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ABSTRACT

Introduction: Several extraction techniques have been developed in recent years to determine the
concentration of volatile metabolites in a biological sample. This study conducted with the aim of using
the needle trap device- molecularly imprinted polymer (NTD-MIP) for the co-extraction of n-hexane
and methyl ethyl ketone (MEK) in the urine matrix.

Material and Methods: Characterization of MIP was investigated by fourier-transfer infrared
spectroscopy (FT-IR), field emission scanning electron microscopy (FE-SEM), and brunauer—-emmett—
teller (BET). The response surface methodology - central composite design (RSM-CCD) was used
to optimize the extraction conditions of n-hexane and MEK with the input variables of absorption
temperature, absorption time, salt percent, and stirring speed. Method validation was performed with
determination of the precision, accuracy, the limit of detection (LOD), limit of quantification (LOQ), and
dynamic linear range.

Results: The optimum conditions were an extraction time of 60 min, an absorption temperature of
65 °C, 22% of salt, and a stirring speed of 250 rpm. The linear ranges of n-hexane and MEK were
determined in ranges of 30-500 and 30-4000 ug/L, respectively. The intra-day and enter-day relative
standard deviation were evaluated in the range of 3 to 10 and 1 to 7, respectively. The average recovery
of n-hexane and MEK were estimated 99.3 + 0.8 and 99 + 0.9, respectively.

Conclusion: The HS-NTD method is suggested as a suitable method for determining very low amounts
of MEK in urine along with n-hexane.
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1. INTRODUCTION

Workers are often exposed to solvents mixture
in the workplace; however, single exposure to
solvents is addressed in the risk assessment.
n-Hexane is a common solvent used in a variety
of industries. This solvent is used to extract
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vegetable oils, adhesives, paint, and varnish, and as
a diluent in the production of plastic and rubber.
Methyl ethyl ketone (MEK) is also commonly and
abundantly used as an ingredient of solvents and
glue mixed with n-hexane. n-hexane and MEK
have been demonstrated to interact with each other.
MEK is not neurotoxic, however, it potentiated
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the neurotoxicity induced by prolonged n-hexane
exposure.

NIOSH 8319 and NIOSH 8318 methods have
been independently offered for n-hexane and MEK
in biological monitoring. The adoption of two
methods increases the sampling and analysis cost
and the risk assessment time in the co-exposure of
n-hexane and MEK. As a result, the development
of methods that can concurrently analyze n-hexane
and MEK in biological samples, saves time and cost
while also simplifying the preparation process.

In recent years, there has been a growing
awareness of the importance of extraction methods,
especially for analytes in complex samples. Solid
phase extraction and liquid-liquid extraction have
been traditionally widely used in environmental
applications. But, due to disadvantages such as
high organic solvent consumption and complicated
preparation steps, new techniques, such as
magnetic dispersive solid phase extraction, and
the needle trap device (NTD), were introduced,
resulting in the simplification and miniaturization
of preparation methods and use the small amounts
or the elimination of solvents.

In our previous study, we used a dispersive solid
phase extraction (DSPE) - magnetic molecularly
imprinted polymers (MMIP) technique to direct
extraction of unchanged n-hexane and MEK in
urine. The aim of this study is to use the headspace-
needle trap technique (HS-NTD) for the co-
extraction of unchanged n-hexane and MEK in
the urine matrix. In addition, the comparison of
the performance of DSPE-MMIP and HS-NTD
method was considered.

2. MATERIAL AND METHODS
2.1 Preparation of the NTD

In summary, 5 g of polar silica aerogel was
treated with 20 ml of VTES in toluene. Following
that, 50 ml of acetonitrile was mixed with 0.5 mmol
of 2-octanone and 2 mmol of MAA. Then, 250 mg
of VTES-silica aerogel, 10 mmol of EGDMA, and
60 mg of AIBN were added to the mixture, and a
polymerization reaction was performed at 60 °C
for 6 h. NIP was synthesized in the same ways,
but the template was not added to the solution. To
eliminate the 2-octanone, the MIP was washed with
methanol/acetic acid (90:10 V/V) and methanol
alone and dried at room temperature. The NTD
was prepared using a 21-gauge medical spinal
needle. The NTD was filled with 3 mg of MIP. Glass
wool was placed at the beginning and end of the
MIP, all using a plunger.
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2.2. Optimizing extraction conditions

The response surface methodology - the
central composite design (RSM-CCD) was used
to optimize the extraction conditions of n-hexane
and MEK in urine headspace. The input variables
of absorption temperature, absorption time, salt
percent, and stirring speed were chosen using
experiment design software version 12 at five
levels. Designed experiments were conducted with
spiking concentrations of 50 pg/L n-hexane and
500 pg/L MEK in the urine.

