOD  cienteffect was observed for potassium and sodilablig J).
measured by the scan mode was determined to be 110 ng/mMoreover, KCI functions to suppress the loss of TDG during
(S/N=3). The recovery of TDG from the urine sample was the evaporation process. The exact mechanism of this salt
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effect is unknown at this point, but this metal cation may in- procedure using GC-MS after TBDMS derivatization from
teract with TDG molecules, resulting both in the fixation on the aqueous, serum and urine samples. The inclusion of KCI
the glass surface on the vial and in increasing the reactivity in the aqueous sample during the evaporation step improved
of TDG against MTBSTFA. the derivatization efficiency of TDG, and a reasonable LOD
For verification of HD exposure, it is important to de- value (5.4 ng/ml) was achieved. The LOD for a serum sample
termine HD or related compounds in biological samples. was determined to be 7.0 ng/ml, which satisfied the detection
The direct detection of HD is impossible because of the sensitivity for verifying HD exposure. In contrast, the LOD
high reactivity of HD with the biomolecules and water. Re- for the urine sample (110 ng/ml) was not sufficientto measure
cently, Noort et al. developed a method for determining HD the background TDG level, and analytical improvements such

adducts with biological macromoleculgt]. Their method,
however, is time-consuming and labor-intensive. Instead, the
determination of TDG in blood and urine samplesis an ortho-

as tandem MS and a cleanup pretreatment will be required.

dox standard method, and derivatization GC-MS techniquesreferences

are in widespread use. Black and R¢28] developed GC-
negative Cl MS. Adopting a combination of solid phase
extraction using a Clin Elut tube and octadecylsilica car-
tridge, and pentafluorobenzoylation derivatization, they at-
tained an LOD of 1 ng/ml. They also developed a GC-MS
method for HD metabolites and thiodiglycol sulphoxide after
pentafluorobenzoylatioji5,26] Wils et al.[27] developed a
headspace GC method after the conversion of TDG to HD by
an HCl reaction, and attained a LOD of a few ng/ml in urine.
In blood and urine, trace levels of TDG can be detected, and
the levels were reported to bet® ng/ml in blood from nor-
mal subject$25] and less than 1 ng/nfi25] and 5+ 3 ng/ml
[28]in urine from normal subjects. Anincreased level of TDG
in urine from the victims attacked with HD has been reported
[28]. The LOD for the method established in this paper was
7.0 ng/ml for serum. Thus, it is possible to discriminate the
increased level of TDG in serum due to HD exposure. The
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5. Conclusion

The mustard gas (HD) hydrolysis product, thiodiglycol
(TDG), could be determined by a rather simple and rapid


http://www.opcw.org/

	Determination of thiodiglycol, a mustard gas hydrolysis product by gas chromatography-mass spectrometry after tert-butyldimethylsilylation
	Introduction
	Experimental
	Reagents
	tert-Butyldimethylsilylation
	Gas chromatography-mass spectrometry
	Sample pretreatment

	Results
	Gas chromatography-mass spectrometry of tert-butyldimethylsilylated thiodiglycol
	Derivatization efficiency of thiodiglycol with MTBSTFA
	Quantitation of thiodiglycol in an aqueous sample
	Quantitation of thiodiglycol in blood serum and urine samples

	Discussion
	Conclusion
	References


