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Abstract
A highly sensitive new method is described for performing dispersive microextractions. It is making use of a magnetic carbon
nanocomposite and two miscible organic solvents. The method was applied to simultaneous extraction of 32 polychlorinated
biphenyls (PCBs) prior to their quantitation by gas chromatography with electron capture detection. The effects of pH value of
sample for both micro solid phase extraction and dispersive liquid-liquid microextraction, of the amount of sorbent, extraction
time, type and volume of the miscible organic solvents and of salt addition were optimized. Figures of merit obtained under
optimized conditions (sample solution: 500 ml, volume of disperser solvent, ACN, 1.5 mL; volume of extraction solvent, TCB,
30 μL; extraction time: 50 min, 20 mg magnetic sorbent, centrifuge, 5 min, 4000 rpm), include (a) preconcentration factors
between 10,880 and 34,000; (b) repeatabilities of ≤14.9%, (c) detection limits between 0.01 and 0.2 ng kg-1, and (d) linear
dynamic ranges from 0.05 to 100 ng kg − 1. The method was applied to the simultaneous analysis of residues in (spiked) real
samples of fish, milk, packing sheet, and tap waters. Some of the analytes were found to be present in fish samples. The method is
simple, rapid, and more sensitive than any of the previously reported ones.
Keywords Magnetic carbon nanocomposite . Dispersive microextraction . Polychlorinated biphenyls . Gas chromatography with
micro electron capture detector . Miscible organic solvents magnetic solid-phase extraction . Milk analysis . Packing sheet . Fish
analysis

Introduction
Polychlorinated biphenyls (PCBs) are an important class of
pollutants consisting of a total of 209 various species. Because
of their wide persistence and toxicity, PCBs are an environmental problem whose monitoring and controlling them is
very important [1]. The solubility of these compounds in
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water is very low, so the levels of PCBs in water are usually
insignificant. Also due to lipophilicity of PCBs, these compounds accumulate in the fat tissue of fish and other aquatic
animals [2]. In addition, some industrial processes such as
manufacturing printing inks, paints, chlorinated solvents, agricultural chemicals, and detergent bars may accidentally generate PCBs. PCBs are detected in air, water, soils. EPA has
classified PCBs as a risk factor for liver cancer as a carcinogen. The 2001 United Nations Stockholm Convention also
obliged all members to reduce PCB compounds that are designated as organic pollutant (POPs) [3]. WHO / EURO at
1991) daily intake (TDI) 10 p TEQ / kg body weight / day
for this compounds will be allowed. After that, the European
Centre for Environment and Health (ECEH) and the
International Programme on Chemical Safety (IPC), the health
risks of these compounds are again based on new data (WHO,
1998), the whole TDI, from 1 to 4 TEQs page / kg organized.
[2]. Due to the importance of measuring the small amounts, it
is necessary to use an appropriate extraction method with
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significant preconcentration to determine the trace levels of
PCB tracking in different real samples, followed by gas chromatography with mass spectrometry [1, 4–6], electron capture
[2], micro - electron capture [7], and atomic emission detection [8] or high-performance liquid chromatography with ultraviolet [9], and tandem mass spectrometry [10] detector.
Solid-phase microextraction such as micro solid-phase extraction adsorbents [5, 10, 11], dispersive solid-phase extraction [12],
head-space solid-phase microextraction [8], and liquid-phase
microextraction (LPME) that has applied as a new and used full
method for extraction of various compounds prior to detection.
LPME make it possible the advantage of the analyte extraction in
a few microliters of the organic solvents. So far, several different
LPME methods such as single drop microextraction (SDME)
[13], hollow fiber LPME [6], ultrasound-assisted solid-phase
microextraction [14], electrochemical aptasensor [15] and dispersive liquid-liquid microextraction [16–18] have been developed.
In the first decade of 2000, some developments are applied on
combination methods for determination of PCBs and similar
compounds, including SPE coupled with DLLME (SPE–
DLLME) [19–21], supercritical fluid extraction coupled with
DLLME (SFE–DLLME) [22], stir bar sportive extraction
coupled with DLLME (SBSE-DLLME) [23], dispersive microsolid-phase extraction coupled with DLLME ((D-μ-SPEDLLME) [24, 25], and Magnetic matrix solid phase dispersion
assisted DLLME [26] .
We describe here a combination of magnetic dispersive
microextraction and DLLME based on using two miscible
organic solvents (MSPE – DLLME). The method was
employed for preconcentration of 32 PCBs prior to analysis
by gas chromatography coupled to micro electron capture detection (GC-μECD). Miscible organic solvents act as stripping
solvents for desorption of purpose analytes from the sorbent in
MSPE step, and then as disperser and extraction solvents for
DLLME step. Effective parameters for increasing the performance of this extraction procedure. Then, the application of
this method was checked out for the highly sensitive and simultaneous determination of 32 PCBs in tap water, milk,
packing sheet, and fish real samples.

