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A high performance liquid chromatographic method for the simultaneous determination of the pesticides cap-
tan, terbumeton and deltamethrin was developed. The best separation was achieved with analytical column Lichro-
sorb RP 18, 200 × 4.6 mm, 5 µm, by isocratic elution with mobile phase acetonitrile/water (80/20, V/V), flow rate 1.0 
ml/min, UV diode array detection at 210 nm. The calibration curves, constructed in the range of 20 – 400 ng mass of 
pesticide injected in the column, followed linear dependence in the whole range and the values of the coefficient of 
correlation were higher than 0.9971. The sensitivity of the method was determined by calculating the limit of detec-
tion (LOD) and limit of quantification (LOQ) for each pesticide. Intra day precision of retention time and the peak 
area of each pesticide was also determined. 
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INTRODUCTION 

Several hundred pesticides of different 
chemical nature are used for agricultural and non-
agricultural purposes throughout the world today. 
Because of their widespread use, multiresidue ana-
lytical methods are needed for analyzing environ-
mental and food samples which may contain resi-
dues of pesticides, pesticide transformation prod-
ucts and other environmental toxicants. The high 
performance liquid chromatography (HPLC) and 
gas chromatographhy (GC) have found increasing 
uses in pesticide residue analysis today [1–5]. 

Deltamethrin is a synthetic pyrethroid used to 
control insect pests in crops. Pyrethroid insecti-
cides are generally very toxic. To study the envi-
ronmental fate of these pesticides, a selective and 
very sensitive analytical method is essential. Mao 
et. al. [6] described an analytical method for the 
simultaneous determination of the synthetic pyre-
throids tralomethrin and deltamethrin in water, 
sediment and fish tissue by normal phase HPLC 
(using a hexane/dioxane gradient solvent system 
on a silica column) with radiometric detection. In 

addition, deltamethrin was determined in wine by 
using solid phase extraction (SPE) and gas chro-
matography with electron capture (ECD) and ni-
trogen-phosphorus (NPD) detectors [7], in wool 
after pour-on or plunge dipping application by the 
reverse phase (RP) HPLC [8]. The pesticide for-
mulations producer ROUSSEL UCLAF for deter-
mination of deltamethrin in the pesticide formula-
tion K-OBIOL PRIMATEX recommend HPLC 
method on Lichrospher Si 60 column by isook-
tane/dioxane as mobile phase and UV detection. 

Analytical determinations of volatile fungi-
cides such as captan are generally carried out by 
GC-ECD [9] and GC-MS (mass spectrometry) 
[10]. However, the liquid chromatography (LC) 
permits the direct analysis of some fungicides 
without the need of derivatization. LC methods 
combined with the liquid-liquid extraction (LLE) 
[11] and SPE [12] have been reported. Captan was 
determined in environmental waters by using 
HPLC-DAD (diode array detector), GC-ECD and 
GC-MS [13], in air and water by normal phase 
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(NP) HPLC and capillary GC [14], in various 
commodities (apples, tomatoes, potatoes) by GC-
CIMS (chemical ionization mass spectrometry) 
[15], and in wine by GC [7] and by reversed phase 
(RP) HPLC [16]. The pesticide formulations pro-
ducer CIBA-GEIGY for determination of captan in 
the pesticide formulation TOPAS C 50 WP recom-
mend the LC chromatographic method on Lichrosorb 
RP 18 column by methanol/water as mobile phase 
and UV detection. 

Triazines, such as terbumeton, are still widely 
used as herbicides worldwide. Analytical methods 
for determination of terbumeton in ground and sur-

face waters by LC-MS [17] and RP/HPLC-UV 
[18] have been reported. 

In this paper, we introduce optimization of 
chromatographic conditions for the quantitative 
and simultaneous determination of captan, terbu-
meton and deltamethrin. The method consists of 
reversed-phase HPLC with diode array detection. 

These pesticides are some of the most widely 
used in viniculture in Macedonia. So, we wanted to 
optimize the chromatographic method, which can 
be used, in future, for determination of the residues 
of these pesticides in wine, grape and other ma-
trixes. 

EXPERIMENTAL

Standards and reagents 

Acetonitrile (HPLC-grade) was from Sigma-
Aldrich (Germany). Water was deionized and after 
that distiled from a glass apparatus. All solvents 
and solutions for the HPLC analysis were vacuum 
degassed by sonication before use. Pesticide stan-
dards were from BASF (Germany). 

