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quid–liquid microextraction based
on liquid nitrogen-induced phase separation
followed by GFAAS for sensitive extraction and
determination of lead in lead-adulterated opium
and refined opium

Toraj Ahmadi-Jouibari,a Abbas Aghaei,b Kiomars Sharafic and Nazir Fattahi *c

Herein, we developed a novel homogeneous liquid–liquid microextraction based on liquid nitrogen-

induced phase separation (HLLME-LNPS) for the extraction and determination of lead (Pb) in Pb-

adulterated opium and refined opium by GFAAS analysis. In this procedure, first, 400 ml of acetonitrile

(extractant) containing 7.0 ml of diethyl dithiophosphoric acid (DDTP) is injected into a sample solution

and a homogeneous solution is formed. Subsequently, the homogeneous mixture is cooled using liquid

nitrogen for 16 seconds. By this process, due to the difference in the freezing points of the organic and

aqueous phases, the homogeneous state is broken and the Pb-DDTP species are extracted into the

liquid organic phase collected on top of the frozen aqueous phase. The introduced method exhibited

a good linearity with a coefficient of determination (r2) of 0.9988 and an acceptable linear range of 0.6–

100 mg l�1. Accordingly, the detection limit was 0.2 mg l�1 (S/N ¼ 3) for Pb ions, and a high enrichment

factor was obtained. The proposed method was successfully utilized to determine trace levels of Pb in

opium samples. The results of the sample analysis showed that 65% of the opium samples and 85% of

the refined opium samples had much higher than expected levels of contaminating Pb, and this

contamination poses a serious threat to drug users.
1. Introduction

Drug abuse is one of the most important problems in public
health that many developing countries are struggling with.1

Over the past few decades, the production and use of smuggled
and illegal drugs has increased worldwide.2 Afghanistan is the
world's largest producer of opium and is increasing its
production day by day, such that the surface area under poppy
cultivation doubled from 2012 to 2019 in this country.3 Iran has
a 900 km common border with Afghanistan, which is the main
transit route for drug trafficking gangs, making Iran one of the
main transit routes in the world.4 This has led to an increase in
drug use, especially opium and rened opium, in Iran. In
addition, drug proteers and retailers in Iran use opium and
rened opium with contaminants such as burnt oil, soil,
chopped liver, dried animal blood, Indian henna, cocoa, tea,
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articial leather and heavy metals, especially Pb compounds, to
increase the weight and prots.5,6 Pb compounds are one of the
most dangerous materials added to opium and rened opium.7

Pb is an environmental hazard with potential side effects for
human health, affecting the central nervous system, hemato-
poietic, hepatic and renal systems, causing serious illness as
well as death.8 The US Centers for Disease Control and
Prevention (CDC) states that the blood Pb level (BLL) in the
whole blood of adults and children is 10 and 5 mg dl�1,
respectively.9 In Iran, many reports of Pb poisoning caused by
drug use have been investigated by researchers, and the use of
Pb-contaminated opium and rened opium has become one of
the most important sources of Pb poisoning in Iran.10–15 Ker-
manshah is one of the metropolises in Western Iran where Pb
poisoning among drug users has increased sharply in recent
years, and the number of people visiting hospitals in the city is
increasing day by day. Since most Iranian hospitals do not have
the necessary equipment for Pb analysis in biological and drug
samples, and there are currently no laboratory kits for detecting
andmeasuring Pb, in most cases the diagnosis and treatment of
Pb poisoning is delayed.9 Therefore, an accurate and sensitive
measurement of Pb in environmental and biological samples,
such as opium and blood, is an important challenge for
analytical chemists.
This journal is © The Royal Society of Chemistry 2020
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Table 1 Temperature program and instrumental parameters for Pb
ion determination

Spectrometer parameter

Wavelength (nm) 283.3
Spectral
bandwidth (nm)

0.8

Lamp current
(mA)

