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Abstract

Today, drug dealers and sellers add lead compounds to these substances to get more profit. As a result, drug users are heav-
ily exposed to lead, and lead poisoning is clearly seen in most of them. Therefore, it is especially important to check the
blood lead levels in these people. In this research, an efficient and eco-friendly pretreatment method was established by deep
eutectic solvent for dispersive liquid—liquid microextraction (DES — DLLME) followed by graphite furnace atomic absorption
spectrometry (GFAAS) analysis. The selected hydrophilic deep eutectic solvent consists of I-menthol and (1S)-(+)-camphor-
10-sulfonic acid (CSA) at a 5:1 molar ratio as a green solvent instead of traditional toxic organic solvents. Under the optimal
extraction conditions, the introduced method exhibited good linearity with coefficient of determination (+%) 0.9975 and an
acceptable linear range of 0.3-80 ug L™!. Accordingly, the detection limit was 0.1 pg L™! (S/N=3) for lead ions, and the
high enrichment factor (240) was obtained. The proposed method was successfully applied to analysis lead ions in real blood
samples, which is a promising technique for biological samples. The case samples were classified and analyzed based on
age, duration of consumption, and type of substance. The results showed that there was no significant difference between
blood lead levels in different age groups and different duration of use, while blood lead levels were higher in opium residue
(shireh) users than in opium users.
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Introduction

One of the most important heavy metals that exists both
naturally and due to industrial and chemical activities in
the environment is lead, which causes acute and chronic
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poisoning (Mostafazadeh et al. 2017; Farnia et al. 2021).
Industrial wastewater, lead pigment paints, fossil fuels,
lead in gasoline, contaminated food, and soil are the most
important sources of lead, which is readily absorbed through
organs such as the skin, respiratory tract, and gastrointes-
tinal tract. Of course, it is necessary to mention that lead
exists in two organic and inorganic forms. The inorganic
form of lead is not absorbed through the skin (Kushwaha
et al. 2018; Nakhaee et al. 2021; Champion et al. 2022).
Muscle aches, headaches, constipation, irritability, myal-
gia, anorexia, decreased libido, and decreased concentra-
tion are the effects of lead poisoning (Farnia et al. 2022;
Malik et al. 2022; Khoshnamvand et al. 2021; Gautam et al.
2015). Lead contamination occurs during contact with con-
taminated sources and food consumption, but in recent years,
occupational health strategies have drastically reduced the
rate of poisoning. However, new types of non-occupational
poisoning have become prevalent in various societies and
have created many problems (Soltaninejad et al. 2011).
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Lead-contaminated drug use is one of the most impor-
tant non-occupational resources that has recently been intro-
duced in some countries, including Iran (Khatibi-Moghadam
et al. 2016). Lead poisoning from contaminated heroin or
intravenous injections has been reported since 1989 (Daglio-
glu et al. 2021). Traditional Indian herbal medicines, opium,
processed cannabis, and methamphetamine are reported to
be important sources of lead contamination (Karrari et al.
2013). Illegal opium may be combined with various sub-
stances such as strychnine, paracetamol, and heavy metals
such as lead and thallium (Ghaderi et al. 2015). Sellers and
traffickers may add heavy metals to opium to increase its
weight and subsequently make more profit (Karrari et al.
2012; Azadi et al. 2022). Addition of lead into opium can
cause an important health problem in Iran, especially in Ker-
manshah, and growing reports of lead poisoning due to drug
abuse are alarming (Ghaemi et al. 2017). Due to the high
prevalence of drug users in Kermanshah (Moradi et al. 2015)
and the confirmation of more lead than expected in 65-85%
of opium samples detected in this province (Ahmadi-
Jouibari et al. 2020) as well as non-specific clinical mani-
festations due to poisoning with lead, which in some cases is
confused with other health consequences and leads to unnec-
essary clinical and diagnostic processes that are sometimes
invasive and can have their own side effects, checking the
blood lead levels in drug addicts seems necessary.

