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Abstract. The temporal and spatial variations of phoxim residue in apples were 
studied. The insecticide phoxim was applied by spraying according to the 
recommended dosage. The phoxim residues in different parts of apple were 
extracted with acetonitrile, purified by primary secondary amine (PSA) and 
C18 filler, and then determined by gel permeation chromatography-gas 
chromatograph mass spectrometer (GPC-GC/MS). It was disclosed that the 
half-life of phoxim in apples was 1.64 days. The contents of the phoxim residue  
in different parts of apple could be ranked as follows : pericarp > entire apple > 
sarcocarp> kernel, and the ratio of residue in pericarp and the entire apple 
ranged from 6.241 to 9.262 in groups with different specific surface area. There 
were significant differences in the contents of residues between the pericarp and 
entire apple, which provided the evidence in the theory instruction and design 
basis to the sampling method of pesticide residue based on pericarp. 
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1   Introduction 

Agricultural product quality and safety has been given higher requirements in 
recent years. Currently, the issues caused by excessive pesticide residues in edible 
agricultural products attracted the social attention to the safety and monitoring of 
vegetable production processes. Pesticides are used to control insects, weeds, and 
disease throughout the world [1]. Although their use leads to increased crop yields 
and improvements to the food quality, pesticide residue levels in food are of 
increasing concern to the public. Due to the abuse and misuse of pesticide, pesticide 
residues severely influence people’s health. Organophosphorus (OP) pesticides are 
the most widely used agricultural pesticide [2]. More than 70% of that are hyper-toxic 
or high-toxic, and normally are forbidden to use in planting fruits and vegetables [3]. 
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OP insecticides are routinely applied to fruit crops (e.g., apple, peach, and pear) 
that are subject to consumption as single servings [4, 5]. Consumption of individual 
fruits containing high OP insecticide residues may result in high exposure over a short 
period of time. Residue testing for the presence of pesticides, however, is routinely 
performed on composites of 5 to 10 individual or unit samples rather than samples of 
individual fruit [6-8]. The use of data derived from composite samples may result in 
the underestimation of residues present in individual fruit because dilution may occur 
during compositing and, therefore, may not accurately represent exposure in single 
serving commodities [9, 10].  

Variability factors have been established to indicate how much residue 
concentrations measured in individual samples vary from levels observed in 
composite samples [11-13]. Variability factors have been calculated by dividing the 
maximum pesticide concentration observed in an individual or unit sample by the 
mean composite level [13]. In recent years, studies to establish residue levels 
observed in individual samples relative to composite samples have been performed in 
a variety of crops (e.g., apples, carrots, oranges, potatoes, and tomatoes) [14-17]. 
Residue data in unit samples of individual commodities are required to establish 
variability factors for comparison with default values currently being used. Recently, 
variability also has been estimated using the 97.5th percentile concentration data for 
individual samples, rather than maximum levels, where sufficient data exist. Sampling 
and sample preparation are critical steps in analysis, and cannot be treated separately 
from sample treatment; rather the processes must be conducted together. However, 
limited data have been reported that directly compare the sampling procedures against 
one another. Even less information is published regarding the most appropriate part of 
the material to use in conjunction with a sampling procedure for pesticides detection, 
which is particularly important to the portable rapid detector of contamination in 
fruits and vegetables. 

The present study addressed how well pesticide residue levels measured in 
composite samples represent concentrations in different parts of apples, in order to 
improve sampling method of single serving foods. A within-laboratory trial was 
performed to ensure that insecticides were applied at known rates, times, and 
following label practices. By sampling from the selected apples, individual apples 
were not mixed with others during spray and distribution. The temporal and spatial 
variations of phoxim residue in apples could be established.      

2 Materials and Methods 

2.1   Chemicals and Reagents 

Phoxim standard was purchased from National Institute of Metrology (China). The 
dispersive solid phase extraction sorbents of primary secondary amine (PSA) and C18 
were purchased from Agela Technologies Inc. High-purity solvents cyclohexane, 
acetone, and acetonitrile were all purchased from Fisher Chemicals (Pittsburg, PA, 
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USA). Analytical reagents magnesium sulfate (MgSO4) and sodium chloride (NaCl) 
were purchased from Beijing Chemical Reagents Company (China). 

 

2.2   Apparatus 

The gel permeation chromatography (GPC) equipped with gas chromatography 
mass spectrometry system（GC/MS）was used. The GPC consists of two LC-
10ADvp pumps, a SIL-10ADvp auto-sampler, a Shodex CLNpak EV-200AC column 
(2mm i.d.×150 mm) and CTO-10ASvp column oven, a SPD-10Avp UV detector, 
two FCV-12AH flow channel selection valves (RV.A, RV.B) and a SCL 10Avp 
system controller. GC/MS machine is a Shimadzu GC/MS-QP2010 instrumentation 
equipped with a PTV-2010 large-volume injection device. 