5.0

Step
Temperature
(�C)

Ramp
time (s)

Hold
time (s)

Argon ow
rate
(ml min�1)

Inject modier 80 3 5 1000
Inject sample
Drying I 100 1 10 1000
Drying II 200 2 5 1000
Pyrolysis 700 10 15 1000
AZ* 700 0 5 0
Atomization 1800 0 3 0
Cleaning 2200 0 2 1500
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Numerous instrumental techniques, such as ame atomic
absorption spectrometry (FAAS),16 graphite furnace atomic
absorption spectrometry (GFAAS),17 inductively coupled
plasma-optical emission spectrometry (ICP-OES)18 and induc-
tively coupled plasma mass spectrometry (ICP-MS)19 have been
used for the sensitive and selective detection of Pb in different
matrices. The separation and preconcentration of Pb ions is
a critical step for its determination in opium and biological
samples. The complexity of these samples, due to the large
number of exogenous and mainly endogenous compounds,
may hinder the method selectivity. However, in spite of the
development of modern analytical instruments, an extraction
and preconcentration step for the determination of low
concentration of Pb ions is still required. Analytical procedures,
such as liquid–liquid extraction (LLE),20 cloud point extraction
(CPE),21 solid-phase extraction (SPE),22 solid-phase micro-
extraction (SPME),23 liquid phase microextraction (LPME),24

dispersive liquid–liquid microextraction (DLLME)25–28 and
dispersive liquid–liquid microextraction based on the solidi-
cation of oating organic droplets (DLLME-SFOD)29,30 have been
developed for the extraction and preconcentration of Pb from
different samples. Advantages and disadvantages of these
techniques have already been discussed.31–34

Homogeneous liquid–liquid microextraction (HLLME) is
one of the liquid phase microextraction techniques that has
received a lot of attention from researchers in recent years due
to its very simple operation, high speed, low cost and the ability
to extract and preconcentrate various analytes.35–38 In general,
this technique has two steps. In the rst step, the sample
solution containing the analyte is mixed with a soluble organic
extraction solvent in water to form a homogeneous mixture. In
this step, the contact surface of the analytes with the extraction
solvent is very high and the hydrophobic analytes are extracted
into the organic solvent. In the second step, phase separation
occurs by changing the conditions or adding a reagent. Adding
a reagent usually raises costs and, in some cases, may cause
contamination to enter the system, but temperature changes do
not have these problems, and HLLME has been extensively
developed for phase separation based on temperature reduction
and has been used by many researchers.39–42 But the most
important problem with this method is the very long time taken
to reduce the temperature, which in the above reported cases is
about 1 to 12 h. Recently, Dr Farajzadeh et al.43 developed
a HLLME method based on temperature reduction for phase
separation, in which liquid nitrogen is used to reduce the
temperature. One of the most important advantages of this
method is the reduction of time required to cool the homoge-
neous mixture and for phase separation.

The purpose of the present study was to develop a HLLME
based on liquid nitrogen-induced phase separation (LNPS) for
the extraction and preconcentration of Pb ions in the opium
and rened opium samples prior to analysis with the GFAAS. In
this method, diethyldithio phosphoric acid (DDTP) is used as
a complexing agent, which has a high efficiency for complexing
Pb ions. In this method, due to the high contact surface
between the organic and aqueous phases, the extraction effi-
ciency is very high and the equilibrium is established quickly.
This journal is © The Royal Society of Chemistry 2020
Phase separation occurs by reducing the temperature with
liquid nitrogen in a few seconds. Another advantage of this
method is that it does not use toxic organic solvents, very simple
operation, environmentally friendly, a high speed and low cost.
2. Experimental
2.1. Reagents and standards

Methanol (MeOH, for spectroscopy), acetone (AC, SupraSolv),
acetonitrile (AN, HPLC grade), NaCl (analytical grade), HNO3