Optimization was performed using 20 urine
samples collected from healthy adults who had not
been exposed to contaminants. The concentrations
were generated in a 20 ml vial with an aluminum
cap and a PTFE septum containing 10 ml of
urine. Analytes were dynamically sampled from
the headspace using a personnel sampling pump
(SKC-USA) with a flow rate of 1 ml/min. The NTD
was disconnected from the pump and attached to
a gastight syringe containing 0.5 ml of nitrogen
gas at the end of the sampling. The analytes
were desorbed and analyzed by GC-FID under
desorption conditions with temperature of 190 °C
and duration of 120 seconds.

2.3. Breakthrough volume

To determine the breakthrough volume, two
identical NTDs were connected in series, and
sampling was done at a concentration of 5 ppm. The
needles were separated and injected into the GC-
FID after sampling at a flow rate of 1 ml/min and in
120, 240, 360, and 480 mL volumes. Breakthrough
volume occurs when the mass of penetrated analyte
into needle 2 exceeds 10% of needle 1.

2.4. Method validation

Spiked standard concentrations in urine were
prepared in the range of 50-500 and 100-4000 ppb
of n-hexane and MEK, respectively. Sampling and
determination of the analytes were performed in
optimal conditions.

Accuracy was calculated based on recovery
(Eq. 1):

Recovery (%) = Determined value/Experimental
valuex100 (1)

The precision was determined by the relative
standard deviation (RSD) for six n-hexane and
MEK concentrations using three intra-day and
inter-day repetitions.
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Table 1: ANOVA analysis for n-hexane and MEK extraction in quadratic model

Lack of Fit F-value p-value
n-Hexane 0.64 <0.0001
MEK 2443 <0.0001

400000

300000

A: Temprature

n-Hexane

R’ Adjusted R? Predicted R? ‘
0.83 0.75 0.53
0.92 0.87 0.67

Fig. 1: Response surface curves NTD-MIP (temperature (A), time (B))

3. RESULTS AND DISCUSSION
3.1. Optimization of extraction conditions

RSM-CCD was used to assess the influence of
temperature, time, salt percent, and stirring speed
on the extraction efficiency of n-hexane and MEK
in urine. According to the ANOVA analysis (Table
1), the quadratic model offers the best prediction of
the extraction parameters.

In the quadratic model, the extraction time, salt
percent, and temperature-stirring speed interaction
were significant (p < 0.0001) for n-hexane.
Temperature, extraction time, salt percent, and
the interaction of these factors were statistically
significant (p < 0.0001) for MEK. The extraction
efficiency is significantly affected by extraction
temperature. A higher temperature improves
the diffusion coefficient and the concentration
of chemicals in the headspace, hence enhancing
mass transfer and extraction. In the experimental
design, the extraction efficiency of n-hexane
was independent of temperature, however, the
extraction efficiency of MEK increased with
increasing temperature. The extraction time is also
a significant factor, which depends on the NTD flow

rate and sample volume. The extraction efficiency
improved with increasing time up to 60 min, and the
dependency was statistically significant (p < 0.0001)
in n-hexane and MEK.

The salt addition increases the ionic strength
of the aqueous solution. This effect was significant
(p < 0.0001) in n-hexane and MEK, but increasing
the salt decreased n-hexane’s efficiency. It improved
the extraction efficiency of MEK. The extraction
efficiency of the compounds was diminished when
the NaCl exceeded 20%. In the study by Bagheri et
al., efficiency was enhanced by increasing the NaCl
up to 20%. Increasing the stirring speed decreased
the analytes peak area. Increasing turbulence
in liquid samples decreases the concentration
of n-hexane and MEK in the headspace, hence
decreasing analyte extraction.

