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Abstract : QuEChERS is used worldwide as a universal sample preparation method with many benefits, such as being quick,
easy, cheap, effective, rugged and safe. This study examined whether QuEChERS can be employed in isotope dilution mass
spectrometry (ID-MS) for accurate analysis of pesticides in food. The ratios of fortified values and measured values of malathion
and fenitrothion using the QuEChERS method were compared with those using the solid phase extract (SPE) method which was
previously used in this laboratory. The separations of the two pesticides on DB-5MS and VF-1701MS columns were compared.
Malathion and fenitrothion were fortified into kimchi cabbage and pretreated with the QuEChERS method and the SPE method.
The results obtained using the DB-5MS column varied according to the sample preparation method, column and pesticide level.
Using the VF-1701 column, ratios were 98–102% by both QuEChERS and Carb/NH2 SPE method for all fortification level.
Malathion and fenitrothion were fortified into strawberry samples for comparison with kimchi cabbage. The results for the
strawberry samples indicated that the ratios were not influenced by the sample preparation methods or GC column. The QuECh-
ERS method could be acceptable in the ID-MS method for pesticide residue analysis in food, however other conditions should
be carefully considered for accurate determination, such as the column, amount of analyte and food matrix.
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Introduction

Sample preparation is critical for the accurate determina-

tion of pesticide residues in food.1,2 A thorough clean-up

process leads to a clean sample extract; however, analytes

can be lost leading to low recoveries. In contrast, a simple

clean-up process improves the recovery; however, it can

result in severe matrix effects and reduced accuracy. Thus,

balance between clean-up and recovery during sample

preparation must be maintained. QuEChERS is a universal

clean up method for the analysis of pesticide residues that is

quick, easy, cheap, effective, rugged and safe, which is the

origin of its name.1,3-12 The ingredients used for QuECh-

ERS have been modified for various types of samples such

as fat-rich,13,14 pigment-rich,8,14,15 and biological sam-

ples.12,16,17 Previous studies have reported that pesticide

anlaysis using the QuEChERS method can achieved limits

of quantification (LOQ) below 0.01 mg/kg, and recoveries

of 70-120% with a relative standard deviation (RSD) below

20 %, which satisfy the EU guidelines for the analysis of

pesticide residues.18

The Korea Research Institute of Standards and Science

(KRISS) as a national metrology institute in Korea has

focused on the accuracy and reliability of experimental

results. The method developed in this laboratory for the

analysis of pesticides in food was optimized for reducing

bias as far as possible, with less emphasis placed on ease,

cost, effectiveness, and robustness. In addition, isotope

dilution mass spectrometry (ID-MS) has been employed for

the analysis of pesticide residues in food to obtain sufficient

accuracy, repeatability and reproducibility to be used as a

candidate reference method to establish the contents of cer-

tified reference materials.19-22

In this study, the QuEChERS method was tested for use

in ID-GC tandem MS for the accurate determination of pes-
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ticide residues in food. The results were compared with

those of the solid phase extraction (SPE) method that has

been previously used in this laboratory. The target analytes

were malathion and fenitrothion which are synthetic

organophosphorus pesticides that act as acetylcholinester-

ase inhibitors and endocrine disrupters.23 Thus they are reg-

ulated by many nations and organizations and are expected

to be the next candidate compounds for pesticide analysis

reference materials at KRISS. Analysis was performed by

obtaining the ratios of measured values and gravimetrically

fortified values of malathion and fenitrothion into kimchi

cabbage and strawberry. Kimchi cabbage is a leafy vegeta-

ble which is the most consumed vegetable in Korea. Straw-

berries are chosen to compare the effect of the food matrix

on the results of sample prepared using two methods. 

Materials and Methods

Chemicals and Reagents

Malathion, fenitrothion and their isotope analogues, mal-

athion-d10 and fenitrothion-d6, were purchased from Dr.