(65%, Suprapur®), and the chelating agent, diethyl dithio-
phosphoric acid (DDTP) with a density of 1.17 kg l�1 were ob-
tained from Merck company (Darmstadt, Germany). A mixture
of Pd(NO3)2 (1000 mg l�1) and Mg(NO3)2 (300 mg l�1) solutions,
both from Merck (Darmstadt, Germany), were used as chemical
modiers. The standard solution of Pb was produced by
diluting a stock solution of 1000 mg l�1 Pb supplied by Sigma
Chemical Co. (St Louis, MO, USA). The working standard solu-
tion was prepared by an appropriate dilution of the stock
standard solution with ultra-pure water. All the solutions were
prepared with ultra-pure water (six times distillated) purchased
from Shahid Ghazi Pharmaceutical Co. (Tabriz, Iran).
2.2. Instrumentation

Analysis of Pb was done using a Model novAA 400 atomic
absorption spectrometer (Analytik Jena AG, Jena, Germany),
equipped with deuterium background correction, auto-sampler
MPE-60 and a transversely heated graphite tube atomizer. The
Pb hollow cathode lamp (Analytik Jena, Jena, Germany) was
operated at 5 mA, with a spectral bandwidth of 0.8 nm, and the
analytical line at 283.3 nm. Pyrolytic graphite coated graphite
tubes with an integrated PIN platform (Analytik Jena part no.
407-A81.026) were used for all measurements. The temperature
RSC Adv., 2020, 10, 29460–29468 | 29461
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program and instrumental parameters are given in Table 1.
Argon (99.999%) was purchased from Air Products (UK) as
a purge and protective gas. A Metrohm pH meter Model 692
(Herisau, Switzerland) combined with a glass-combined elec-
trode was used to determine the sample solution pH. The
samples were digested with a Microwave Multiwave 3000 (Anton
Paar, Germany). The Hettich Zentrifugen Model EBA20 (Tut-
tlingen, Germany) was used for centrifugation.

2.3. Sampling and sample preparation

Aer obtaining approval to implement the project and obtain
a letter of permission as a member of the sample collectors,
Kermanshah city was divided into 20 zones (based on consul-
tation with experts from MMT and DIC centers based on
different drug-dependent behaviors and also different distrib-
utors in these regions). In each region, a sample of opium and
a sample of rened opium were collected separately. The
approximate weight of each sample was chosen to be exactly 1 g.
In total, 20 samples of opium and 20 samples of rened opium
to a total of 40 samples from 20 regions of Kermanshah were
collected and transferred to the research laboratory.

For the preparation and digestion of the opium and rened
opium samples, exactly 0.2 g of each sample was carefully
weighed and digested using 1.5 ml of HClO4 (70%) and 6 ml of
concentrated HNO3 (Suprapur®). Aer cooling, the resulting
solution was ltered using a Whatman No. 42 lter paper and
was increased to a volume of 50 ml by distilled water. 5 ml of the
resulting solution was used for the proposed extraction method.

2.4. HLLME-LNPS procedure

For the HLLME-LNPS, an aliquot of 5 ml of the standard solu-
tion of the Pb or real sample was placed in a 10 ml glass
centrifuge tube. Four hundred microliters of acetonitrile
(extraction solvent), containing 7.0 ml of DDTP (chelating agent)
were injected rapidly into a sample solution. For complete
homogenization, the mixture was vortexed for 20 seconds and
then immersed in liquid nitrogen for 16 seconds to rapidly
reduce the temperature of the mixture. Due to the difference
between the freezing points of water and acetonitrile, the
homogenous state was broken and the aqueous phase was
frozen at the bottom of the test tube, while the organic phase
(acetonitrile) containing the complexed Pb ions was collected as
the liquid above the frozen aqueous phase. The volume of the
collected organic phase (acetonitrile) was 50 � 3 ml. The
extraction solvent was then transferred into a conical vial.
Finally, 20 ml of this organic phase using an auto-sampler was
injected into the GFAAS and was submitted to the temperature
program in Table 1.

