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ABSTRACT

Introduction: Evaluation of air pollutants using green microextraction methods that do not require
solvents and allow for sampling and analysis in a single step has received attention. In this study, the
needle trap microextraction method was developed and the hydroxyl fullerene adsorbent was used for
benzene sampling in air.

Material and Methods: Needle traps of identical length were filled with the selected adsorbent, and
a standard chamber was used to generate specific benzene concentrations for sampling. Subsequently,
the variables influencing the performance of the needle trap—specifically, sampling and desorption
parameters—were optimized to achieve maximum efficiency using response surface methodology and
Design Expert 11 software. Finally, the efficiency of the developed method was evaluated in a real-world
environment and compared with the NIOSH 1501 method.

Results: Sampling temperature and humidity had an inverse relationship with the peak response rate,
such that the sampler performed better at low temperature and humidity. The adsorbent’s ability to
retain the analyte, despite its high vapor pressure, was deemed satisfactory, with analyte loss after 5
days measured at 5%. The maximum desorption occurred at 275°C and 3 minutes. The instrumental and
quantitative detection limits were calculated to be 0.011 pglL?® and 0.029 pglL* of air, respectively. The
relative standard deviation (RSD) as an indicator of the repeatability of the method under study was also
5.38%. In a comparative study, the performance of the needle trap was evaluated to be better than the
NIOSH method.

Conclusion: The needle trap method and the hydroxyl fullerene nanostructure adsorbent have a good
performance in sampling benzene in air and are recommended for occupational and environmental
monitoring.
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1. INTRODUCTION

Benzene, a volatile organic compound and
known carcinogen, is a significant air pollutant
causing health risks like blood toxicity and
leukemia. It is released into the environment
through exhaust gases from industrial processes and
vehicles. Current methods for sampling benzene,
such as EPA TO-14A and NIOSH 1501, often
involve toxic solvents or are complex and costly.
The needle trap method, introduced in 2001, is an
efficient, solvent-free technique for air sampling
and analysis, using adsorbents placed in a needle.
In this study, hydroxylated fullerene nanoparticles
were used as the adsorbent for benzene sampling,
and the method’s performance was optimized and

compared with the NIOSH 1501 method using
real-world samples.

2. MATERIAL AND METHODS

In this study, benzene (C6H6) was analyzed
using  hydroxylated fullerene  nanoparticles
(C60(OH)n) as the adsorbent. Gas chromatography
with a flame ionization detector (FID) and RTX-1
capillary column was used for analysis. The setup
included a low-flow sampling pump, syringe
pump, and a dynamic concentration chamber
for benzene preparation. Sampling was done
using a needle trap, and after sampling, thermal
desorption was performed for analysis. The needle
trap was prepared using a 21-gauge spinal needle

Table 1: ANOVA results for benzene sampling in a linear model

Source Sum of Squares
Model 8.989E+11
Benzene H-F. Sampling Temp. 1.601E+10
Benzene H-F. Humidity 1.542E+11
Benzene H-F. Sampling Flow 5.051E+11
Benzene H-F.Sampling Time 2.235E+11
Residual 1.759E+11
Lack of Fit 1.644E+11
Pure Error 1.144E+10
Cor Total 1.075E+12
@
10 35
AB.H-F. Sampling Temp. = 28.5161
@
1 5
C:B.H-F.Sampling Flow = 3.27563
)
44512 815214
Res. B.H-F. = 294611

df  Mean Square  F-value p-value
4 2.247E+11 30.66 < 0.0001
1 1.601E+10 2.19 0.15
1 1.542E+11 21.04 0.0001
1 5.051E+11 68.93 <0.0001
1 2.235E+11 30.50 <0.0001
24 7.328E+09
20 8.222E+09 2.87 0.1577
4 2.861E+09
28

20 80

B:B.H-F. Humidity = 29.304

5

10 30

D:B.H-F.Sampling Time = 11.0488

Desirability = 1.000
Solution 1 out of 100

Fig. 1: Sampling parameter optimization step diagram
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Fig. 2: Relationship between sampling parameters and the level of response received