Ehrenstorfer GmbH (Augsburg, Germany). HPLC grade

organic solvents including acetonitrile, toluene, and hexane

were purchased from Honeywell-Burdick and Jackson

(Muskegon, MI, USA). Magnesium sulfate and sodium

chloride were obtained from Sigma-Aldrich (St. Louis,

MO, USA).

Stock solutions of malathion, fenitrothion, malathion-d10

and fenitrothion-d6 were prepared gravimetrically in hexane

at approximately 5 mg/kg stored at -20oC in a freezer, and

used for up to two months. The working solutions were pre-

pared gravimetrically from the stock solutions, immediately

prior to use on the day of the experiment. An isotope ratio

standard solution was prepared gravimetrically by combin-

ing the standard solution and isotope standard solutions at

an isotopic ratio of 1:1.

Sample preparation

QuEChERS

Kimchi cabbage powder was prepared as previously

described in the literatures.19,20 Briefly, raw kimchi cabbage

was obtained from a Korean farm, freeze-dried, and pulver-

ized. Strawberries were purchased in powdered form prod-

uct (FD Co., Jeollanam-do, Korea). Kimchi cabbage or

strawberry powder samples (1 g) was placed into a 50 mL

glass tube, and spiked with appropriate analyte concentra-

tions of the working standard solutions and their corre-

sponding isotope analogue solutions. Then, 10 mL of water

was added to reconstitute as the raw material, and the mix-

ture was slowly shaken for 1 hour using a Multi Reax

shaker (Heidolph Instruments, Schwabach, Germany). For

extraction, 15 mL of acetonitrile was added, and the mix-

ture was vigorously shaken for 5 min. The extract solution

was mixed with 4 g of magnesium sulphate and 1 g of

sodium chloride (to separate the water and acetonitrile) and

then centrifuged at 4500 rpm for 5 min (Beckman Coulter,

Brea, CA, USA). The acetonitrile supernatant was trans-

ferred to a new conical tube containing the dispersive solid-

phase extraction reagents (Q-sep, Restek, Bellefonte, PA,

USA) for highly pigmented fruits and vegetables, namely 900

mg of MgSO4, 300 mg of PSA, and 150 mg of graphitized car-

bon black. The tubes were then centrifuged again for 5 min at

5000 rpm. The acetonitrile layer was transferred to a new coni-

cal tube and evaporated at 45 oC under a stream of nitrogen gas

generator (Goojung, Seoul, Korea). The remaining solid resi-

due was reconstituted with 0.4 mL of hexane and filtered

through a syringe filter (PTFE, 0.22 mm, 13 mm diameter,

Whatman) for GC-MS/MS analysis.

Scheme 1. Sample preparation processes for QuEChERS and Carb/NH2 SPE.
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Carb/NH2 SPE cartridge

A kimchi cabbage or strawberry powder sample (1 g)

was placed into a 50 mL glass tube and spiked with the

working standard solutions and their isotope analogue solu-

tions with appropriate analyte concentrations. The

extraction process before clean-up with the SPE cartridge

was the same as that of the QuEChERS method. The super-

natant from the extract solution was transferred to a new

conical tube, and 5 mL of toluene was added. A Carb/NH2

SPE cartridge (Supelco, Bellefonte, PA, USA) pre-condi-

tioned with 5 mL of acetonitrile and toluene mixture (3:1,

v/v) was loaded with the sample extract and 10 mL of ace-

tonitrile and toluene mixture (3:1, v/v) was used to elute the

target analytes. The eluents of both the loading and eluting

steps were collected and evaporated at 45 oC under a stream

of nitrogen gas. For GC-MS/MS analysis, the remaining

solid residue was reconstituted with 0.4 mL of hexane and

filtered through a PTFE filter. The QuEChERS and Carb/

NH2 cartridge SPE procedures are shown in Scheme 1.

