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ABSTRACT

Aims:Sulfur mustard (SM) is a well-known chemical warfare agent. It is a highly reactive
compound which has cytotoxic and carcinogenic. 1,1’-sulfonylbis[2-(methylthio)ethane]
(SBMTE) is a B-lyase metabolite of SM and it is the unequivocal diagnostic biomarker for SM
exposure. Our study aimed to confirm SM exposure by detecting quantitative levels of SBMTE
in urine samples of a family of four.

Methods:A family of four who was exposed to SM was included into the study. Urine samples
of victims were analysed by using a gas chromatography-tandem mass spectrometry (GC-MS-
MS) method for the detection of urinary SBMTE levels. External calibration standards were used
in the multiple reaction monitoring mode of GC-MS-MS.

Results:The limit of detection (LOD) for SBMTE was 1 ng/mL and the retention time for SBMTE
was about 8.82 min. Urinary SBMTE levels of Patient 1 and 2 were measured as 314.43 ng/mL
and 61.57 ng/mL respectively.

Conclusions:We confirmed SM exposure in urine samples of two patients by quantitative
analysis of urinary SBMTE. The retrospective detection of urinary SBMTE supported SM exposure
which was initially diagnosed with typical medical history, and presented typical symptoms.

Introduction

Sulfur mustard (CAS No. 505-60-2) which is defined as a
“Schedule | chemical” in the Chemical Weapon Convention is
a vesicant chemical warfare agent (CWA) (1). Sulfur mustard
(SM) was first synthesized in 1822 by a Belgian Chemist, Cesar
Despretz and the chemical formula was modified with a two-
stage synthesis process by a German Chemist, Victor Meyer
in 1886 (2). SM was the first vesicant CWA which was used by
Germans against Allied Forces in Ypres, Belgium on July 12,
1917 (3). Due to its devastating acute and chronic effects, SM
was called as “King of Battle Gases” in World War | (2). SM was
used in large scales by Iraq armed forces during the Iran-Iraq
War between 1980 and 1988 (4). SM has a characteristics odor
of mustard or horse radish and it is absorbed rapidly by inha-
lation, dermal contact, or from the anterior surface of the eye
(5). It is a highly reactive compound which has carcinogenic
and cytotoxic effects (2, 6). SM is also called as “radiomimetic
drug” as effects of systemic SM poisoning are similar to chemo-
therapeutic agents (7). Except the literature which was related
with chemical casualties of the Iran-Iraq War, chemical terrorist
attacks against civilians in Middle East, accidental contact with
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old chemical munitions, and occupational accidents are the
context of the recent literature about the clinical presentation of
SM exposure (8, 9, 10). The hallmark of the exposure is asymp-
tomatic latency period which is typical for SM poisoning (7, 11).

The first non-specific symptoms of SM exposure in the first
hour (h) are mostly related with the eyes including conjunctivi-
tis, soreness, and tearing. The respiratory tract and the skin are
also affected (12). Except sore throat which is experienced rap-
idly due to inhalation of SM, symptoms including hoarseness,
rhinorrhea, and coughing generally appear in 4-8 h after the
exposure (10). Cutaneous symptoms of the exposure are ery-
thema, vesicles, blisters, and deep layer burning in case of full
epidermal loss. Intense itching generally occurs. The sequence
of the cutaneous lesions are similarly seen in sunburn patients
(11). Typical blister formation around joints especially in the
knees and ankles lead to extreme pain which could reduce
even simple movements (13). Neither erythema nor blister was
noted on palms or soles due to the presence of thick layer of
stratum corneum which protects the skin from chemicals (14).