3. Results and discussion

In the proposed procedure, some important parameters which
usually affect the extraction performance were optimized. The
parameters affecting the HLLME-LNPS procedure, such as the
extraction solvent and its volumes, the effect of salt, sample
solution pH, chelating agent concentration, vortex and cooling
29462 | RSC Adv., 2020, 10, 29460–29468
times, and coexisting ions were optimized. The preconcentra-
tion factor (PF) was dened as the ratio between the analyte
concentration in the organic phase (Corg) and the initial
concentration of analytes (C0) within the sample.

PF% ¼ Corg

C0

(1)

The extraction recovery (ER) was dened as the ratio between
the concentration of the analyte in the organic phase (norg) and
the initial concentration of the analyte (n0) within the sample.

ER% ¼ norg

n0
� 100 ¼ Corg � Vorg

C0 � Vsample

� 100 (2)

where Vorg and Vsample are the volumes of the organic phase and
aqueous sample, respectively. The relative recovery (RR) was
obtained from eqn (3).

RR% ¼ Cfound � Creal

Cadded

� 100 (3)

where Cfound, Creal, and Cadded are the total concentration of
analyte aer the addition of a known amount of the standard in
the real sample, the original concentration of the analyte in the
real sample and the concentration of the known amount of the
standard which was spiked with the real sample, respectively.
3.1. Effect of the type and volume of extraction solvent

One of the most important factors in the proposed method is
the choice of the type of extraction solvent. The extraction
solvent must be able to mix completely with the aqueous phase,
its freezing point must be much less than the freezing point of
the aqueous phase, it must be able to extract the desired
compounds and be able to form a two-phase system at low
temperatures. These characteristics limit the choice of extrac-
tion solvent. However, based on the above characteristics, as
well as previous reports,35–39 acetone, acetonitrile, methanol and
THF have been used in HLLME. Therefore, a series of tests were
conducted and the above 4 solvents were evaluated as extraction
solvents. The results showed that in volumes less than 1.0 ml,
only acetonitrile could form a two-phase system by reducing the
temperature. Although acetone and methanol formed a slightly
two-phase system in volumes above 1.0 ml, they did not have
a good extraction efficiency. The formation of a two-phase
system between acetonitrile and water is likely to be caused by
a decrease in temperature because the nitrile groups in aceto-
nitrile have proton-accepting properties and the methyl group
has proton-giving properties, and this causes acetonitrile
molecules to form dimers with decreasing temperature in the
solution and the hydrogen bond between water and acetonitrile
is gradually replaced by the dipole–dipole interaction between
C^N groups. Therefore, acetonitrile was chosen for further
experiments.

In order to obtain the optimum volume of acetonitrile, several
experiments were performed using different volumes of aceto-
nitrile, which ranged from 100 to 800 ml. The results in Fig. 1A
show that in volumes less than 400 ml, a two-phase system is not
formed by reducing the temperature, and the operation method
This journal is © The Royal Society of Chemistry 2020

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra05304j


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

0 
A

ug
us

t 2
02

0.
 D

ow
nl

oa
de

d 
on

 6
/1

8/
20

25
 4

:2
9:

46
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
is practically inefficient. In volumes of 400 ml and above, a two-
phase system is formed by reducing the temperature, but in
volumes of 400 ml, the highest extraction efficiency is obtained. At
volumes above 400 ml, the extraction efficiency gradually reduces,
possibly due to a dilution effect. As a result, the volume of 400 ml
was selected as the optimal volume.
3.2. Effect of the sample solution pH

The pH of the sample solution plays an important role when
extracting Pb ion using the DDTP complex ligand, because the
Fig. 1 The effects of the (A) extraction solvent volume (acetonitrile), (B
vortex time and (F) cooling time on the extraction recovery or absorban