GC/MS data analysis was triggered by a contact closure start signal from the 
HPLC controller. Data acquisition was performed using a C-R8A plus data processor. 
All these parts are the products of Shimadzu (Kyoto, Japan), except the Shodex 
CLNpak EV-200AC column (Shoko Co., Tokyo, Japan). Acetone/ cyclohexane 
mixing solvent (3/7, v/v) was used as the mobile phase of GPC, and the flow rate was 
set at 0.1 ml/min. The mobile phase was degassed using DGU-14A degasser 
(Shimadzu), and the GPC column was kept at 40℃ in the column oven. 

2.3   Sample Preparation 

All samples were purchased at local markets in Beijing. Samples were extensively 
collected to achieve good sample homogeneity. Phoxim was applied using an air blast 
sprayer and application rates guaranteed to contain 50% phoxim emulsifiable with the 
dilution multiple of 1:500. Apples were cored and sliced into 5 segments [pericarp(P), 
sarcocarp1(S1,S2,S3,S4) and kernel] separately, using a corer/slicer retailed and 
peeling machine for domestic use. The first and alternate slices of each apple were 
taken, chopped manually using a knife, and placed in a plastic bag for storage at - 
25℃ until extraction and analysis. The remaining segments of individual apples were 
retained in separate bags for preparation of composite samples. Composites were 
constructed from the apples prepared from each group by randomly selecting 8 apples 
for each treat, regardless of the style and weight of each apple. Composite samples 
were prepared by thoroughly mixing the chopped apple pieces from the bags 
containing the retained portions of the individual apples. Composite samples were 
frozen until extraction and analysis. To prepare each sample, 10 g of a previously 
homogenized food material was transferred into a suitable glass vessel. Then, 10ml 
acetonitrile was added to each sample using an adjustable-volume solvent dispenser. 
The glass vessels were capped before vortex mixing for 1 min at maximum speed. 
Once the initial sample mixing was completed, 1 g NaCl and 4 g anhydrous MgSO4 
were added and mixed immediately on a Vortex mixer for 1 min. It was important to 
note that this step must be taken immediately after the initial mixing step to prevent 
the formation of MgSO4 conglomerates. To separate phases, samples were centrifuged 
for 10 min at 1570×g. Using an adjustable repeating pipette, 1.0 ml aliquot of upper 



acetonitrile layer was transferred into a 1.5 ml flip-top microcentrifuge vial containing 
150 mg anhydrous MgSO4 and 50 mg PSA sorbent. The vial was tightly capped and 
shaken on a vortex mixer for 1 min before extraction. Then the mixed extraction 
solution was centrifuged for 5 min to separate solids from solution. The solution was 
filtered through a 0.45μm syringe filter for GPC-GC/MS analysis.  

2.4   Determination of Phoxim in Apple by GPC-GC/MS 

Analysis was performed by GPC-GC/MS. The analytical GC/MS equipped with a 
PTV-2010 large-volume injection device was carried out using deactivated silica 
tubing (5m×0.53mm i.d.) , a Rtx-5MS pre-column (5m×0.25mm) and a Rtx-5MS 
column (30m×0.25mm×0.25μm film thickness; coated with 5% phenyl and 95% 
methylpolysiloxane; Restek Corporation, Bellefonte, Palo Alto, USA). The 
temperature of the PTV injector was set at 120℃ for the initial 5 min of sampling 
time, and then increased to 250℃  at 100℃ /min. The oven temperature was 
maintained at 80℃ for 5 min, subsequently increased to 280℃ at a rate of 8℃/min, 
and then held constant for 10 min. The quadrupole mass spectrometer was operated in 
the electron impact ion (EI) mode. Ion source temperature and interface temperature 
were set at 200℃ and 250℃, respectively. The mass spectrometer was operated in an 
ionizing energy of 70 eV.  Injection volumes were 1μl for all analyses. Helium
（99.999%）was used as the carrier gas. 

2.5    Quality Assurance/Quality Control 

Apples from market without phoxim pesticide were obtained, which were prepared 
the same as the rinsed and peeled apples, and used to prepare blank apple matrix for 
quality assurance testing. With each set of samples (8-10 samples per set) extracted 
and analyzed, two aliquots of blank apple matrix were prepared for separate 
extraction followed by extraction, cleanup, and analysis as for all other samples. 
Background levels of some analyses were periodically detected in the blank matrix 
samples and were used for background subtraction in the determination of recovery 
from spiked matrix only; residue concentrations in samples were not blank corrected. 
No traces of the phoxim were observed in any of the analyzed reagent blanks. 

3 Results and Discussion 

3.1   Degradation Dynamics of Phoxim in Apple 

The phoxim pesticide was found to be beyond the detection limit in all the samples 
analyzed in the present study. In general, phoxim was found at elevated levels in 
entire and different parts of apples prepared from treatment relative to those control 



without sprayed by phoxim. Concentrations of phoxim were detected from the day 
applied to 28 days after treatment (Fig. 1). The degradation rate in the three days after 
treatment was 24.36%, 48.73% and 54.18%, respectively. The rate of degradation 
changed slowly between the 5th day to the 10th day, while the concentration of 
phoxim suddenly dropped after 11 days.  

