
  
Abstract—Broccoli plants (Brassica oleracea) were sprayed with 

iprodione (fungicide) and chlorpyrifos (insecticide) to quantify the 
effect of technological processing on the pesticide residues. Analysis 
was carried out by using matrix solid phase dispersion extraction, 
followed by gas chromatography with nitrogen-phosphorous and 
electron capture detection (GC-NPD/ECD). The effects of different 
technological processing (washing, cooking and blanching) on the 
levels of these pesticide residues were quantified. Washing reduced 
chlorpyrifos and iprodione residues by 42,4 % and 48,9 %, 
respectively. The blanching step allowed decreasing the 
concentration of residues for these pesticides by 52 % for 
chlorpyrifos and 67,5 % for iprodione. The cooking resulted in a 
decrease of chlorpyrifos residues up to 61,6 % and iprodione residues 
up to 87,1 %. It was the most effective step to remove pesticide 
residues from broccoli. 
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I. INTRODUCTION 
ESTICIDES are widely used in commercial agriculture to 
increase the yield of crops and maintain their quality. They 

are used during cropping to destroy pests and prevent diseases. 
However, the use of pesticides during production often leads 
to the presence of pesticide residues in fruits and vegetables 
after harvest [1]−[ 2].  

Among Brassica, broccoli is the most frequently consumed 
and pesticides are often detected in this vegetables [3]−[4]. 
Broccoli is susceptible to insect and disease attacks, therefore 
different plant protection products (insecticides, fungicides) 
are applied.  

Chlorpyrifos, O,O-diethyl O-3,5,6-trichloro-2-pyridyl 
phosphorothioate, is a insecticide belonging to the family of 
syntetic organophosphate. It has nonsystemic with contact and 
stomach action It acts on the nervous system of insects by 
inhibiting acetylcholinesterase. Iprodione, 3-(3,5-
dichlorophenyl)-N-isopropyl-2,4-dioxoimidazolidine-1-
carboxamide, is a fungicide of the dicarboximide group, that 
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inhibits the germination of fungal spores and it blocks the 
growth of the fungal mycelium  [5]. 

Presence of pesticide residues in foods has been widely 
studied and published by many researchers [6]−[8]. However, 
the literature of these pesticides in broccoli is limited.  

It is well known that food processing can affect the level of 
pesticide residues. During the last decade, various studies have 
been performed to measure concentrations of pesticide 
residues after home or industrial processing [9]−[10]. For 
many years it has been assumed that treatments like washing, 
boiling, blanching lead to a significant reduction of pesticide 
residues [11] −[12]. However, many processing factors remain 
unknown and are necessary to estimate [13].  

Therefore, the aim of this study was to establish processing 
factors (PFs, the coefficient between residue level in the 
processed commodity and the residue level in the commodity 
to be processed) for chlorpyrifos and iprodione on broccoli 
and evaluate the effects of several technological processing 
(washing, blanching and cooking).  

II.   EXPERIMENTAL 

A. Materials 
Pesticides were purchased from the Dr. Ehrenstorfer GmbH 

(Augsburg, Germany) with certified purity above 95%. 
Individual stock standard solutions were prepared in acetone 
and stored at 4 °C. Working standard solutions for gas-
chromatographic (GC) analysis were prepared by dissolving 
appropriate amounts of stock solution with a mixture 
hexane/acetone (9:1). 

Acetone, n-hexane, diethyl ether and toluene (pesticide 
residue grade) were obtained from J.T. Baker (Deventer, 
Holland). Florisil (60–100 mesh) was supplied by J.T. Baker 
(Deventer, Holland) and sodium sulphate anhydrous from 
Fluka (Seelze-Hannover, Germany). Silica gel was obtained 
from Merck (Darmstadt, Germany).   

B. Methods 
The purpose of the field experiment was to produce broccoli 

containing chlorpyrifos and iprodione residues. Field broccoli 
was grown at Sokółka, Poland (Podlasie). 