This journal is © The Royal Society of Chemistry 2020
formation of metal–ligand species and their extraction are
directly dependent on pH.17 Since the DDTP ligand used in this
study had an acidic nature, to investigate the effect of pH it was
completely converted into ammonium DDTP using ammonia,
and then the pH effect was investigated in the range 1 to 7. The
results in Fig. 1B shows that by increasing the pH from 1 to 4,
the analytical signal is almost constant and shows the highest
value. As the pH increases, the analytical signal decreases. Since
the DDTP solution is acidic, therefore adding acid is not
) sample solution pH, (C) concentration of DDTP, (D) salt addition, (E)
ce of Pb.

RSC Adv., 2020, 10, 29460–29468 | 29463
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Table 3 Analytical characteristics of HLLME-LNPS-GFAAS for the
determination of Pb ions

Parameter Analytical feature

Linear range (mg l�1) 0.6–100
r2 0.9988
Limit of detection (mg l�1) (3s, n ¼ 7) 0.2
RSDa% (intra-day, n ¼ 7) 2.8
RSD% (inter-day, n ¼ 7) 4.2
Extraction recovery (%) 85
Enhancement factor 91

a Lead concentration was 5.0 mg l�1 for which the RSD was obtained.
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necessary to adjust the pH, which may also be a source of
contamination.

3.3. Effect of the DDTP concentration

DDTP is a well-known chelating agent for Pb extraction with the
formation of a stable 2 : 1 complex with the Pb2+ ion.8 A suffi-
cient amount of DDTP is needed to complex the Pb ion and
increase its extraction efficiency. The concentration of DDTP
should be high enough for maximum complexation and
extraction, but should not be excessive because it enters the
extraction phase and may have a quenching effect when
analyzed with ETAAS. To investigate the effect of DDTP
concentration, experiments with different amounts of DDTP
were performed in the range of 0.01 to 0.15% (v/v). The results
in Fig. 1C show that with increasing DDTP amounts up to 0.07%
(v/v), the analytical signal increases, and with increasing the
DDTP amounts further, the analytical signal remains almost
constant and in some cases slightly decreases. Therefore,
a 0.07% (v/v) concentration was selected as optimal
concentration.

3.4. Effect of the salt addition

For investigating the effect of salt addition on the performance
of HLLME-LNPS, some experiments were performed by adding
different amounts of NaCl (0–10%). Other experimental condi-
tions were kept constant. As can be seen from Fig. 1D, with
increasing salt from 0 to 4%, the extraction efficiency remains
almost constant, because two opposite effects occur in the
extraction efficiency, which neutralize each other's effect. On
the one hand, with increasing salt, the polarity of the aqueous
phase increases and reduces the solubility of the analytes in the
aqueous phase, thus increasing the extraction efficiency
(salting-out). On the other hand, increasing the salt reduces the
solubility of acetonitrile and increases the volume of the ob-
tained organic phase and a dilution effect occurs. At concen-
trations greater than 4%, the dilution effect prevails on salting-
out and the extraction efficiency decreases. Also, at concentra-
tions above 10%, the freezing point of the aqueous phase
approaches the freezing point of the acetonitrile phase, and the
phase separation is difficult. As a result, all the extraction
experiments were carried out without salt addition.

3.5. Effect of the vortexing and cooling time

Although acetonitrile is soluble in water and allows DDTP to be
completely dispersed in water, it still accelerates the vortexing
Table 2 Effect of potentially interfering ions on the recovery of 5.0 mg l

Interferent
Potentia
ions to

Na+, K+, Li+, Ca2+, Mg2+, Cl�, SO4
2�, NO3

�, SCN� 20 000
Co(II), Fe(II), Zn(II), Hg(II), Cu(II), Cr(III), Ag(I) 1000
Cd(II), Sn(IV) 400
As(V), Cr(VI) 200
As(III) 100

29464 | RSC Adv., 2020, 10, 29460–29468
of the complexing and extracting process of Pb ions. For this
purpose, a series of tests were performed in which the resulting
mixture was vortexed in the range of 0–60 seconds aer the
injection of acetonitrile containing DDTP into the aqueous
phase. The results in Fig. 1E show that, with increasing vortex
time from 0 to 20 seconds, the extraction efficiency improves
and no change in the extraction efficiency is achieved in more
than 20 seconds. Therefore, 20 seconds was chosen as the
optimal vortex time.

