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The widespread use of pesticides induces heavy adverse effects on human health, especially for the pregnant women and the
newborns. In this study, a screening method has been developed for the determination of multi-pesticides in maternal and um-
bilical cord sera. All pesticides in sera were collected using solid phase extraction (SPE), and analyzed by gas chromatog-
raphy-quadrupole time of flight mass spectrometry (GC-QTOF MS). To set up the quality criteria, a database of 50 pesticides
was created and the accurate masses of 3 up to 5 representative ions with their intensity ratios were included for each pesticide.
In addition, a novel “identification points” (IPs) system relying on the accurate MS' and MS? spectra was used to interpret the
data for each suspected pesticide. The methodology was then applied to a pair of maternal and umbilical cord sera. A total of
six pesticide residues were screened out successfully. In conclusion, GC-QTOF MS combined with an accurate mass database
seemed to be one of the most efficient tools for systematic pesticide analysis.
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1 Introduction

With the widespread use of pesticides, pesticide residues
have posed high risks both to the environment and human
beings [1-4]. Facing such a serious crisis, pesticide expo-
sure to human health has been studied in various popula-
tions over the past several decades [5-9]. Thereinto, pesti-
cide residues in pregnancy have been paid more attention
[10, 11], since many pesticides not only bring harm to the
pregnant woman [12-14], but also can reach the fetus
through the transplacental transport and cause the behavior-
al disorders and learning disabilities in its future growth
[15-18].
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For the pesticide monitoring, both gas chromatography
(GC) [19-21] and liquid chromatography (LC) [22-24] with
mass spectrometry (MS) have been extensively used. How-
ever, focusing on the pesticide residues in human, electron
capture detector (ECD), rather than MS, has been taken as
the main detector because of its particular sensitivity to
halogens, like polychlorinated biphenyls (PCBs) and di-
chlorodiphenyl trichloroethane (DDT) etc. [25, 26]. Triple
quadrupole mass spectrometry (TQ MS) and ion trap mass
spectrometry (IT MS) also have been applied to the analysis
of pesticides in umbilical cord blood serum [10, 27]. Nev-
ertheless, the low resolution and the low scan rate limited
their further application to the simultaneous screening of
multi-residues in trace. With the development of MS tech-
nique, QTOF MS attracts more expectation in the analysis
of complicated matrix [28, 29]. As an advanced technique,
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the main advantage of QTOF MS realizes the full spectrum
acquisition with higher resolution and sensitivity. Abundant
and accurate ions from MS' and MS? spectra bring an active
power in the structural elucidation of compounds.

In this work, we developed a screening method for multi-
pesticide residues using GC-QTOF MS. The MS' spectra
were utilized for the quick identification of the suspected
pesticides, and the MS? spectra were for the structural con-
firmation. In addition, a database of 50 pesticides and a
novel IPs system relying on the accurate mass spectra were
created as a guideline to the reliability of the screening pro-
cess. Finally, the methodology was applied successfully for
the pesticide residues in the sera.

2 Experimental

2.1 Materials

Fifty references of pesticides were purchased from J&K
Scientific Ltd (Beijing, China). Standard solutions of pesti-
cides were prepared in n-hexane (HPLC grade) supplied by
Dikma Technologies Inc. (Lake Forest, USA). Dichloro-
methane, methanol, and water were all in HPLC grade and
purchased from Fisher Scientific Company LLC (Fair Lawn,
USA). Bond Elut C18 cartridges (200 mg, 3 mL) and the
empty cartridges (3 mL) were purchased from Agilent
Technologies Inc. (Santa Clara, USA). Anhydrous sodium
sulfate (AR) and ammonium sulfate (AR) were purchased
from Sinopharm Chemical Reagent Co., Ltd. (Shanghai,
China).

2.2 Serum collection

Serum samples were provided from the Yijishan Hospital of
Wannan Medical College. The maternal and umbilical cord
blood were collected at delivery. The supernatant sera were
aspirated out and stored at —20 °C until processed for the
pesticide analysis.