In previous researches, several methods of analysis,
including flame atomic absorption spectrometry (FAAS)
(Zaman et al. 2020), inductively coupled plasma—optical
emission spectrometry (ICP-OES) (Rehan et al. 2018),
laser-induced breakdown spectroscopy (LIBS) (Varotsis
et al. 2021), graphite furnace atomic absorption spectrom-
etry (GFAAS) (Ahmadi-Jouibari et al. 2020), and induc-
tively coupled plasma mass spectrometry (ICP-MS) (Teran-
Baamonde et al. 2018), have been applied for the detection
of lead ions in various matrices.

Sample preparation plays a significant role in purifying
matrix interference and enrichment of target compounds
prior to instrumental analysis. Therefore, an effective extrac-
tion step is indispensable to obtain the highest accuracy in
determining of trace-level lead ions in biological samples.
Liquid-liquid extraction (LLE) (Comitre and Reis 2005),
solid-phase extraction (SPE) (Mehdinia et al. 2017), cloud
point extraction (CPE) (Wang et al. 2016), co-precipitation
[20], solid-phase microextraction (SPME) (Liu et al. 2020),
liquid—phase microextraction (LPME) (Borahan et al. 2019),
and dispersive liquid-liquid microextraction (DLLME)
(Shamsipur et al. 2014; Martinez et al. 2018) are widely
used in the extraction of lead ions in various samples. Hence,
it is indispensable to find a less toxic and environmentally
friendly green solvent. In recent years, new green solvents
such as deep eutectic solvents (DESs) have received great
attention in the field of green analytical chemistry in recent
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years. DES includes hydrogen bond acceptor (HBA) and
hydrogen bond donor (HBD), which are bound by hydrogen
bonding at suitable temperatures and specific proportions
(Shakirova et al. 2022; Akramipour et al. 2018; Golpayegani
et al. 2022). Low cost, simple synthesis process, and good
biocompatibility are important advantages of DES compared
to ionic liquids and toxic organic solvents. These advan-
tages have led to DESs being widely used as an alternative
to conventional organic solvents in the extraction and pre-
concentration of various organic and inorganic compounds
(Ahmadi-Jouibari et al. 2022; Fattahi et al. 2022).

The main purpose of the current study was to develop a
novel deep eutectic solvent based dispersive liquid-liquid
microextraction followed by GFAAS for the extraction and
determination of lead in blood of drug addicts and healthy
control group. A new DES was successfully synthesized,
and the optimal conditions were determined combine with
DLLME method. As far as we know, it is the first report that
for extraction and detection of lead in blood based on DES
assisted DLLME combined with GFAAS. Another goal of
this research was to investigate the blood lead level in the
studied cases based on age, duration of consumption, and
type of substance consumed. The results of the present study
can be a basis for further research in this field and a warning
to organizations related to the fight against drugs. Also, for
clinical and basic science groups that are somehow related to
lead poisoning and related diseases, it can be used in making
better decisions in the direction of diagnosis and treatment
of related diseases.

Experimental
Reagents and standards

All chemicals and reagents including /-menthol, sodium
chloride (NaCl, analytical grade), acetonitrile (AN, HPLC
grade), acetone (AC, suprasolv), methanol (MeOH, for spec-
troscopy), HNO; (65%, suprapure), Pb(NOj;), (analytical
grade), the chelating agent, diethyl dithiophosphoric acid
(DDTP) with the density of 1.17 kg L', and mixture of
Mg(NO3), (300 mg L™!) and Pd (NO;), (1000 mg L") as
chemical modifiers were obtained from Merck company
(Darmstadt, Germany). The (1S)-(+)-camphor-10-sulfonic
acid (CSA) was purchased from Sigma-Aldrich Chemical
Co. (St Louis, MO, USA). Stock standard solution of Pb
(1000 mg L™") was produced by dissolving of Pb(NO;), in
ultra-pure water.

