
INTRODUCTION
Various types of biocides are widely used in agriculture

and post-harvest protection of food. They are one of the
most frequently detected contaminants in the environmental
samples such as natural water and effluent of a waste-
water-treatment plant [1,3].

Die tary sup ple ments are food stuffs in tended to sup ple -
ment nor mal diet. They are sub ject to the same con trol
pro ce dures as other prod ucts de signed to be eaten. Manu -
fac tur ers of food should ad here to stan dards of maxi mum
lev els of re sid ual pes ti cides, es pe cially when such
fungicide- treated in ter me di ate prod ucts as fruits or vege -
ta bles are em ployed in the manu fac tur ing pro cess. In post-
 harvest pro tec tion of cit ruses against fungi de vel op ment,
imazalil and thia ben da zole (Fig. 1) are most com monly used
[2,12,13]. Maxi mum Resi due Lev els (MRLs) of tested
fun gi cides in cit rus fruits are 5 mg/kg (Com mis sion Di -
rec tive 2005/74/EC and 2007/73/EC). Ac cord ing to our
knowl edge, there are no rules gov ern ing MRLs of imazalil
and thia ben da zole in die tary sup ple ments.

The com pounds have been al ready de ter mined in fruits
and vege ta bles [2,5,7,11-14], but ac cord ing to data from
the lit era ture on the sub ject, no such de ter mi na tions have
been done in a grape fruit ex tract con tain ing die tary sup -
ple ment. Ortelli et al. showed that 13% of stud ied cit rus
fruits con tained pes ti cides in con cen tra tions ex ceed ing
the MRLs [5]. All of the meth ods ref er enced in this work
are based on liq uid chro ma tog ra phy tan dem mass spec -
trome try. The best re sults were ob tained when us ing
liq uid chro ma tog ra phy cou pled to quadrupole- time- of-
 flight tan dem mass spec trome try due to the high sen si tiv -
ity and the pos si bil ity of me tabo lites iden ti fi ca tion and
prod ucts of deg ra da tion of post- harvest fun gi cides [7,11].  
In con se quence of a stead ily in creas ing use of com po -
nents of plant ori gin in die tary and food sup ple ments,
there is a need for de vel op ing new meth ods that would al -
low for iden ti fy ing not only ac tive sub stances in
a sup ple ment, but also fun gi cide con tami na tion of such
prod ucts [9].

The ob jec tive of the study was to de velop and vali date
a method for de ter min ing trace amounts of imazalil and
thia ben da zole em ploy ing ul tra per form ance liq uid chro -
ma tog ra phy cou pled to quadrupole- time- of- flight tan dem
mass spec trome try and to as sess whether there were fun -
gi cides em ployed as an timy cotic fruit pro tec tion in
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die tary sup ple ment de rived from seeds, pulp and white
mem branes of grape fruit.

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), imazalil- D5 em ployed as
an in ter nal stan dard (Dr. Ehren stor fer GmbH, Augs burg,
Ger many). 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 were pre pared in ace tone. 

Equip ment. Chro ma tographic analy sis was per formed
us ing an ul tra per form ance 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. Ex peri men tally se lected chro ma tographic
sepa ra tion pa rame ters are pre sented in Ta ble 1 (Tab.1).

De tec tion of the in ves ti gated com pounds was achieved 
us ing hy brid quad ru pole cou pled with time- of- flight ana -
lyzer (Q-TOF-MS 6540, Ag ilent Tech nolo gies, USA).
The spec trome ter was equipped with an ESI Jet Stream
source; iden ti fi ca tion and de ter mi na tion of the in ves ti -
gated fun gi cides were car ried out in the SCAN mode
within the range of 100–1000 m/z. Op er at ing spec trome -
ter pa rame ters are pre sented in Ta ble 1 (Tab. 1).

Study ma te rial. The analy sis was per formed us ing
a widely used com mer cially avail able liq uid die tary sup -
ple ment that con tained grape fruit ex tract.

Sample preparation. An amount of 200 μl of the un fil-
tered studied supplement was transferred to 12 ml test
tubes, subsequently adding 200 μl of buffer (ammonium
chlo ride – pH 3) and internal standard (imazalil D5) in the
volume allowing for achieving final sample concentration 
of 5 ng/ml. Liquid-liquid extraction with diisopropyl ether 
was carried out for 20 min. The samples were centrifuged
at 5500 rpm 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 50 μl
of 1:1 acetonitrile/water mixture and analyzed by
UPLC-Q-TOF-MS.

Table 1. Chromatographic conditions and spectrometer operating
parameters

Mobile phase
composition

A – 0.1% formic acid in water
B – 0.1% formic acid in acetonitrile 

Gradient

Time (min) % B Flow (ml/min)
0     5 0,4
5   70 0,4
7 100 0,4

Injection volume 10 μl
Spectrometer
operating mode 4 GHz High Resolution

Reference masses
[m/z]

121.0509
922.0098

Voltages [V]
VCap – 4000

Skimmer –  45
Ionization ESI Jet Stream (positive ions)

Source

Gas temp. – 300°C
Drying gas – 10 l/min.

