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of organochlorine and pyrethroid pesticides prior to their
determination by gas chromatography with electron capture
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Abstract Magnetic polymer nanospheres were prepared
and used as adsorbents for the extraction of organochlo-
rine and pyrethroid pesticides from water samples. The
adsorbents were synthesized by miniemulsion polymeriza-
tion of N-vinylimidazole and divinylbenzene and simulta-
neous encapsulation of oleic acid-coated Fe3O4 nanopar-
ticles. Following desorption with ethyl acetate, the target
analytes β-hexachlorocyclohexane, δ-hexachlorocyclo-
hexane, p,p’-DDE, heptachlor, trans-chlordan, cis-
chlordan, bifenthrin, β-cypermethrin, δ-methrin, λ-
cyhalothrin and esfenvalerate were determined by gas
chromatography with electron capture detection.
Desorption conditions, extraction times and sample vol-
ume were screened by Plackett-Burman design and opti-
mized by Box-Behnken design. Under the optimum con-
ditions, the organochlorines can be quantified in the 20 to
400 ng L−1 concentration range, and the pyrethroids in the
400 to 4000 ng L−1 concentration range. The recoveries of
organochlorines and pyrethroids from spiked real water
samples are between 77.6 and 97.3 %, with relative stan-
dard deviations between 0.9 and 10.0 %. The method for

magnetic solid phase extraction described here is fast,
simple and friendly to the environment.
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Introduction

Organochlorine pesticides (OCPs) such as hexachlorocyclo-
hexanes (HCHs), DDTs, aldrin, dieldrin had been widely used
all over the word, well known as the persistence and signifi-
cant magnification in food chain [1]. Due to their chemical
and physical stability, the residue of OCPs in the environment
matrices can last for years or even decades [2]. Although
OCPs were prohibited since 1970s in many countries, they
can still be widely detected in various kinds of environmental
matrices, including water [3], soil [4], animals [5] and plants
[6]. OCPs can transport globally because of the grasshopper
effect. Water can be contaminated by OCPs by deposition,
leaching or rainfall runoff [7], and which are frequently de-
tected in many kinds of waters [8, 9]. Zhang H [10] et al.
detected the OCPs in Singapore’s coastal waters and the con-
centrations of analyzed OCPs ranged from 2.2 to 455 pg L−1.
Derbalah A [11] et al. monitored 10 kinds of organochlorine
pesticides in drinking water. The result showed the concentra-
tions of the analyzed OCPs were under 1 μg L−1 and lindane
was the highest detected compound.

Pyrethroids are kinds of bionic pesticides which are
synthesized derivates of pyrethrin [12]. Because of the
broad spectrum and high activity, pyrethroids have been
widely used in agriculture as well as household [13] since
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1970s. Pyrethroids have caused contamination for the en-
vironment for the wide use throughout the world. A lot of
works have been conducted for the residue analysis of
pyrethroids and contamination monitoring. Feo M L [14]
et al. measured the concentrations of pyrethroid insecti-
cides in surface water of the Ebro River Delta. The results
showed cypermethrin was detected in most water samples
at concentrations ranging from 0.73 to 57.2 ng L−1.
Hladik M L [15] et al. detected pyrethroids in American
urban creek water and the concentrations of the detected
targets ranged from 5.4 to 15 ng L−1.

European Union Directive 98/83/EC stipulated that the
maximum level for each individual pesticide in drinking water
is 0.10 μg L−1, and the maximum level for total pesticides is
0.50 μg L−1. Effective and environmentally friendly pretreat-
ment and determination methods are needed for the trace
amount of pesticides in water.