Applications of pesticides were performed using plant 
protection products against pests and diseases during 
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production, and are shown in Table I. 
 

TABLE I 
CHARACTERISTIC OF THE PLANT PROTECTION PRODUCTS 

Plant protection 
product 

Active 
substance 

Dose of 
active 

ingredienta 
(l/ha) 

Agrophage 

Durban 480 EC chlorpyrifos 0,9  Pieris brassicae 
Pieris rapae syn. 
Artogeia rapae 
Mamestra brassicae 

Rovral Aquaflo 
500 SC  

iprodione  1,0 Botrytis squamosa 
Botrytis aclada 
Botrytis cinerea Pers 
Alternaria brassicae 
Sclerotinia 
sclerotiorum 

aRecommended dose of plant protection product. 
 
Treatments with a double dose were applied to the 

plantation at head formation stage followed and size of the plot 
was 50 m2.  

The formulations were applied using spray boom equipment 
at the proposed normal settings and timing. The crops were 
cultivated in open field conditions. 

Broccoli samples were collected at 10 days after treatment. 
Plants were cut with knifes at 1−2 cm above ground level. 
Knifes were cleaned with water prior to use and sterile 
disposable gloves were worn. Heads were randomly collected 
from at least 15 heads to obtain more than 5 kg of broccoli, 
packed in polyethylene bags and transported in refrigerated 
condition to the laboratory on the day of harvest. 

The harvested broccoli heads were cut into florets and 
divided into two representative subsamples. One part of 
broccoli which did not undergo any processing were blended 
to obtain "unprocessed" sample and the other part were 
processed (washed, blanched and cooked) immediately after 
sampling (Fig. 1). Frozen samples were analyzed within two 
months. 

C. Processing - washing, blanching and  cooking 
To achieve the objective of this study, several technological 

processes were carried out (washing, blanching and cooking) 
to evaluate the effects of several processing on the pesticide 
residues in broccoli including the determining PFs related to 
each process. 

Processing step used in these types of studies corresponded 
as closely as possible to the actual conditions that are normally 
used in practice. 

Broccoli florets were washed by immersion in a tank of tap 
water (10 °C, 1 l per 500 g). After 3 min, the florets were 
taken out of the tank and dried with absorbent paper obtaining 
the “washed” sample. 

In the second treatment broccoli sample were blanched. A 
500 g of broccoli florets were put into stainless steel basket 
and immersed  for 1 min in 1 l water bath. After the thermal 
process, the broccoli were cooled in tap water (10 °C, 1 l per 
500 g) and dried ("blanched" sample). 

The cooking process were carried out in 1 l boiling water 
for 20 min (after a period of 20 min, approximately, from 
room temperature to 100 °C). 500 g aliquot was cooked, and 
the water was discarded to obtain "cooked" sample.  

D. Extraction and analysis 
Before the extraction step, samples were defrosted and 

comminuted using a Waring Blender (Winsted, CT USA). 
Extraction of chlorpyrifos and iprodione residues was carried 
out according to the matrix solid phase dispersion method 
(MSPD) described in our previous publication [4]. A brief 
description of the extraction procedure is as follows: 2.0 g of 
thoroughly homogenized sample were put in a mortar with 4.0 
g of the solid support – Florisil and was manually mixed 
together using a pestle, to produce a homogeneous mixture. 
The mixed material was transferred to the glass column (1.5 
cm i.d. × 40 cm length) containing a piece of glass wool, 
anhydrous sodium sulphate (5.0 g) and silica gel (2.5 g). The 
analytes were eluted using 15 ml of a mixture of 
hexane/acetone (8:2) and 15 ml of a mixture of diethyl 
ether/acetone (8:2). The extract was dried by evaporation at a 
temperature of about 40 °C. Further purification was done by a 
gravity chromatography column with 4.0 g of silica gel 
conditioned with 10 ml of a mixture hexane/acetone (8:2). The 
pesticide residues were eluted and 10 ml fractions were 
collected in a conical evaporating flask: A: hexane/acetone 
(8:2); B: acetone/toluene (2:1) and C: acetone/toluene (3:1). 
The eluate was concentrated in a vacuum rotary evaporator to 
approximately 1ml at 40 °C (ca. 30 min). Then the eluate was 
diluted to 2 ml volume of a mixture of hexane/acetone (9:1). 
One ml of the final solution was put into a GC vessel and 
placed to the rack of the autosampler. The samples were 
subjected to qualitative and quantitative analysis using GC-
NPD/ECD. 