Experimental
Chemical materials and apparatus
All 32 polychlorinated biphenyls (PCBs) were obtained as
PCB congeners mix 10 μg mL −1 from Accu Standard
(Leader in Analytical Reference Standards) in New Haven,
Connecticut, USA1 and listed in Table 1. n-Dodecane, isooctane, chlorobenzene, and trichlorobenzene (TCB) were

supplied from Merck2 (Darmstadt, Germany), and 2,4′,5trichlorobiphenyl – PCB No 31 (internal standard)
(Bellefonte, PA, USA, SIGMA-ALDRICH3). All the other
chemical materials used of the highest purity. Stock solution
(10 μg mL−1 in isooctane) of mix of 32 PCBs was stored at
4 °C in a refrigerator. This solution was used to spike the real
samples at the different concentrations.
A Metrohm 781 pHmeter with a glass-calomel electrode
(Switzerland, Herisau), ultrasonic water bath (Germany,
Bandelin) with temperature control, an IKA shaker and a digital
vortex (Germany, Deutschland), were used in experiments.

Instrumental analysis
Quantification of the analytes done by GC-μECD and GC-MS
was applied for identification of the analytes in real samples.
Analysis in GC-μECD done with an Agilent 7890 gas chromatograph equipped with split/splitless inlet and micro electron capture detector, (Wilmington, USA) and CP-Sil-8 CB; chrompack
325 °C (25 m × 320 μm id × 0.25-μm film thickness). Carrier gas
flow rate was 1 mL min−1 (He purity 99.999%). The GC oven
was initially adjusted at 100 °C, and was programmed to 220 °C
by rate of 10 °C min−1, then reached to 230 °C at 1 °C min−1 and
finally increased to 290 °C at 10 °C min−1 and held for 2 min, the
injector temperature and detector temperature were 290 °C and
300 °C respectively, run time is 30 min.
Mass spectra obtained using an Agilent 7890 gas chromatograph with programmed temperature vaporization inlet
(PTV) equipped with mass spectrometer detector
(Wilmington, USA). Separation of the analytes performed in
Restek Rxi®-5 ms fused-silica capillary column 5% Phenyl
Methyl Silox (30 m × 0.32 mm i.d. and 0.25 μm film thickness). The GC oven was programmed as GC – μECD oven.

Preparation and characterization of magnetic carbon
nanocomposites (MCNs)
Carbon nanocomposites have used for this ultra-trace extraction, because they are excellent sorbents due to their properties
(for instance, high surface area and inner volume, stability,
mechanical strength, possibility of establishing π-π interactions and their capacity for functionalization). However, the
difficulty in recovering them from dispersing media is the
important drawback that seriously limit the use of these compounds. The conversion of CNs into magnetic materials
solves the problem because MCNs can be easily separated
from large sample volume solutions using a magnetic field.
Many synthetic nanoparticles have been developed to extract
contaminants, but this effort has been made to use the simplest
magnetic carbon nanoparticle available in all laboratories. The
2
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https://www.merck.com
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No

Analyte

Abrev.