Apparatus

The Pb concentration was detected by a Model nov AA
400 atomic absorption spectrometer (Analytik Jena AG,
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Jena, Germany), combined with auto-sampler MPE-60,
deuterium lamp for background correction, and trans-
versely heated graphite tube atomizer. Analytik Jena
pyrolytic graphite-coated tubes and argon (99.999%, Air
Products, UK) were used. The instrument working condi-
tions and temperature program are shown in Table S1. The
lead hollow cathode lamp (Analytik Jena, Jena, Germany)
was run under the conditions which recommended by the
manufacturer (Table 1).

Sampling and sample preparation

Among the people referring to the centers of addiction
treatment clinics in Kermanshah who are opium users, 45
people were included in the study by convenience sam-
pling method, and among the companions or family mem-
bers of the case, one person with no history of substance
abuse was included in the study as a control. Finally, at
least 45 people in each group (case and control) and a
total of 90 samples were included in the study. The inclu-
sion criteria of the case group included people who had
a history of using opium and opium residue. Exclusion
criteria also included groups with chronic illnesses, people
with a history of other drug use, and people undergoing
treatment.

Sample preparation is done as follows: in a 15-mL test
tube containing 500 pL HNO; (65%) and H,0, (30%)
mixture at a 3:1 volume ratio, 200 pL of plasma sample,
100 pL of 15%(w/v) zinc sulfate solution, and 70 pL of
acetonitrile are added and vortexed for 15 min. Then,
the test tube maintained at 5 °C for 5 min followed by
centrifugation at 4500 rpm for 3 min. The supernatant
is transferred to another clean test tube and increased to
10 mL with distilled water to reduce the effects of the

Table 1 Blood lead level of opium addicts based on group, age, type
of substance, and time of consumption

Variable Variable type N BLL (ug LY P value
Group Case 45 214.6-341.2 0.011
Control 45 85.4-128.5
Age (year) 20-40 16 214.6-307.1 0.058
41-60 22 296.5-330.7
" 60 7 2442 -341.2
Type of substance Opium 21 214.6-266.3 0.030
Opium residue 26 278.1-341.2
(shireh)
Duration of 3—-10 9 214.6-297.5 0.165
consumption 11-20 20 264.8—3164
(year) > 20 16 2743-3412

matrix (Akramipour et al. 2020). The obtained solution is
subjected to the presented method.

DES preparation

DES was prepared by simply mixing of /[-menthol and
(1S)-(+)-camphor-10-sulfonic acid (CSA) at a 5:1 molar
ratio on a thermostatic magnetic at 40 °C for 30 min until
a clear and transparent was formed without any precipi-
tate. After the reaction, the synthesized DES was cooled
to room temperature and stored for further use. The result-
ing DES was employed as extractant in DES — DLLME.
In the previous report (Fattahi et al. 2022), the formation
of /-menthol:CSA at molar ratio of 5:1 was studied, and
the DES is characterized using Fourier transform-infrared
spectroscopy (FTIR), nuclear magnetic resonance (NMR),
thermogravimetric analysis (TGA), and differential scanning
calorimetry (DSC) (Fattahi et al. 2022).

Statistical evaluation

Results were presented as mean + SD or median and quar-
tile range for numerical variables and number (percentage)
for categorical variables. To assess the differences in sub-
ject characteristics, a #-test or Chi-squared test was used as
appropriate. Normality assumption was assessed using the
D'Agostino test. To guard against normality violation of data
and also extreme outliers, robust one-way ANOVA was used
to make comparisons between groups (Wilcox 2011).