The toxicity mechanism of SM exposure is still investigated
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and not fully elucidated. There are four major metabolic path-
ways of SM in humans (8, 15, 16, 17, 18). First major path-
way is hydrolysis of SM which leads to formation of thiodiglycol
(TDG) and its oxidized form thiodiglycol sulfoxide (TDGO) (15).
Second major pathway includes reaction of SM with glutathione
and B-lyase cleavage of SM including 1,1’-sulfonylbis[2-(meth-
ylthio)ethane](SBMTE), 1-methylsulfinyl-2-[2-(methylthio)eth-
ylsulfonyl] ethane (MSMTESE), and 1,1-sulfonylbis[2-(meth-
yl-sulfinyl)ethane] (SBMSE) respectively (17, 19). Third major
pathway is covalent binding of SM to nucleophiles in the bas-
es of nucleic acids. Monoalkylation of guanine at N7 and O6,
monoalkylation of adenine at N3, and bifunctional alkylation
of guanine at N7 result in the formation of DNA adducts in-
cluding N7-[2-[(2-hydroxyethyl) thio]ethyl]-guanine(N7-HET-
EG), 06-[2-[(2hydroxyethyl)thiolethyl]-guanine (O6-HETEG),
N3-[2-[(2-hydroxyethyl)thio]ethyl]-adenine (N3-HETEA), and
bis[2-(guanin-7-yl)ethyl] sulfide (Bis-G) (2, 18). The fourth ma-
jor pathway is binding of SM to Valine (Val) and Cysteine (Cys)
residues of proteins which form adducts of hemoglobin (HETE-
Val) and albumin (HETE-Cys) (8, 20).

In our previous study, we reported typical symptomatology,
clinical examination, and treatment modalities of a Syrian family
who was exposed to SM during a chemical terrorist attack in
North Syria in 2015. Gender and age of cases, their distance
to the explosion are shown in Table I. The father, the mother,
and two daughters were transferred from Marea -a city of North
Syria- to Kilis State Hospital, Kilis on 18th h after the expo-
sure. They presented typical ocular, respiratory, and cutaneous
symptoms of SM poisoning at the time of admission. After a
detailed medical examination, they were hospitalized with a di-
agnosis of chemical burn. Patient 1 and 2 were evacuated to
an intensive care unit (ICU) in Gaziantep on 30th h after the
exposure. Patient 3 and Patient 4 were evacuated to a pediatric
ICU in Gaziantep on 48th h after the exposure (10).

Table 1. Gender and age of cases, their distance to the
explosion.

Distance to the

ST Qo8 explosion (meter)
Patient 1 Male 31 8
Patient 2 Female 25 8
Patient 3 Female 3 3
Patient 4 Female  5-day-old 3

Our study aimed to confirm SM exposure by detecting quan-
titative levels of SBMTE in urine samples of a Syrian family that
were victims of a chemical attack.

Methods

Four individuals who were exposed to SM were included into
the study. Urine samples which were collected on 48th h upon
admission to ICU’s were analyzed for the retrospective detec-
tion of urinary SBMTE.

SBMTE (CAS No. 137371-98-3) was purchased from Spiez
Laboratory, Switzerland. All solvents and reagents which were
analytical grade were purchased from Sigma-Aldrich (Stein-
heim, Germany). Research-grade helium and argon gases
were obtained from Ankara Gaz (Ankara, Turkey). Chromabond
C8 (3 mL/500 mg) solid phase extraction (SPE) polypropylene
cartridges were purchased from Macherey-Nagel (Duren, Ger-
many). Blank urine samples were collected from volunteers.

An analytical method which was reported previously was
used for the sample pretreatment and SPE (21). Urine sam-
ple (500 pL) was mixed with 12% TiCI3 solution (250 pL) and
the solution was heated at 75° C for 60 minutes (min) for the
complete reduction of MSMTESE and SBMSE to SBMTE. After
neutralization and precipitation, the supernatant was passed
through a C8 SPE cartridge (3 mL/500 mg) which was precon-
ditioned with methanol (1000 pL) and distilled water (1000 uL)
under vacuum. Following rinsing interferences with methanol/
distilled water (1000 pL), purified analyte was eluted with meth-
anol (1000 pL) into a GC vial (2 mL).

