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Abstract A dispersive liquid-liquid microextraction
(DLLME) method followed by gas chromatography/mass
spectrometry (GC/MS) was applied for the trace determi-
nation of organochlorine pesticides in honey samples. The
type and volume of organic extraction and disperser sol-
vents, pH, effect of added salt content and centrifuging time
and speed were optimized to find the appropriate extrac-
tion conditions. In DLLME, 30 pL of 1,2-dibromomethane
(serving as extractant) and 1.5 mL of acetonitrile (serving
as disperser) were applied. The limit of detection (3 s) and
limit of quantification (10 s) for all the analytes of interest
(organochlorine pesticides) varied from 0.004 to 0.07 and
from 0.02 to 0.3 ng g~ !, respectively. The extraction recov-
ery ranged from 91 to 100 %, and the enrichment factors
ranged from 171 to 199. The relative standard deviation
was <6 % for intraday (n = 6) and <8 % interday (n = 4)
measurements. The proposed DLLME-GC/MS method
was confirmed to be fast, simple to perform, friendly to
environment and suitable for analysis of organochlorine
pesticide residues at trace levels in honey samples.
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Introduction

Honey is a food product consumed worldwide and has
high-quality nutritional properties. It is a sweet food prod-
uct made by bees [1]. To ensure its safe consumption,
honey must be free of all contaminants (especially pesti-
cides) at trace levels [2].

Pesticides are broadly used in agriculture, and the pres-
ence of pesticides residue in food products like honey is
unacceptable. Organochlorine pesticides (OCPs) are highly
poisonous, carcinogenic and extremely resistant to environ-
mental degradation [3]. The manufacture and use of OCPs
have been restricted or forbidden in many countries such as
German, England, France, Portugal and the USA [4]. How-
ever, their residues have remained in the environment from
prior agricultural use [5] and transfer in atmosphere as sur-
plus to the honey [6].

Several studies have shown that OCPs bio-accumulate in
plants from contaminated soil [7]. This bio-accumulation in
plants resources can spread 10-1000 times more pesticide
than that which is spread in the air and water [8]. OCPs
can also easily contaminate non-fatty foods such as honey
as well as fatty-enriched food products [9]. Honey can
become contaminated directly from contact with honeybees
carrying polluted pollen, nectar, soil and water and from
inhalation during flight [10]. Moreover, OCPs occurrence
has been widely documented in different studies [11-16].

The contaminants in honey exist at trace levels, and honey
has a complex matrix. For this reason, sample preparation
and isolation of the analytes are significant analytical stage
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in honey analysis [17]. The procedure most commonly used
for extraction and purification of analytes from samples such
as honey matrix is classical liquid-liquid extraction [18, 19],
solid-phase extraction [20], supercritical fluid extraction
[21], matrix solid-phase dispersion [22], accelerated solvent
extraction [23], quick, easy, cheap, effective, rugged and safe
extraction [24] and solid-phase microextraction [25].

Most of these pretreatment methods have disadvantages
such as being labor intensive, time-consuming, achieving
low enrichment factors (EFs) and requiring large amounts
of hazardous solvents. In 2006, Rezaee et al. introduced a
liquid-phase microextraction technique termed dispersive
liquid-liquid microextraction (DLLME). The DLLME
method is based on a ternary component solvent system.
Briefly, a cloudy solution is formed when a suitable mix-
ture of extractant and disperser is thoroughly injected into
an aqueous phase. The target analytes are rapidly transferred
to fine microdroplets of extraction phase. After that, phase
separation is performed by: centrifugation [26], in-line fil-
tration [27], column adsorption [28], demulsificaton [29],
floatation [30] or passive sedimentation [31] of extraction
phase. The extracted analyte is then collected for determina-
tion step. With regard to the fine mixing of both extraction
and aqueous phase, several recent papers utilized kinetic
energy instead of dispersive solvent using: magnetic stirring
[32], vortexing, ultrasound irradiation [33], multiple aera-
tion [34], repeated up and down agitation [35] or in-single-
step-performed automatic vigorous solvent injection [36].

The advantages of DLLME are: rapidity, low-cost opera-
tion, simplicity and achievement of high recovery and ERs.
Furthermore, many research groups and projects have been
attracted to using DLLME method up to date [26, 37-43].

In this work, DLLME-GC/MS method was developed
and validated in order to make it simple, rapid and environ-
mentally friendly. This method was successfully applied for
the determination of OCPs at trace levels in honey samples
using select ion monitoring mode [44]. The effect of dif-
ferent experimental factors was studied to optimize extrac-
tion conditions. In contrast to previous analysis of OCPs in
honey using DLLMESs, better sensitivity, shorter extraction
time and comparable reproducibility represented by intra-
day and interday precision and accuracy were achieved.

