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analytical method for the simultaneous

determination of 19 kinds of organochlorine pesticides in apple-
pear was established based on optimized solid-phase extraction
coupled with gas chromatography-mass spectrometry ( SPE-GC/
MS). Different included extraction

extraction conditions,

solvent, extraction solvent volume, sample weight, solid phase

extraction clean-up and eluent were optimized during the sample
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pretreatment. The quantification were analyzed by GC/MS in se-
lected ion monitoring (SIM) mode and the external standard
method. The method showed good linearity (R?2=>0.996 7) for all
the pesticides. The recoveries at three spiked levels (20, 40, and
200 pg/kg) ranged from 86.1% to 108.9% with the relative
standard deviation below 10%. The limit of detection ranged from
3 to 6 pg/kg and the limit of quantification ranged from 10.0 to
20.0 pg/kg the for 19 kinds of pesticides, respectively. The meth-
od was simple, accurate and showed high sensitivity for screening
and detection of the 19 kinds of pesticides in apple-pear.
Keywords: GC-MS; apple-pear; organochlorine pesticides; solid-
phase extraction
“Food safety” is a social issue and affects social sta-
bility, especially with the endless stream of incidents re-
lated to pesticide residue in food or crops which have
caused consumer panic ( Alamgir, Fakhruddin, Nazrul,
Mohammed, Siew, Khorshed, 2013 ). Therefore,
different countries and international agencies have set
maximum residue limits (MRLs) for pesticides in various
food. However, there is no MRLs established for apple-
pear so far. Apple-pear is one of the most famous fruit in
the north cold temperate zone of China. It is originally
from the Yanbian Korean Autonomous Prefecture of Jilin
appearance, it is also called

province. Because of the ugly

“Chinese ugly pear”. The fruits of apple-pears not only

87



88

R4&5# 7 SAFETY &. INSPECTION

taste good mouthfeel, but also contain large amount of vi-
tamins, calcium, phosphorus, iron and other essential
nutrients. They could be used to protect liver and
stomach, disperse phlegm and suppress cough, soften
blood vessels, which was praised by the nutrition experts
as “health food” and *functional food” ( Ana, Maria,
Agustin, Yolanda, 2016).

Like other fruit and vegetables, organochlorine pesti-
cides have to be used to fight against the weeds, pests and
moulds during the growth, harvesting, and storage of the
product ( Dipakshi, Avinash, Yogesh, Jatinder, 2010),
but the use of agrochemical can result in pesticide residues
problem. The pesticides may cause severe damage to hu-
man health if present above levels due to their high
toxicity(Kuang, Qiu, Kong, Luo, Cheng, Yang, 2013;
Guo, Qiu, 2016). There has

increasing public concern related to the presence and con-

Hou, Lei, been an
trol of pesticide residues. Therefore, it is necessary to es-
tablish sensitive, simple, and accurate analytical method-
ologies for organochlorine pesticide analysis in apple-pear.

The analysis of organochlorine pesticide residues in
apple-pear, which contains protein, sugars, pigments,
carbohydrate, and other substances, is a challenging
issue, due to the high complexity and low concentrations
of target analytes. Many complex chemical substances are
seized and co-extracted during the pretreatment process.
This leads to interference problems and affects the detec-
tion limit. Any interference in the sample pretreatment
may bring uncertainty for the determination of organo-
chlorine pesticide residues. The extraction and clean-up
procedures are therefore critical steps in the process of a
comprehensive analysis. which directly affects the
accuracy and repeatability of the detection and analysis.
Generally, the analysis for pesticide residues is carried out
in a sequence of three steps, including extraction, purifi-
cation, and detection(Yang, Zhang, Liu, Wang, Zhang,
Dong, Zhao, Sun, Cui, 2011). Lot kinds of solvents have
been used for pesticide residues extractions such as aceto-
nitrile, petroleum ether, acetone. etc. The extraction sol-
vent with a proper polarity to match the target was bene-
ficial to minimize interferences and improve process effi-
ciency from the samples(Xie, Han, Qian, Ding, Chen,
Xi, 2011). For the
QuEChERS (quick, easy, cheap, effective, rugged and
safe) method (Han, Song, Zou, Chen, Qin, Pan, 2016;

