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Abstract: Monitoring of occupational exposure to chemicals is essential for
assessing the workplace. In the case of hazardous and carcinogenic chemicals,
such as benzene, occupational monitoring becomes even more crucial. Trans,
trans muconic acid (t,t-MA) is one of the benzene urinary metabolites.
Pretreatment methods for t,t-MA generally include liquid-liquid extraction and
solid-phase extraction. Using dispersive liquid-liquid microextraction (DLLME)
during sample preparation and extraction can reduce extraction costs and
environmental impacts. Furthermore, the process is cost-effective and easy to
operate. This study aimed to develop, optimize, and validate an analytical
method for measuring t,t-MA concentration in urine matrix through DLLME
combined with high-performance liquid chromatography. In this method, five
variables including pH, the quantity of the extractant (uL) and the disperser (uL),
salt (w/v, %), and the time of centrifugation (min) were optimized using response
surface methodology with a central composite design approach and experimental
data. The proposed DLLME was successfully applied to real samples of exposed
workers to benzene with extraction efficiencies from 95.8 % to 102.4 %. The
optimum conditions were pH=8, extractant solvent=300 pL, disperser solvent =
300 pL, salt = 3.4 %, and centrifuge=3 min. According to the result of this study,
the proposed DLLME approach can be effectively applied to biomonitoring of
individuals exposed to benzene.

Keywords: biomonitoring; DLLME; HPLC; central composite design; exposure
assessment.
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INTRODUCTION

As part of the occupational exposure assessment, monitoring occupational
exposure to chemicals is necessary.! It is important to consider all routes of
exposure during this monitoring, including inhalation, ingestion, and skin.?
Occupational monitoring becomes more important when toxic and-carcinogenic
chemicals are involved, such as benzene.® Both the United States Environmental
Protection Agency (US-EPA) and the International Agency for Research on
Cancer (IARC) have confirmed that benzene is carcinogenic (a class |
carcinogen).*® People who have been exposed to benzene acutely may experience
central nervous system depression.’ On the other hand, long-term exposure to
benzene may result in anemia, leukemia, and immune system alterations.” Benzene
is present in a wide range of petroleum products; including motor fuel and solvents,
in the workplace, in the general environment, and at home.® Furthermore, both
active smokers and second-hand smokers are at risk of exposure to benzene
through cigarettes.®

Two methods are used to monitor occupational exposure to benzene: air
monitoring and biological monitoring.®!* As part of air monitoring, benzene
concentrations in breathing air are measured. Comparatively, biological
monitoring assesses the amount of benzene entering the body via various routes
such as inhalation, skin, and digestion.>* Through its metabolites, such as trans,
trans muconic acid (t,t-MA), benzene can be eliminated from the body.%?
According to studies, there is a significant correlation between exposure to low
levels of benzene (lower than 1 ppm) and urinary t,t-MA levels.!* Moreover, some
organizations and countries consider urinary tt-MA as a benzene biological
indicator, including the American Conference of Governmental Industrial
Hygienists (ACGIH) and the Occupational Safety and Health Administration
(OSHA).

Liguid-liquid extraction (LLE) and solid-phase extraction (SPE) are often
used as pretreatments of t,t-MA.*>1¢ These treatments can lead to the separation of
t,t-MA from the urine matrix, which makes its analysis easier.!” In general, SPE is
more effective than LLE.® However, SPE is relatively expensive and requires the
preparation of columns.*® By reducing the amount of solvent and maximizing its
effectiveness, Liquid-liquid microextraction(LLME) can be effectively employed
to extract urinary tt-MA.2>¥ In addition, recent research has focused on
developing more efficient, environmentally friendly, and miniaturized methods by
utilizing microextractions.’®? In addition to simplifying the sample preparation
and reducing the amount of solvent used, microextraction techniques can also
reduce extraction costs and the impact on the environment.?

Due to its high efficiency and rapidity, dispersive liquid-liquid
microextraction (DLLME) would be utilized for the preconcentration of aqueous
samples. DLLME has been employed for the analysis of analytes such as phthalate
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esters, and bisphenol A.X® When an extractant is injected and dispersed rapidly.in
an aqueous solution, tiny droplets of the extract disperse. This increases the contact
surface of the analyte in the sample matrix by extractant solvent. Consequently,
efficiency of extraction will be enhanced, and a large quantity of analytes can be
collected rapidly. Additionally, this process is easy to operate and cost-effective.