Experimental
Chemicals and solutions

All OCPs used: chlorthalonil, chlorpyrifos, dicofol, O,P’-
DDE, P,P'-DDE, O,P’-DDT and P,P’-DDD were of >98 %
purity and purchased from Dr. Ehrenstorfer (Germany,
Merck). The extraction solvents were 1,1,1-trichloroethane
(1,1,1-TCE), chloroform, 1,2-dibromoethane (1,2-DBE)
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and 1,2 dichloromethane (1,2-DCE) obtained from Merck
(Germany) and 1,1,2,2-tetrachloroethane (1,1,2,2-TCE)
obtained from Janssen Chimica (Belgium).

Solvents such as acetonitrile (ACN) of HPLC grade,
acetone and methanol and ethyl acetate were obtained from
Merck (Germany). The deionized water was prepared by
Milipore-Direct-Q3 system and used for the preparation of
aqueous solutions. Sodium hydroxide, sodium chloride and
hydrochloric acid were of analytical grade and also pur-
chased from Merk (Germany).

Standard stock solutions of pesticides were supplied by
dissolving an appropriate amount of each analyte in ethyl
acetate (at 1000 mg L™"). Working solutions were prepared in
ethyl acetate from the stock solutions and stored at —18 °C.

Apparatus

The pesticides were analyzed using a Agilent 7890A gas
chromatograph equipped with a 5975C mass-selective
detector (Agilent Technologies; USA) and a splitless injec-
tor operated at 250 °C in splitless/split mode (sampling
time: 1 min). Chromatographic separation was carried out
in an HP-5 MS capillary column of 30 m x 0.25 mm ID
with a film thickness of 0.25 um (Agilent J and W; USA).
The initial oven temperature of 75 °C was held for 3 min,
ramped up at 25 °C min~! to 180 °C, then finally ramped
up at 5 °C min~! to a final temperature of 300 °C and held
for 25 min. Helium was used as carrier gas at a flow rate of
1.0 mL min~!. The target analytes were quantified in SIM
mode, and one qualifier ion was selected for each analyte
(Table 1). A Hettich centrifuge (Universal 320 R; Ger-
many) was used to accelerate phase separation.

Sample collection

Four honey samples of different floral origins were pur-
chased from local markets in the city of Tabriz in Iran dur-
ing the winter of 2014. To optimize and validate the pro-
posed method, one further pesticide-free honey sample was
obtained from beehives in a virgin mountainous region of
Kurdistan, a western province of Iran.

All the samples were stored in their original containers
at ambient temperature until analysis. A homogenous solu-
tion (aqueous sample), 25 g of honey sample was dissolved
in deionized water at first and the then refilled with water
up to 50 mL. The solution was left to equilibrate for at least
15 min prior to extraction. It was then strictly exposed to
the developed technique without pretreatment.

DLLME protocol

5 mL of honey prepared solution was spiked with 20 ng g~!
of each pesticide and transferred to a glass test tube. Then,
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Table 1 Analytical parameters of proposed DLLME-GC/MS method to the determination of OCPs in honey samples in SIM mod acquisition

Pesticide RT* Product Quantifica- LR LOD® LOQ¢ ° RSD %' ER 4+ SD¢ EF + SD"
name (min)  ions (m/z) tion ion I
(m/z) In honey (ng g™ ") Intraday  Interday
n=6) (1=4)

Chlorthalonil ~ 13.3 267.9,265.9, 265.9 0.02-200 0.004  0.02 0993 3 5 97+3 180 £ 6
263.9, 229

Chlorpyrifos  15.4 314, 257.9, 314 0.02-200 0.004 0.02 0.991 3 6 91+3 175+ 4
197

Dicofol 15.7 252,111, 141, 139 0.04-200 0.01 0.04 0.997 4 6 97+£2 178 £5
139

O,P'-DDE 17.3 246, 318,201, 246 0.06-300 0.02 0.06 0.994 2 5 95+2 185+ 4
248

P.P'-DDE 18.3 318, 316, 246.1 0.09-300 0.03 0.09 0.997 5 7 100 £ 3 189 £3
246.1

O,P'-DDT 19.7 237,235, 235 0.2-300 0.05 0.2 0.996 4 8 98 +3 199 £5
165.1, 201

P,P’-DDD 20.3 235.1,237.1, 235.1 0.3-300 0.07 0.3 0.994 5 8 96 £2 171+ 6
165.1

4 Retention time

b Linear range

¢ Limit of detection (S/N = 3)