Phoxim residues were mainly found in pericarp and the outer laying sarcocarp. 
However, low levels of phoxim was also detected in the interior sarcocarp and kernel. 
Residue levels ranged from 0.0057 mg/kg to 0.1100 mg/kg in the entire apples, 
0.0061 mg/kg to 0.4469 mg/kg in pericarp and reduced level in sarcocarp adjacent to 
pericarp (Tab. 1). Phoxim was not detected in any solvent blanks that were processed 
along with samples, indicating that background levels of this compound were not due 
to lab contamination. 

Successive decline was observed during storage period (Fig. 1). It should be noted 
that the relative increase level of phoxim in sarcocarp and kernel after applied 10 days 
earlier (Tab.1). In apples analyzed after 28 days treatment, no residues were found in 
sarcocarp and kernel any more. It was assumed that the reduction of phoxim during 
the storage might be caused by its relatively high persistence to hydrolysis, and that  
the residues detected in kernel might be related to extensive vascular system around 
kernel. 

Table 1.  Ratio of residue in pericarp and the entire apple in apples with different SSA.  

Days after 
treatment 

Residues(mg/kg) 
Total apple pericarp  sarcocarp kernel 

0 0.1100 0.4469 0.0013 ND 
1 0.0832 0.3644 0.0015 0.0009 
2 0.0564 0.3572 0.0019 0.0011 
3 0.0504 0.3250 0.0025 ND 
5 0.0485 0.3071 0.0013 0.0008 
7 0.0449 0.3057 0.0033 0.0009 
9 0.0410 0.2810 0.0030 ND 
11 0.0391 0.2567 0.0012 ND 
13 0.0164 0.1173 0.0009 ND 
15 0.0087 0.0433 0.0008 ND 
20 0.0069 0.0219 0.0006 ND 
28 0.0057 0.0061 ND ND 
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Fig. 1.  Degradation of phoxime in different parts of apple 

3.2   Analysis of phoxim in different parts of apple 

In order to investigate the phoxim level in different parts of apples, segments from 
different layer of pericarp (P), sarcocarp (S1, S2, S3, S4) and kernel of individual 
apples were separated by using the peeling machine to avoid errors caused by manual 
operation (Fig.2). The residues observed in samples collected from different part of 
apples were shown in Figure 3. 

 

 

Fig. 2. Different sampling parts of apple P: pericarp of apples, S1: sarcocarp close to pericarp, 
S2: the second layer of sarcocarp, S3: the third of sarcocarp, S4: the sarcocarp near kernel, K: 
kernel or core of apples. 

 
The concentration of the total apple and pericarp was consistent with the result 

above with the crude sampling method. The maximum phoxim concentration was 



observed in pericarp. The phoxim residue order in different positions of apple was: 
pericarp >total apple> the sarcocarp close to pericarp(S1)> kernel > the sarcocarp 
near kernel (S4) (Fig. 3). Contrary to expectations, no phoxim residue was detected in 
S2 and S3, which was the main edible part of apples. Therefore, 85% of the pesticide 
residues existed on the surface of the apple, and the degradation rate of pesticide 
residues in the entire apple was consistent with pericarp. 
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Fig. 3. Residues of phoxime in apple 6 days after treatment 

3.3.   Relationship between residues and specific surface area 

Specific surface area (SSA) is a material property of solids which measures the 
total surface area per unit of mass, solid or bulk volume, or cross-sectional area. It is a 
derived scientific value that can be used to determine the type and properties of a 
material. It is defined either by surface area divided by mass (with units of m²/kg). 

The most representative sampling part of apple was the pericarp when phoxim 
applied by spray. Sample of pericarp instead of the whole homogenate would be 
efficient in pesticide residues analysis. Therefore, the ratio of residue in pericarp and 
the entire apple in apples was investigated in Fuji apples with different shapes and 
specific surface areas (Tab.2). Apples with higher weight had lower SSA, while the 
pesticide residue in pericarp was higher than the apples with lower SSA. The ratio of 
phoxim in pericarp and the entire apple ranged from 6.241 to 9.262 in groups with 
different SSA.   
 
Table 2. Ratio of residue in pericarp and the entire apple in apples with different SSA Weight 
 

Weight 
(g) 

Surface Area 
（cm2） 

SSA 
（cm2/ g） Cp/Ct 

169.605+4.666 170.750+6.583 1.007 6.241  

189.425+4.748 180.093+2.512 0.950 7.963  

209.032+4.015 190.377+2.926 0.911  9.262  

 



3.4   Discussion  

The problem of pesticide residue has become a chief obstacle to the apply industry 
internationalization in the world. At present, samples tested for the pesticide residue 
stem mainly from the entire apple, because the results from the sample have been 
generalized. However, pesticide residue of apples mainly exists in the periearp, a 
large number of pulp mixed into analysis sample would dilute the pesticide residues 
in pericarp, which would reduce the accuracy of detection, especially in the rapid 
detection. Therefore, the careful research to pesticide residue of apple periearp 
provides the theory instruction and the design basis to the reasonable and efficient 
sampling method.  
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