Guan, Tang, Chen, Xu, Li, 2016), liquid-liquid extrac-

sample clean-u rocedure,
mpl 1 oced
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tion (LLE) (Chen, Chen, Guo, Li, Yang, Xu, Fu,
2014; Gevany, Antonio, Maria, Flaviano, 2010), dis-
persive solid phase extraction (dSPE) (Zhang, Chen,
Zhu, Wang., Ma, Liu, 2016; Guan, Li, Zhang, Hong.
Natalie, Ye, Ma, 2013), matrix solid-phase extraction
(MSPD) (lIgnacio, Natalia, Mariela, Horacio, Maria,
2017; Cao, Tang, Chen, Li, 2015) and solid-phase ex-
traction (SPE) (Radu, Guillaume, Emilie, Brice, 2014;
Mohd, Syairah, Wan, Ahmedy, Dadan, Mazidatulak-
mam, Igbal, Hassan, 2013) were successfully applied.
Among the different purification methods, SPE
technology not only offers the potential of simplifying the
purification of the initial extract, but also minimizes the
amount of solvent consumed, therefore, ideally suited to
routine analysis. For the detection techniques, gas chro-
been

matography-mass spectrometry ( GC/MS) has

widely used in food analysis, especially for pesticide
residue analysis nowadays. It can be able to analysis multi
residues with high selectivity and sensitivity ( Hernandez,
Cervera, Portoles, Beltran, Pitarch, 2013).

Even though lots of studies have been reported pesti-
cide levels in fruit and vegetables (Irina, Andrey, Daria,
Daria, Andrey, 2017; Lukman, Guan, 2015), there is
very little information available on apple-pear. Therefore,
in this study, an analytical method for the determination
of organochlorine pesticides using ultrasound-assisted sol-
vent extraction, solid-phase extraction (SPE) and gas

( GC/MS ) s

presented. Moreover, the proposed method has been suc-

chromatography-mass  spectrometry
cessfully applied to detect these pesticides in real samples.
To the best of our knowledge. this is the first report on
the determination of organochlorine pesticide residues in

apple-pear.
1 Experimental

1.1 Reagent and Materials

The pesticide standards (Table 1) were purchased
from Agro-Environment Protection Institute ( Tianjin,
China). The purities of these standards were more than
99%. Standard pesticide stock solution (10 pg/mL) of
pesticides were prepared toluene and stored at 4 C in the
dark. HPLC-grade acetonitrile, petroleum ether, acetone,
dichloromethane, methanol. and n-hexane were purcha-
sed from Fisher Scientific (Belgium, UK). Analytical-
grade sodium chloride (NaCl) was purchased from Kermel

(Tianjin, China). For SPE, PestiCarb (500 mg/6 mL)
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Table 1 Chemical formula, molecular weight, retention time, quantitative ions and
qualitative ions of the 19 pesticides

No Pesticide Chemicalformula Molecular weight Retention time/min Monitored ions(m/z) SIM group start/min
1 Tecnazene Cl,C¢ HNO, 260.89 12.50 261, 203, 215 8.00
2  «BHC CsHsClg 290.82 14.31 219, 183, 221

3 Hexachlorobenzene CsCls 284.78 14.61 284, 286, 282

4 y-BHC CsHe Clg 290.82 15.40 219, 217, 181 15.00
5 B-BHC Cs HgCls 290.82 15.53 219, 217, 181

6  Quintozene CsClsNO, 295.34 15.73 295, 237, 249

7 6-BHC CsHgsClg 290.82 16.50 219, 217, 181 16.00
8  Chlorothalonil CsN,Cly 265.91 16.67 266, 264, 268

9  Heptachlor CioH;sCly 373.32 18.22 272, 237, 337

10 Aldrin Ci2HsClg 364.93 19.50 263, 265, 293 19.00
11 Oxy-chlordane CioH4.ClsO 423.76 21.03 387, 237, 185

12 Trans-chlordane Ci1oHsClg 409.78 21.88 373, 375, 377

13 Cis-chlordane C1oHgClg 409.78 22.45 373, 375, 377

14  pp’-DDE Ci1HoCl; 354.49 23.27 318, 316, 246 23.00
15 Endrin Ci2HsClg O 380.90 24.06 263, 317, 345

16  op’-DDT Ci11HoCl; 354.49 24.81 235, 237, 165

17 pp’-DDD C1, HoCls 354.49 24.90 235, 237, 199

18  pp’-DDT Ci HoCl; 354.49 26.13 235, 237, 246 25.50
19  Tetradifon C12HClL O, S 356.05 28.87 227, 356, 159

T Target ions are printed in bold.

cartridge, NH, (1 000 mg/6 mL) cartridge and Florisil
(1 000 mg/6 mL) cartridge were obtained from Agela
Technologies (Tianjin, China). Apple-pear samples were
collected from the local market in Yanji.