Shimadzu GCMS-TQ8040 (Tokyo, Japan) gas chromatog-
raphy-tandem mass spectrometry (GC-MS-MS) which was
equipped with a 30-m Rxi-5ms capillary column (0.25 mm i.d.
and 0.25 pm film thickness, Restek, Bellefonte, USA) anda 5 m
Rxi guard column (0.25 mm i.d., Restek, Bellefonte, USA) was
used for the instrumental analysis of urinary 3-lyase metabolite
SBMTE. Reported parameters were used for the instrumenta-
tion (21). The temperature program of GC oven started at 40°
C (1 min), it was heated by a linear ramp of 30° C/min to 280° C
and kept at 280° C for 4 min. Afinal concentration of 1 mg/1mL
SBMTE standard was obtained by dissolving SBMTE (5 mg) in
methanol (5 mL). Quantitative analysis of urinary SBMTE was
performed by using external calibration standards (2.5, 5, 10,
25, 50, and 100 ng/mL SBMTE) in the multiple reaction mon-
itoring (MRM) mode. A linear calibration curve was obtained
over the range 2.5-100 ng/mL (r2>0.99). The quantitative ions
of SBMTE was 140 — 75 m/z.

The present study was approved by the Ethical Board of Gul-
hane Training and Research Hospital, Ankara, Turkey.

Results

Typical symptoms of SM exposure including bilateral con-
junctivitis, blepharospasm, photophobia, sore throat, produc-
tive coughing, rhinorrhea, severe itching, diffuse erythema, and
numerous multiple blisters with various sizes. These symptoms
were observed in our patients on 18th hour after the exposure
as shown in Figure 1 and 2. Urine samples were collected on
48th h after the exposure for further diagnosis and these sam-
ples were analyzed by using an analytical method that was

Figure 1. Typical blister formations due to SM contact on the left
shoulder of Patient 1 on 18th h after the exposure.
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Figure 2. Typical blister formations due to SM contact on the right
lower extremity of Patient 2 on 18th h after the exposure.
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Figure 3. a) El mass spectrum of 10 ng/mL SBMTE in urine sam-
ple which was taken from NIST Mass Spectrometry Data Center

b) Selected-reaction chromatogram (MRM) monitoring 140 — 75
m/z of SBMTE at 8.827 min in urine sample of Patient 1 ¢) MRM

monitoring 140 — 75 m/z of SBMTE in blank urine sample.

modified for the quantitation of urinary SBMTE (21). The limit of
detection (LOD) for SBMTE was 1 ng/mL and the retention time
for SBMTE was about 8.82 min (Figure 3).

Urinary SBMTE levels of Patient 1 and 2 were measured as
314.43 ng/mL and 61.57 ng/mL respectively. There was no SB-
MTE measured in urine sample of Patient 3. SBMTE was not
determined due to insufficient urine sample of Patient 4.
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Figure 4. Typical blister formations due to SM contact on the neck of
Patient 1 on 18th h after the exposure.

Discussion

Our cases were exposed to a blister agent during a chem-
ical terrorist attack. They presented typical delayed onset of
symptoms and the first ocular symptoms occurred on 10 to 30
min after the exposure. Blister formations as shown in Figure
4 were observed on 18th h after the exposure (10). The onset
and severity of symptoms depend on concentration of SM in
the air, ambient humidity and temperature of the scene, and ex-
istence or absence of personal protective equipment during the
exposure (13). As our cases were civilian, they had no personal
protective equipment against CWA's during the chemical attack
and they were only few meters away from the explosion. For
this reason, we concluded that they had severe second-degree
burn lesions especially in mean of severity and extensity as
they were exposed directly to mustard gas in high concentra-
tions.