4 Limit of quantification (S/N = 10)
¢ Correlation coefficient
I Relative standard deviation (C = 0.01 ng g™!)

¢ Extraction recovery =+ standard deviation (n = 3)

' Enrichment factor =+ standard deviation (n = 3)

the mixture of dispersive and extraction solvent consisting of
1.5 mL ACN (disperser) and 30 nL 1,2-DBE (extractant) was
quickly injected in one stage to sample using a 5 mL glass
syringe. At this step, a cloudy state was formed by dispersion
of fine microdroplets into aqueous solution. At the same time,
OCPs were transferred immediately to the extractant. To sep-
arate the organic phase from the aqueous phase, the mixture
was centrifuged at 4000 rpm for 5 min so that the dispersed
droplets of 1, 2-DBE can settle at the bottom of the conical
test tube (25 £ 1 pL). Finally, 1 L of the extractant (sedi-
ment phase) was injected into a GC/MS for analysis.

Results and discussion

In the proposed study, DLLME-GC/MS method was used
to determine OCPs in honey samples. Experimental factors
such as the type and volume of extractant and disperser,
salt addition, pH adjustment, centrifugation time and speed
were investigated.

Effect of extraction solvent

The type of extraction solvent is a key parameter affect-
ing the efficiency of DLLME [26] and should possess the

following features: immiscibility with water, density higher
than water, good chromatographic behavior (in case, chro-
matography is used as detection technique) and high extrac-
tion capacity for target compounds. For this goal, five
organic solvents having these qualifications were studied:
chloroform, 1,2-DBE, 1,1,1-TCE, 1,2-DCE and 1,1,2,2-
TCE. Investigation was accomplished using 1.5 mL of ACN
and different volumes of extractant solvent to achieve a com-
parable volume for the sediment organic phase (10 & 1 uL).
The tested volumes were 35 pL 1,2-DBE, 40 uL chloroform,
45 uL 1,2-DCE, 40 pL 1,1,2,2-TCE and 38 uL 1,1,1-TCE.

The effect of extraction solvent type on extraction effi-
ciency of OCPs is shown in Fig. 1. The results showed that
1,1,2,2 TCE and 1,2-DBE provide better extraction effi-
ciency for the rest of the solvents. Due to comparable lower
utilization of solvent volume required for 1,2-DBE—35 pL.
over 1,1,2,2-TCE—40 pL and higher peak areas for major-
ity of the determined OCPs, 1,2-DBE was selected as opti-
mal extraction solvent for further experiment.

Effect of dispersive solvent
To achieve high preconcentration of target analytes, type

of the disperser solvent is very important. The appropriate
disperser solvent must meet the following requirements:
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fine miscibility with both aqueous and organic extraction
phase, easy achievement of cloudy state to enlarge contact
area between sample and extraction phase, which serves for
effective transfer of target analyte. Three solvents: acetone,
methanol and ACN, were tested using 1.5 mL volume. The
results showed that ACN achieved better results after addi-
tion to the honey sample than acetone and methanol due to
slightly higher response in peak area (Fig. 2).

Effect of extraction solvent volume

Extraction efficiency and repeatability of results could be
affected by the final volume of the extraction phase. Con-
centrations of analytes in organic phase decrease as its vol-
ume is larger due to the effect of dilution. To evaluate the
effect of extraction solvent volume, different volumes: 30,
40, 50 and 60 pL of 1,2-DBE, were dissolved in 1.5 mL
ACN and used in the proposed DLLME protocol. As shown
in Fig. 3, the average peak areas of the extracted OCPs
decreased at 30-60 pL volume range of 1,2-DBE. The max-
imum peak was recorded using 30 pL of extraction solvent.
By using less than 30 L of extraction solvent, DLLME pro-
cedure suffered from insufficient volume for sedimentation
and thus recollection for GC/MS analysis. Therefore, 30 uL.
was selected as the optimal volume of extraction solvent.