The GC-NPD/ECD analysis was performed using an 
Agilent 7890 A chromatograph (Waldbronn, Germany). The 
chromatographic separation was carried out on a HP-5 column 
((5%-Phenyl)-methylpolysiloxane; 30 m × 0.32 mm and film 
thickness 0.50 µm). The operating conditions were as follows: 
for detectors – injector temperature: 210 °C; carrier gas: 
helium at a flow-rate of 3.0 ml/min; detector temperature: 300 
°C (ECD and NPD); make up gas: nitrogen at a flow-rate of 57 
ml/min (ECD) and 8 ml/min (NPD), hydrogen  3.0 ml/min, air 
60 ml/min; for oven – initial temperature: 120 °C increase to 
190 °C at 16 °C /min, then to 230 °C at 8 °C /min and finally 
to 285 °C at 18 °C /min and hold 10 min (ECD and NPD). The 
volume of final sample extract injected at 210 °C in splitless 
mode (purge off time 2 min) was 2 µl. Total time of analysis: 
20.43 minutes. 
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Broccoli 

Unprocessed sample Processing 
washing/blanching/cooking 

Processed sample 

MSPD 
2 g of sample + 4 g Florisil 

GC-NPD/ECD analysis 

 
Fig. 1 Sample preparation scheme 

 

E. Processing factors 
Processing factors (PFs) were calculated  for chlorpyrifos 

and iprodione in each technological process by a ratio between 
the pesticide residue concentration (mg/kg) in the processed 
commodity and the pesticide residue concentration (mg/kg) in 
the raw commodity. 

III. RESULTS 

A. Recovery studies 
In the present investigations recovery experiments were 

carried out at different levels to establish the reliability and 
validity of analytical method and to know the efficiency of 
extraction and clean-up procedures [14]. The blank broccoli 
samples were spiked at three different fortification levels 
(Table II) and processed by following the methodology as 
described above. The mean recovery values from the fortified 
samples were found to be more than 90 % with relative 
standard deviation < 10 %. In all cases, good linearity was 
achieved with correlation coefficients > 0.998. The limit of 
quantification (LOQ) was found to be 0.005 mg/kg for 
chlorpyrifos and 0.010 mg/kg for iprodione and limit of 
detection (LOD) being 0.001 mg/kg and 0.005 mg/kg, 
respectively. 

 
TABLE II 

PESTICIDE RECOVERIES FROM BLANKED BROCCOLI SAMPLES 

Pesticide Spiked level 
(mg/kg) 

Recovery 
range 
(%) 

Mean 
recovery 

(%) 

RSDa 

(%) 

chlorpyrifos 0.05 
0.25 
1.25 

97 
103 
100 

100 5 

iprodione 0.02 
0.20 
1.00 

93 
104 
97 

98 8 

aRelative standard deviation 
 

B. Unprocessed broccoli 
The processing factors were generally used to indicate the 
effect of food processing on pesticide residue. To calculate a 
PFs, it was necessary to have the pesticide concentration of the 
raw, unprocessed broccoli. Concentrations of the analyzed 
pesticides in unprocessed samples are summarized in Table 
III. Degradation products were not investigated in this study. 