GC-MS/MS analysis

Malathion and fenitrothion were analyzed using an Agi-

lent 7000D triple quadrupole with a 7890B GC system (GC-

MS/MS; Agilent Technologies, Santa Clara, CA, USA). Chro-

matographic separation was carried out on an Agilent DB-

5MS capillary column (60 m× 0.25 µm× 0.25 mm ID) with a

1 µL injection of 1000 mg/kg polyethylene glycol (PEG) 200

in methanol and on a VF-1701MS (30 m × 0.25 µm ×

0.25 mm ID) capillary columns. The flow rate of the helium

(purity 99.999%) as a carrier gas was set at 1.5 mL/min. The

GC inlet was kept at 260 oC and lined with a liner without

wool. The oven temperature was programmed as follows:

started at 70 oC for 2 min, ramp to 200 oC at 30 oC/min and

then to 300 oC at 10 oC/min (held for 10 min). The ion source

and transfer line were both adjusted to 300 oC, and the ioniza-

tion energy was set to 70 eV in electron ionization mode. 1 µL

sample was injected into the GC-MS/MS system in splitless

mode. Analytes were monitored in multiple reaction monitor-

ing mode (MRM) at m/z 173 and m/z 277 for malathion and

fenitrothion, and at m/z 183 and m/z 283 for malathion-d10 and

fenitrothion-d6, respectively. The retention times, collision

energies, and dwell times are listed in Table 1. The Agilent

Mass Hunter Workstation software was used for data acquisi-

tion and analysis.

Calculation

The concentrations of malathion and fenitrothion in kim-

chi cabbage and strawberry samples (Csample) were calcu-

lated from the ID-GC-MS/MS analysis using Equation (1)

as follows:

 (1)

where Csample is the measured concentrations of malathion

or fenitrothion in the sample. Cs−sol is the concentration of

the corresponding malathion and fenitrothion in the stan-

dard solution, MSample is the mass of sample that has been

analyzed, Mis−sol, spiked is the mass of malathion-d10 and

fenitrothion-d6 was added to the sample, ARsample is the

measured the peak area ratio of the native and isotope-

labeled analytes from GC-MS/MS analysis of the sample,

ARstd.mix is the peak area of the mixed standard solution for

isotopic ratio and Ms−sol,std.mix and Mis−sol,std.mix are the masses

of the native standard solution and the isotope-labeled stan-

dard solution that are used for the preparation of the mixed

standard solution of isotopic ratio, respectively.

Results and discussion

ID-GC/MS/MS analysis

For MS/MS analysis, full scan mass spectra and product

ion spectra of 5 mg/kg solutions of malathion, malathion-

d10, fenitrothion and fenitrothion-d6 were collected. Ini-

tially, the DB-5MS column and a liner with glass wool were

used in the GC system. The most abundant peak in the full

scan spectra of malathion and malathion-d10 was a frag-

ment, [M - C2H6O2PS2]
+ at m/z 173 and 183 respectively

without a molecular ion peak. Thus, the peak of [M -

C2H6O2PS2]
+ was used as the precursor for malathion and

malathion-d10. Fenitrothion and fenitrothion-d6 exhibited

parent ion peaks, [M]+ at m/z 277 and 283, respectively,

which were used as the precursors. The most abundant

peaks of the product ion spectra were the [M-C2H6O2PS2-

O(CH2CH3)2]
+ peak for malathion and malathion-d10 and

the [M-OH]+ peak for fenitrothion and fenitrothion-d6. The

channels for MS/MS and their corresponding conditions

were listed in Table 1. 

After optimizing the MS conditions, the isotope ratios of

Csample

Mis sol spiked,– ARsample Ms sol std. mix.,– Cs sol–⋅ ⋅ ⋅

Msample ARstd.mix. Mis sol std. mix.,–⋅ ⋅

-------------------------------------------------------------------------------------------------=

Table 1. GC conditions and MS/MS channels of malathion and fenitrothion.