Cooling time and temperature reduction are very important
for phase separation in HLLME, because they affect the total
time of preparation and extraction. In other HLLMEmethods, it
takes hours to cool and reduce the temperature to separate the
phase, but in the method presented in this study, liquid
nitrogen was used to cool and reduce the temperature, which
reduces this time to seconds. In order to optimize the cooling
time, tests with intervals of 4 to 32 seconds were performed.
According to the results in Fig. 1F, phase separation does not
occur well in less than 12 seconds and the extraction efficiency
is not good, but in intervals between 12 and 20 seconds, the best
phase separation and maximum extraction efficiency is ob-
tained. In more than 20 seconds, both organic and aqueous
phases are frozen. As a result, 16 seconds was chosen as the
optimal cooling time.
3.6. Effect of the coexisting ions

The DDTP ligand has a high selectivity and does not react with
the alkaline and alkaline earth elements, which are the most
common constituent elements in a real sample matrix.30 To
evaluate the selectivity of the HLLME-LNPS method, the
recovery of a 5 mg l�1 Pb solution in the presence of different
amounts of intrusive ions was performed by the proposed
�1 Pb ions

lly interfering
analyte ratio Range of recoveries (%)

91.5–105.0
93.1–106.4
90.0–98.5
92.2–101.6
94.2

This journal is © The Royal Society of Chemistry 2020
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Table 4 Pb concentration in Pb-adulterated opium and refined opium samplesa

Sample type Sample no. Added (mg g�1)
Found mean �
SD (mg g�1) (n ¼ 3) Relative recovery (%)