Stock solutions (1.0 mg/ml) were prepared by 
dissolving the appropriate amount of the standard 
pesticide in methanol and stored frozen. These 
methanolic solutions were stable during a long 
time. Working solutions (5 µg/ml) were prepared 
daily by diluting aliquots of the stock solutions 
with a mixture of acetonitrile / water (volume ratio 
50 : 50) and stored at 4oC. The working solution 
was directly introduced in the HPLC system during 
the measuring.  

HPLC analysis 

Chromatography was performed on a HPLC 
system Varian equipped with a ternary gradient 
pump Model 9012, a 20 µl sample loop (Rheo-
dyne) and a UV-Diode Array detector Model 9065. 
The analytical column was Lichrosorb RP 18, 200 
× 4.6 mm, 5 µm (Hewlett-Packard). The composi-
tion of the mobile phase was acetonitrile / water,  
 

volume ratio 80/20. The flow rate of the eluent was 
1.0 ml/min., and the column temperature was am-
biental. The diode array detector was set to moni-
tor the signals of the analyte at a wavelength of 
210 nm, where the compounds of interest have an 
absorption maximum. 

Calibration curves  

A set of working standard solution was pre-
pared by diluting aliquots of the stock solutions, 
with a mixture of acetonitrile/water (volume ratio 
50:50) to give concentrations ranging from 1.0 to 
20.0 µg/ml for each compound studied. The cali-
bration graphs were constructed by plotting the 
peak areas versus the amounts (ng) injected in the 
column. The curves followed the Beer's law in the 
investigated range of 20 – 400 ng mass of pesticide 
injected in the column. 

Repeatability 

The within day repeatability (intra day preci-
sion) of the retention time and the peak area was 
performed by 7 successive injections of the ana-
lytical standard of each pesticide respectively. The 
obtained results were statistically treated. 

RESULTS AND DISCUSSION 

The investigated pesticides were captan [N-
(trichloromethylthio)cyclohex-4-ene-1,2-dicarbo-
ximide], terbumeton [N2-tert-butyl-N4-ethyl-6-met-
oxy-1,3,5-triazine-2,4-diamine] and deltamethrin 
[(S)-α-cyano-3-phenoxybenzyl(1R,3R)-3-(2,2-di-

bromovinyl)-2,2-dimethylcyclopropanecarboxilate], 
which are fungicide, herbicide and insecticide, re-
spectively. Their chemical structures are given on 
Fig. 1. 
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Fig. 1. Structural formula of captan (I), terbumeton (II)  

and deltamethrin (III) 

The UV spectra (Fig. 2) of captan, terbume-
ton and deltamethrin in an acetonitrile/water mix-
ture, volume ratio 80/20, show that they have an 
absorption maximum at 190, 195 and 217 nm, re-
spectively. The wavelength of 210 nm is close to 
all these maximums, therefore measurements were 
performed at 210 nm. In addition, the UV spectra 
of compounds were used to check the peak purity 
and analyte peak identity. 

The chromatogram (Fig. 3) shows the separa-
tion of captan, terbumeton and deltamethrin. For 
the best separation and symmetrical peak shape, 
several isocratic methods of acetonitrile/water (10 
– 90 % acetonitrile) and several flow rates of mo-
bile phase (0.5 – 1.5 ml/min) were evaluated. It 
was found that the best separation of investigated 
pesticides was achieved with mobile phase acetoni-
trile/water 80/20 (V/V) and flow rate 1.0 ml/min. 
Under these chromatographic conditions, the reten-
tion times were 3.37, 6.18 and 8.63 min for captan, 
terbumeton and deltamethrin, respectively. 

 
Fig. 2. UV spectra of captan (I), terbumeton (II) and 

deltamethrin (III) in acetonitrile/water 80/20 V/V 
 

 
 min              

Fig. 3. HPLC/DAD (210 nm) chromatogram of standard mixture of captan (3,37 min, 380 ng), terbumeton (6.18 min, 370 ng) 
 and deltamethrin (8.63 min, 390 ng) 
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The values calculated for the retention factors 
(k), separation factors (α) and resolution (R) be-
tween adjacent peaks are given in Table 1. It can 
be seen that these chromatographic conditions give 
high efficiency of separation for investigated pesti-
cides. 