Varieties of pretreatment techniques have been devel-
oped to meet the requirements of complex environmental
matrices, such as accelerated solvent extraction (ASE)
[16], dispersive liquid-liquid microextraction (DLLME)
[17], solid phase microextraction (SPME) [18], matrix
solid phase dispersion (MSPD) [19], magnetic solid-
phase extraction (MSPE) and so on. MSPE is a pretreat-
ment technique in which magnetic or magnetizable adsor-
bents were used to achieve the separat ion and
preconcentration of target analytes from large volumes
of solution. It was first introduced by Safarikova and
Safarik at 1999, and then used for the determination of
organic dyes in water [20]. In MSPE procedure, the ad-
sorbent is completely dispersed in the sample solution,
instead of being packed into the SPE cartridge [21] which
increases the rate of diffusion and mass transfer of the
analytes [22]. After the analytes are adsorbed onto the
adsorbent, an external magnetic field is used to achieve
the phase separation without laborious procedures like
centrifugations or filtrations. Most magnetic nanoparticles
can be easily recycled by a simple washing operation
[23]. However, MSPE is a pretreatment technique without
cleaning step and can be only used for aqueous samples.

Developing valid magnetic adsorbents is a key point of
MSPE. Procedures applied in preparing SPME materials can
also be used in forming MSPE materials. Aziz-Zanjani M O
[24] et al. reviewed the state of the art in methods for the
preparation of SPMEmaterials. The coating procedures main-
ly include dipping and physical agglutinating methods, Sol–
gel technology, chemical grafting, electrochemical methods,
electrospinning, liquid-phase deposition, and hydrothermal
method.

Polymer is widely used to fabricate hybrid nanocom-
posite. He Z [21] et al. developed a hydrophilic–lipophilic
balanced magnetic material, which was used to extract
two kinds of pesticides with opposite hydrophily. Huang

X [25] et al. has synthesized magnetic polymer nanopar-
ticles, using N-vinylimidazole and divinylbenzene (1:3 w/
w) as monomers for fluoroquinolones extraction. In addi-
tion, molecularly imprinted polymer and rattle-type nano-
particles have been developed and used in these years.
Molecularly imprinted polymer is a kind of intelligent
polymer which was first used as MSPE material in 2007
[26]. These materials are widely used in extracting dyes
[27], peptides [28], pesticides [29] and so on [30, 31].
Rattle-type polymer nanoparticle is a kind of low density
material with a void space between the core and the shell.
It also can be used as a adsorbent to remove organic
dyestuff in water [32]. Besides polymer, other materials
or even use-patterns make magnetic nanoparticles more
applicative. Magnetic nanoparticles physically adsorb ole-
a t e c an be u s ed a s MSPE ad so r ben t s i n t h e
preconcentration of polychlorinated biphenyls [33]. After
triazine herbicides adsorbed by supramolecular solvent,
Fe3O4 nanoparticles can be added to accelerate the phase
separation process for the solid phase extraction [34].

A magnetic polymer nanosphere was designed and
synthesized. N-vinylimidazole and divinylbenzene were
used as functional monomer and structural monomer.
Miniemulsion polymerization was employed to encapsu-
late Fe3O4 nanoparticles. The prepared magnetic polymer
nanosphere was used as a MSPE adsorbent to extract
organochlorine and pyrethroid pesticides in water sam-
ple. Organochlorine and pyrethroid pesticides were deter-
mined by gas chromatography with electron capture de-
tector (ECD). The factors affecting the MSPE procedure
were optimized. Plackett–Burman design was used to
screen the influencing factors and Box–Behnken design
was used for optimization.

Experimental

Chemicals and reagents

FeCl2 · 4H2O, FeCl3 · 6H2O, ammonium hydroxide (25 %, w/
w), sodium dodecyl sulfate (SDS), n-hexadecane (HD), oleic
a c i d ( OA ) , h y d r o x y e t h y l c e l l u l o s e ( H EC ) ,
azodiisobutyronitrile (AIBN), polyvinylpyrrolidone (PVP),
n-hexane, acetone, methanol, ethyl acetate, methylene chlo-
ride, acetonitrile were analytical grade and purchased from
Beijing Chemical Reagents Company (Beijing, China; http://
www.bjgqhg.com.cn/). HLPC-grade isooctane was purchased
from Fisher Scientific (USA; http://www.thermo.com.cn/).
Divinylbenzene 80 % (DB) and N-vinylimidazole 99 % (VI)
were purchased from Aladdin Industrial Corporation
(Shanghai, China; http://aladdin.company.lookchem.cn/).