Opium 1 0 137.4 � 6.5 —
20 156.8 � 55.7 97

2 0 211.2 � 15.3 —
30 243.5 � 19.4 108

3 0 313.5 � 22.4 —
40 355.1 � 28.6 104

4 0 28.3 � 1.7 —
50 77.8 � 3.1 99

5 0 96.7 � 5.6 —
60 155.1 � 8.7 97

6 0 120.5 � 8.1 —
70 185.2 � 10.9 92

7 0 198.3 � 13.4 —
80 281.5 � 14.8 104

8 0 218.3 � 11.5 —
90 305.4 � 22.7 97

9 0 155.8 � 13.5 —
100 251.7 � 19.6 96

10 0 67.2 � 7.5 —
10 76.8 � 8.1 96

11 0 88.1 � 6.8 —
20 109.2 � 7.3 105

12 0 18.9 � 1.0 —
30 46.3 � 3.8 91

13 0 76.4 � 5.9 —
40 113.6 � 7.3 93

14 0 115.4 � 9.2 —
50 165.3 � 8.1 100

15 0 66.1 � 5.2 —
60 123.6 � 11.7 96

16 0 159.1 � 12.2 —
60 223.2 � 16.7 107

17 0 301.4 � 15.2 —
80 387.6 � 21.6 108

18 0 266.1 � 19.2 —
80 350.6 � 22.7 106

19 0 209.1 � 13.2 —
100 305.6 � 24.7 97

20 0 144.1 � 9.2 —
100 239.6 � 17.3 95

Rened opium 1 0 56.3 � 4.2 —
10 66.6 � 5.7 103

2 0 354.5 � 25.7 —
10 363.6 � 29.2 91

3 0 223.5 � 14.4 —
10 232.6 � 18.3 91

4 0 408.5 � 32.4 —
50 461.2 � 38.6 105

5 0 258.5 � 20.2 —
50 304.8 � 18.8 93

6 0 167.5 � 12.1 —
50 220.3 � 18.5 106

7 0 302.5 � 26.2 —
50 353.6 � 31.3 102

8 0 25.5 � 2.4 —
70 97.1 � 7.6 102

9 0 288.5 � 22.9 —
70 353.3 � 27.4 93

10 0 367.0 � 33.8 —
70 434.2 � 35.5 96

11 0 208.4 � 12.9 —
70 281.0 � 20.1 104

This journal is © The Royal Society of Chemistry 2020 RSC Adv., 2020, 10, 29460–29468 | 29465
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Table 4 (Contd. )

Sample type Sample no. Added (mg g�1)
Found mean �
SD (mg g�1) (n ¼ 3) Relative recovery (%)

12 0 155.7 � 11.4 —
70 230.1 � 16.2 106

13 0 325.5 � 22.4 —
80 409.3 � 35.6 105

14 0 163.5 � 9.8 —
80 239.6 � 20.7 95

15 0 297.9 � 25.4 —
80 382.3 � 29.3 106

16 0 144.5 � 6.8 —
80 219.2 � 13.5 93

17 0 98.5 � 8.4 —
100 201.1 � 15.6 103

18 0 377.4 � 32.3 —
100 483.6 � 27.5 106

19 0 264.8 � 21.7 —
100 372.6 � 19.8 108

20 0 175.5 � 10.2 —
100 276.4 � 25.3 101

NIST 1571, Orchard Leaves 45 � 3.1b 42.8 � 3.6 95

a These data are based on the diluted volumes of aqueous samples, and the dilution effect was considered for their calculation. b Certied value of
Pb ions.
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method. The tolerable amount is dened as the maximum
concentration that could cause a change of less than 5% in
signal compared to the signal of Pb without any interference.
Table 2 shows tolerance limits of the interfering ions.
3.7. Analytical gures of merit

Validation of the HLLME-LNPS procedure was carried out by
investigating some analytical gures of merit, such as repeat-
ability (intra-day), reproducibility (inter-day), linear dynamic
range (LR), limit of detection (LOD), extraction recovery (ER),
preconcentration factor (PF) and enhancement factor (EF). The
repeatability (intra-day) and reproducibility (inter-day) of the
HLLME-LNPS coupled with GFAAS for 5.0 mg l�1 Pb were
determined to be 2.8 and 4.2%, respectively. The correlation
Table 5 Comparison of HLLME-LNPS with other extraction methods fo

Methods
LODa

(mg l�1)
LRb

(mg l�1) RSDc%
Extra
volum

MADLLME-SFO-GFAAS 0.1 0.3–50 3.2 530
DLLME-SFO-GFAAS 0.05 0.1–50 4.7 1 ml

DLLME-FAAS 0.5 1–70 2.0 2.5 m
SPE-DLLME-GFAAS 0.001 0.003–0.06 5.2 1.5 m
DLLME-SDES-GFAAS 0.01 0.02–200 2.3 50
DLLME-SFO-GFAAS 0.04 0.1–100 3.5 1 ml
HLLME-LNPS-GFAAS 0.2 0.6–100 2.8 400

a LOD, limit of detection. b LR, linear range. c RSD, relative standard devi

29466 | RSC Adv., 2020, 10, 29460–29468
coefficient (r2) of the calibration curve was 0.9988. The LOD,
dened as CL ¼ 3Sb/m (where CL, Sb, and m are the LOD, SD of
the blank and slope of the calibration graph, respectively), was
0.2 mg l�1. An LR of 0.6–100 mg l�1 for Pb was obtained. The ER%
and PF were both 85. The enhancement factor was obtained
from the slope ratio of the calibration graph aer and before
extraction, which was about 91 (Table 3).
3.8. Determination of Pb in opium