As conjunctivitis, corneal swelling, and edema occur with
doses exceeding 200 mg.min/m3 and blister formation occurs
at higher doses (vapor: 1000-2000 mg.min/m?3, liquid), de-
pending on presented symptoms, we concluded that the whole
family (n=4) was exposed to SM at a dose higher than 1000
mg.min/m? (5, 12).

Cutaneous symptoms of SM including erythema, blisters, and
even necrosis that accompany red eye and coughing are simi-
lar with symptoms of either thermal or chemical burns (22). For
this reason, further bioanalytical diagnosis should be performed
upon admission of chemical casualties into the emergency de-
partment. Retrospective verification of SM exposure even if at
low levels is vital in mean of expecting the level of the absorbed
dose due to the exposure (1, 22). Additionally, bioanalysis of
samples which were belonged to chemical casualties for the
detection of both metabolites and covalent adducts could sup-
port forensic verification of the exposure in mean of evidence of
alleged use of CWA's (23). Besides B-lyase metabolites, DNA
and protein adducts could be also used for the verification of
SM exposure as they could be found in urine samples up to 30
days and they could persist several weeks in human blood after
the exposure (8, 17).

Human biological samples including blood and urine are
the most accessible specimens early after chemical terrorist
attacks especially during the initial medical management of
chemical casualties at the emergency department. As timing is
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very important for the forensic sampling, it should be noted that
necessary measures should be taken in order to collect biologi-
cal specimens including blood and urine from the casualties as
soon as possible. After the sampling, all biological evidences
which are divided into aliquots should be transferred in ideal
storage conditions to the reference off-site laboratories which
have such analytical capabilities.

There are some studies in the literature which quantitated
B-lyase metabolites of SM, especially urinary SBMTE in victims
of SM exposure because B-lyase metabolites are unequivocal
diagnostic biomarkers for SM exposure (9, 15, 19, 24). We
also preferred analyzing urinary SBMTE for the retrospective
detection of SM exposure in our cases. Our modified method
depended on reducing polar 3-lyase metabolites MSMTESE
and SBMSE by using titanium trichloride to low polar R-lyase
metabolite SBMTE which had more suitable chemical structure
for GC-MS-MS analysis (1, 21).

Our study confirmed that urine samples of Patient 1 and 2
had detectable levels of SBMTE. Level of SBMTE could not be
measured in urine sample of Patient 3 despite the existence of
typical symptoms of SM poisoning so we concluded that the
level of SBMTE in urine sample of Patient 3 could be lower than
our method’s LOD. We could not analysis urine sample of Pa-
tient 4 as her urine sample was not stored in proper conditions.
Thus, we concluded that the specimen collection method and
the physical conditions of the specimen in mean of proper stor-
ing containers were also critical factors in order to obtain proper
specimen’s aftermath of a chemical terrorist attack.

Studies that confirmed SM exposure in victims of chemical
attacks are especially rare and samples were only belonged to
veterans of the Iran-Iraq War (15, 25). Our study also confirmed
SM exposure by chromatographic methods in urine samples of
victims of chemical terrorism. It was assumed that there was a
correlation between levels of SBMTE in urine samples and se-
verity of SM poisoning (22). We measured high level of SBMTE
in urine samples of Patient 1 and 2 who were severe ocular,
respiratory, and cutaneous lesions. We concluded that our find-
ings also showed this correlation.

It is hard enough to transport ready-made chemical weap-
ons over long distances, but non-state actors could use mi-
crosynthesis methods in order to prepare CWA’s in the target
countries early before such a chemical terrorist attack. For this
reason, alleged use of chemical warfare agents especially SM
against civilians could be a part of chemical terrorist attack.
Such a chemical warfare agent like SM with a symptom-free
latency period after the exposure, it could be problematic to
differ worried-well patients from real victims. Although detailed
medical examination of related symptoms could be enough for
early diagnosis of SM exposure, analytical capabilities for the
retrospective verification of SM exposure should be performed
in off-site laboratories as soon as possible with suitable biolog-
ical samples which were belonged to victims of the chemical
attack.
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