Rismanchian et al. (2019) developed a partitioned dispersive liguid-liquid
microextraction (PDLLME) method based on chloroform -extraction for the
extraction of urinary t,t-MA.2? It consists of a two-stage procedure in which
tetrahydrofuran is mixed with chloroform followed by centrifuging and drying
using nitrogen flow. The metabolite is then prepared for injection into HPLC by
resolving it in methanol. Despite all its advantages, this method has some
limitations, such as a long extraction time, the use of solvents in relatively high
amounts, and the use of tetrahydrofuran, which is highly volatile. Therefore, this
study was designed to develop a dispersive liquid-liquid microextraction method
that is simpler, requires fewer solvents; and uses a solvent with lower volatility.

The purpose of this study was to develop a valid method using DLLME and
high-performance liquid chromatography (HPLC) for extracting t,t-MA from urine
matrix. Biological monitoring of individuals exposed to benzene was successfully
performed utilizing the proposed method.

EXPERIMENTAL
Reagents and solutions

Hydrochloric acid (HCI, 37%, Merck, Germany), chloroform (CHCI, Merck, Germany),
t,t-MA (Sigma—Aldrich, Darmstadt, Germany) analytical grades were used. Acetonitrile
(CH3CN) in/ligquid chromatography grade (Merck, Germany), methanol (CHsOH) in gas
chromatography grade (Merck, Germany), and NaCl (purity > 99 %, Sigma Aldrich) were used
in the suggested microextraction/chromatographic method as well. Purified deionized water was
produced by a Direct-Q 3UV Millipore system (Molsheim, France).

Apparatus

The chromatographic analysis was carried out using an HPLC system (HPLC, Knauer,
Smartline system 1000, Berlin, Germany) coupled with a UV detector (Knauer, 2000) at 274
nm. A C18 analytical column was used to separate the analyte (Knauer, Eurospher 100-5, 150
mm x 4.6 mm). The utilized mobile phase was a mixed solvent containing acetic acid (1 %) and
methanol with a ratio of 70:30 v/v with a flow rate of 1.0 ml/min for elution. A 100 pl Hamilton
syringe was used for injecting the sample into a 20 uL stainless steel injection loop. For pH
measurement, a Metrohm 827 pH-meter (Metrohm, Switzer-Land) was used. Organic solvents
were separated from sample solutions using a Hettich EBA 20 centrifuge.

Experimental design

The DLLME efficiency could be affected by a variety of factors, including solution pH,
percentage of salt, the quantity of both dispersers and extractants and the centrifuge time.
Analytes solubility, sample matrix surface area, and interactions between the sample matrix and
the extraction could be affected by these parameters. By optimizing each parameter, the
efficiency of the extraction can be maximized. Thus, determining the optimal conditions for
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experiments is an essential step in the extraction process. Optimizing extraction process
parameters can be achieved through experimental design. Using an experimental design
method, time is saved, efficiency is improved, parameter interactions are investigated, and
errors are reduced with fewer runs. In addition, experimental design methods can be used to
optimize process parameters systematically and cost-effectively.

Central composite design (CCD) has been used to link polynomial models with
experimental data utilizing response surface methodology (RSM). This approach enables
researchers to identify the optimal combination of input parameters and to understand the
interactions between them. RSM is an approach to modeling the relationships between a
response variable and a set of predictor variables. RSM is used when there is interest in
understanding how the response variable responds to changes in the predictor variables and for
response optimization. CCD is an efficient and cost-effective way to gain deeper insight into
the system behavior and to optimize the design.

A CCD with five variables and five levels was used in this study. The variables included
pH (A), the quantity of the extractant (B, pL), the volume of the disperser (C, puL), the amount
of salt (D, wiv, %), and the centrifugation time (E, min). The utilized factors and their levels
are summarized in Table I.

Table I. The central composite design matrix and responses.