RT

M/Z

1
2

2,4′-Dichlorobiphenyl
2,4,4′-Trichlorobiphenyl

PCB 8
PCB 28

10.14
11.89

75, 152, 222
186, 256, 258

3

2,2′,5,5’-Tetrachlorobiphenyl

PCB 52

12.55

220, 255, 292

4
5

2,2′,4,5’-Tetrachlorobiphenyl
2,2′,3,5’-Tetrachlorobiphenyl

PCB 49
PCB 44

12.64
13.00

110, 220, 292
220, 222, 292

6

3,4,4′-Trichlorobiphenyl

PCB 37

13.15

150, 186, 256

7
8

2,4,4′,5-Tetrachlorobiphenyl
2,3′,4′,5-Tetrachlorobiphenyl

PCB 74
PCB 70

13.85
13.93

108, 252, 324
222, 290, 294

9

2,3′,4,4’-Tetrachlorobiphenyl

PCB 66

14.04

222, 290, 294

10
11

2,3,4,4’-Tetrachlorobiphenyl
2,2′,4,5,5’-Pentachlorobiphenyl

PCB 60
PCB 101

14.50
14.64

222, 290, 294
184, 254, 326

12

2,2′,4,4′,5-Pentachlorobiphenyl

PCB 99

14.80

254, 326, 328

13
14

2,2′,3,4,5’-Pentachlorobiphenyl
3,3′,4,4’-Tetrachlorobiphenyl

PCB 87
PCB 77

15.45
15.84

254, 291, 326
110, 220, 292

15
16

2,2′,3,3′,4-Pentachlorobiphenyl
2,3′,4,4′,5-Pentachlorobiphenyl

PCB 82
PCB 118

16.15
16.67

127, 254, 326
128, 254, 326

17
18
19
20

2,3,4,4′,5-Pentachlorobiphenyl
2,2′,4,4′,5,5’-Hexachlorobiphenyl
2,3,3′,4,4’-Pentachlorobiphenyl
2,2′,3,3′,5,6,6’-Heptachlorobiphenyl

21
22
23

2,2′,3,4,4′,5’-Hexachlorobiphenyl
2,3,3′,4,4′,6-Hexachlorobiphenyl
3,3′,4,4′,5-Pentachlorobiphenyl

PCB 114
PCB 153
PCB 105
PCB 179
PCB 138
PCB 158
PCB 126

17.09
17.50
17.70
18.11
18.69
18.80
19.17

127, 184, 326
145, 290, 360
184, 254, 326
162, 324, 394
145, 290, 360
127, 254, 326
128, 254, 326

24
25
26
27
28

2,3,4,4′,5,6-Hexachlorobiphenyl
2,2′,3,4,4′,5′,6-Heptachlorobiphenyl
2,2′,3,4′,5,5′,6-Heptachlorobiphenyl
2,2′,3,3′,4,4’-Hexachlorobiphenyl
2,3,3′,4,4′,5-Hexachlorobiphenyl

PCB 166
PCB 181
PCB 183
PCB 128
PCB 156

19.36
19.45
19.70
19.99
21.26

162, 324, 394
162, 324, 394
162, 324, 394
145, 290, 360
145, 290, 360

29
30
31
32

2,2′,3,4,4′,5,5’-Heptachlorobiphenyl
3,3′,4,4′,5,5’-Hexachlorobiphenyl
2,2′,3,3′,4,4′,5-Heptachlorobiphenyl
2,3,3′,4,4′,5,5’-Heptachlorobiphenyl

PCB 180
PCB 169
PCB 170
PCB 189

22.19
23.02
23.61
24.75

324, 359, 394
145, 290, 360
162, 324, 394
162, 324, 394

magnetic carbon nanocomposites (MCN) as adsorbent for
preconcentration of PCBs from aqueous solution was prepared and characterization in accordance with the method that
we used our previous research, (Yazdanfar, N. et al.
Chromatographia 81.3 (2018) 487–499) [27]. The steps of
preparation and characterization of MCN are given in the
Electronic Supplementary Material (ESM) and Fig. S1. This
prepared magnetic carbon nanocomposite (MCN) is stable for
several months under environmental conditions.