Effect of disperser solvent volume

To evaluate the influence of ACN volume on extraction effi-
ciency, 0.5-2 mL using 0.5 increments was studied. The
amount of organic phase recovered and the average peak
areas of most pesticides increased as the ACN volume
increased up to 1.5 mL. The results indicated that at 2 mL
ACN, the quantity of the upper phase was increased, but the
extraction efficiency decreased; this could be the result of

100000 -




JIRAN CHEM SOC (2016) 13:2211-2218

2215

900000 -
300000 4 ™ Chlorthalonil I
Chlorpyrifos
700000 - Dicofol
600000 { ™ O,P’-DDE
= P,P"-DDE L
£ 500000 - )
& O,P’-DDT
5 . izl
E 400000 P,P’-DDD z =
300000 4
200000 T i z
= = =0T
100000 4  _ _ ~
0 1J‘_| T T T )
SmL 1mL 1.5mL 2mL

Acetonitrile volume(mL)
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the higher solubility of OCPs in the aqueous phase. Figure 4
shows that the highest analytical responses were found for all
the extracted OCPs as the 1.5 mL of ACN was used; thus, this
volume was selected as optimal for the next investigation.

Salting-out effect

The addition of salt usually reduces the ionic strength of ana-
lytes as their solubility in aqueous sample decreases; this is
known as the ‘salting-out effect.” To investigate the effect of
salt addition on DLLME, NaCl was tested up to 6 % (w/v).
The results indicated that the peak areas for most OCPs were
approximately constant and showed a slight decrease with an
increase in salt content for most analytes. This finding sug-
gests that it was not necessary to add salt during testing, and
it was omitted from further experimentation.

Effect of pH adjustment

The effect of pH adjustment on extraction efficiency was
tested for pH of 2—12. The results show that within this
range, peak areas of most extracted OCPs remained stable;
thus, pH of natural matrix solution was used.

Effect of centrifugation time and speed

Another important parameter that affects DLLME is the
choice of proper technique for droplets recollection. For this
purpose, centrifugation (time and speed) as the most efficient
recollection technique was chosen. The centrifugation time
and speed were tested from 2 to 6 min at 2000-6000 rpm,
respectively. The results showed that highest extrac-
tion of OCPs was performed using 5 min centrifugation at
4000 rpm, which were taken as optimal for further analysis.

Analytical performance

Several analytical parameters such as correlation coefficient
(R), repeatability, linear range, extraction recovery (ER) and
EF were also evaluated under optimal conditions. The limit
of detection (LOD) and limit of quantification (LOQ) were
calculated on the basis of the signal-to-noise ratio (S/N) using
3 and 10 s criterion. The results are summarized in Table 1.
The calibration curves were constructed by analyz-
ing the honey sample spiked with 0.02-200 ng g~' chlo-
rthalonil, 0.02-200 ng g~' chlorpyrifos, 0.04-200 ng g~!
dicofol, 0.06-300 ng g_1 2,4-DDE, 0.09-300 ng g_1 4,4-
DDE, 0.2-300 ng g~! 2,4-DDT and 0.3-300 ng g~ 4,4-
DDT. Good linearity was achieved for all the pesticides
at R > 0.991. The LODs were 0.004-0.07 ng g, and the
LOQs were 0.02-0.3 ng g~!, which are considerably low
values. The EFs and ERs for the analytes ranged from
171-199 and 91-100 %, respectively. The precision of the
DLLME method was calculated in terms of RSD of 3-5 %
for intraday (n = 6) and 5-8 % for interday (n = 4) and
indicated that the technique was satisfactorily repeatable.

Analysis of honey samples
The proposed method was applied for the analysis of com-

mercially available honey samples from diverse floral ori-
gins in East Azerbaijan province in Iran. Figure 5 shows a

A
Wn

Detector response

L LI T I B T T I L TR I Y
12.00 1400 1600 1800 2000 2200 2400 26.0Q

Retention time (min)

Fig. 5 GC/MS chromatograms
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Table 2 Study of matrix effect in commercially available honey samples, spiked with different concentrations of OCPs