Nebulizer – 35 psig (N2)
Sheath gas temp. – 400°C
Sheath gas flow – 12 l/min.

Acquisition rate/time
Rate – 5 spectra/s

Time – 200 ms/spectrum
Mass range [m/z] 100 – 1000
Studies substances Thiabendazole Imazalil
Retention time [min] 2.90 4.81

Data acquisition 
Quantitative 

ion
[M+H]+

Qualitative
ion

[M-HCN]+

Quantitative 
ion 

[M+H:35Cl]+

Qualitative
ion 

[M+H:37Cl]+

m/z 202.0435 175.0323 297.0556 299.0527
Fragmentor voltage [V] 220 100 

DISCUSSION OF THE RESULTS
The in ves ti gated sup ple ment with grape fruit ex tract

was found to con tain trace amounts of both fun gi cides
em ployed in an timy cotic pro tec tion of cit rus fruits. The
con cen tra tion of imazalil in the sup ple ment was
4.26±0.12 ng/ml (n=3), while the value for thia ben da zole
amounted to 15.66±0.47 ng/ml (n=3). Thus, the re sults
may sup port the no tion that the in ves ti gated fun gi cides
may dif fuse through the peel into the fruit flesh. Kruve et
al. [2] dem on strated that trace amounts of imazalil pene -
trated the fruit flesh and even thor ough wash ing of fruits
could not pre vent the pro cess.

The em ployed high reso lu tion mode (4GHz) of the
quad ru pole time- of- flight mass spec trome ter (Q-TOF) al -
lowed for re duc ing a nega tive ef fect of bio logi cal ma trix,
which was also de scribed by other authors [5,10,12]. 

The ef fec tive lin ear con cen tra tion range of the method
is from 0.25 to 25 ng/ml for imazalil and 2 to 50ng/ml for
thia ben da zole. Cor re la tion co ef fi cients (R2) were > 0.999.
In this pa per for the limit of de tec tion (LOD) was used
low est cali bra tion level (LCL). LOD can not be de ter -
mined based on the signal- to- noise ra tio, be cause of the
lack of chemi cal noise in the chro ma togram. This prob lem 
was al ready de scribed [6,8]. The pre ci sion was ex pressed
as rela tive stan dard de via tion (%RSD, n=3). The re cov ery 
of fun gi cides was de ter mined us ing the ra tio of the ana -
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Fig. 1. Structure of imazalil, imazalil-D5 (ISTD) and thiabendazole



lyti cal sig nal from 3 ex tracts of 5 ng/ml so lu tions of
imazalil and thia ben da zole to the sig nal from the non-
 extracted metha nol stan dards of equal con cen tra tions.
The re sults of method vali da tion has proven that the em -
ployed tech nique of de ter min ing imazalil and thia ben da zole
is char ac ter ized by a high ex trac tion ef fi ciency and is
com pa ra ble to re cov ery achieved while iso lat ing the sub -
stances from cit rus juice and fruits [4,14]. Moreo ver, the
very high sen si tiv ity of the de vel oped method al lows for
iden ti fy ing and de ter min ing imazalil and thia ben da zole
even at trace con cen tra tions (Tab. 2).

Table 2. Validation parameters
Imazalil Thiabendazole

Recovery [%] 109 84
Correlation coefficient 
(linearity range)

0.9998
(0.25–25 ng/ml)

0.9993
(2–50 ng/ml)

Precision [% RSD] 0.79 5.29
Limit of detection 0.25 ng/ml 2 ng/ml
Limit of quantification (2xLOD) 0.5 ng/ml 4 ng/ml

Ad di tion ally, the em ploy ment of a mod ern UPLC-Q-
TOF-MS sys tem and an ESI Jet Stream- type ion source
al lows for ob serv ing iso tope ions of the stud ied fun gi cides 
in the mass spec trum (Fig. 2); the said ions are help ful in
com pound iden ti fi ca tion and may also be suc cess fully
em ployed as con fir ma tive ions [11].

CONCLUSIONS 
Employing ultra performance liquid chromatography

coupled to quadrupole-time-of-flight tandem mass spec-
trometry allows for determining imazalil and thia benda-
zole in dietary supplements with a high sensitivity, spe -
cificity and detection linearity; it also makes it possible to
use the developed technique in routine quality inspection
of foodstuffs containing natural extracts. The investigated 
dietary supplement contains trace amounts of imazalil and 
thiabendazole, what may be an effect of biocide diffusion
into the flesh of fruits employed in manufacturing such
products.
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Fig. 2. Mass spectra of thiabendazole (A), imazalil (C) and chromatogram illustrating analysis of dietary supplement (B)