DES — DLLME procedure

Firstly, a volume of 10 mL of ultra-pure water (spiked at the
level of 5.0 ug L™! of lead) or sample solution was placed
in a test tube, and 0.50 mL of acetone (disperser solvent)
containing 50.0 uL of DES (extraction solvent) and 80.0
uL of DDTP (chelating agent), were injected rapidly into
a test tube. Instantly, a cloudy solution was formed in the
test tube resulting from the dispersion of the fine droplets
of DES in the sample solution. Subsequently, the lead ions
formed complexes with the DDTP and were simultane-
ously extracted into droplets of DES. After centrifugation
at 4500 rpm for 2 min, the dispersed fine droplets of DES
were floated at the top of the test tube. The density of DES
is lower than water, and it collects on the surface of the
aqueous solution during centrifugation. The test tube was
transferred into a freezer for DES solidification. The result-
ing DES was transferred into a sample cup, and 20 pL of this
phase using an auto-sampler was injected into the GFAAS
(Akramipour et al. 2018; Ahmadi-Jouibari et al. 2022; Bora-
han et al. 2019). The temperature program and other instru-
mental parameters are illustrated in Table S1.
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Results and discussion
Selection of HBA:HBD molar ratio

The molar ratio of the components of the DES is the
most important parameter in the synthesis of the DES. To
achieve this, different /-menthol:CSA molar ratios were
used (1:1, 2:1, 3:1, 4:1, 5:1, 6:1, and 7:1). As illustrated in
Fig. 1A, the extraction efficiency of the lead ions increases
with increasing the ratio of /-menthol:CSA from 1:1 to
4:1. The extraction recovery in the molar ratio of 4:1 to
6:1 is not statistically different. The extraction efficiency
decreases when the molar ratio of /-menthol increases
again. Therefore, a molar ratio of 5:1 was selected as the
best ratio for the synthesis of DES, because the extraction
efficiency is slightly higher and it has a better standard
deviation.
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Fig. 1 Effect of the molar ratio of HBA to HBD (A) and volume of
DES (B) on the extraction recovery of the lead ions
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Selection of DES volume

The volume of DES also plays a significant role in the
extraction efficiency of the target analytes. Less volume of
DES will cause high enrichment factor of the target analytes
with small impact on the environment. However, insufficient
DES volume may also result in incomplete extraction of
target analytes or incomplete collect of DES. In this work,
the volumes of 30, 40, 50, 60, 70, and 80 pL of DES as
extractant were selected. The results are shown in Fig. 1B.
The maximum extraction efficiency was obtained for the
lead ions detected after extraction with 50 pL of DES.
Therefore, 50 pL of DES was selected for subsequent tests.

Selection of type and volume of disperser solvent

The main criterion for selecting the disperser solvent is its
miscibility in the aqueous sample and dissolves the DES.
For this purpose, various solvents with this property such as
acetone, acetonitrile, methanol, and THF were used. A series of
experiments were studied by using 0.50 mL of each disperser
solvent containing 50.0 uL. of DES (extraction solvent) and
80.0 uL. of DDTP (chelating agent). The enrichment factors
obtained for acetone, acetonitrile, methanol, and THF were
240.0+18.5, 235.2+19.8, 227.4+21.3, and 244.6 +22.5,
respectively. The results show no statistical significant
differences between disperser solvents; however, less toxicity
and cheaper acetone make it a better choice.

The effect of disperser solvent volume on extraction
efficiency was also investigated. Changing the volume
of the disperser solvent causes a change in the volume of
the extraction phase. Therefore, to keep the volume of the
extraction phase constant, the volume of acetone and DES
was changed simultaneously. For this purpose, different
volumes of acetone 0.25, 0.50, 0.75, 1.0, 1.25, and 1.50 mL
containing 30.0 uL of DDTP and different volumes of
DES were used. According to the results, when volumes
of 0.25 and 0.50 mL of disperser solvent are used, there
is no significant change in the extraction efficiency. As the
disperser solvent volume increases by more than 0.5 mL, the
extraction efficiency decreases slowly. Increasing the volume
of acetone increases the solubility of the complex in water
and decreases the extraction efficiency. Thus, 0.50 mL of
acetone was selected as the optimum.