The efficiency of the HLLME-LNPS procedure in the measure-
ment of Pb ions was investigated by analyzing Pb-adulterated
opium and rened opium samples. Samples of opium and
rened opium were obtained from 20 regions of Kermanshah,
where most drug trafficking and retail transaction take place.
r the determination of Pb in different samples

ctant
e (ml)

Extraction
time
(min) Samples Reference

<10 Lipsticks and hair dyes 8
+ 40 <10 Rice, wheat, barley,

peas, beans, corn and
lentil

17

l + 52 <3 Water 25
l + 18 <15 Water 26

<15 Soil and vegetables 29
+ 40 <10 Trout sh 30

<1 Opium and rened
opium

This work

ation.
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One sample of opium and one sample of rened opium was
collected from each region and a total of 20 samples of opium
and 20 samples of rened opium were collected and analyzed.
The results are summarized in Table 4. The results show that
the amount of Pb in opium and rened opium samples are in
the ranges of 18.9–313.5 and 25.5–408.5 mg g�1, respectively.
Although some Pb naturally enters opium when planting and
harvesting, high concentrations of Pb in 13 of the opium
samples and 17 of the rened opium samples indicate a very
large threat in the addition of Pb compounds by traffickers and
retailers.

Also, to investigate the accuracy andmatrix effect, the added-
found method was employed. All the opium and rened opium
samples were spiked with the Pb at different concentration
levels and the HLLME-LNPS was applied to these (n ¼ 3). The
results showed (Table 4) that the relative recoveries of Pb were
in the range of 91–108%. In addition, the accuracy of the
HLLME-LNPS method was also tested by measuring the
concentration of the Pb in a standard reference material (NIST
1571, Orchard Leaves) with a certied Pb content of 45 � 3.1 mg
g�1, and the results are given in Table 4. The results showed that
the obtained values are in satisfactory agreement with the
certied values.
3.9. Comparison of the presented method with other
methods

The proposed method is compared with other analytical
methods for the extraction, preconcentration andmeasurement
of Pb ions in different samples and the results are summarized
in Table 5. One of the important advantages of this method
compared to other methods is the very short extraction time,
which is less than one minute in total. The extraction solvent
used in this method is cheaper, less toxic and less dangerous to
the environment than other solvents. It does not require
complex equipment and facilities, and its operation is very
simple. The efficiency of the extraction, detection limit and
accuracy of the presented method can be compared with other
methods and, in some cases, it is even better. All these results
indicate that HLLME-LNPS is a very fast, reproducible and
simple method that can be used for the extraction and pre-
concentration of Pb ions from opium samples.
4. Conclusions

This study is the rst attempt to investigate the performance of
HLLME-LNPS for the extraction and preconcentration of Pb in
Pb-adulterated opium and rened opium. In this method,
unlike other microextraction methods, centrifugation or
a reagent additive is not used to separate the phase, and phase
separation occurs only with decreasing temperature. Liquid
nitrogen is also used to reduce the temperature, which occurs in
a very short time, and the extraction and preparation time of the
sample is reduced to less than one minute. The presented
method is very simple, low cost, fast, environmentally friendly
and applicable in any laboratory. The proposed method has the
potential to be used as one of the alternatives to conventional
This journal is © The Royal Society of Chemistry 2020
methods for the extraction of organic and inorganic
compounds from different matrices and can be coupled with
other instruments, such as GC, HPLC, FAAS, etc.Due to the high
selectivity of this method for the extraction, preconcentration
and determination of Pb ions, it was successfully applied for Pb
determination in Pb-adulterated opium and rened opium. The
results of the sample analysis showed that 65% of the opium
samples and 85% of the rened opium samples had a much
higher than expected level of contaminated Pb, and this
contamination poses a serious threat to drug users. The high
concentration of Pb in drugs is mainly due to the addition of Pb
compounds to drugs by traffickers and sellers of the drugs to
increase weight and prots.
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