2.3 Instrumentation

All measurements were performed with Agilent 7200 accu-
rate-mass GC-QTOF MS instrument (Santa Clara, USA),
using a fused silica DB-35MS capillary column of 30 m x
0.25 mm i.d. The injector was operated at 250 °C in splitless
mode and helium (purity > 99.999%) was used as the carrier
gas at 1.5 mL/min. The GC oven temperature was pro-
grammed from an initial temperature of 80 °C held for 1
min, ramped at 25 °C/min to 170 °C, and then at 6 °C/min
to final 300 °C held for 10 min, resulting in a total run time
of 46.3 min. Injection volume was 1 pL. The other opti-
mized parameters included a transfer line temperature of
300 °C and an ion source of 250 °C. TOF for MS was oper-
ated at 5.0 spectra/s acquiring the mass range m/z 50-600
and about 13500 (FWHM). The MS/MS conditions were
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fixed for each compound with a quadrupole for isolation of
precursor ion at a medium MS resolution and a linear hex-
apole collision cell with nitrogen at 1.5 mL/min as the colli-
sion gas. Perfluorotributylamine (PFTBA) was utilized for
daily MS calibration. MassHunter Acquisition B.06 and
MassHunter Qualitative/Quantitative Analysis B.05 were
applied to the control of equipment and the treatment of
data files.

2.4 Method validation

Individual stock solutions were prepared by dissolving 10
mg of each pesticide into a 10 mL n-hexane and stored at
—20 °C until used. The working standards were prepared by
serial dilution of stock solutions with n-hexane and ranged
from 1 to 100 ng/mL. After analysis of these working
standard solutions, calibration curves were then established
by plotting the peak areas versus the concentrations of these
standards. The limit of detection (LOD) was established as
the concentration of each analyte that generated a response
with a signal-to-noise ratio (S/N) > 3. The precision was
evaluated by calculating the coefficient of variation (CV)
for two replicate standard solutions prepared at three con-
centration levels (1, 10 and 100 ng/mL).

2.5 Sample preparation

Frozen serum samples were thawed at room temperature
and then vortexed to ensure homogeneity prior to the analy-
sis. A 2 mL aliquot of serum was transferred to a test tube
and added with 2 mL saturated ammonium sulfate solution.
The mixture was vortexed for 10 s and then placed in the
refrigerator at 4 °C for 10 min. After protein precipitation,
the mixture was centrifuged at 12000 r/min for 10 min and
3 mL of the supernatant liquid was aspirated for SPE.

A C18 SPE cartridge was pre-rinsed and activated with 4
mL dichloromethane, 4 mL methanol and 4 mL water. After
conditioning, the cartridge was not allowed to dry and the
supernatant was loaded into the SPE cartridge. The car-
tridge was then washed with 4 mL water, dried with vacu-
um suction, and connected to a cartridge that was filled with
2 g anhydrous sodium sulfate and pre-rinsed by 4 mL di-
chloromethane beforehand. The tandem cartridges were
eluted with 4 mL dichloromethane. The entire volume of
effluent was collected and dried to completion under a gen-
tle stream of nitrogen at 25 °C. The residue was reconsti-
tuted in 50 pL n-hexane, vortexed for 30 s, and transferred
to a 200 pL glass vial for GC-MS analysis.

3 Results and discussion

3.1 Development of pesticide screening

Workflow of screening
A GC-QTOF method for the multi-residues in vegetable has
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been reported in our previous study [21]. A single accurate
ion from the MS' spectra with its retention time was utilized
to quickly find out the suspected pesticide. In this work, the
screen method was performed based on the multi-repre-
sentative ions from a pesticide. The identification criteria
were referred to the European Commission (EC) guideline
[30]. The presence of representative ions at the expected
retention time was measured at their accurate masses and
the attainment of their Q/g; intensity ratios was within the
specified tolerances (Q/g < 2, deviation + 10%; 2-5, + 15%;
5-10, = 20%; >10, £ 50%). Ql/q; is the ratio between the
most abundant ion (Q) and every one of the other measured
ions (g;)-

In the traditional application [31], Q/g; ratios were used
as the only approach to confirm a positive finding after the
agreement in the retention time and accurate ion masses of a
suspected pesticide between the sample and the reference.
However, facing the real sample, the extraneous mass spec-
tral peaks arising from the matrix effect can pose a serious
problem for the pesticide finding. Thus, the further verifica-
tion is necessary which required a higher selectivity to dis-
criminate between the analyte peak and other chromato-
graphic peaks. For this requirement, the high-resolution
MS? full mass spectra acquired by GC-QTOF MS were
taken into account. The suspected pesticide underwent the
collision-induced dissociation (CID). Thereafter, at least
two representative product ions were calculated elemental
compositions and to be compared the experimental masses
with the theoretical values. The most abundant ion from the
MS' full scan spectra was selected preferentially as the
precursor ion in order to achieve the best sensitivity. Other
measured ions that could generate the most abundant prod-
uct ion would also be considered.

