
INTRODUCTION
Imazalil and thiabendazole (Fig. 1.) are post-harvest

fungicides used in protection against the growth of fungi
[18,19]. Trace amounts of their quantities were detected
in dietary supplement [16]. They are commonly used in
protection of the environment. These fungicides have
been determined in such samples as natural water and
effluent of a wastewater-treatment plant [6,7]. Imazalil
and thiabendazole have also been determined in fruits and
vegetables [12,17-20] but not in tobacco samples.
Biocides, present in the tobacco were analyzed by various
methods such as capillary gas chromatography [1], gas
chromatography–tandem mass spectrometry (GC-MS)
[5], gas chromatography–triple quadrupole mass spectrometry
(GC-QQQ-MS) [8], two-dimensional gas chro mato-
graphy (GC × GC) with fast acquisition time-of-flight (TOF)
mass spectrometry (MS) [3], liquid chro ma tog ra phy-
-tandem mass spectrometry (LC-MS) [10] but not in
liquid chromatography-tandem quadrupole-time-of-flight 
mass spectrometry (LC-Q-TOF-MS) to our knowledge.
The CORESTA (Cooperation Centre for Scientific
Research Relative to Tobacco) has published a list of

Guidance Residue Levels (GRLs) for 118 pesticides for
tobacco and tobacco products [4]. Imazalil and
thiabendazole are not present on the list. Fungicides are
used in production of tobacco preservatives, therefore it is 
important to develop a method of determination the level
of residues of these substances in products derived from
this plant. In recent years, it has been observed that
interest in water-pipe “shisha” smoking is growing [9].
Studies of water-pipe tobacco are based mainly on the
analysis of smoke. [14,15]. Tobacco used in water-pipes
is a particularly difficult to determine matrix, because it
includes apart from plant material also large amounts of
glycerol and flavorings. Therefore, it is important to
develop sensitive method for determining fungicides
which will be resistant to the negative matrix effect. 
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Fig. 1. Chemical structures of imazalil and thiabendazole



This paper describes a method for determining trace
amounts of imazalil and thiabendazole employing
ultra-performance liquid chromatography coupled to
quadrupole-time-of-flight tandem mass spectrometry in
water-pipe tobacco.

MATERIAL  AND  METHODS
Rea gents and stan dards. Wa ter, ace to ni trile, metha nol, 

ace tone (Chro ma solv® LC-MS, Fluka, Ger many), imazalil,
thia ben da zole, dii so pro pyl ether, am mo nium chlo ride,
for mic acid (Fluka, Ger many), glyc erol (POCH, Po land),
imazalil- D5 em ployed as an in ter nal stan dard (Dr. Ehren -
stor fer GmbH, Augs burg, Ger many). 

Equip ment. Ex tracts were fil tered by 0.45 μm PTFE
Mini- UniPrepTM fil ter (Ag ilent Tech nolo gies, UK). Chro -
ma tographic analy sis was per formed us ing an ul tra-
-performance liq uid chro ma tograph (UPLC 1290, Ag ilent 
Tech nolo gies, USA). The sepa ra tion was done em ploy ing 
a Po ro shell 120 EC-C18 col umn 3.0 x 100 mm; 2.7 μm
(Ag ilent Tech nolo gies, USA) with a ther mo stat at 40°C.
A mix ture of 0.1% for mic acid in wa ter (A) and 0.1% for -
mic acid in ace to ni trile (B) was used as a mo bile phase.
The gra di ent elu tion was car ried out at con stant flow 0.4
ml/min from 30%A (70%B) 0-5 min., 0%A (100%B) 5-7
min. and then 100%A (0%B) 7-8.5 min. The in jec tion
vol ume was 10 μl. De tec tion of fun gi cides was achieved
us ing hybrid quad ru pole cou pled with time- of- flight ana -
lyzer (Q-TOF-MS 6540, Ag ilent Tech nolo gies, USA)
with elec trospray (ESI Jet Stream) source. Quali ta tive and 
quan ti ta tive analy sis were car ried out in the Ex tended Dy -
namic Range (2 GHz) MS mode within the range of 100 –
1000 m/z. Other op er at ing spec trome ter pa rame ters are
pre sented in our an other work [16].

Blank ma te rial. Blank ma te rial was to bacco from ciga -
rette sus pended in glyc erol at con cen tra tion of 100 mg/ml.

Stock so lu tions, cali bra tion stan dards. Stan dard so lu -
tions of imazalil and thia ben da zole were pre pared in
metha nol, while the so lu tion of imazalil- D5 was pre pared
in ace tone. All stan dard so lu tions were stored at – 20°C.
Stan dard curves were pre pared in blank ma te rial to yield
fi nal con cen tra tions of  0.2, 0.5, 1, 2.5, 5, 10, 20, 50, 100
ng/g for imazalil and 10, 20, 50, 100 ng/g for thia ben da -
zole.