Variables Level Star points (a=2.0)
Low (-1) Central (0) High (+1) -a +a
Extractant solvent volume (ul) 100 150 200 50 250
Disperser solvent volume (ul) 200 300 400 100 500
Salt amount (w/v;%) 2 4 6 0 8
Centrifuge time (min) 2 3 4 1 5
pH 4 6 8 2 10

Standard solutions and calibration curve

A stock solution of 100 ppm of t,t-MA was prepared by dissolving t,t-MA in a mixture of
deionized water and methanol (1:4 v/v). The stock was diluted five times, then the standard
solutions were prepared from the 20ppm solution (Used for spiked urine samples and calibration
curve). Urine samples of non-smokers and healthy volunteers who were not occupationally
exposed to benzene were used for the calibration curve. To reduce and remove coarse suspended
particles and molecules, the samples were centrifuged (5000 rpm; 10 min), then filtered through
a membrane (pore size=0.45 um) and were diluted 1:2. After finding optimum conditions using
CCD, seven urine samples were prepared and analyzed in the optimum conditions for
calibration curves, including non-spiked urine and six spiked samples (2, 1, 0.5, 0.1, 0.05, and
0.01 ppm).

DLLME procedure

According to the proposed extraction method, Fig.1 illustrates the DLLME procedure
schematically. To minimize the matrix effect, urine was centrifuged (10 min, 5000 rpm). 2 mL
of urine was diluted 1:2 with deionized water. A stepwise addition of HCI and NaOH solution
was utilized to adjust the sample pH (pH = 8). The urine was then injected with 300 pL of
chloroform. Next, the salt concentration was adjusted by the required percentage of NaCl (3.4
% wiv), and gently shaking the solution. Afterward, 300 uL of dispersive (acetonitrile) was
added, which resulted in a cloudy solution. The cloudy solution remained stable for
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approximately 10 minutes. Finally, the cloudy solution was centrifuged at 4000 rpm for 4
minutes. The extracted phase was separated from the bottom of the solution using the syringe
and then injected into the HPLC for further analysis.
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Fig.1. Schematic procedure for the utilized DLLME technique for determination of t,t-MA.

Collection of real samples

Urine samples were collected from four occupationally exposed workers from
petrochemical company at end-of-shift. All samples were analyzed within a week. The samples
were stored at -20 °C before analysis. All procedures associated with the collection of urine
samples and human participation conformed to the relevant regulations and the Helsinki
Declaration's ethical principles. Shiraz University of Medical Sciences Ethics Committee
approved this study.

RESULTS AND DISCUSSION
Selection of extraction and dispersive solvents

Two extractants including; carbon tetrachloride and chloroform, and three
dispersants including; acetonitrile, methanol, and acetone were used as potential
solvents for extraction of urinary t,t-MA. Both extractants were tested with all
dispersers. In addition, all possible experiments were carried out under three pH
conditions: pH =2, pH =7, and pH = 10. For each experiment, 2 ml of centrifuged
urine was diluted 1:2 with deionized water. The urine was treated with 100 uL of
extractant and a dispersive solvent. It was observed that the extractant phase was
separated from the urine phase without centrifugation. Ultimately, the
extractant/dispersive couple that produced the most effective extraction efficiency
and separation of the organic phase within the shortest possible time was chosen
as the extraction and dispersive solvent.

In different conditions, carbon tetrachloride made two phases between 15-50
minutes with three dispersants. The result showed that the organic phase separation
using carbon tetrachloride and acetonitrile at pH 10 was obtained at 14 minutes,
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while using carbon tetrachloride and methanol at pH 7separation time was 75 min.
It is emphasized that separation without centrifugation is possible for application
in automated separation in future studies. In addition, in various conditions, the
separation of organic phase from urine were observed by using chloroform with
three dispersants in times longer than 60 minutes. Finally, chloroform was chosen
as the extractant and acetonitrile as the dispersant.

Optimization variables; RSM-CCD

As shown in Table S-1 (supplementary material), the experimental runs were
ordered randomly in the CCD matrix to prevent uncontrolled variables. The CCD
matrix was used to ensure that all experimental runs in the suggested DLLME were
conducted in an unbiased manner. This ensured that the results of the experiment
were not influenced by external factors which can be a guarantee for the
application of the method. The results of the experiment were then analyzed to
determine the variable's effect on the peak area of the extracted t,t-MA as the
outcome of model. Following the collection of responses associated with each run
(Table S-1 in supplementary material), the guadratic polynomial model was fitted
based on the ANOVA analysis results. A backward elimination variable method
was used to establish a reined model and to eliminate factors or interaction
variables with non-significant p-values (> 0.1) and the final results are as follows:
Peak Area= 192.5428+(1.554873xA)+(0.544503%B)+(-5.74414xC)+(-73.9784xD)+

(-232.203%E)+(<0.00577xAxB)+(-0.08685xAxC)+ (0.532968xBxE)+
(2.733038%CxD)+(10.83993xCxE)+(20.52228xDxE) (D)

To confirm the capability of the obtained linear regression model (MLR),
Fisher's statistical test (F-test) was employed. In the model (Eqg. 1), the F-value (=
41.17) was higher than the critical F-value in the required degree of freedom,
which shows its significance. The results of the Fisher's statistical test indicated
that the multiple linear regression model was statistically significant. Therefore,
the model can be used to predict the outcome of the experiment.