1.2 Sample extraction and clean-up

1.2.1

Sample extraction 100 g of the edible part of ap-

ple-pear sample was chopped and homogenized. 5 g ho-
mogenized sample was accurately weighed into a 150 mL
centrifuge bottle and 50 mL acetonitrile was added. Then
5 g sodium chloride was added. The mixture was shaken
vigorously by hand for 10 s and followed by ultrasonic ex-
traction for 20 min. Finally, the mixture was centrifuged
for 5 min at 3 000 r/min, and then transferred 10 mL of
upper organic phase solution into a 100 mL pear-shaped
flask. Then concentrated at 40 “C until near dryness for
clean-up.

1.2.2

Sample clean-up The SPE cartridges were pre-

conditioned with 5 mL dichloromethane. After the condi-
tioning step, the extract in section 2.2.1 was re-dissolved
with 2 mL methanol-dichloromethane (1 : 19, V/V), and
then percolated through the cartridges and left to flow
through under the action of gravity. The retained analytes
were eluted with 3 X5 mL of methanol-dichloromethane
(1:19, V/V) at 2 mL/min and the eluate was collected
in a pear-shaped flask. The obtained eluate was concen-
trated to dryness under a gentle stream of nitrogen in a
water bath at 40 “C. Finally, the residue was re-dissolved
with 2 mL n-hexane and filtered through a PTFE filter
(0.22 pm) for GC/MS analysis.
1.3  GC/MS analysis

Thermo Scientific TRACE 1300 gas chromatograph
combined with TSQ 8000Evo Triple Quadrupole Mass
Spectrometer was employed. The analytical column TG-

5MS (30 m X 0.25 mm X 0.25 pm) from Thermo
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Scientific was used, with helium (=99.999%) as carrier
gas at a constant flow of 1 mL/min. The injected volume
was 2.0 pL in splitless mode at 290 ‘C. The temperature
program was the following: Initial temperature of 40 °C,
held for 1 min, and ramped to 130 ‘C by 30 °C /min, then
ramped to 250 C by 5
300 C by 10 C/min and held for 5 min. The total
The

°C /min. Finally, increased to

analysis time was 38 min. mass spectrometry
condition includes electron impact ionization (EI, 70 eV),
ion source temperature 280 ‘C. Argon (Z>99.999%) was
used as the collision gas. The optimization was carried out
in full scan mode from 50 to 500 m/z at 2.00 s per scan;
Sovent was delayed for 8.0 min. Quantitation was done in
selected ion monitoring (SIM) mode. The software Xcali-
bur was used for instrumental control, data acquisition.
and treatment.
1.4  Method performance

The mixed standards in toluene were used to deter-
mine retention times, mass spectra and ion abundances
for GC/MS. The method was validated through the fol-
lowing parameters: Accuracy and precision, the limit of
detection (LODs), the limit of quantification (LOQs),
and linearity. Recovery assays were carried out to study
the accuracy and precision of the method with three repli-
cates spiked at three different levels (20, 40, 200 ng/kg).
The LLODs were considered to be the concentration that
produced a signal-to-noise (S/N) ratio 3. The LOQs
were defined as an S/N ratio of 10. Linearity was studied
by applying matrix-matched calibration with seven points.
The correlation coefficients (R*) should be >>0.99. For
matrix effect evaluation, ME was calculated with the for-
mula (1).

ME = (x,/x,—1)X100%, (@)
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In the formula:

ME-——Matrix effect, % ;

Xy Slops of matrix-matched calibrations;

x Slops of calibration curves in solvent.

2 Results and discussion

2.1 Optimization of sample pretreatment

2.1.1 Sample extraction A total chromatogram of a
mixed standard solution is shown in Figure 1. The
selection of the extraction solvents during the

pretreatment process with a proper polarity to obtain
higher extraction efficiency is extremely important. In the
solvent selection experiments., acetone, petroleum ether,
acetonitrile, different ratios of acetone and petroleum
ether (acetone ! petroleum ether=1: 1, 1: 2, 1 : 4,
V/V) were studied. The experiment results (Figure 2)
showed that petroleum ether and the mixture of acetone
and petroleum ether (V/V=1:1,1:2,1:4) could not

extract the chlorothalonil effectively (recoveries<<10%) ,
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Figure 1 ion current chromatogram of a mixed
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Figure 2 Effect of different extractant on the recoveries of the 19 pesticides spiked in apple-pear
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owing to their poor solubility. However, both of the ace-
tonitrile and acetone could extract all pesticides with good
recoveries (80% ~120%) effectively. By considering that
acetonitrile was less volatile in comparison with acetone,
acetonitrile was adopted as the extraction solvent in this
study.