Creation of database

A database that includes the representative ions of each pes-
ticide was required for the pesticide identification firstly. As
an example in this study, a total of 50 pesticide references,
such as organophosphate insecticides, organochlorine insec-
ticides, organic fluorine insecticides, pyrethroid insecticides,
and azole fungicides, were collected. The spectrum of each
pesticide was obtained and then at least 3 ions were selected
for each pesticide taking into account the sensitivity and
selectivity. Table 1 showed the exact masses of the repre-
sentative ions for each pesticide. For some pesticides, it was
feasible to use up to 5 ions giving extra reliability to the
identification process.

3.2 Application to the maternal and umbilical cord
sera

The pesticides in serum were collected using SPE, which
has been universally adopted for the modern residue analy-
sis [25-27, 32]. Before SPE, equivoluminal saturated
(NH4),SO, solution was used to remove the abundant

Sci China Chem  May (2014) Vol.57 No.5 671

proteins. At the end of SPE, anhydrous sodium sulfate as an
inert drying agent was used to remove traces of water from
the effluent. The conditions of extraction were optimized to
meet the demand of this study.

MS'" identification

The procedure of MS' identification was based on two ap-
proaches: (1) retention time; (2) mass window of extracted
ion chromatogram (EIC) and Q/g; ratio evaluation. The pre-
cision of retention time was evaluated by the GC-MS meas-
urements of all test pesticides, showing that the coefficient
of variation for each pesticide’s retention time was between
+ 0.00 and + 0.04 min. Considering the effect induced by
the different matrices, the retention time window was opti-
mized to 0.25 min to avoid a false negative finding.

As another important factor, the influence of the mass
extraction window was studied, selecting the values be-
tween 1 and 1000 mDa. And this case was illustrated in the
finding of piperonyl butoxide at 1 ng/mL, where different
mass extraction windows were used 1, 10, 100 and 1000
mDa (Figure 1). Comparing four EICs at m/z 176.0832, “Q”
ion of piperonyl butoxide, the mass window of 10 mDa ob-
viously presented a better S/N improved greatly by the de-
crease of the background noise. Another case of fenhexamid
at 50 ng/mL also gave the same result for its “q” ion at m/z
176.9743 (Figure 1). The excessive narrow mass window
like 1 mDa, especially for the less abundant ions, could
cause the sharp drop of ion intensity and the split of peak
shape. On the other hand, a wide mass window also led to a
failure because of the interferences from the co-eluting or
interfering compounds. Like piperonyl butoxide and fenh-
examid, the difference of their retention times (19.35 min
for piperonyl butoxide and 19.38 min for fenhexamid) and
representative ion masses (m/z 176.0832 from piperonyl
butoxide and m/z 176.9743 from fenhexamid) were 0.03
min and 0.8911 Da. When the mass window was set to 500
mbDa or above, they might not be distinguished and the in-
appropriate Q/q; confirmatory ratios would be achieved.

According to the retention time and Q/g; ratios, a total of
eight suspected pesticides in a pair of maternal and umbili-
cal cord sera were shown in Table 2. One “+” represented
one Q/q in the specified ratio and retention time tolerances.
Obviously, the more “+” signs presented, the more reliabil-
ity it was for the pesticide identification. As an example in
Figure 2, four ion chromatograms of hexachlorobenzene in
maternal serum were extracted at m/z 283.8096 (Q),
285.8067 (q1), 281.8126 (g,), and 141.9372 (g3). Subse-
quently, their experimental Q/g; ratios were calculated as
1.16, 1.80 and 5.08 of the reference ratios respectively.
Among them, Q/q, 1.80 compared to the reference ratio
2.03 was out of the specified tolerance (deviation of + 10%).
Therefore, only two “+” were got in final. Additionally, in
order to avoid the missing, a compound that exceeded the
tolerance of Q/g; ratios but the “Q” ion and all “qg” ions
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Table 1 The representative ion masses selected for the identification of 50 pesticides