To confirm the validity of MLR models obtained for this suggested DLLME,
a non-significant lack of fit (LOF) is another critical criterion to consider.
According to the current model, the F-value of LOF was 0.4875, indicating that it
was not significant. Moreover, it indicates that the proposed MLR is free of pure
errors. The squared regression coefficients of MLR model were calculated for the
evaluation of overall fitness and predictive ability, such as the calibration R? (R%ai),
adjusted R? (R?dj), and prediction R? (R%red). This showed that the model was able
to accurately predict the peak area of t,t-MA after applying microextraction based
on the given inputs.

As seen in Table Il and Table S-Il (supplementary material), RZa
demonstrates the proposed CCD model successfully models 92.8 % of the data. Its
goodness of fit was confirmed by an R? aqj that was greater than 0.8. The R%ped (=
0.807) and the R? aqj (= 0.894) were consistent. An indication that the prediction
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ability is very good is the closeness between RZpred and R%dj with a difference of
less than 0.2.2% The degree of precision is another statistic used to measure signal-
to-noise (S/N). A precision greater than 4 is considered acceptable and based on
Table Il and Table S-I1 (supplementary material), a signal-to-noise ratio of 18.54
is considered appropriate.®

It is evident from all the above metrics that the factors and interactions
included in the suggested MLR model are sufficiently correlated. The peak area is
used as the response value of the t,t-MA recovery derived from DLLME. Based
on the plot in Fig.2a, it can be seen that the predicted peak area is in good
agreement with the experimental peak area values, which indicates the ability of
the proposed model to make accurate predictions. Using the residual value (the
difference between actual and predicted response) is a criterion for determining the
applicability domain of an MLR. A narrow range for the studentized residual of
the outcome model is shown in Fig. 2b, demonstrating its reliability.?
Furthermore, all residual values are scattered randomly on either side of the zero
line, indicating that there has been no systematic error.

MLR model includes some interaction terms, such as the interaction between
AC, AE, CD and CE, as shown in Eg. 1. Three-dimensional (3D) response surface
plots have been used to describe the mixed effects of factors in between-factors-
interaction terms and to determine optimal values for the independent parameters
in the suggested DLLME. Additionally, these curves are useful in identifying
possible interactions between two independent variables to provide information
about maximum responses.

Table Il. Analysis of variance (ANOVA), summary statistics of the quadratic model, in the
current microextraction study

Statistical parameters of the MLR model

Std. Dev. 6.723 R? 0.970
Mean 45.068 RZyj 0.946
CV % 14917 Rzpred 0831

PRESS  3570.196 Adeq Precision  22.585
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Fig.2. The internally studentized residuals vs. the performed runs (A); and the predicted value
vs. actual response (B).

In Fig. 3a, it is demonstrated that the matrix pH and the disperser volume
simultaneously affect the response (peak area of t,t-MA). pH plays an important
role in all extraction techniques involving basic or acidic analytes. Several
experiments were conducted to investigate the effect of pH on t,t-MA extraction
from sample solutions(Table 3). As can be seen in Fig. 3a, the maximum response
was observed by increasing the pH and volume of the disperser solvent. It is
therefore necessary to increase the pH of the sample to achieve the highest
extraction rate. The maximum response was observed at pH = 6.

Fig. 3b illustrates the effect of different amounts of dispersive and extraction
on the extraction of tt-MA. To determine whether the quantity of disperser affects
the response level, a variety of examinations were designed using acetonitrile
volumes ranging from 100 to 500 uL(Table II). The maximum response (peak
area) was achieved when acetonitrile value was increased. Various tests have been
conducted with various quantities of chloroform ranging from 50 to 250 uL to
determine the impact of the volume of extractant solvent (Table I1). As a result of
these tests, which can be seen in Fig. 3b, increasing both dispersing and extractant
solvents provided increasing the t,t-MA peak area.