Microextraction procedures
In this work, an effectual MCN was used as adsorbent for
effective and rapid extraction of PCBs from various samples.
In this method, firstly, the best adsorbent value was dispersed
in the sample solution and absorbed the analytes. The target

compounds were then washed with a mixture of two miscible
organic solvents, one of these solvents (TCB) plays the role of
the main solvent of the extraction, and the auxiliary solvent
(ACN) was separated in the next step by the DLLME method.
The first, 20 mg of MCNs was added into 500 mL aqueous
sample and was shaken for 50 min. Then, an Nd-Fe-B strong
magnet was placed underneath of the Erlenmeyer flask, and
the MCNs collected from the solution. Three minutes to collect magnetic nanoparticles was enough. After this time, removed the clear overlay solution and MCNs were eluted by
mixture of 1.5 mL of ACN and 30 μL TCB and constant
amount of PCB No.31 as an internal standard. In DLLME
step, aqueous solution operates as separating factor of two
miscible solvents. Actually, PCBs is dissolved better in TCB
than ACN, but ACN not only applied as disperser solvent for
DLLME step, but also dissolves TCB in itself and causes
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better contacting of microliter volume of TCB with all surface
of sorbent. So, with using ACN, it is no need to use high
volume of toxic organic solvent. To extract solvent extraction, mixture of solvents was suddenly injected into 5 mL
aqueous sample, a cloudy state was formed in the solution
immediately, due to this excellent contact, the ACN molecules are dissolved in water and separated from TCB, the
mixtures were centrifuged for 5 min at 4000 rpm, and,
TCB was collected under the solution, because of its high
density. The extracted solvent was transferred into a glass
vial and, 1 μL of that was injected into the GC - μECD
using an Agilent auto injector.

Results and discussion
Effective factors on the MSPE step, contains volume and kind
of solvents, break through volume, mg of sorbent, pH and
extraction time and DLLME parameters such as the ionic
strength, pH of sample solution and extraction time, were
optimized. All optimization experiments performed on
GC-μECD. The peak areas, improved accuracy of the peak
height, were used to evaluate the impact of solvent and break
through volume using the one-factor-at-a-time approach and
the effect of other parameters on extraction efficiency investigated through experimental design simultaneously. All experiments were repeated three times and mean values were considered for evaluation. Using the appropriate extraction solvent and very selective detector (μECD), it has been tried to
measure the target analytes, with most selectivity and without
intercept other possible contaminants.

Optimization of method
The following parameters were optimized by the one-factorat-a-time approach: (a) volume and kind of two miscible organic solvents; (b) breakthrough volume; (c) desorption conditions. In addition, the following parameters were optimized
by multivariate optimization using a central composite design
(CCD) approach: (d) extraction time; (e) sample pH; (f) mass
of sorbent. The following experimental conditions were found
to give best results: (a) optimal volume and kind of solvents;
(b) optimal breakthrough volume; (c) optimal desorption conditions; (d) optimal extraction time; (e) sample pH; (f) optimal
mass of sorbent. The following experimental conditions were
found to give best results: (a) 1.5 mL ACN and 30 μL TCB as
disperser and extraction solvents; (b) 500 mL as optimal sample volume; (c) elution of sorbent by two miscible solvents in
5 min by sonication; (d) 50 min extraction time; (e) pH 6.5 for
sample solution and DLLME solution both; (f) optimal mass
of sorbent: 20 mg; and (g) 10 % (w/v) for salt (NaCl)