Retention time

Representative ion (Da)

Compound . Formula
(min) ] a1 (Qlq)) q2(Q/q2) q:(Q/gq3) q4(Q/qs)
Biphenyl 6.16 CHyo 154.0777  153.0699 (2.06)  152.0621 (2.65) 76.0308 (7.63)
Etridiazole 6.74 CsH5CI3N,0S 1829181  210.9494 (1.13)  212.9465 (1.64)  184.9152 (1.44)
Pentachlorobenzene 7.41 C6HCls 249.8486  251.8456(1.63)  247.8515(1.67)  214.8797 (4.74)
Chlorpropham 8.86 C,0H,,CINO, 127.0183  171.0082 (3.09)  213.0551 (5.59)  129.0154 (3.22)
Propoxur 8.90 C1H;5sNO; 110.0362  111.0441 (15.15)  152.0832(16.95)  81.0335 (19.23)
Cadusafos 9.08 C10H230,PS, 158.9698 96.9508 (1.17) 130.9385 (1.97)
Hexachlorobenzene 9.73 CClg 283.8096  285.8067 (1.27)  281.8126(2.03)  141.9372 (5.00)
Ethoxyquin 9.97 C14H;NO 202.1226  174.0913 (1.36)  145.0886 (6.49)
Pronamide 10.39 CoH,,CLNO 1729555  174.9526 (1.62)  144.9606 (3.03)  239.9977 (13.16)
Diazinon 10.48 CoH1N,03PS 137.0709  179.1179 (1.06)  199.0631 (2.79)
Dinitramine 10.77 C1H3F3N,04 305.0856  261.0594 (1.91)  244.0566 (2.65)
Simazine 10.80 C7H,CIN;s 173.0463  186.0541 (2.55)  201.0776 (2.91)
Carbofuran 11.23 CoH;5sNO; 164.0832  149.0597 (1.44)  131.0491 (3.48)
Pentachlorobenzonitrile 11.34 C;CIsN 274.8438 276.8409 (1.65) 272.8468 (1.67) 241.8720 (11.24)
Vinclozolin 12.16 CoHoCLLNO; 212.0028  178.0499 (1.00)  197.9872(1.40)  186.9586 (1.52)
Pirimicarb 12.17 C11HsN40, 166.0975 72,0444 (2.68)  238.1425 (10.87)
Chlorpyrifos-methyl 12.61 C/H,CI;NO,PS 2859256  287.9226 (1.47)  124.9821 (2.39) 78.9943 (3.04)
delta-BHC 12.73 CeHoCls 180.9373  182.9344 (1.05)  218.9110(2.48)  216.9140 (3.22)  108.9606 (3.04)
Propanil 12.80 CyHoCLL,NO 160.9794 1629764 (1.60)  217.0056 (15.38)  164.9735 (10.31)
Chlorothalonil 12.87 CsCLN, 265.8781  263.8810(1.25)  267.8751 (2.11)
Tolclofos-methyl 13.00 CoH,,CLO;PS 264.9850  266.9820(2.93)  124.9821 (5.38)  249.9615 (6.10)
Ametryn 13.02 CoH7NsS 227.1199  212.0964 (1.31)  170.0495 (1.90)
Parathion-methyl 13.12 CsH,0NOsPS 109.0049 124.9821 (1.5) 78.9943 (1.77)
Diethofencarb 13.58 C14H, NO, 124.0393  151.0264 (1.29)  225.0996 (1.38)  207.0890 (3.94)
Dacthal 13.61 CoHClL,04 300.8801  298.8831(1.32)  302.8772(2.13)
Chlorpyrifos 13.66 CoH,,C5NO;PS 96.9508 196.9196 (1.36)  198.9167 (1.36)  257.8943 (1.91)