Analyte Mean recovery =+ standard deviation (n = 3)
Sample 1 Sample 2 Sample 3 Sample 4
Spiked concentration (ng g~')  Spiked concentration (ng g~')  Spiked concentration (ng g~')  Spiked concentration
(ngg™)
10 30 50 10 30 50 10 30 50 10 30 50
Chlorthalonil  93+3 96+4 94+3 95+£2 9843 97£3 94+2 95+£2 95+4 96+4 96+3 98+2
Chlorpyrifos 92+3 95+£3 963 94+£3 93+4 95+£4 954+4 97+£3 94+4 94+£3 95+4 94+2
Dicofol 95+2 92+£2 94+2 93+£2 974+4 94+£2 97+2 98+4 96+2 972 97+3 96+4
O,P'-DDE 9%+2 97+£3 93+4 97+£2 954+£2 96+£2 95+£3 92+4 98+3 92+4 96+3 97+4
P.P'-DDE 94+3 95+£2 974+3 96+4 9242 97+£3 9543 94+2 9743 93+4 92+£2 9443
O,P'-DDT 97+4 96+£3 95+3 98+£3 96+4 95+£4 98+4 933 96+2 95+2 95+4 9243
P,P'-DDD 93+3 95+£4 94+4 95+£4 9443 94+£3 9244 963 94+2 96+2 98+4 95+4
Table 3 Comparison of the proposed DLLME method with other approaches for the determination of OCPs in honey
Method Solvent types and ~ Extraction time LOD* (ngg~") LOQ" (ngg™!) RSD %° Linear range
volumes (min) (ng g’l)
SPE-GC/MS* 20 mL ethyl acetate 15 0.79-1.48 2.55-4.44 09-9.2 - [45]
QuEChERS-LC- 10 mL acetonitrile 20 0.91-25 2.73-75 0.5-3.2  2.73-500 [46]
MS/MS*
QuEChERS-GC/ 10 mL acetonitrile — — 20-300 20-1000 5.2-14.8 [24]
ECD'
QuEChERS-GC- 10 mL acetoni- 10 0.5-30 2-60 2.8-18  100-2000 [14]
ECD# trile +4.0¢g
anhydrous mag-
nesium sulfate
LLE-LTP-GC/ 1.5 mL ethyl 50 14-16 28-32 0.6-9.9  33-1700 [47]
ECD" acetate + 6.5 mL
acetonitrile
GC-ECD/GC-MS! 750 wL acetoni- 2 0.2-4 0.8-13 5.7-18.3 0.1-20 [48]
trile + 50 nL
chloro-
form + 50 nL
chloroform
DLLME-GC/MS’ 1.5 mL acetoni- 1 0.004-0.07 0.02-0.3 3-5 0.02-300 This method

trile + 30 pL
1,2-DBE

4 Limit of detection
b
C

d

€

Limit of quantification

Relative standard deviation

Solid-phase extraction-gas chromatography—mass spectrometry

' Quick, easy, cheap, effective, rugged and safe-gas chromatography—electron capture detection

& Quick, easy, cheap, effective, rugged and safe-gas chromatography—electron capture detection

" liquid-liquid extraction and low temperature purification-gas chromatography—electron capture detection

Quick, easy, cheap, effective, rugged and safe-liquid chromatography—tandem mass spectrometry with electron spray ionization

! Dispersive liquid-liquid microextraction-gas chromatography—electron capture detection/gas chromatography—mass spectrometry

i Dispersive liquid—liquid microextraction-gas chromatography—mass spectrometry

typical GC/MS blank honey sample, honey samples spiked
with 20 ng g~! of each pesticide and standard solution
(100 ng g~') of each analyte in 1,2-DBE. All the honey
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samples were analyzed by the proposed DLLME tech-
nique. The results showed that they were free of the target
analytes.
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To evaluate the applicability and matrix effect of the
method, the samples were spiked with the target analytes
at 10, 30 and 50 ng g~!. The data indicated recovery of
pesticides in comparison with the deionized water samples
spiked at the three fortification levels, as shown in Table 2.
The results confirmed that recoveries range from 90 to
98 %, and the matrices of the real samples had no signifi-
cant effect on the efficiency of the method. This indicates
that the proposed method is satisfactory and appropriate for
quantitative analysis of OCPs in real samples and can be
used for routine analysis.

Comparison of the recommended method and other
procedures

The analytical features of the proposed DLLME method
combined with GCMS for the determination of OCPs in
honey were compared with results from other methods
reported in the literature for organic solvent volume, extrac-
tion time (min), LOD, LOQ, RSD and separation technique.
The results are summarized in Table 3. The volume of
organic solvent required for this method was lower than that
of the other approaches. It was found that the extraction time
of the proposed method was much lower than that of the
other techniques and the proposed method recorded lower
LOD, LOQ and RSD values. Also, the linearity range of
method was better. The DLLME method offered advantages
such as low cost and no need for specialized instruments.
The DLLME method is a rapid, simple, efficient and repeat-
able method that can be used for the extraction and precon-
centration of organochlorine pesticides from honey samples.

Conclusion

In this study, the DLLME-GC/MS method was developed
and applied for the determination of OCPs in honey sam-
ples. The experimental results indicate that the proposed
method shows qualities such as low LOD and LOQ, low
cost, low consumption of organic solvent, simplicity,
shorter extraction time, better repeatability and high ERs
and EFs. In conclusion, the proposed DLLME-GC/MS
serves as appropriate tool for analysis of the selected OCPs
at trace levels in honey samples.
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