 
 

TABLE III 
EFFECTS OF TECHNOLOGICAL PROCESSING IN BROCCOLI 

Pesticide Unprocessed 
sample Washing Blanching Cooking 

chlorpyrifos 

1.04  
(± 0.388)a 

0.60 
(± 0.316)a 

 
42.4  % 

(0.58)b 

0.50  
(± 0.059) a 

 
52.0 % 

(0.48)b 

0.40  
(± 0.084)a 

 
61.6 %  
(0.38)b 

iprodione 

4.34  
(± 1.598)a 

2.22  
(± 0.911)a 

 
48.9 % 
(0.51) b 

1.41  
(± 0.383) a 

 
67.5 % 
(0.32)b 

0.56  
(± 0.299) a 

 
87.1 % 

(0.13)b 

aConcentrations are given in mg/kg (n=2) ± standard deviation. 
bReduction (processing factor). 
 

C. Effects of washing 
Washing is the most common form of processing. It is the 

first step in various type of treatments.  
In this study, washing was done in cold tap water during 3 

min. Iprodione was the pesticide residue that showed higher 
reduction than chlorpyrifos. As shown Fig. 2, the washing 
removed a portion of the pesticide residues between 42.4 % 
for chlorpyrifos and 48.9 % for iprodione. These decreases 
could by explained by water solubility of each pesticide (Table 
IV). Iprodione is more polar pesticide than chlorpyrifos, so a 
larger decrease was expected. 

D. Effects of blanching 
Blanching is a cooking process wherein vegetables are 

plunged into hot water, removed after a short time and finally 
plunged into cool water to halt the cooking process. 

Blanching was more effective to eliminate pesticide residues 
than cold washing. As shown in Fig. 2, processing factors for 
blanching are less than 0.5. After the blanching step, 
chlorpyrifos and iprodione residues were reduced by 52 % and 
67.5 %, respectively. 

E. Effects of cooking 
Cooking is the act of preparing food for eating by the 

application of heat. As can be seen in Fig. 2, the concentration 
of pesticide residues was strongly reduced by cooking.  

Iprodione concentration level was highly reduced (87.1 %) 
by cooking compared to chlorpyrifos (61.6 %). The results 
may be influenced by physicochemical properties of 
pesticides. As stated in Table IV, iprodione is more polar 
pesticide than chlorpyrifos with weaker logP octanol-water 
partition coefficient. 
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TABLE IV 

PHYSICO-CHEMICAL PROPERTIES OF PESTICIDES 

Pesticide 

Water 
solubility 
(mg/l) at 

20°C 

Octanol-water 
partition coefficient at 

pH 7, 20oC  (logP) 
Action mode 

chlorpyrifos 1.05 4.7 nonsystemic 
iprodione 12.2 3.1 nonsystemic 

 
Chlorpyrifos and iprodione are contact pesticides, thus they 

stay on the surface of florets (Table IV). In the non systemic 
action mode, residues were amenable to simple processing 
operations. The effectiveness of processing in removing 
residues depended on the water solubility of the pesticide and 
the temperature of the process. 

Fig. 2 presents all processing factors for the two analyzed 
pesticides. These results can be also given in Table III which 
summarizes all processing factors for the individual processing 
steps. 
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Fig. 2 Processing factors for chlorpyrifos and iprodione in broccoli 

 

IV. CONCLUSION 
In this study, three technological processes: washing, 

blanching and cooking were applied to evaluate the effects of 
processing on the pesticide residues in broccoli. 

Various processing factors for washing, blanching and 
cooking were determined for chlorpyrifos and iprodione. 
Washing reduced residues by 42−49%. Blanching was more 
effective treatment to reduce chlorpyrifos (52 %) and 
iprodione (67.5 %), but this reduction was less effective than 
cooking. The most effective step to reduce these pesticides 
from broccoli was cooking. The presence of heat in cooking 
enhanced the elimination of pesticides. The highest reduction 
was observed for iprodione (87.1 %). Polar, water-soluble 
iprodione were more readily removed than low-polaritity 
chlorpyrifos. 

Processing factors can be explained in terms of water 
solubility, the logP octanol-water partition coefficients and the 
systemic properties of the studied pesticides. 
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