Dichlofluanid 13.88 CoH;|CLFN,0,S,  123.0137  223.9498 (5.92)  167.0637 (2.83)
Pirimiphos-ethyl 13.94 C3HN;05PS 168.0590  180.1131 (1.31)  318.1036 (1.75)  304.0879 (2.50) 333.1271 (2.89)
Fenthion 1431 C1oH,505PS, 278.0195  124.9821 (3.39)  109.0049 (3.52)
o,p-Dicofol 14.49 C14HoCl50 138.9945 1109996 (2.29)  140.9916 (3.06)
Isocarbophos 14.78 CH,NO,PS 135.9977  120.0206 (1.22)  121.0284 (1.51)
Procymidone 15.44 C3H,,CLLNO, 96.0570  283.0161 (1.75)  285.0132(2.78) 67.0542 (1.12)
trans-Chlordane 15.51 C1oHoClg 372.8254  374.8225(1.04)  370.8284(2.33)  376.8195 (1.97)
cis-Chlordane 15.81 CyoHoClg 372.8254  374.8225(1.06)  376.8195(1.95)  370.8284 (2.28)
Hexaconazole 16.43 C14H,7CLN;O 82.0400 213.9947 (1.27) 83.0478 (1.31) 215.9917 (2.02)
p.,p-DDE 16.58 C4H;sCly 2459998  247.9968 (1.62)  176.0621 (3.10)  315.9375 (2.72)
Oxyfluorfen 16.63 CisHCIF;NO, 2520393 300.0034 (2.69)  317.0061 (4.17)  361.0323 (6.99)
Buprofezin 16.72 C16HN;08 105.0573  106.0651 (1.40)  175.0774 (1.56)  172.1029 (2.99)
Bupirimate 17.13 C13HN,058 208.1444  273.1016 (1.31)  193.1573 (1.37)  166.0975 (1.99)
Isoprothiolane 17.77 C12H 5048, 117.9905  188.9675(2.13)  161.9804 (2.20)
Endrin 17.81 C.H:Cl0 262.8564  264.8535(1.59)  260.8594 (1.54) 81.0335 (1.14)
0,p-DDT 18.05 C14HoCls 2350076  237.0046 (1.59)  165.0699 (1.89)  212.0388 (8.55)
Endosulfan 11 18.69 CoHCl405S 159.9842  238.8378 (1.95)  234.8438 (1.95)  236.8408 (1.31)  169.9685 (1.39)
Tris(z'b“‘o}i‘izthyl)f)hosp 18.83 C1sH300;P 1249998  85.0648 (1.12)  57.0699 (1.57)
p.,p-DDT 19.25 C14HoCls 2350076  237.0046 (1.61)  165.0699 (1.84)  212.0388 (6.99)
Piperonyl Butoxide 19.35 C1oH30s 176.0832  177.0910 (4.17)  149.0597 (5.13)
Fenhexamid 19.38 C14H,,CLLNO, 97.1012 1789713 (4.17)  176.9743 (2.59)
Triazophos 19.87 CoH6N;05PS 162.0662  161.0584 (1.05)  96.9508 (1.93) 172.0870 (1.48)
Triphenylphosphate 20.55 CsH,50,P 325.0624  77.0386 (2.76) 94.0414 (4.10) 326.0702 (1.19)
Fenpropathrin 20.76 CHy;NO; 181.0648 97.1012 (1.43) 265.0734 (3.63)  209.0835 (1.85)
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positively found was also included, like chlorothalonil in
Table 2.