Respective standard stock solutions (100 mg L−1) of six
OCPs (beta-HCH, delta-HCH, heptachlor, trans-chlordane,
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cis-chlordane and p,p’-DDE) were obtained from J&K
Scientific Ltd. (Beijing, China; http://www.jkchemical.
com/). The working standard solutions were prepared by
appropriate dilution of the above standard solution in
analytical grade n-hexane to suitable concentration levels.
Bifenthrin (99 %), beta-cypermethrin (99 %), lambda-
cyhalothrin (99 %), esfenvalerate (99 %), deltamethrin
(99 %) were obtained from Agricultural Environmental
Protection Institution (Tianjin, China; http://www.aepi.org.
cn/sites/iapmoa/). Stock solution of each standard was
prepared by dissolving the substances in analytical grade n-
hexane to suitable concentration levels. All of the standard
solutions were stored at 4 °C in dark.

Ultrapure water was prepared byMilli-Q water purification
system (Millipore, Billerica, MA, USA; http://www.
merckmillipore.com/). It was confirmed there were no any
target compounds.

Instruments

OCPs and pyrethroids were analyzed on an Agilent-7890A
gas chromatography equipped with electron capture detector
(GC–ECD). Chromatographic separation was accomplished
w i t h a n HP - 5 f u s e d s i l i c a c a p i l l a r y c o l umn
(30 m×0.32 mm×0. 25 μm; Agilent; http://www.agilent.
com/home). The temperature of injector and detector was set
at 270 and 300 °C, respectively. Ultrapure nitrogen was used
as carrier gas with a flow rate of 1 mL min−1. The oven
temperature started at 90 °C for 1 min, raised to 180 °C at a
rate of 15 °C min−1 and held for 5 min, raised to 220 °C at
5 °Cmin−1, raised to 250 °C at 2 °C min−1, and then to 270 °C
at 4 °C min−1 and held for 5 min.

Characterization of magnetic polymer nanospheres was
carried out by a transmission electron microscopy (Tecnai
F30 transmission electron microscopy, USA; http://www.fei.
com/) and a fourier infrared spectrometer (Perkin-Elmer, Inc.
CA, USA; http://www.perkinelmer.com.cn/).

Synthesis of magnetic polymer nanospheres

Synthesis of oleic acid coated Fe3O4 nanoparticles

Oleic acid coated Fe3O4 (OA-Fe3O4) nanoparticles were pre-
pared by an improved co-precipitation method [35]. Exactly
10.8 g of FeCl3 · 6H2O, 3.98 g of FeCl2 · 4H2O were dissolved
in 200 mL of degassed deionized water with vigorous stirring.
Then 25mL of acetone with 4.0 g of oleic acid was added into
the above mentioned solution. After being stirred for 30 min,
25 mL of ammonium hydroxide (25 %, w/w) was dropwise
added. The three-neck flask was placed in an 85 °C oil bath for
1 h. At last, the reaction system was cooled down to room
temperature and the pH was adjusted to 2. The OA-Fe3O4

nanoparticals were separated from the suspension bymagnetic

decantation and washed with 200 mL of ultrapure water three
times. The particles were vacuum dried at 60 °C for 24 h.

Synthesis of magnetic polymer nanospheres

Magnetic polymer nanospheres were prepared by a mod-
ified miniemulsion polymerization reported by Shulai L
and Forcada J [35]. Firstly, 0.42 g of SDS, 0.7 g of PVP
and 0.14 g of HEC were dissolved into 60 mL of water.
Secondly, 0.7 g of OA-Fe3O4 nanoparticles, 3.98 g of
DB, 2.32 g of VI and 0.5 g of AIBN were homoge-
neously mixed and added into the above-mentioned
aqueous phase. After mixing, vigorous stirring and ultra-
sound were used for miniemulsion. After 10 min, the
three-neck flask was placed in a 70 °C oil bath for
24 h. At last, the final magnetic material was washed
with ultrapure water, acetone, methanol, ethyl acetate,
methylene chloride, acetonitrile three times respectively.
The washed magnetic polymer nanospheres were vacuum
dried at 60 °C for 24 h.