Microchim Acta871:6 )902(

One-factor-at-a-time approach
Two miscible organic solvents
Extraction and disperser solvents in this project, are two organic solvents that were mixed together used for elution of
PCBs from MCN particles. These two miscible stripping solvents are separated due to differences in density and their
solubility in water, in the DLLME step, the PCBs which,
due to the structural similarity, accumulate in extract solvent
(TCB) and condensate very well. The main extract solvent in
this mixture (TCB) used in very small volume and auxiliary
solvent (ACN) to increase the contact level was used. The
auxiliary solvent plays two important roles. In the MSPE step,
as an auxiliary elution solvent, dispersed the extraction solvent
and increases the contact of this solvent with MCNs particles,
this solvent due to meet higher solubility in water, is removed
at the next step of the extraction solvent. Then, it should be
able to wash PCBs in MSPE step, and mix with organic solvent to have operating role for disperser solvent in DLLME
process too. A few solvents about, acetone, acetonitrile, ethanol, and methanol were investigated. Acetonitrile had the best
performance, so it was selected. (Figure 1a) As representatives
of PCBs, the five compounds (included of 3 to 7 chlorine) of
32 investigated PCBs were selected and displayed in graphs.
By using ACN along with organic solvents as stripping solvent, the extraction efficiency not only improved but also
decreased the needed volume of some toxic organic solvents.
So, in the next step, ACN with some extraction solvents such
as carbon tetrachloride (d: 1.59 g mL−1), chloroform (d:
1.49 g mL −1 ), chlorobenzene (d: 1.11 g mL −1 ), and
trichlorobenzene (TCB) (d: 1.46 g mL−1) were investigated
in order to elute the sorbent. As can be seen in Fig. 1b the
mixture of ACN with TCB create best extraction efficiencies
so this mixture selected as disperser and extraction solvents.
Volume of two miscible stripping solvents and desorption
condition
The volumes of ACN in the range of 0.5–2 mL (Fig. S2a) and
TCB in the range of 15–100 μL (Fig. S2b) were investigated.
The result shows that mix of 1.5 mL of ACN and 30 μL of
TCB create the best elution of the analytes from the sorbent
and extraction efficiency. At larger volume of these two solvents, the total peak area of PCBs was reduced because of the
dilution effect, and at lower volume, elution was not done
completely. So, the mix of 30 μL TCB and 1.5 mL ACN
was applied as two miscible stripping solvents for later
experiments.
For the investigation of desorption condition, the MCNs
washed by mix of 30 μL TCB and 1.5 mL ACN. The effects
of ultrasonic bath and vortex were also studied in the desorption phenomenon. Elution of sorbent by sonication was better
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Fig. 1 Investigation of disperser
solvent (a) and stripping solvents
(b) in MSPE; Extraction
condition; Initial pH: 6.5,
DLLME pH: 6.5, initial
concentration: 20 ng L−1,
extraction time: 50 min, 20 mg
magnetic sorbent, sample
solution: 500 ml, centrifuge,
5 min, 4000 rpm

than vortex. Then, the sorbent was eluted by sonication at
different times. Eluting of sorbent by mixture along 5 min
sonication produced better extraction efficiency. Therefore,
elution of sorbent by 1.5 mL ACN and 30 μL TCB in 5 min
by sonication were selected for elution of PCBs.

Effect of the breakthrough volume
To achieve higher PFS, the larger the sample solution size is
better. In this work, because of possible magnetic separation
of adsorbent (magnetic carbon nanocomposites), collecting
the absorbent particles from the large sample volume is easy.
In order to select the best solution volume, various samples of
aqueous samples from 100 to 600 ml, each containing 10 ng
from PCBs, were examined (Fig. S3). The results showed that
the best preconcentration factors were prevalent when the
sample volume was 500 mL.

Optimization of other parameters using CCD
In order to achieve the best performance of the method and to
obtain the best extraction efficiency achieved, a rotatable and
orthogonal central composite design (CCD) was employed.
This method is composed of full or fractional factorial points
(Nf = 2f), axial points (Na = 2f), and a set of center points (N0)
[28]. The tests for the central point are usually repeated several
times, in order to reduce the error. In rotatable designs, all
points at the similar radial distance (r) from the center have
the same value of prognostication error. The value of needed
to ensure rotatability for half fraction CCD (Nf = 2f-1) is calculated equal to ±2 by using Eq. (1) [29].
α¼

p
ﬃﬃﬃﬃﬃﬃﬃ
4
Nf

ð1Þ

Regarding to Eq. (2), for half fraction CCD with 5-factor
and 10-center points totally 36 experiments had to be run.
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N ¼ 2ð f −1Þ þ 2 f þ N 0