Analytical parameters
Compound

Malathion Malathion-d10 Fenitrothion Fenitrothion-d6

Molecular formula C10H19O6PS2 C10H9D10O6PS2 C9H12O5PS C9H6D6O5PS

Precursor ion (m/z) 173 183 277 283

Product ion (m/z) 99 100 260 266

CE (eV) 15 15 5 5

Dwell time (ms) 10 10 10 10
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the mixture of malathion, malathion-d10, fenitrothion and

fenitrothion-d6 were examined. However, using the DB-

5MS column and a liner with glass wool, relative the stan-

dard deviations (RSDs) of the isotope ratios and peak areas

of the analytes were greater than 10% which was outside

the acceptance criterion of this laboratory. An active site of

the GC column can cause the adsorption and decomposition

of pesticides and lead to abnormal recoveries.24 An analyte

protectant such as PEG series, can coat these active sites;

therefore, 1 mL of a 1000 mg/kg solution of PEG 200 was

injected once a day into the DB-5MS column before the

analysis, and the liner was changed to one without wool.

With these modifications, the RSDs of the isotopic ratios of

malathion and fenitrothion were below 2 %. The chromato-

grams of malathion, malathion-d10, fenitrothion and fenitro-

thion-d6 with the liner without wool, injection of PEG 200

and DB-5MS column are shown in Figure 1(a). The peaks

of the two analytes and their corresponding isotopes were

optimized; however, they were not well separated. The dif-

ference in the retention times of malathion and fenitrothion

was only 0.02 min. Although these peaks were not well

separated, quantitation of analytes is possible using the

MRM mode of the GC-MS/MS. To better separate the

peaks, a VF-1701 MS column which is more polar than the

DB-5MS column was installed in the GC. The liner was

one without wool and there was no injection of PEG 200.

The chromatograms are shown in Figure 1(b). The differ-

ence in retention times between malathion and fenitrothion

was 0.17 min, indicating baseline separation. The DB-5MS

and VF-1701 columns are compared in Tables 2 and 3 for

the analysis of malathion and fenitrothion. With the condi-

tions of GC/MS/MS. 

Comparison of QuEChERS and Carb/NH2 cartridge

Table 2 lists the results of kimchi cabbage powder forti-

fied gravimetrically with malathion and fenitrothion at 10,

25, 100 and 250 µg/kg, analyzed using a DB-5MS column

after PEG 200 injection. With the QuEChERS method, the

ratios of fortified value and measured value were greater

than 100% at all levels, indicating a positive bias. However,

with the Carb/NH2 SPE method, only the 10 µg/kg fortifi-

cation level exhibited the ratios greater than 100% for both

malathion and fenitrothion. The QuEChERS products used

in this experiment were intended for highly pigmented

fruits and vegetables such as kimchi cabbage. However,

after the QuEChERS clean-up step, the green chlorophyll

pigment in the kimchi cabbage sample extract was not com-

pletely removed. After the Carb/NH2 SPE clean-up method,

the sample extract solutions were almost clear or slightly

yellow, indicating the most of the chlorophyll had been

removed. Thus, the pigment in the kimchi cabbage sample

extract affected the determination of malathion and fenitro-

thion using the DB-5MS column. 

Table 3 summarizes the malathion and fenitrothion

results using the VF-1701 MS column; sample preparation

and clean-up processes were the same as those in the previ-

ous experiments. The ratios at all malathion and fenitro-

thion fortification levels of with both QuEChERS and

Carb/NH2 SPE methods were 98%-102% without any

noticeable trends or bias. The VF-1701 MS column was

more polar than the DB-5MS column, and could separate

malathion and fenitrothion from the pigment in the kimchi

cabbage. 

Comparison of kimchi cabbage and strawberry

Malathion and fenitrothion were fortified into strawber-

ries which is a different food matrix from that of kimchi

cabbage. The sample preparation and clean-up methods

were same as those of the kimchi cabbage experiments.