MSPE procedure

Under optimized conditions, the MSPE was performed as
follows. After activated by 50 μL of methanol, 50 mg of
magnetic adsorbent was dispersed in 50 mL of water
sample (15 % NaCl) with ultrasonic irradiation and vig-
orous stirring. After 30 min, external magnet field was
used to isolate magnetic adsorbent from the suspension.
The solution was decanted and the adsorbent was moved
to a centrifuge tube (5 mL). A syringe was employed to
remove the residue water after the magnetic adsorbent
aggregated in the centrifuge tube. After removing the
water, 0.5 mL of methanol was used to elute the target
analytes first, then the magnetic adsorbent was eluted by
1 mL of ethyl acetate with vortexing for 0.5 min twice.
The eluants were combined in a centrifuge tube (5 mL)
for evaporation to dryness with mild nitrogen stream at
35 °C. The residues were redissolved in 200 μL of iso-
octane and filtered through a PTEE filter (0.22 μm) be-
fore GC analysis. The filtrate was placed in a 200 μL-
insert before GC analysis.

Preparation of real water samples

Environmental reservoir and river water samples were an-
alyzed. Two kinds of reservoir water were collected from
Miyun reservoir (Beijing) and Shangzhuang reservoir
(Beijing). River water was collected from Xiaoqinghe river
(Beijing). All the samples were vacuum-filtered through
medium-speed qualitative filter papers and stored in dark
containers at 4 °C.
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Results and discussion

Synthesis strategy

Miniemulsion is aqueous dispersion system which contains
oil, water, emulsifier, costabilizer, hydrophobe, surfactant
and initiator. By the application of high shear forces, a rela-
tively stable system with small and narrowly distributed
miniemulsion droplets is formed. After reaching certain reac-
tion temperature, polymerization will happen in these drop-
lets. Miniemulsion polymerization is a conventional method
to encapsulate magnetic particles inside polymers. It is a sup-
plement of the above mentioned coating method for

Divinylbenzene is a common crosslinking agent which
can be used as a hydrophobe. N-vinylimidazole is a

hydrophilic monomer and can be dispersed in DB to
constitute oil phase. However, Fe3O4 nanoparticles are
either hydrophilic or hydrophobic and they cannot be
directly dispersed in DB. Oleic acid is the most used
unsaturated carboxylic acid which can make the surface
of Fe3O4 nanoparticles hydrophobic and helps Fe3O4

nanoparticles disperse in DB.
Huang X [25] et al. synthesized magnetic silica parti-

cles using sol–gel polymerization and based on which
magnetic polymer nanoparticles were prepared using N-
vinylimidazole and divinylbenzene (1:3 w/w) as mono-
mers via reflux-precipitation polymerization. The materi-
al was used as adsorbent to concentrate fluoroquinolones
which were lyophobic compounds in water. Compared
wi th Huang ’s work , o l e i c ac id coa t ed Fe3O4

Fig. 2 TEM images of (a)
aggregated nanospheres and (b)
single nanosphere

Fig. 1 FT-IR spectra of magnetic polymer nanospheres
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nanoparticles were synthesized and miniemulsion poly-
merization was used to form core-shell structure mate-
rials. Furthermore, the ratio of N-vinylimidazole and
divinylbenzene was different. The materials synthesized
were applied to adsorb hydrophobic pesticides.

N-vinylpyridine as a hydrophilic precursor monomer has
also been tried to design another nanospheres. However, the
self-polymeric reaction of N-vinylpyridine happened in the
mixing process before the miniemulsion polymerization
showing N-vinylpyridine cannot be used in the miniemulsion
polymerizations.

Characterization of magnetic polymer nanospheres

The functional groups were identified by FT-IR spectra, and
the size and morphological features of the prepared nano-
spheres were determined by transmission electronmicroscopy
(TEM).