ð2Þ

The main factors and levels tested in accordance with the
design matrix were: A: Extraction time in SPE between 5 to
65 min, B: Initial pH, from 2 to 12, C: mg of sorbent in the
range of 5 to 35 mg, D: DLLME pH, 2 to 12 and E: % Salt in
DLLME solution from 0 to 20%.
In order to minimize the effect of uncontrollable factors, the
experiments were randomized and analysis of variance used to
measurement the suitability and importance of the model. R2
(the coefficients of determination) was equal to 0.8339, it
means there is 83.93% level of agreement between the two
variables that are compared in the regression analysis.
Figure 2a shows the effect of extraction time (A) and
initial pH (B) on the response. By the addition in initial pH,
the extraction performance increases slowly, because at
neutral pH, PCBs have molecular form and are adsorbed
slightly better on the surface of MCNs. In addition, the
preconcentration factor decreases slightly on increasing
extraction time after 50 min, because the mass transfer of
component need specified time to reach the equilibrium
and after among longer times, analyte may be back extract
to solution.
With increasing the amount of sorbent of 20 mg, extraction
efficiency increases, because the surface of sorbent for adsorb
the analyte increased and after this with increasing of sorbent
amount extraction efficiency decreased due to insufficient elution of sorbent with the solvent. The effect of DLLME pH (D)
and the salt effect (E) on the efficiency of extraction illustrated
in Fig. 2c. Due to the salting out effect, with increasing salt
percentage the solubility of PCBs in the aqueous solution
decreases, thus extraction efficiency is increased and after this
due to competition of salt with PCBs on adsorption, extraction
efficiency decreased so amount of 10% salt creates best responses. In addition, pKa value of PCBs are in the range of

5.5–7.4, in neutral pH, they convert to neutral form and extract
better to organic solvent at pH 6.5. By summarizing the results
based on the installed model, optimum conditions were obtained: pH 6.5 for sample solution in MSPE step, 50 min for
extraction time and 20 mg for magnetic sorbent in MSPE,
10% (w/v) for salt (NaCl) and pH 6.5 for DLLME solution.
The test was repeated 3 times in optimal conditions to ensure
the accuracy of the results.

Analytical characteristics of MSPE-DLLME
The analytical performance of the method (i.e. PFs, limit of
detections and quantifications (LODs and LOQs), respectively), linear dynamic ranges (LDRs), and precision (RSDs))
were obtained under optimized conditions and were tabulated
in Table 2. Several spike levels of 32 PCBs in the range of
0.007–200 ng kg−1 used to measure the linearity of the method, linear dynamic range of this method were obtained for
aqueous samples in the range of 0.1–100 ng kg−1. The
LODs for different PCBs were obtained in the range of
0.01–0.2 ng kg−1 practically based on signal-to-noise ratio
of 3. Intra-day and inter-day precisions were obtained in
the range of 2.5–14.5% and 3.0–14.9% respectively. The
PFs, which calculated using concentration of PCBs in acceptor phase to initial sample solution, varied between
10,880 and 34,000. Analytical performances were
displayed in Table 2.

Application to real samples
Pretreatment of real samples
To illustrate the reliability and applicability of the extraction and determination method for environmental and food
trace pollutants, this method was applied to the PCBs

Fig. 2 Contour plot and response surface of PCBs using the CCD, which shows the relationship among extraction time and initial pH (a), sorbent amount
and pH of DLLME (b) and % salt in DLLME and DLLME pH (c)
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Figures of merit and linearity parameters of MSPE-DLLME method
PF

LOD (ng L−1)

Inter-day precision RSD% (n = 5)

Intra-day precision RSD% (n = 5)

Linearity

10 ng L−1

5 ng L−1

10 ng L−1

5 ng L−1

LDR (ng L−1)