There are three parameters that influence the
analytes between the sample matrix and extracting sol-
vents. The most common method used in the optimization
of extraction parameters was the thermodynamic and the-
oretical models. A design of experiment using the
software Design-Expert 11 was addressed.

The used statistical models designed to understand
the relationship between the factors and response with a
minimal number of experiments carried out in an orderly
and efficient manner. A three-factor, three level Box-Be-
hnken design (BBD) with sample weight, extraction solu-
tion volume, and extraction time as the independent vari-
ables was employed for the study. The actual design ex-
periment was shown in Table 2 and 3.

For predicting the optimal point, a second-order
model was fitted to mathematical relationship of the re-
sponse and these variables. All the results obtained in the
experiments were used for the computer simulation pro-
gramming applying the quadratic polynomial equation.
For the three factors, the equation is:

d=0.91—0.073 8A +0.104 6B — 0.002 9C —
0.005AB—+0.07AC—0.058 2BC—0.332 1A* —0.242 9B* —
0.270 4C*. (2

The summary of the analysis of variance (ANOVA)
is shown in Table 4. The ANOVA of regression model
demonstrates that the model is highly significant. It can
be seen that the R* =0.925 8, it indicates a good correla-
tion between the experimental and predicted values of d.
The P value and lack of fit value of model is 0.010 1 (sig-
nificant) and 0.151 5 (no significant) , respectively. These
two values confirm that the model fitness is good and the
quadratic model is statistically significant for the
response. Values of desirability function (d) ranged from
0 to 1, for a completely undesirable response d <<0 and
for a fully desired response d = 1 ( Norma, Silvia,
Roberto, Jose, Angela, Ismael, 2017). As shown in Fig-
ure 3(a), for sample weight the highest desirability value
(d=10.85) was adopted using 5 g. Probably low level (1 g
decrease the extraction efficiency,

sample ) might

whereas, high level (10 g sample) might increase the

PEIESE :SPEGC/MS MEERH A 19 MENIRAKE
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Table 2 Factors and levels of response surface

A Sample B Extraction solution C Extraction

Factors
weight/g volume/mL time/min
—1 1.0 30 10
0 5.5 50 20
1 10.0 70 30
3 MEERXBETRER
Table 3 Results of response surface design
No A B C Desirability
1 0 0 0 0.911
2 0 0 0 0.910
3 1 0 —1 0.180
4 0 —1 1 0.255
S 0 1 1 0.352
6 1 0 1 0.495
7 1 —1 0 0.060
8 —1 0 —1 0.206
9 0 —1 —1 0.325
10 0 0 0 0.905
11 1 1 0 0.255
12 —1 0 1 0.295
13 0 1 —1 0.655
14 0 0 0 0.890
15 —1 —1 0 0.405
16 —1 1 0 0.620
17 0 0 0 0.905

background disturbance and harm the recovery. For ex-
traction solution volume, 50 ml of extraction solution
was obtained the height desirability value [ Figure 3(a) .
Therefore, the ratio of extraction solution volume to the
sample weight was 10 mL./g. For extraction time, 20 min
as the optimum extraction time [ Figure 3(b) and 3(c)].
Longer ultrasonic extraction time (30 min) was not se-
lected because it might cause heating of the extraction so-
lution and sample. Therefore, the optimal control condi-
tions were 5 g of sample, 50 mL of extraction solution
and extraction for 20 min.