Figure 1. Comparison of chromatograms for malathion and fenitrothion with DB-5MS and VF-1701MS columns using ID-GC-MS/MS.
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Other QuEChERS products and SPE cartridges exist for

strawberry samples; however, in this experiments the same

QuEChERS products and Carb/NH2 SPE used for the kim-

chi cabbage samples were used for the strawberries as a

comparison. The results are listed in Table S1 and S2. With

the DB-5MS column, the results were no difference

between QuEChERS and Carb/NH2 methods but the ratios

for malathion were low at the level of 10 mg/kg. With the

VF-1701 column, ratios of malathion and fenitrothion were

98-102% and there was no difference between the QuECh-

Table 2. Measurement results of malathion and fenitrothion in gravimetrically fortified kimchi cabbage powder samples by the ID-GC-

MS/MS method with the DB-5MS column with PEG 200.

Analyte Malathion Fenitrothion

Methods
Fortified value 

(µg/kg)

Measured value 

(µg/kg)

Ratio

(%)a
Fortified value

 (µg/kg)

Measured value 

(µg/kg)

Ratio

(%)

12.35 ± 0.002b 13.16 ± 0.36c 106 12.16 ± 0.002 12.67 ± 0.36 104

QuEChERS

12.30 ± 0.002 13.18 ± 0.37 107 12.24 ± 0.002 12.56 ± 0.34 103

12.51 ± 0.002 13.21 ± 0.35 105 12.48 ± 0.002 12.70 ± 0.54 102

12.82 ± 0.002 13.68 ± 0.34 106 12.59 ± 0.002 13.33 ± 0.37 106

25.20 ± 0.002 25.74 ± 0.32 102 24.17 ± 0.002 23.81 ± 0.41 98

25.20 ± 0.002 25.84 ± 0.30 103 24.04 ± 0.002 23.80 ± 0.31 99

25.22 ± 0.002 25.74 ± 0.32 102 24.40 ± 0.002 24.25 ± 0.29 99

25.24 ± 0.002 25.85 ± 0.31 102 24.46 ± 0.002 24.15 ± 0.32 99

99.77 ± 0.002 99.80 ± 0.88 102 98.6 ± 0.002 100.4 ± 1.3 102

97.04 ± 0.002 99.29 ± 0.85 102 98.3 ± 0.002 101.0 ± 1.2 103

98.09 ± 0.002 100.3 ± 1.0 102 98.7 ± 0.002 100.8 ± 1.5 102

99.35 ± 0.002 101.49 ± 0.81 102 98.7 ± 0.002 101.0 ± 1.3 102

236.3 ± 0.002 239.1 ± 1.8 101 238.3 ± 0.002 243.0 ± 2.8 102

236.0 ± 0.002 240.5 ± 1.6 102 236.3 ± 0.002 239.7 ± 2.6 101

233.0 ± 0.002 236.6 ± 1.9 102 236.0 ± 0.002 238.1 ± 2.5 101

237.0 ± 0.002 241.0 ± 1.7 102 240.2 ± 0.002 244.3 ± 2.5 102

Carb/NH2

12.40 ± 0.002 12.58 ± 0.21 101 12.15 ± 0.002 12.41 ± 0.29 102