MS? confirmation

False positive or false negative finding occurs frequently in
the pesticide screening, due to the matrix effect. In this
study, QTOF MS in MS? scan mode provided an efficient
approach for the structural confirmation of the suspected
pesticide. In contrast to the MS! scan mode, MS? scan mode
has the advantages of the MS/MS transitions to elucidate
the suspected or unknown structure, and present the
less-disturbed product ions. It improves mass accuracy, ion
selectivity, and confirmation capability.

Here, eight suspected pesticides from MS' identification
were conducted MS* analysis. Two MS/MS transitions with
their optimal collision energies for each pesticide were
picked according to our previous study [21]. As an illustra-
tion of the MS? confirmation for hexachlorobenzene in Fig-
ure 3, the proposal product ions m/z 283.8 > 213.8719 and
m/z 281.8 > 211.8749 were well found in the MS? spectra
with the absolute mass errors 1.9 and 1.1 mDa, respectively.
Likewise, another five of eight suspected pesticides were
positively confirmed. But the absence of product ions m/z
2859 > 93.0100 and m/z 1249 > 47.0491, 265.8 >
230.9092 and m/z 263.8 > 167.9402 indicated the suspected
compounds were not chlorpyrifos-methyl and chlorothalonil
as supposed (Table 2).

By our observation, in some cases, MS? scan mode based
on the ion separation of low-resolution quadrupole failed to
achieve a “pure” MS? spectrum. For example, many high
abundant product ions were found at low masses in the MS*
spectrum of m/z 281.8 (Figure 3). These unexpected ions
were generated by a precursor ion m/z 281.0534 from a
co-eluted compound. The mass difference of 0.7577 Da
failed to remove m/z 281.0534 from m/z 281.8111 in the
quadrupole. And the both of them were submitted to per-
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form CID, resulting in a combo MS? spectrum. Fortunately,
the identification of the proposal ion m/z 281.8 > 211.8749
was not disturbed in this case. Otherwise, another MS/MS
transition should be taken place for the structural confirma-
tion.

3.3 Validation of the screening results

Identification points (IPs)

As it reported, the EC Guideline introduces an “identifica-
tion points” system (IPs) to ensure effective and reliable
confirmation of residues in the identification and quantifica-
tion of organic residues [33]. The main advantage of using
IPs is that the verification of identity could be done in a
well-described and internationally accepted way.

In this work, novel criteria for IPs were also attempted to
validate the MS' identification and the MS” confirmation on
the basis of GC-QTOF MS. In the MS' screening, one Q/q
ratio at the proposal retention time can get 1.5 IPs under the
supposed conditions. In the MS? confirming, the relation-
ship between IPs and mass accuracy of the product ion was
described as follows: if the absolute error between the ex-
perimental accurate mass and the calculated mass of the
product ion was no more than 2 mDa, the product ion could
obtain 1.5 IPs; if the absolute mass error was between 2 and
10 mDa (include 10 mDa), it gained 1.0 IPs; if the absolute
mass error was between 10 and 20 mDa (include 20 mDa),
it gained 0.5 IPs; if the absolute mass error was more than
20 mDa, it gained O IPs. In a positive screening, at least 4
IPs should be gained for a pesticide. According to the new
criterion, IPs about the pesticide screened out from the ma-
ternal and cord sera were listed in Table 3. Taking hexa-
chlorobenzene in the maternal serum as an example, it got 3
IPs resulting from two Q/g; ratios in the MS' identification.

Table 2 The results of pesticide screening in the maternal and umbilical cord sera

MS' identification

MS? confirmation

Compound

M® I Precursor ion (Da)  Proudct ion (Da) Expuy (Da) Error (mDa) Expq) (Da) Error (mDa)
. 154.1 153.0699 153.0702 0.3 153.0690 -0.9
Biphenyl ++ +
153.1 152.0621 152.0625 0.4 152.0628 0.7
249.9 214.8797 214.8778 -1.9 214.8788 -0.9
Pentachlorobenzene ++ ++
248.0 212.8827 212.8826 -0.1 212.8795 -32
283.8 213.8719 213.8738 1.9 213.8730 1.1
Hexachlorobenzene ++ +++
281.8 211.8749 211.8760 1.1 211.8722 -2.7
285.9 93.0100 / / / /
Chlorpyrifos-methyl + +
124.9 47.0491 / / / /
. 265.8 230.9092 / / / /
Chlorothalonil / /
263.8 167.9402 / / / /
372.8 265.9032 265.8959 -7.3 265.9020 -1.2
trans-Chlordane +++ +++
271.9 236.8408 236.8489 8.1 236.8410 0.2
246.1 176.0621 176.0651 3.0 176.0609 -1.2
p.p-DDE +++ ++
215.8 245.9998 245.9938 -6.0 246.0008 1.0
Triphenvlohosphat N . 325.0 169.0648 169.0641 -0.7 169.0648 0
fiphienyiphosphate 2149 168.0570 168.0563 0.7 168.0572 02

a) Maternal serum; b) infant serum.