Selection of sample solution pH

The formation of the complex and its extraction depends on
the pH of the sample solution. Because the ligand used in this
study has its own acidic properties, in order to study the effect
of pH, this ligand must first be converted to its salt. Therefore,
DDTP was converted to the salt of DDTP ammonium using
NH;, and the pH effect upon the formation of lead complex
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was investigated in the pH range of 1-7, using HCl and
CH;COONa. According to Fig. 2A, the absorbance of
target analytes in the pH range of 14 is almost constant and
shows the highest value, and with further increase of pH, the
absorbance decreases. Because the DDTP ligand (chelating
agent) itself has a strong acidic property, it forms a complex
in acidic pHs, and the molecular form of the complex is
preserved. As the pH of the environment increases, the formed
complex is ionized, and its solubility in the aqueous solution
increases, and the extraction efficiency decreases. The pH of
the ligand itself in solution is close to 2; therefore, no acid or
secondary buffer was used to adjust the pH.

Effect of the DDTP concentration

Sufficient ligands must be used to ensure high extraction of
lead ions. DDTP is a suitable and somewhat specific ligand
for lead ions, and its chelating ratio is 2:1. To study the effect
of the concentration of DDTP, experiments with various
concentration of DDTP were done over the range of 0.02 to
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Fig.2 Effect of the sample solution pH (A) and concentration of
DDTP (B) on the absorbance of the lead ions

0.20% (v/v). Figure 2B exhibits that when the concentration
of DDTP was up to 0.08% (v/v), lead ions will be extracted
with the highest efficiency, and with the further increase of
the concentration of DDTP, the extraction efficiency had
no significant increase. It seems that slight reduction of
absorbance in high concentration of DDTP is due to the
extraction of DDTP itself, which can easily saturate the
small volume of extraction solvent. Therefore, 0.08% (v/v)
concentration of DDTP was chosen as optimum amount.

Effect of the ionic strength

To study the effect of ionic strength on the performance of
DES-DLLME, various tests were done by adding different
concentration of NaCl in the range of 0—10% w/v. Based on
the results shown in Fig. 3, with increasing concentration of
NaCl from 0 to 5%, the extraction efficiency remains almost
constant. Because the ionic strength of the solution reduces
the solubility of the analytes in the aqueous solution and
increases the transfer efficiency of the analytes to the organic
phase (salting-out), conversely, increasing the concentration
of NaCl reduces the solubility of DES and increases the
volume of the obtained organic phase and the dilution effect
occurs. It is quite clear that “salting-out” effect happens
with the increase of salt. This means that the increase of
salt decreases the solubility of organic compounds in water.
Although the DES has a low solubility in water, but with
the increase of salt, this partial solubility also decreases,
and the volume of the collected DES increases slightly.
These two inverse effects keep the extraction efficiency
constant. By increasing the concentration of NaCl more
than 5%, the dilution effect prevails on salting-out, and the
extraction efficiency decreases. Therefore, no salt was added
in subsequent experiments.
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Fig.3 Effect of the salt addition on the extraction recovery of the
lead ions
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Effect of the coexisting ions

The proposed working method was used to extract lead
ions in the presence of common coexisting ions. To do
this, 10 mL of 5.0 pg L™! lead solution in the presence of
various concentrations of coexisting ions was extracted by
DES-DLLME procedure and analyzed by GFAAS. Any ion
that changes the extraction recovery of lead ions by more
than + 5% is known as an interfering ion. Table S2 shows
tolerance limits of the interfering ions.