Based on the variations in salt versus pH (Fig. 3c), it appears that increasing
pH led to increase in the efficiency of the suggested DLLME and consequently
increased t,t-MA peak area. However, increasing salt percentage has no significant
effect on the analyte signal when compared with pH.

Fig.3 d shows the interaction between centrifuge time and extractant solvent
volume. Assuming that the metabolite concentration, salt amount, and volume of
dispersive solvent were constant, increasing the extractant solvent needs decrease
in the centrifuge time to reach an enhancement in the peak area of metabolite. In
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other word, by addition of extractant solvent, increasing the centrifuge time
showed negative effect on extraction efficiency (Fig. 3d).
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Fig.3. Three-dimensional response surface plots of between-factor interaction terms

As shown in Fig. 3e, increasing the centrifugation time can decrease the
microextraction efficiency in higher amount of salt. Thus, it can be suggested that

simultaneously increasing the salt amount and centrifugation time has a negative
effect on the peak area.
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The change in the peak area in different amounts of pH and centrifugation
time is represented in Fig. 3f. In lower pH values, increasing the centrifuge time
can decrease the peak areas of the metabolite and microextraction efficiency. On
the other hand, in higher values of pH, increasing centrifuge time can lead to higher
peak areas.

Optimum conditions

Given above, the statistical analysis of the suggested MLR model showed the
validity of the proposed DLLME and thus can be applied to find the optimum
conditions. For determination of the optimal experimental conditions for the
extraction of t,t-MA, simplex optimization was applied. As shown in Table S-1ll
(supplementary material), the optimum conditions were as follows: pH = 8,
extractant solvent volume =300 uL, volume of disperser solvent =300 pL, applied
salt percent=3.4 % w/v, and centrifuge time =4 minutes.

To determine the t,t-MA concentration, a calibration curve was drawn using
spiked samples of trans muconic acid under the optimum conditions. The
calibration graph (Fig. 4a, 4b) was drawn by spiked values of 0.01, 0.1, 0.5, 1 and
2 ppm. A calibration graph with R = 0.9996 was derived (Table IIl). Fig. 4a
illustrates the obtained peaks.

Matrix effect

The chromatograms of two spiked urine samples with two tt-MA
concentrations extracted by the proposed DLLME method were compared with
similar spiked‘in distilled water, each with three replicates. The results showed a
significant change of peaks in urine and water because of the matrix effect (change
of more than 17-20 % in RSD).

Thus, it was decided to perform the calibration curve in the urine sample. On
the other hand, to show the presence or absence of matrix effect in different urine
samples, ‘'two concentrations of t,t MA were spiked into three urine samples
obtained from persons without exposure to benzene (0.5 and 1.0 pg mL-1). The
change in urine samples was estimated by following the RSD % between samples.

There was no change in retention time and the RSD % between different urine
samples was lower than 7.2 % (for 0.5 pg mL™) and 6.8 % (for 1.0 ug mL-1).
However, for better performance it could be suggested to do the calibration curve
in a pool of not-exposed urine samples. Fig.4 shows the chromatograms of spiked
urine samples with concentrations of 0.01, 0.1, 0.5, 1, and 2 pg mL™.
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Fig.4. Chromatogram of spiked urine samples after extraction.in optimum conditions with
concentrations of 0.01, 0.1, 0.5, 1, and 2 pg mL™,

Method validation

A number of merit measures have been evaluated to assess the effectiveness
of the optimized method. These measures include quantification limit (LOQ),
precision, linear dynamic ranges (LDRs), detection limit (LOD), correlation
coefficients of the calibration curve (R?), and relative recovery (RR) (Table III).

Table I11. Analytical characteristics of the method.

Correlation Coefficient (r?) 0.9996
LDR (pL/ml) 0.008-5.0
LOD (pg/ml) 0.0024
LOQ (pg/ml) 0.008

Calibration equation y = 2x10*%x + 474423

To assess the precision of the proposed method, three spiked urine samples in
different levels were used. Three replicates were done on three days and the
relative standard deviation (RSD%) was calculated (Table I11). The RSDs were in
the range of 5.1-6.8%. To evaluate the method's accuracy, the average of the
extraction recovery (ER%) in the spiked samples was calculated (Table V). The
average ER% in the spiked samples was between 95.8- 102% and confirmed the
ability of the extraction method for the analyte.