12.44 ± 0.002 12.68 ± 0.24 102 12.21 ± 0.002 12.46 ± 0.29 102

12.55 ± 0.002 12.92 ± 0.22 103 12.37 ± 0.002 12.69 ± 0.25 102

12.55 ± 0.002 12.85 ± 0.29 102 12.54 ± 0.002 12.50 ± 0.33 100

24.48 ± 0.002 24.40 ± 0.45 100 24.87 ± 0.002 24.30 ± 0.50 99

24.36 ± 0.002 23.90 ± 0.46 98 24.36 ± 0.002 23.81 ± 0.54 99

24.08 ± 0.002 24.10 ± 0.32 100 24.78 ± 0.002 24.21 ± 0.55 99

24.25 ± 0.002 24.16 ± 0.40 100 24.85 ± 0.002 23.84 ± 0.46 97

93.49 ± 0.002 92.64 ± 1.22 99 96.00 ± 0.002 95.51 ± 0.88 99

95.09 ± 0.002 94.09 ± 1.11 99 94.42 ± 0.002 93.88 ± 1.01 99

95.00 ± 0.002 94.75 ± 0.93 100 94.46 ± 0.002 94.58 ± 0.95 100

95.29 ± 0.002 94.02 ± 0.95 99 94.20 ± 0.002 94.90 ± 1.47 101

237.0 ± 0.002 235.9 ± 1.7 100 227.8 ± 0.002 229.6 ± 2.5 101

240.6 ± 0.002 237.2 ± 1.9 99 226.5 ± 0.002 230.5 ± 2.6 102

224.9 ± 0.002 221.0 ± 2.3 98 224.1 ± 0.002 226.8 ± 2.5 101

227.8 ± 0.002 223.9 ± 1.7 98 227.4 ± 0.002 228.5 ± 3.0 100
a The % values are the ratios of the measured values and the gravimetrically fortified values.
b The values after ‘±’ is the expanded uncertainties of the fortified values at a confidence level of 95 %. The uncertainties are mostly

from weighing blank samples and the spiked calibration standard solutions.
c The values after ‘±’ is the expanded uncertainties of the fortified values at a confidence level of 95 %. The uncertainties are combined

with measurement uncertainties of calibration standard solutions and samples.
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ERS and Carb/NH2 SPE methods. The ratios of measured

values and fortified values of malathion and fenitrothion

from strawberries did not vary with the sample preparation

method. 

Conclusion

For the accurate determination of pesticide residues in

kimchi cabbage and strawberry, QuEChERS and Carb/NH2

SPE were compared using ID-GC-MS/MS. For malathion

Table 3. Measurement results of malathion and fenitrothion in gravimetrically fortified kimchi cabbage powder samples by the ID-GC/

MS/MS method with the VF-1701MS column.

Analyte Malathion Fenitrothion

Methods
Fortified value 

(µg/kg)

Measured value 

(µg/kg)

Ratio

(%)a
Fortified value

(µg/kg)

Measured value 

(µg/kg)

Ratio

(%)