The FT-IR spectra of the nanospheres was shown in Fig. 1.
The peaks at 570 cm−1 (Fe-O-Fe), 3450 cm−1 (O-H) indicated
Fe3O4 was successfully encapsulated. The absorption peaks at
2924 and 2853 cm−1 were typical stretching vibrations of CH2

groups. The stretching vibration of C=N was at 1598 cm−1,

Table 1 Linear equation, linear
range (LR), correlation coefficient
(R) and limit of quantitation
(LOQ) of theMSPE for OCPs and
pyrethroids

Analyte Linear equation LR (ng L−1) LOQ (ng L−1) R

beta-HCH y= 54.2x− 464.8 20–400 8.5 0.9983

delta-HCH y= 49.7x− 1423.2 20–400 14.9 0.9925

heptachlor y = 26.9x− 132.6 20–400 29.4 0.9972

trans-chlordane y = 114.9x + 293.7 20–400 4.0 0.9994

cis-chlordane y = 89.9x + 433.6 20–400 4.6 0.9994

p,p’-DDE y= 123.6x + 336.6 20–400 5.2 0.9988

bifenthrin y = 33.8x + 11,089 400–20,000 89.5 0.9994

lambda-cyhalothrin y = 2.4x + 233,195 400–20,000 71.4 0.9930

beta-cypermethrin y = 1.6x + 139,872 400–20,000 190.5 0.9996

esfenvalerate y = 5.0x + 439,266 400–20,000 55.6 0.9989

deltamethrin y = 4.6x + 387,296 400–20,000 41.6 0.9953

Fig. 3 GC chromatograms of the OCPs spiked at 400 ng L−1 and for the
pyrethroids at 4000 ng L−1. Chromatographic peaks: (1) beta-HCH, (2)
delta-HCH, (3) heptachlor, (4) trans-chlordane, (5) cis-chlordane, (6)

p,p’-DDE, (7) bifenthrin, (8) lambda-cyhalothrin, (9) beta-
cypermethrin, (10) esfenvalerate, (11) deltamethrin

Microchim Acta (2016) 183:1187–1194 1191



which indicated the existence of imidazole groups. The peaks
at 1400–1500 and 800–900 cm−1 were contributed to the ben-
zene ring. The FT-IR spectra results suggested that the poly-
mer was successfully coated on Fe3O4 nanoparticles.

The TEM images of the nanospheres were shown in Fig. 2.
The nanosphere seemed like an egg cell with diameter of
about 100 nm and unsmooth surface (Fig. 2b).

Optimization of method

Copolymer based on N-vinylimidazole–divinylbenzene com-
bines hydrophilic monomers and hydrophobic monomers.
This feature made the copolymer easily disperse in water

and have interactions with hydrophobic compound.
Organochlorine and pyrethroid were selected as model com-
pounds for the microextraction Fig. 3.

In order to evaluate the feasibility of the method , the
following parameters were screened and optimized: (a)
Eluting solvent; (b) NaCl concentration; (c) Sample vol-
ume; (d) Extraction time; (e) Volume of desorption sol-
vent; (f) Desorption time. Respective data and figures are
given in the Electronic Supporting Material. The follow-
ing experimental conditions were found to give best re-
sults: Eluting solvent was ethyl acetate; NaCl concentra-
tion was 15 %; sample volume was 50 mL; extraction
time was 30 min.

Table 3 Comparison of the
MSPE method with other method
for the determination of OCPs or
pyrethroids in water sample

Material Analyte LOQs (ng L−1) Solvent used (mL) Reference

Magnetic TitaniumDioxide pyrethroids 9–20 4.5 [36]

Polystyrene-coated MNPs pyrethroids 41–87 3 [23]

Cigarettes filter OCPs 600 15 [37]

oleic acid coated MNPs OCPs 6–48 6 [38]

Presented material Pyrethroids OCPs 41–190 2.5 Presentedmethod
4–29 2.5

MNPs means magnetic nanoparticles

Table 2 Recoveries and precisions of the OCPs and pyrethroids in real environmental water (n= 3)

Analyte Spiked level (ng L−1) River water Reservoir water (Miyun) Reservoir water (Shangzhuang)