FanRJ,etal. SciChina Chem May (2014) Vol.57 No.5 675
+El product ion
213.8738
100 1
. 248.8424
=
£ 60
=
=1
© 73.0459
g 178.9043 283.8090
204 144.8581
40 80 120 160 200 240 280 320 360
+El product ion
57.0704
1004
2 601
3 71.0863
Q
2118760 40 00c,
20+ 116.5239 281.8111
Wil == L
40 80 120 160 200 240 280 320 360
Mass-to-charge (m/z)
Figure 3 MS/MS spectra of hexachlorobenzene in the MS? confirmation from the maternal serum.
Table 3 Validations and concentrations of pesticides in a pair of the maternal and umbilical cord sera
i CV (% C trati /mL
Compound [Psy 1Ps, Linear range R LOD (%) oncentration (ng/mL)
(ng/mL) (ng/mL)  Ing/mL  10ng/mL 100 ng/mL M 1
Biphenyl 6.0 4.5 1-100 0.9982 0.1 2.08 3.36 0.59 1.68 0.89
Pentachlorobenzene 6.0 5.5 1-100 0.9925 0.1 1.39 1.50 1.68 0.10 0.09
Hexachlorobenzene 6.0 7.0 1-100 0.9948 0.1 3.94 2.04 3.14 0.22 0.20
trans-Chlordane 6.5 7.5 1-100 0.9949 0.1 9.61 6.10 4.05 0.13 0.16
p.p-DDE 6.5 6.0 1-100 0.9935 0.1 7.59 4.13 5.36 0.11 0.13
Triphenylphosphate 4.5 6.0 1-100 0.9916 0.1 1.26 1.41 7.63 0.40 0.48

Another 3 IPs were obtained from the two MS/MS transi-
tions (1.5 IPs for 283.8 > 213.8738, 1.5 IPs for 281.8 >
211.8760). Therefore, total 6 IPs can be earned after the
analysis of GC-QTOF MS. While 1 IPs for chlorpyrifos-
methyl and O IPs for chlorothalonil, both less than 4 IPs
meant the negative findings in this screening case.

Quantitative results

The calibration curves showed excellent linearity (R* >
0.9900) for six pesticides within the range of 1-100 ng/mL
(Table 3). Analysis of the highest level of working standard
was followed by injection of pure methanol, and no signifi-
cant carryover effect was observed. LOD at S/N > 3 was
0.01 ng/mL for each pesticide. The precision expressed as
the CV was all less than 10%. Assuming all pesticides were
collected in the process of SPE extraction without loss, the
mean concentrations of six pesticide residues in the mater-
nal and umbilical cord sera were calculated and the results
were listed in Table 3. Besides four organochlorine pesti-

cides (pentachlorobenzene, hexachlorobenzene, trans-chlor-
dane and p,p'-DDE), biphenyl and triphenylphosphate were
also found in the sera. The structural stability and lipid sol-
ubility (LogP > 3) cause these residues resistant to envi-
ronmental breakdown and accumulate in maternal bodies
[34, 35]. Although the placental barrier has long been con-
sidered as a protective barrier to the fetus against noxious
agents, the residues in maternal blood, due to their good
lipid solubility, can cross the placental barrier. Therefore, it
was found less difference whether residue types or residue
levels between maternal and umbilical cord sera.

4 Conclusions

In this study, a novel screening method for multi-pesticides
in serum was developed using GC-QTOF MS and a pair of
maternal and umbilical cord sera as the real examples were
analyzed. For the identification, a database of 50 pesticides
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was created and 3 up to 5 representative ions from the MS'
full mass spectra were included for each pesticide. For the
structural confirmation, the high-resolution MS? full mass
spectra were acquired by GC-QTOF MS. The representative
product ions of the suspected pesticide were calculated and
compared with the reference. Additionally, an IPs system
relied on the accurate MS' and MS® spectra was introduced
to interpret the data for each suspected pesticide.

Summarizing, GC-QTOF MS demonstrated a strong
power in the analysis of pesticide residues. The availability
of high-resolution full scan mass spectra throughout each
GC-QTOF MS chromatogram, narrow mass extraction
window and accurate mass measurements provided qualita-
tive information to ascertain whether pesticide residues
were present in samples.

This study was supported by the Science and Technology Commission of
Shanghai Municipality (13ZR1448100). We sincerely appreciate the par-
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