PCB 8

33,333

0.1

8.2

7.5

7.4

6.1

0.5–50

PCB 28

12,000

0.1

13.5

12.0

12.2

11.5

0.5–100

PCB 52
PCB 49

33,000
18,600

0.05
0.1

14.5
10.7

14.9
11.0

13.9
9.5

14.5
10.5

0.1–50
0.5–20

PCB 44
PCB 37

16,500
33,000

0.1
0.01

13.2
8.6

13.5
9.1

6.6
7.6

13.2
8.0

0.5–20
0.1–20

PCB 74

32,000

0.01

13.2

13.7

12.0

13.3

0.1–50

PCB 70
PCB 66

25,000
33,000

0.1
0.01

7.3
7.6

6.8
7.2

6.1
6.5

6.5
6.6

0.5–50
0.1–20

PCB 60
PCB 101

12,750
20,470

0.1
0.1

12.5
14.2

12.0
14.7

11.2
9.5

11.8
14.5

0.5–20
0.5–20

PCB 99

20,800

0.1

8

8.5

6.0

7.5

0.5–50

PCB 87
PCB 77

17,630
32,000

0.1
0.01

8.3
8.7

8.6
9.0

6.2
6.8

7.5
7.7

0.5–20
0.1–20

PCB 82

17,500

0.1

14.0

11.7

11

10.5

0.5–20

PCB 118
PCB 114
PCB 153

33,000
33,000
20,000

0.01
0.01
0.05

14.8
8.1
9

14.5
8.4
9.3

14.1
5.8
6.0

14.4
7.1
8.6

0.1–50
0.1–50
0.5–20

PCB 105
PCB 179
PCB 138
PCB 158

18,150
11,940
22,580
19,900

0.1
0.1
0. 1
0.1

12
14.2
4.3
9.1

12.3
14.9
5.0
9.8

11.0
13.5
5.2
8.6

11.9
14.5
3.5
9.3

0.5–50
0.5–100
0.5–50
0.5–50

PCB 126
PCB 166
PCB 181
PCB 183
PCB 128

21,030
12,260
10,880
34,000
18,035

0.2
0.1
0.1
0.01
0.1

9.5
9.8
10.6
13.2
8.0

10.2
10.5
11.1
13.5
6.3

8.4
8.0
9.7
12.6
6.0

9.4
9.9
10.5
13.0
5.4

0.5–50
0.5–50
0.5–50
0.1–20
0.5–20

PCB 156
PCB 180
PCB 169
PCB 170
PCB 189

19,920
17,870
19,660
12,370
15,700

0.1
0. 1
0.1
0.1
0.1

7.1
3.7
13.5
9
13.5

7.4
3.0
14.0
9.5
6.4

5.8
2.5
12.0
7.7
6.0

6.9
2.8
13.4
8.8
5.8

0.5–20
0.5–20
0.5–50
0.5–50
0.5–50

determination in natural water (tap water), packing sheet,
fish and milk samples. Packing sheet prepared from a bakery in Tehran (IRAN) and pretreatment were based on EN
ISO 15318:1999 standard method [30]. Therefore, 10 g of
sheet sample was cut into 1 cm2 pieces and mixed with the
50 ml of ethanol solution with 2% w/v of KOH. Then, the
sample was reflexed for 60 min and cold solution was
maintained in room temperature. At the next step,
twenty-five mL of it was added to 50 mL cold water
and shacked rapidly. All solutions were mixed with 3 part
of 5 ml of n-hexane in separating funnel. Collected nhexane was evaporated and resolved with 2 ml of ACN
then diluted with water to 500 mL and extracted with

presented method (sec.2.44). Fish sample was purchased
from local supermarket in Tehran (IRAN) and were examined by the method. After homogenizing the samples
(20 g), 1 g sodium sulfate and 10 mL ACN were added
and vortexed for 2 min. After the centrifuge, extraction
fluid was separated from the sample. This step was repeated once again, and finally 20 ml of acetonitrile was collected. This collected solvent was condensed to 1 mL under N2 bubbling at 50 °C and dilute with distilled water
(pH 6.5) to 500.0 mL.
Fresh milk was prepared from retail market in Tehran (IRAN),
respectively. Six mL of 2 mol L−1 Zn(CH3COO)2.2H2O and
6 mL of 0.5 mol L−1 K3[Fe(CN)6].3H2O solution added to
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100 mL milk for sedimentation of proteins [31]. The mixture
was vortexed for two minutes and then sample solution
separated from the sediment and diluted to 500 mL
(pH 6.5).
MSPE–DLLME/GC-μECD for real samples
After pretreatment, the MSPE–DLLME was applied on
500 mL of prepared solution of real samples. The results
showed that some of the 32 PCBs were found in real fish
sample. Figure 3a presents the chromatograms MSPE–
DLLME/GC-μECD for the non-spiked and spiked (spiking level of 10 ng kg−1) real fish sample. The relative
recovery of the purpose PCBs in the real samples have

Microchim Acta871:6 )902(

been summarized in Table S1 (the difference of founded
amount in spiked real samples between non-spiked real
samples to real spiking amount). The presence of PCBs
in real samples was approved by GC-MS analysis in the
selective ion and scan mode (Fig. 3d). The mass spectrum
of real sample compared with MS database of instrument
library (Fig. 3c) and founded analytes are illustrated.
Figure 3b shows GC-MS chromatograms of the nonspiked real fish sample. GC-MS data confirmed the presence of PCB 8, PCB 77, PCB 118 and PCB 169 in fish
sample. The relative recoveries of the PCBs from water,
fish, milk, and packing sheet samples were in the range of
82.1% - 102.5%, 71.6% - 99.6%, 72.0% - 96.2% and
62.8% - 94.9%, respectively.