Recovery (%) RSD (%) Recovery (%) RSD (%) Recovery (%) RSD (%)

beta-HCH 100 92.6 8.8 89.5 6.0 91.5 4.1

400 91.1 9.8 92.6 10.4 93.2 4.6

delta-HCH 100 91.1 4.4 90.7 2.1 91.4 5.2

400 88.1 7.7 96.3 2.6 97.3 5.9

heptachlor 100 91.6 3.6 88.8 2.8 91.8 10.0

400 85.8 7.7 90.2 7.9 89.8 5.2

trans-chlordane 100 81.9 1.0 81.0 9.4 84.6 9.1

400 83.6 9.1 85.2 5.4 84.5 9.1

cis-chlordane 100 86.9 6.3 80.0 9.5 84.3 5.0

400 78.9 7.1 82.7 7.6 81.2 8.2

p,p’-DDE 100 79.9 1.1 84.5 2.4 84.9 4.8

400 87.9 1.6 82.7 7.6 79.5 9.8

bifenthrin 400 84.9 4.2 80.0 3.0 79.4 8.6

4000 86.4 4.3 79.7 5.1 78.9 9.8

lambda-cyhalothrin 400 84.9 3.3 83.4 1.5 84.8 1.1

4000 84.8 9.1 82.4 7.9 83.9 6.0

beta-cypermethrin 400 84.5 3.2 78.9 1.7 84.7 4.2

4000 87.5 0.9 82.5 6.5 80.2 7.2

esfenvalerate 400 82.6 1.8 77.6 7.0 77.7 2.9

4000 83.1 9.9 79.9 10.6 82.6 7.3

deltamethrin 400 81.1 6.5 83.5 3.0 82.7 3.6

4000 81.1 6.5 82.9 9.6 81.7 6.9
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Method validation

Under the optimal conditions the method was validated by
linearity, recoveries, repeatability and limits of quantitation.

Milli-Q water was used for method validation. The results
of method validation were listed in Table 3. Calibration curves
for all the OCPs were in the range of 20–400 ng L−1 (20, 100,
200, 300 and 400 ng L−1) with correlation coefficients ranging
from 0.9925 to 0.9994. The limit of quantitation (LOQ) of the
OCPs ranged from 4.0 to 29.4 ng L−1 calculated at a signal-to-
noise ratio of 10.

Good linearities were obtained for the pyrethroids in the
range of 400–20,000 ng L−1 (400, 4000, 1000, 14,000 and 20,
000 ng L−1) with correlation coefficients ranging from 0.9930
to 0.9996. The LOQs for the pyrethroids ranged from 41.6 to
190.5 ng L−1 Table 1.

Application to real water

Three kinds of environmental water samples were selected
and used to validate the method. First, blank environmental
water samples were analyzed at the optimal conditions to
make sure free of the target analytes. The chromatograms of
three water samples showed no target analyte residues. The
water samples were spiked with the OCPs at concentration
levels of 100 and 400 ng L−1 and with the pyrethroids at 400
and 4000 ng L−1. Recoveries and relative standard deviations
were investigated. The results were listed in Table 3 showing
the recoveries were between 77.6 and 97.3 %, and the relative
standard deviations were between 0.9 and 10.0 %. The results
showed that theMSPEmethod can be successfully applied for
the analysis of real samples Table 2.

Comparison of the MSPE method with other methods

The analytical method was compared with other methods
(Table 3). This method determined 11 kinds of hydrophobic
pesticides simultaneously. The LOQs of the presented method
is comparable, and the consumption of solvent is relatively
lower.

Conclusions

Magnetic polymer nanospheres has been synthesized and
used in the MSPE for OPCs and pyrethroids in the en-
vironment water. NaCl concentration, sample volume and
extraction time are most important for this adsorbents in
the extraction of hydrophobic compounds in aqueous
sample. The method has comparable LODs and recover-
ies. However, the RSD indicated the stability and accu-
racy of the method are relatively poor. This adsorbents
have a potential application in practical samples, such as

beverage, vegetable juice, fruit juice. Generally speaking,
this method is simple, sensitive and environmentally
friendly.
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