Table IV. Results of the validation of accuracy and precision of suggested DLLME
intra-day RSD (%)

Spiked level (ng/ml) (n=3) Average ER (%)
0.5 <6.1 102.4
1 <6.8 98.6.5
25 <5.1 95.8

ER - extraction recovery; RSD - relative standard deviation
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Application of the optimized DLLME; biomonitoring of benzene-exposed workers

The established DLLME method was applied to four urine samples of
petrochemical workers exposed to benzene. The suggested method and the
conventional standard laboratory method strong anion exchange in SPE (SAX-
SPE), were used to determine the quantity of t,t-MA (Table V). A good agreement
was observed between the proposed and standard methods.

Table V. The result of real sample analysis by the suggested DLLME and standard SPE
Predicted adjusted

Sample Predicted Conc.(ug/mL)  Residual  Creatinine conc. (ug/ g
ID (ug/mL)  (mgdL™) creatinine)
DLLME SPE DLLME SPE
Worker 1 0.85 0.89 -0.04 92 923.9 967.4
Worker 2 0.745 0.692 +0.053 81 919.8 854.3
Worker 3 0.38 0.43 -0.06 95 400.0 452.6
Worker 4 1.03 1.16 -0.13 88 1170.5 1318.2

Comparison with other methods

In Table S-IV (supplementary material), a comparison of the developed
DLLME with other methods is presented with previous similar methods using
HPLC-UV. Based on the comparison, it can be concluded that the proposed
DLLME resulted in acceptable analytical figures of merit. Further, compared with
most previous methods, a lower volume of samples and solution was consumed,
and extraction times were decreased.

The proposed DLLME technique is an efficient and simple extraction method
for target metabolite (t,t-MA) from the urine matrix. Additionally, the LOD and
LDR values were comparable to other developed extraction methods for urinary
t,t-MA, and analysis by HPLC-UV. The suggested DLLME method with low LOD
(= 24 pg/L) and LOQ (= 8 ng/L) showed sufficient sensitivities for benzene
biomonitoring, especially at low levels of benzene exposure. On the other hand, as
canbe seen in Table S-1V (supplementary material), the extraction time is lower
than in most of the previous reports, which make it suitable for automatic
extraction systems as well. Accordingly, the proposed DLLME analysis can be
used to determine t,t-MA in urine samples in a sensitive, user-friendly, time-
effective, and cost-effective manner.

The method developed by Rismanchian et al. (2019) was the most similar to
the method suggested in this study.?? Nevertheless, there are some differences
between the developed DLLME method and the PDLLME method introduced by
Rismanchian et al. In the presented DLLME method in this study, solvents are
employed in smaller amounts than the PDLLME method. According to
Rismanchian et al. study, 5 ml of sample, 200uL of chloroform, 2000 pL of
tetrahydrofuran, 20 uL of methanol, and nitrogen result in a total of 7220 uL of
sample and solvent was required.
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The present DLLME method utilizes 2 ml of sample, 300 ml of chloroform,
and 300 ml of acetonitrile (totaling 4600 pL of solvent and sample). Secondly,
Rismanchian et al.'s protocol is longer than the current protocol (more than 15
minutes, and the suggested method is approximately 8 minutes). As well as this,
the linear range of the present DLLME method (0.0008-5 ug/mL) is much lower
than that in Rismanchian et al.'s study (0.1-10 ug/mL), which is more suitable for
the evaluation of metabolites at low concentrations. Additionally, Rismanchian et
al.'s study used tetrahydrofuran (2000 pL), a volatile substance with a boiling point
of 66 °C and a vapor pressure of 162 mmHg at 25 °C, whereas in the present study,
acetonitrile (300 uL) was used, which has lower volatility (boiling point 82 °C,
vapor pressure 73 mmHg at 25 °C). Additionally, acetonitrile has a saturation
concentration of 9.6 % at 20 °C and tetrahydrofuran has a saturation concentration
of 19.1 % at 20 °C. Due to its higher volatility and tendency to vaporize,
tetrahydrofuran will have a higher concentration in the air at the same temperature
and pressure. The same working conditions result in a higher risk of the operator
being exposed to tetrahydrofuran. In Rismanchian et al.'s protocol, three solvents
and nitrogen gas were used, while in the present protocol, only two solvents were
used. Therefore, the presented DLLME method has overcome the limitations of
the PDLLME method by having less complexity, less extraction time, less solvent
consumption, less linear range, and fewer exposures to the operator than the
PDLLME method developed by Rismanchian et al.