Sample preparation: 2g of sample were transferred to
12 ml tubes adding internal standard (imazalil-D5) in the
volume allowing to achieve final sample concentration of
10 ng/g, subsequently adding 500 μl of buffer (ammonium
chlo ride – pH 3). Liquid-liquid extraction with dii so prop-
hyl ether was carried out for 20 min. Samples were
centrifuged at 5500 rpm for 10 min. and the organic phase
was transferred to 2 ml Eppendorf tubes and evaporated to 
dryness under a stream of nitrogen (at 45°C). The extract
was dissolved in 100 μl of 1:1 acetonitrile/water (v/v)

mixture and centrifuged at 15000 rpm at 5°C for 10 min,
filtered and analyzed by UPLC-Q-TOF-MS.

DISCUSSION OF THE RESULTS
The quan ti ta tive ions used for imazalil and thia ben da -

zole were re spec tively: 297.0556 and 202.0435. The
quali ta tive ion for imazalil was its iso tope 37Cl: 299,0527
whereas for  thia ben da zole ion 175.0323 was used. Re ten -
tion times for stud ied fun gi cides are 4.59 min. and 2.74
min. re spec tively. We have suc cess fully used iso tope ions 
as quali ta tive ions in our other stud ies [16]. The method
for de ter mi na tion of imazalil and thia ben da zole has been
vali dated. The low est cali brated lev els (LCL) were 0.2
ng/g and 10 ng/g re spec tively. LOD (the limit of de tec tion 
– S/N  3/1) and LOQ (the limit of quan ti ta tion – S/N  10/1) 
can not be de ter mined, be cause we can not ob serve the
chemi cal noise in the chro ma togram. This is due to high
ac cu racy of de ter min ing the mass of the test com pounds.
These ob ser va tions was de scribed [13,16]. Cali bra tion
curve was char ac ter ized by a very good line ar ity in the
range of 0.2–100 ng/g for imazalil and 10 – 100 ng/g for
thia ben da zole (de ter mi na tion co ef fi cient was  0.999 in
both cases). Pre ci sion as rela tive stan dard de via tion
(R.S.D.%) ranged from 1.56 % (imazalil 20 ng/g) to 1.53%
(thia ben da zole 50 ng/g). The re cov ery (in per cent) was
de ter mined by com par ing cal cu lated con cen tra tion of
ana lytes in the blank ma te rial ma trix vs. stan dards in
metha nol at the same con cen tra tion. Mean re cov ery was
129.44 % for imazalil and 84.73 % for thia ben da zole. Re -
cov ery of over 100% for cer tain pes ti cides is also pos si ble
which is con firmed by the lit era ture data [8,11]. Ma trix ef -
fects were cal cu lated us ing equa tion de scribed by
Cham bers et al. [2]: 

% Ma trix ef fects = ( )
Response extracted sample

Response standard − ⋅1 100

A nega tive re sult in di cates sup pres sion while posi tive
re sult in di cates en hance ment of the ana lyte sig nal. Ma trix
ef fects for imazalil and thia ben da zole amounted to –34.78%
and −59.02 %, re spec tively. This means that the ma trix
has a nega tive im pact on the qual ity of ana lytes sig nal. 

Ad di tion ally, the method de scribed in this pa per was
used in prac tice. For this pur pose, we ex am ined five sam -
ples in trip li cate of wa ter pipe to bacco avail able on the
mar ket. The re sults are shown in Ta ble 1. In two sam ples,
we in ves ti gated  imazalil at the con cen tra tion be low LCL.
How ever, we have not found thia ben da zole in any sam ple.
The mean area peak of imazalil in the sam ple number one
and two is twice as high as area peak of LCL (0.2 ng/g).
Chro ma togram of sam ple number two shows Fig. 2.
These re sults may sug gest that our blank ma trix has a more
nega tive ef fect than water- pipe to bacco on the re cov ery of 
the ana lyte from to bacco or that the ma trix sup presses
ana lyte ions, which come to the spec trome ter. In ad di tion,
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it may sug gest that dif fer ent manu fac tur ers use vari ous
amounts of glyc erol for mak ing their prod ucts. Fig. 3
shows that when imazalil elutes, the in ten sity of the ma -
trix is very high. Dur ing the elu tion time of thia ben da zole
the in ten sity of ma trix is low.

Ta ble 1. The con cen tra tion of imazalil and thia ben da zole in
water- pipe to bacco sam ples

Sample Flavor Country Imazalil 
[ng/g]

Thiabendazole
[ng/g]

1
2
3
4
5

–
Watermelon
Mint
Grape
Citrus fruits

–
Egypt
India
Poland
Egypt

0.097
0.090

–
–
–

–
–
–
–
–

CON CLU SION
The sensitivity and specificity of the method for

determination of imazalil and thiabendazole in water-pipe 
tobacco was high. Usage of hybrid quadruple coupled
with time-of-flight analyzer characterized by a very high
resolution allows to identify the investigated compounds
and to apply the developed technique in routine quality
control of fungicides in plant matrix.
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Fig. 2. Extract ion chromatogram (EIC) of imazalil (x)  in sample 2. Total ion chromatogram (z)

Fig. 3. Extract ion chromatogram (EIC) and Q-TOF-MS spectrum of imazalil (x) and thiabendazole (y). Total ion chromatogram (z)
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