2.1.2  Comparison of different SPE cartridges Apple-
pear represents a very complex matrix, which contain a
great deal of pigments, protein, carbohydrate, et al. Con-
sidering the clean-up capabilities, the used sorbents for
apple-pear including PestiCarb, NH,, Florisil were com-

pared. As shown in Figure 4, the recoveries of hexach
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Table 4 Multiple regression model and significance test

Source Sum of squares df Mean square F-value P-value Significance
Model 1.300 0 9 0.144 7 6.69 0.010 1 Significant
A 0.043 5 1 0.043 5 2.01 0.199 1
B 0.087 6 1 0.087 6 4.05 0.084 2
C 0.000 1 1 0.000 1 3.10X10°3 0.957 5
AB 0.000 1 1 0.000 1 4.60X10°° 0.947 7
AC 0.019 6 1 0.019 6 0.91 0.373 0
BC 0.013 6 1 0.013 6 0.63 0.454 4
A? 0.464 5 1 0.464 5 21.46 0.002 4 Highly significant
B? 0.248 4 1 0.248 4 11.48 0.011 6 Significant
C? 0.307 8 1 0.307 8 14.22 0.007 0 Highly significant
Residual 0.151 5 7 0.021 6
Lack of fit 0.151 5 3 0.050 5
Pure error 0.000 0 4 0.000 0
Cor total 1.450 0 16
t R?=0.925 8;R%44=0.913 1,
lorobenzene and chlorothalonil were very low (<10%) by
14
E 11%) using PestiCarb cartridge. The result might due to the
82 PestiCarb sorbent with stronger affinities to hexachloro-
8‘2‘ benzene and chlorothalonil, and the difficulties of eluting
_8(2) the two kinds of pesticides. Both NH, and Florisil
cartridge exhibited better clean-up capabilities comparing
s to PestiCarb cartridge. The recoveries of most pesticides
ut
ton v, 1’"@/1 . San ranged from 80% to 110% for the NH, cartridge. Where-
g,
(a) ZEBGRARUSHRES as, the recoveries ranged from 80% to 140% when
14 Florisil cartridge was used. By considering the recovery
11%) distribution, the NH; cartridge was finally adopted for
82 clean-up in this study.
83 2.1.3  Selection of elution system The mixture of meth-
0.0 .
-0.2 anol and dichloromethane was used as the eluent. The
0 . . . .
30 25 7 8 ! proportion of methanol in the elution solvent is a key
E Nl‘?ﬁ 15 B4 5 SRl . . . .
“Xlra, f//;/ > 10127 W e factor affecting the extraction efficiency since it could
oy, i 1 \?we\%
Me ; ’ . . . .
iy Sa® modify the polarity of the elution solvent and influence the
RN ) 5 BORE Bt . 4 .
(b) U T St interaction between the adsorbent and target analytes. Dif-
o 11% ferent ratios of methanol and dichloromethane (methanol :
=10 .
%g: 0.8 dichloromethane = 1:9, 1 : 14, 1:19, 1: 24, V/V)
= = 06 - .
2% o4 as eluent. As shown in Figure 5, the recoveries of all tar-
E7 1 As sh F 5, th f all
/02
0.0 get pesticides did not show a significant difference by using
-0.2
30 70 the four kinds of eluent with different polarity. Therefore, the
’ 25
. \‘\?&\7§ (“e,lﬂ‘\* best recoveries were obtained when methanol-dichloromethane

LX”d(r@Hf/ﬂ7 15710730 8 1’ \\\o
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Figure 3 The response surface plots of sample

extraction optimization

(1:19, V/V) was used as eluent in this study.

2.2  Matrix effects

The ( ME)

matrix  effect ( enhancement or
suppression of the signal is due to the competition for the

charges during Coulomb explosion between the target
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analytes and the co-extractives) have been widely studied 601
in quantitative analysis of the sample. When the ME 07
401
values were 0% , represents no matrix effect. ME values 2 30t
(suppression/enhancement 0% ~ 20%) were considered g E 20+
RS
to be a soft matrix effect, and the values (suppression/ ‘i%% 10 H H H H H H
- . . = =0
enhancement 20 % ~50%) were considered to be a medium s 0 [ "
_10+
matrix effect. ME values (suppression/enhancement >>50 %) 20
represents a strong matrix effect. As shown in Figure 6, 30l1 2345678 9101112131415161718 19
the matrix effect of the present method for 13 kinds of 1O AR 25368 NI A I
o ) o Serial number of 19 pesticides
pesticides was soft, and 5 kinds of pesticides were n o
B6 19RMRGLFRATHEREE