QuEChERS

13.16 ± 0.002b 13.30 ± 0.35c 101 12.96 ± 0.002a 12.81 ± 0.32 99

12.47 ± 0.002 12.76 ± 0.33 102 12.32 ± 0.002 12.25 ± 0.46 99

12.56 ± 0.002 12.77 ± 0.30 102 12.57 ± 0.002 12.40 ± 0.38 99

13.20 ± 0.002 13.44 ± 0.30 102 13.07 ± 0.002 12.77 ± 0.32 98

25.43 ± 0.002 25.10 ± 0.51 99 25.92 ± 0.002 25.50 ± 0.49 99

25.19 ± 0.002 25.12 ± 0.51 100 25.58 ± 0.002 25.05 ± 0.42 99

25.44 ± 0.002 25.56 ± 0.54 99 25.94 ± 0.002 25.39 ± 0.56 98

25.25 ± 0.002 24.96 ± 0.60 100 25.58 ± 0.002 25.35 ± 0.57 98

96.8 ± 0.002 97.95 ± 1.7 101 94.2 ± 0.002 95.1 ± 3.5 101

100.1 ± 0.002 101.8 ± 1.7 102 97.4 ± 0.002 96.4 ± 3.5 99

99.6 ± 0.002 101.3 ± 1.8 102 97.4 ± 0.002 95.6 ± 3.4 98

100.6 ± 0.002 101.5 ± 1.7 101 97.0 ± 0.002 97.9 ± 3.6 101

248.7 ± 0.002 247.7 ± 2.1 100 259.7± 0.002 257.5 ± 2.1 99

220.9 ± 0.002 219.6 ± 1.8 99 263.0 ± 0.002 261.3 ± 1.5 99

242.5 ± 0.002 240.1 ± 1.8 99 263.2 ± 0.002 261.8 ± 1.5 99

257.9 ± 0.002 257.2 ± 2.0 100 262.2 ± 0.002 259.2 ± 1.5 99

Carb/NH2

16.02 ± 0.002 16.09 ± 0.44 100 16.72 ± 0.002 16.80 ± 0.47 100

15.82 ± 0.002 15.52 ± 0.50 98 16.51 ± 0.002 16.87 ± 0.36 102

15.96 ± 0.002 15.75 ± 0.42 99 16.66 ± 0.002 16.52 ± 0.34 99

15.72 ± 0.002 15.35 ± 0.33 98 16.40 ± 0.002 16.34 ± 0.46 100

22.84 ± 0.002 22.92 ± 0.28 100 22.35 ± 0.002 22.49 ± 0.45 101

23.91 ± 0.002 23.34 ± 0.32 98 23.39 ± 0.002 23.41 ± 0.53 101

24.14 ± 0.002 23.94 ± 0.34 99 23.61 ± 0.002 23.58 ± 0.56 100

24.02 ± 0.002 24.30 ± 0.24 101 23.50 ± 0.002 23.29 ± 0.54 99

97.8 ± 0.002 97.1 ± 1.2 99  95.7 ± 0.002 96.3 ± 2.0 101

96.6 ± 0.002 96.1 ± 0.8 99 94.5 ± 0.002 94.4 ± 2.3 100

95.0 ± 0.002 95.4 ± 1.8 100 92.9 ± 0.002 91.2 ± 1.9 98

87.3 ± 0.002 87.5 ± 1.1 100 85.4 ± 0.002 84.3 ± 1.6 99

246.2 ± 0.002 251.6 ± 4.3 102 251.0 ± 0.002 248.7 ± 4.2 99

247.7 ± 0.002 250.8 ± 4.2 101 264.5 ± 0.002 262.4 ± 3.7 99

251.70 ± 0.002 254.6 ± 4.3 101 256.8 ± 0.002 257.2 ± 2.9 100

253.8 ± 0.002 255.7 ± 4.5 101 259.0 ± 0.002 258.4 ± 4.2 100
a The % values are the ratios of the measured values and the gravimetrically fortified values.
b The values after ‘±’ is the expanded uncertainties of the fortified values at a confidence level of 95 %. The uncertainties are mostly

from weighing blank samples and the spiked calibration standard solutions.
c The values after ‘±’ is the expanded uncertainties of the fortified values at a confidence level of 95 %. The uncertainties are combined

with measurement uncertainties of calibration standard solutions and samples.
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and fenitrothion in kimchi cabbage using a DB-5MS col-

umn, the ratios of fortified values and measured values had

a positive bias with the QuEChERS method at most fortifi-

cation levels, but those with the Carb/NH2 SPE method

were acceptable except at 10 µg/kg. Using a VF-1701MS

column, the ratios at all fortified levels were satisfactory

using both QuEChERS and Carb/NH2 SPE methods.

Although QuEChERS included graphitized carbon black

for the removal of chlorophyll, this pigment was not com-

pletely removed and affected the analysis of malathion and

fenitrothion with the DB-5MS column. The VF-1701MS, a

more polar column, separated malathion and fenitrothion

better than the DB-5MS column. In addition, the VF-

1701MS column could separate malathion and fenitrothion

from chlorophyll eluted kimchi cabbage, thus the ratios

were not affected by the clean-up methods using GC col-

umn. The ratios of malathion and fenitrothion fortified into

strawberries did not vary with two sample preparation

methods, QuEChERS and Carb/NH2 SPE, and two col-

umns, DB-5 MS and VF-1701MS. The ratios of malathion

from the strawberry samples fortified at 10 µg/kg exhibited

a negative bias in both the QuEChERS and Carb/NH2

methods with the DB-5MS column, indicating that further

research on negative bias is required. Therefore, the QuEC-

hERS method can be successfully applied to ID-MS for the

accurate determination of pesticide residues in food,

although at lower fortification levels, the food matrix effect

required additional study. 
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