CONCLUSIONS

The present study proposes a new and efficient DLLME for t,t-MA, a well-
known benzene metabolite. The developed DLLME was coupled with HPLC-UV
and showed significant efficiency for benzene biomonitoring. Moreover, the
proposed DLLME method is highly efficient, requires a short extraction time, and
exhibits ‘high selectivity and accuracy. The proposed approach was also
successfully applied to real urine samples of benzene-exposed workers with
extraction efficiency ranging from 95.8 % to 102.4 %.

In this study, a multivariate approach was applied to optimize variables that
could affect the preconcentration of the t,t-MA to identify the optimum conditions.
It has been demonstrated that the suggested DLLME approach can be effectively
applied for biomonitoring of individuals who have been occupationally exposed to
benzene in industrial settings. However, the use of organic solvent is a limitation
of this approach. However, the main goal of this work was to suggest a simple
approach to be applicable in an automatic microextraction which is in progress in
our research group. On the other hand, very small quantities of solvent, in the
microliter range, are sufficient for the suggested DLLME method.
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HU3BOJ

IOUCIEP3UBHA TEHHO-TEHHA MUKPOEKCTPAKIIUJA 3A OOPERVBAE MYKOHCKE
KHCEJIMHE KAO BUOJIOIIKOI MYHOWKATOPA FEH3EHA Y YPUHY
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[Tpahewe mpodecroHanHe H3I0XKEHOCTH XeMHKaldjaMa je Of CyLITHHCKOT 3Hauyaja 3a
IpolleHy pafHog MecTa. Y ClIydajy ONacHHUX M KaHLEPOreHWX XeMHKaldja, Kao LITo je HeHsol,
HaJ30p Ha pafy MOCTaje joul BaXHHjU. Trans, frans-MyKoHCKa kucenuHa (t,t-MA) je jemaH of
MeTtabonuta OeH3eHa y ypUHY. MeTone mpeTXOOHOT TpeTMaHa 3a t,t-MA reHepasHO YKIBY4yjy
TEYHO-TEYHy M /eKCTpakuujy Ha uBpcToj ¢as3u. VYmorpeda IUCIEp3UBHE TEYHO-TEYHO
mukpoexcrpaknuje (ITTME) Tokom mpumpemMe y30pKka U eKCTPaKIIHje MOXKe CMalbHUTH TPOLIKOBE
eKCTpaKkliije ¥ yTHLaje Ha KMBOTHY cpefuHy. lllTaBuile, Npolec je UCIVIAaTHB U jeAHOCTaBaH 3a
pykoBame. OBa CTyaHja je UMaa 3a UWb [ pa3BUje, ONTUMHU3YjE ¥ BATMAUPA aHATUTUUKY METOLY
3a Mepeme KOHLeHTpauyje t,t-MA y maTpukcy ypuHa npumeHom OTTME y komOuHauuju ca
TEYHOM XpomaTorpadujom Bucokux nepdopmancu. [let Bapujadnu ywyuyjyhu pH, konuuuny
excrpakranta (uL) v cyncranue 3a pucreprosame (UL), KomuuuHy conu (B/B, %) U Bpeme
HEeHTpU(yrupama (MHUH) ONTHMHU30BAHO je MPUMEHOM ILIEHTPAJTHOT KOMIIO3UTHOT IH3ajHa ca
METOZI0JIOTHjOM NOBPLIMHE OATOBOpa M E€KCIEpUMEHTaNHUX nopataka. [Ipemnoxenn JTTME
IPHUCTYN je yCIellHO NPUMeneH Ha peasiHe y3opKe, HodHjeHe o pagHUKa U3/I0KeHUX DeH3eHy,
ca edukacHourhy excrpakuuje of 95,8 % no 102,4 %. Ontumannu ycnosu cy pH = 8, pactsapau
3a excrpakuujy=300 pL, pactBapau 3a gucneprosawe=300 pL, pactBop conu=3,4 %, u Bpeme
neHTpudyrupawa=3 MuH. IIpeMa pesysnratuma ose ctynuje, npemioxenu JTTME npucryn ce
Mose eUKacHO MPUMEHUTH Ha DHOMOHUTOPHHT I0jeJUHalla U3/I0KEHUX DeH3eHy.

(ITpumbeHo 25. jaHyapa; peBUAMPaHO 5. anpuia; npuxsaheHo 7. jyna 2024.)
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