Fig. 3 GC-μECD chromatograms of a real fish sample before (blue) and after (red) spiking with 10 ng kg−1 of PCBs standard solution (a). GC-MS
chromatograms of the non-spiked real fish sample after extraction (b). MS spectrum for PCBs (c) in comparison with MS spectrum of real fish sample (d)

Microchim Acta871:6 )902(
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Fig. 4 The data sheet and
chromatogram of MSPE-DLLME
of non-spiked (blue) and spiked
FAPAS power milk (red).
Extraction condition: 30.0 μL of
TCB and 1.5 mL of ACN as two
miscible stripping solvents,
sample solution: 500 ml, Initial
pH: 6.5, DLLME pH: 6.5,
extraction time: 50 min, 20 mg
magnetic sorbent, 10%, (w/v) for
salt (NaCl), and centrifuge, 5 min,
4000 rpm

Method validation by analysis of certified reference
material (CRM)
The presented method was validated by analysing CRM sample (Milk powder T05105QC FAPAS® quality control test). It
was obtained from Food and Environment Research Agency
(York, GB), respectively after its preparation based on the
method that was mentioned in the section 3.4 for milk preparation. This procedure was used to the determination of PCB
28 and PCB 118 that presented in CRM sample. For maximum accuracy, the match matrix method of extraction with
500 ml of solution were used to prepare samples.
Table 3

Concentrations of PCB 28 and PCB 118 in prepared FAPAS
milk solution were found to be 13.9 ± 0.4 and 12.1 ±
0.3 ng kg−1 regarding to dilution coefficient (0.2 g FAPAS
milk powder in 500 mL solution) being in agreement with
the certified value of 34.8 and 30.4 μg kg−1 for PCB 28 and
PCB 118 in real FAPAS milk powder. The data sheet and
chromatogram of CRM sample is shown in Fig. 4. It should
be noted that the concentration of PCB 28 and PCB 118 in
powder milk were above the dynamic linear range for them.
So, by performing the presented extraction method on 0.04%
w/v solution of powder milk, this problem was dissolved and
the concentration of target PCBs enter the linear rang for these

Comparison of Performance the MSPE-DLLME method with previous for determination of PCBs in real samples

Extraction method Determination Analyte

Sample

PFs

LR (ng kg−1) LOD (ng kg−1) Ref

DLLME
DLLME-SFOa

GC-ECD
GC-ECD

5 PCBs
7 PCBs

Soils
Tap and lake water

166
494–606

400–2 × 106
5–2500

200–500
3.3–5.4

[16]
[17]

DLLME-FO
MSPDb
ASEc
Ol-Fe3O4 NPsd
MSPE-DLLMEe

GC-ECD
GC-ECD
GC-MS
GC-MS
GC-μECD

8 PCBs
6 PCBs
18 PCBs
7 PCBs
32 PCBs

peach juices, pulps, peels
Post-mortem human lung
Fish
juices
Water, milk, packing sheet, Fish

540–985
–
–
125
10,800–34,000

10–2000
–
–
50–700
0.1–100

2.8–18.5
180–480
400–1100
1.6–5.4
0.01–0.2

[32]
[33]
[34]
[35]
Presented method

a

Solidification of floating organic droplet

b

Matrix solid-phase dispersion, by Florisil

c

Accelerated solvent extraction

d

Magnetic oleate-coated Fe3O4 nanoparticles

e

Magnetic carbon nanocomposite and two miscible organic solvents DLLME
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two PCBs. The reported chromatogram in Fig. 4 are for 0.04%
w/v solution of FAPAS milk powder.
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