Based on the desirability values provided in
the experimental design, the optimum conditions
were an extraction time of 60 min, an absorption
temperature of 65 °C, 22% of salt, and a stirring
speed of 250 rpm. Three-dimensional response
surface curve (Figure 1) was presented for n-hexane
and MEK in optimum conditions
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Table 2: Precision and accuracy in the NTD-MIP method

Concentration (ppb)
I Intraday RSD (%) 7 4 10 4 6 3
Interday RSD (%) 5 6 3 2 6 2
Recovery% 98+0.7 100+0.6 99+2 99+1 100+0.5 100+0.4
Concentration (ppb) 100 350 700 1000 2000 4000
MEK Intraday RSD (%) 6 3 6 7 5 5
Interday RSD (%) 7 2 5 1 3
Recovery% 98+1.5 99+2 98+0.6 99+0.8 100+1.1 100£1.6
Table 3: Comparative performance of NTD and DSPE
Analyte Linear dynamic rand R? Calibration curve equation 0D LoQ
(ng/L) (ng/L)  (ug/L)
NTD n-Hexane 30-500 0.9964 y =7.0016x+715.58 6.60 22.0
MEK 30-4000 0.9995 y =11.072x+3101.6 8.20 27.4
DSPE n-Hexane 1.5-100 0.990 y = 0.0996x + 0.1876 0.45 1.5
MEK 128 - 3000 0.999 y = 0.0036x + 0.0839 38.43 128

3.2. Breakthrough volume

The results showed that the amount of n-hexane
and MEK penetrated into NTD2 were 1.6 and 1.1
percent in the volume of 480 ml, respectively,
showing that sampling is achievable at low
concentrations for 8 h.

3.3. Method validation

The NTD-MIP technique was validated under
optimal conditions (Table 2). The intra-day and
inter-day relative standard deviation (RSD)
were less than 10 percent, indicating acceptable
repeatability. According to our knowledge, MIP
has not been validated for the simultaneous
determination of n-hexane and MEK in headspace
urine. Approaches using commercial adsorbents
have disadvantages, such as a lack of selectivity.
This work validated a technique based on the
use of selective MIP for the pre-concentration of
n-hexane and MEK, which could detect analytes
with an appropriate selectivity and LOD.

The linear dynamic range, the LOD and the
LOQ, linear equation with R’ regression in two
techniques are presented in the comparative table 3.
The linear range, LOD, and LOQ of n-hexane in the
DSPE-MMIP technique were less than those of the
NTD-MIP and DSPE-MMIP approach was more
applicable than NTD-SMIP. However, NTD had a
lower LOD for MEK and could detect lower MEK
concentrations in the urine. The enhancement
of NTD performance in the detection of MEK is
attributed to the modification of interactions caused
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by the functional monomer substitution. AGCIH’s
recommended occupational exposure limit is 50
ppm for n-hexane in the air, which results in 13 ppm
of this component being excreted in urine. MEK’s
biological exposure index is 2 ppm in urine. Due to
the excreted small quantities of unaltered n-hexane
in urine, it is required that a reliable technique for
quantifying n-hexane be developed. As a result,
the DSPE-MMIP technique is advocated based on
the validation outcomes of the two approaches.
Compared to the MIP, the MMIP has a much larger
surface area, with 291 m*/g. The increased surface
area of the MMIP owing to incorporating magnetic
nanoparticles is the key to the technique’s superior
efficacy. On the other hand, the measurement of
a lower concentration of n-hexane was possible
because of the solid phase extraction approach,
whereby more adsorbent was employed than in the
NTD (6 times).

4. CONCLUSIONS

This study validated a technique for simultaneous
sampling of n-hexane and MEK using a molecularly
imprinted polymer adsorbent capable of extracting
analytes from the headspace of urine with adequate
selectivity and LOD. To enhance the extraction
conditions, the central composition design was
utilized effectively to analyze variables such as
extraction temperature, extraction duration, salt
percentage, and stirring speed. Under optimal
laboratory conditions, the proposed method
demonstrated excellent repeatability and could
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sample for a long period without break through
volume. The method possessed outstanding
characteristics such as simple separation, the
absence of organic solvents and derivatization
procedure, and the capacity to selectively extract

metabolites. Comparing the validation parameters
of this technique to those of the DSPE-MMIP
method revealed that the HS-NTD method’s use of
molecularly imprinted polymer is appropriate for
n-hexane and MEK in urine samples.
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