(op ’-DDT)

presented strong matrix effect. Therefore, the matrix-

medium while only one pesticide was

matched calibrations  curves were required for

quantification purposes.
2.3 Method validation
Matrix matched calibration curves were prepared

using matrix-matched calibration solutions in seven

points. The results were listed in Table 5. Favorable line-

arity of pesticides in the studied range was obtained with

Figure 6 The matrix effects using the method for

19 target pesticides

correlation coefficients higher than 0.996 7. The obtained
LODs and LOQs were also listed in Table 5. The results
indicated that the method has excellent sensitivity. To
confirm that the method was suitable for application, the
recovery experiments were carried out at low, medium,

and high spiked levels, 20, 40, 200 pg/kg, in blank sam-

93



94

R4&5# 7 SAFETY &. INSPECTION

B 2188 | 2019 F 12 A | RS

x5 DOMRGHMFER R BXRERE RHR . EER ZEFREEEEREXRY

Table 5

Spiked recoveries, relative standard deviation, LOD, L.OQ, regression equation,

linear range and correlation coefficients (R*) of the 19 pesticides (n=6)

Recovery/ % LOD/ LOQ/ Linear range/
Pesticide 2
20 png/kg 40 pg/kg 200 pg/kg (pg+ kg™ (pg+ kg™ H (pg+ kg™ H
Tecnazene 97.1(5.9) 89.2(6.5) 90.1(6.4) 3 10 10~400 0.999 2
a-BHC 93.2(4.5) 96.1(5.9) 100.5(6.6) 5 15 15~400 0.998 4
Hexachlorobenzene 86.1(4.4) 88.9(5.8) 93.5(4.5) 3 10 10~400 0.999 5
y-BHC 92.9(4.9) 103.5(7.6) 105.8(8.0) 5 15 15~400 0.997 6
p-BHC 101.9(5.5) 108.9(7.6) 105.0(7.0) 5 15 15~400 0.998 4
Quintozene 86.7(5.5) 92.5(6.2) 97.9(5.6) 3 10 10~400 0.999 7
0-BHC 91.2(5.6) 101.8(5.3) 101.7(9.5) 5 15 15~400 0.999 6
Chlorothalonil 94.8(4.0) 87.2(5.0) 94.7(5.2) 5 15 15~400 0.999 5
Heptachlor 89.9(5.5) 100.9(9.2) 101.0(6.7) 3 10 10~400 0.996 7
Aldrin 107.6(8.8) 103.8(5.0) 99.0(6.2) 3 10 10~400 0.998 8
Oxy-chlordane 91.9(7.2) 96.9(5.2) 108.8(8.8) 5 15 15~400 0.999 7
Trans-chlordane 98.0(7.9) 107.7(6.3) 101.9¢9.1) 6 20 20~400 0.999 8
Cis-chlordane 108.4(7.4) 105.5(4.9) 105.4(8.5) 6 20 20~400 0.997 0
pp’-DDE 101.6(4.6) 102.0(6.1) 103.3(9.1) 5 15 15~400 0.998 1
Endrin 104.8(4.5) 103.1(7.3) 101.8(1.2) 6 20 20~400 0.999 1
op’-DDT 103.6(5.5) 98.1(8.1) 104.8(8.9) 3 10 10~400 0.999 0
pp’-DDD 99.1(4.8) 104.8(9.1) 102.9(7.9) 3 10 10~400 0.999 6
pp’-DDT 93.3(7.8) 97.9(7.1) 100.9(4.3) 5 15 15~400 0.998 7
Tetradifon 105.7(9.5) 105.8(6.2) 99.2(5.6) 6 20 20~400 0.998 3
ple made from apple-pear ( Table 5). The spiked cedure was performed, obtaining good results in terms of

recoveries ranged from 86.1% to 108. 9% with RSD
values lower than 10% for each pesticide. The values were
in agreement with the values suggested by SANCO/
12571/2013. All the results indicated that the optimized
method was reliable.
2.4 Real samples

The verified method was applied to simultaneous de-
termination of nineteen organochlorine pesticide residues
in six commercial samples of apple-pear purchased from
local market in Yanji. No residue of studied pesticides

found in all sample.

3 Conclusion

In this study, a simple and reliable method for the a-
nalysis of multiple organochlorine pesticides in apple-pear
samples was developed. Factors affecting the SPE proce-
of extraction solvent, sample

dure, including types

weight, the volume of extraction solvent, extraction
time, SPE clean-up and eluent were optimized using a

fractional factorial experimental design. A validation pro-

linearity, sensitivity, precision, and accuracy. During the
application of the method to apple-pear samples, no
residue of studied pesticides detected. Besides, future
work may validate the SPE extraction method followed by
GC/MS simultaneous determination for organ phospho-

rous and nitrogen pesticides.
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