Quantitative analysis

The specificity, limit of detection (LOD), linearity
(LDR), precision, accuracy, extraction recovery (ER),
and enrichment factor (EF) were evaluated to demonstrate
the practical application of the method in the optimal
conditions. The results are listed in Table S3. A good linear
relationship was obtained in the range of 0.3 — 80 pg L™!
with a correlation coefficient (+?) of 0.9975, and the linear
regression equation was y =34.03x 4 18.65. To calculate the
LOD, the blank test is repeated 7 times, and its standard
deviation is obtained (SD). Then, the calibration curve of the
method is drawn in the concentration range of 0.3 to 80 pg
L™, and the slope of the curve is obtained (m). Three times
the standard deviation of the blank divided by the slope of
the calibration curve is equal to the LOD. In simpler words,
the LOD, defined as C; =3S,/m (where C;, S, and m are the
LOD, SD of the blank, and slope of the calibration graph,
respectively), was 0.1 pg L™'. Standard solutions with
different concentrations (low, medium, high) were added to
the sample solution to calculate the recovery of lead ions and
evaluate the accuracy of the method. Moreover, intra-day
and inter-day precisions were completed within 1 day and
3 days respectively, expressed by relative standard deviation
(RSD%). The recoveries of the method were in the range
of 90.8 — 108.5%, and the RSD% of intra-day and inter-day
precisions were 3.2 and 5.6%, respectively, which proved
that the proposed method has a good accuracy and precision.
The EF was 240, and the enhancement factor was obtained
from the slope ratio of calibration graph after and before
extraction, which was about 500.

Determination of lead in real blood samples

The efficiency of the DES-DLLME method in the deter-
mination of lead ions was investigated by analyzing blood
samples of opium addicts and healthy control group. In this
study, 45 people were selected as the case group and 45
as the control group. Considering that more than 90% of
addicts and opium users in Kermanshah province are men,
all samples were selected from the male population. The
samples were classified and analyzed based on age, duration
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of consumption, and type of substance. The results are col-
lected in Table 1. According to the results, the concentra-
tion of lead in case and control group are in the range of
214.6-341.2 and 85.4-128.5 pg L7}, respectively. There is
a significant difference in blood lead levels between the case
group and the control group (P <0.05). It is clear that the
high blood lead levels in the case group are related to the
use of lead-contaminated drugs. The case group was clas-
sified by age, and blood lead levels are shown in Table 1.
The results showed that there was no significant difference
between blood lead levels in different age groups (P~ 0.05).
Considering that the consumption source of all partici-
pants in the study is approximately the same, it is expected
that blood lead levels in different age groups do not have
significant differences. Blood lead levels were also meas-
ured based on the type of opium used. Blood lead levels in
opium and opium residue (shireh) users were 214.6-266.3
and 278.1-341.2 pg L™}, respectively. The case group also
is classified by duration of consumption, and the ranges of
blood lead levels are shown in Table 1. The results showed
that there was no significant difference between blood lead
levels in different durations of consumption (P~ 0.05). It is
probably because the biological half-life of lead in the blood
is short, and it is excreted over time and does not accumulate
in the blood. The results showed that there was a significant
difference between blood lead levels in opium and opium
residue (shireh) users (P <0.05). It seems that drug retailers
add lead compounds to opium and opium residue (shireh)
to increase weight and profit more, but they contaminate the
opium residue (shireh) more than opium. To investigate the

Table 2 Relative recoveries of lead ions from spiked blood samples

Sample No Added (ug LY Found mean+SD  Relative
(pg LY n=3) recovery
(%)
1 0 157.3+6.5 -
20 176.1 8.7 94.0
50 211.2+12.5 107.8
100 249.5+19.4 922
2 0 213.5+15.1 -
20 231.9+18.6 92.0
50 266.3+16.7 91.3
100 317.8+23.1 105.6
3 0 98.7+5.6 -
30 130.1+8.7 104.7
60 162.5+11.3 106.3
120 2152+109 98.0
4 0 158.5+13.4 -
30 186.5+14.8 93.3
60 221.9+17.5 105.7
120 267.4+20.7 90.7
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accuracy and matrix effect, two opium and two opium resi-
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