Table 2: The analytical performance of NTD packed with hydroxl fullerene in analysing Benzene

Benzene 0.011 0.029

filled with adsorbent and glass wool. It was heated
to 290°C to eliminate impurities. Experimental
conditions were optimized using response surface
methodology (RSM), with variables such as
temperature, humidity, time, and flow rate studied
for sampling and desorption. Breakthrough
volume (BTV) was measured by connecting two
needle traps in series. Hold time of the analyte on
the adsorbent was tested by storing the traps for up
to 7 days. Repeatability was evaluated by sampling
benzene at different concentrations. The method’s
accuracy was validated by determining the limits
of detection (LOD) and quantification (LOQ) and
the linear dynamic range (LDRS) of the benzene
calibration curve.

3. RESULTS AND DISCUSSION
Sampling variables

Four sampling variables (temperature, relative
humidity, flow rate, and sampling time) were
optimized at three levels. ANOVA analysis showed
that relative humidity, flow rate, and sampling time
significantly affected needle trap performance,

256

0.1-250 0.9968 5.38

while temperature did not (p-value > 0.05). The
model suggested by the software had a good fit (R* =
0.8091), and the optimal conditions for maximum
performance were 11 minutes of sampling at a
3 mL/min flow rate, 29% humidity, and 28.5°C
temperature.

Desorption variables
The optimal desorption conditions were a
temperature of 275°C maintained for 3 minutes.
Both time and temperature had significant
effects (p-value < 0.05), and the model showed
good fit (R?).

Breakthrough volume

The breakthrough volume for the needle trap
with 1.5 cm of hydroxylated fullerene adsorbent in
benzene sampling was 1100 ml.

Repeatability

The repeatability of the measurements showed
a range of relative standard deviations (RSD%)
from 4.1 to 7.3%.

Journal of Health and Safety at Work 2025; 15(2)



S. Qahri Saremi et al. / Application of a Needle Trap Sampler Containing Hydroxyl Fullerene Nanoparticles

Method validation

The method was validated with good analytical
performance for benzene detection, as shown in
the results table for LOD, LOQ, LDR, and R>.

NTD performance in field conditions

The needle trap method was compared with
the NIOSH 1501 method for benzene analysis
in a tile factory. Both methods were used for
five repetitions, and results were compared for
accuracy and consistency. This study evaluated
the performance of a needle trap device (NTD)
filled with hydroxylated fullerene nanoparticles
for sampling and analyzing benzene in air.
Environmental factors such as temperature,
relative humidity, flow rate, and sampling time
were assessed for their impact on the device’s
efficiency. Higher temperatures typically reduce
adsorption, while relative humidity slightly affects
the performance by competing with benzene
molecules or causing adsorbent particles to clump
together. The study also examined instrumental
factors like desorption time and temperature,
finding that optimal desorption occurred at 265-
273°C and 3.8-4.3 minutes, similar to previous
studies. The needle trap’s ability to retain benzene,
even with its high volatility, was demonstrated

Journal of Health and Safety at Work 2025; 15(2)

by retaining 95% of benzene after 5 days at
room temperature, offering an advantage over
the NIOSH 1501 method. Additionally, the
use of nanostructured adsorbents improved
breakthrough volume, enabling sampling at higher
analyte concentrations and longer sampling times.
Reproducibility tests confirmed good repeatability
of the method, with detection limits similar to
those found in prior studies. The results suggest
that the proposed needle trap method provides
effective and reliable benzene sampling with
minimal measurement errors.

4. CONCLUSIONS

This study evaluated a needle trap device
filled with hydroxylated fullerene nanoparticles
for benzene air sampling in both lab and field
settings. The method’s key advantages include
single-step sample preparation, pre-concentration,
and extraction, along with cost-effectiveness and
the elimination of solvent use. Combining these
benefits with high-surface-area, carbon-based
nanoporous adsorbents results in a precise and
efficient method for assessing environmental and
occupational exposures. However, due to high
pressure drop, it is recommended to use adsorbents
with higher selectivity and surface area.
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