T a b l e  1  

Retention factors (k), separation factors (α)  
and resolution (R) for investigated pesticides 

Compound tR (min) k α R 

Captan 3.36 1.07 2.62 6.0 

Terbumeton 6.17 2.80 1.54 3.50 

Deltamethrin 8.63 4.31 – – 

Methanol 1.63 – – – 

 
 
The sensitivity of the method for each com-

pound was determined by construction of a calibra-
tion curve in the low concentration region (0.15 – 
0.75 µg/ml, i.e. 3 – 15 ng injected in the column). 
The limit of detection was calculated as three times 
the ratio between the SD and the slope of the low 
concentration curve (LOD = 3·SD /slope) and the 
limit of quantification as ten times the same ratio 
(LOQ = 10·SD /slope) [19]. The obtained results 
are listed in Table 2. Under these chromatographic 
conditions terbumeton shows the best sensitivity.  

T a b l e  2  

Limit of detection (LOD) and limit of quantifica-
tion (LOQ) for investigated pesticides 

Compound Captan Terbumeton Deltamethrin 

Reg. Equation * y = 243.2 x + 679.4 y = 1541.5 x – 2356.9 y = 1201.5 x – 744.7

SD 1413.4 3986.1 5382.9 

LOD (ng) 17.4 7.7 13.4 

LOQ (ng) 58.1 25.8 44.8 

* y – peak area  
  x – mass of pesticide (ng) 

 

Calibration graphs were constructed by plot-
ting the peak area as a function of the injected 
amount of the active ingredient. Statistical data, i.e. 
regression equation, relative standard deviation 
(RSD) and the value of the multiple correlation 
coefficients (R2) are listed in Table 3. The data 

show very good linearity for all compounds in the 
investigated area. 

T a b l e  3  

Statistical data of calibration curves 
 of investigated pesticides 

Compound Regression equation* RSD 
(%) 

R2 

Captan  y = 1.374641⋅102 x 5.459 0.9971 

Terbumeton y = 8.832499⋅102 x 4.776 0.9995 

Deltamethrin y = 4.325856⋅102 x 4.849 0.9972 

 * y – peak area  
  x – mass of pesticide (ng) 

 

The results obtained for intra day precision 
[20, 21] of retention time and the peak area for all 
investigated compounds are listed in Table 4. A 
very good repeatability of the retention time for all 
compounds was achieved. The repeatability of the 
peak area for terbumeton and deltamethrin was 
good, but for captan was some worse. 

T a b l e  4  

Intra day precision of retention time and peak area 
of captan, terbumeton and deltamethrin 

n Captan  
(180 ng) 

Terbumeton  
(130 ng) 

Deltamethrin 
(190 ng) 

 tR (min) Area tR (min) Area tR (min) Area 

1 3.37 38402 6.19 91678 8.61 100746

2 3.37 39503 6.18 91375 8.60 99756 

3 3.38 41503 6.16 91905 8.65 97559 

4 3.36 39501 6.17 90503 8.65 98732 

5 3.36 37901 6.18 89741 8.64 99101 

6 3.37 39887 6.19 91883 8.63 99178 

7 3.36 37665 6.18 92847 8.65 97665 

Mean 3.37 39194.6 6.18 91418.8 8.63 98962.4

SD 0.007 1331.6 0.01 1017.7 0.02 1124.2

RSD % 0.22 3.40 0.17 1.11 0.24 1.14 
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Klu~ni zborovi: visoko efikasna te~na hromatografija; pesticidi;  kaptan; terbumeton; deltametrin

So primena na visoko efikasna te~na hromato-
grafija e razvien metod za ednovremeno opredeluva-
we na pesticidite kaptan, terbumeton i deltametrin. 
Najdobro razdeluvawe e postignato so primena na ana-
liti~ka kolona Licrosorb RP 18, 200 × 4,6 mm, 5 µm, so 
izokratno eluirawe so mobilna faza acetonitril/vo-
da (80/20, V/V), protok na mobilnata faza 1,0 ml/min, 
UV detekcija na 210 nm. Konstruirani se kalibracio-
ni krivi vo podra~je od 20 – 400 ng masa od pesticid, 

injektirana vo hromatografskata kolona, koi poka-
`uvaat linearna zavisnost vo ispituvanoto podra~je. 
Vrednostite na koeficientite na korelacija za site 
kalibracioni krivi bea povisoki od 0,9971. Osetli-
vosta na metodot be{e opredelena so presmetuvawe 
na granicata na detekcija i granicata na opredeluva-
we za sekoj pesticid. Be{e opredelena dnevnata pre-
ciznost na retencionoto vreme i povr{inata na pi-
kot za sekoj pesticid. 

 


