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Abstract

Benzene has been emitted from most industrial chemicals and automobile gasoline, environmental and
occupational exposure to a wide range of benzene has been observed. The needle trap device is a novel and in-
progress exhaustive extraction trap which fluid can pass through it by pump. In this study, NTD consisted of a needle
gauge 21 with 10 cm length that’s packed with Carboxen-1000 for adsorbing benzene. Samples were analyzed by gas
chromatography coupled with flame ionization detector and peak verification was examined by gas chromatography-
mass spectrometry. Linear range concentration was 25-2500 ppb and limit of detection; limit of quantitation and bias
were 10, 20 ppb and -0.12 respectively. The agreement of atmospheric standards analyzed by the method of this study
and OSHA's method was examined by the Bland-Altman plot. According to this method, the agreement of two sets
of data was established. 20 samples were taken to check the applicability of the developed method in a refinery unit.
Benzene concentrations were measured in the range of 0.15 to 1.2 ppm. The results showed that needle trap device
carboxen-1000 is a reliable and effective approach and more sensitive and powerful technique for the sampling and

analysis of low concentration of benzene in the atmosphere.

Keywords: Validation method; Benzene; Environmental monitoring;
Needle trap device; Carboxen-1000

Abbreviations: LOD: Limit of Detection; LOQ: Limit of
Quantitation; NTD: Needle Trap Device; VOCs: Volatile Organic
Compounds; WHO: World Health Organization; OSHA: Occupational
Safety and Health Administration; NIOSH: National Institute
Occupational Safety and Health; EPA: Environmental Protection
Agency; AOP: Aut-Oil Program; IARC: International Agency for
Research on Cancer; GC-FID: Gas Chromatography-Flame Ionization
Detector; GC-MS: Gas Chromatography-Mass Spectrometry; GC: Gas
Chromatography; BTV: Breakthrough Volume; SPME: Solid Phase
Micro Extraction; ppm: Part per million; ppb: Part per billion; min:
Minute; pm: Micro meter; cm: Centimetre; SD: Standard Deviation;
S/N: Signal to Noise; C: Celsius; ml: Millilitre; ml/min: Millilitre per
minute; pl: Micro liters; h: hours

Introduction

Benzene is the aromatic hydrocarbon and a good solvent that
is regarded as an important industrial chemical [1,2]. Benzene has
been used as a solvent in the industrial chemicals such as adhesives,
waxes, paraffin and inks for the printing industry [3,4]. High levels of
occupational exposures to benzene have been reported in refineries [5]
as well as petrochemical [6], automobile repair, shoe manufacturing [7]
and rubber manufacturing [8,9] industries. In the past, benzene was
added to gasoline for its ability to induce better engine performance [8].
However, in recent years the concentration of benzene in gasoline has
been reduced due to its pronounced toxicity and the carcinogenicity
of benzene [10]. In accordance with the Air Quality Report of the
first Auto-Oil Program (AOP), a 56% reduction in urban emissions
of benzene was targeted for 1990 to 2010 years. Moreover, AOPI
reported that vehicular traffic, fuel distribution, the chemical industry
and petroleum refineries are the main sources of ambient benzene in
Europe, with proportional contributions of 80-85%, 2.6-6%, 1.3-13%
and 0.3-1.3% respectively [11].

The cumulative effects of benzene exposure on health, including

a headache, drowsiness, nausea, dizziness, confusion, severe damage
to the kidney, the liver and the nervous system, and the irritation of
the nose were reported [12-15]. Acute exposure through inhalation
can cause illnesses such as headaches, drowsiness, dizziness, and
irritation of the skin, whereas chronic exposure may cause more severe
ailments, including aplastic anemia and leukemia at the occupational
settings [16,17]. Due to its potential health threats, in according to
the International Agency for Research on Cancer (IARC) classified,
benzene is a group 1 human carcinogen [18].

Occupational exposure to benzene occurs in the chemical and
petrochemical industries in developed countries. Refinery workers carry
out various tasks involved in controlling the processing of hydrocarbon
streams containing benzene in the production of gasoline components
and operators tend to experience intermittent benzene exposures in
the range of 9.4 ppb to 12.46 ppm during the performance of their job
tasks [19]. These levels of exposures are considered to be hazardous
to their health and comprise unacceptable risks for refinery workers
[20]. Measurement of airborne benzene is typically performed through
sampling with a sorbent tube and subsequent gas chromatographic
detection in ppm range [21]. The common sorbent for trapping benzene
is active charcoal granules as reported in the NIOSH No.1501 [22]
and the OSHA No. 12 methods [23]. Sorbent material is subsequently
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extracted by hazardous carbon disulfide [24,25] and analyzed by gas
chromatograph equipped with flame ionization detector (GC-FID)
[22,23,25] or gas chromatography-mass spectrometry (GC-MS) [26].
Also, the American Environmental Protection Agency (EPA) presented
an advanced method No.325, which is applied to airborne volatile
organic compounds through collecting air samples in canisters and
subsequent analysis with double stage thermal desorption application
and GC-MS, and this method has received international acceptance for
monitoring atmospheric pollution [27].

New methods of sampling volatile organic compounds include
Solid Phase Micro Extraction (SPME) [28] and Needle Trap Devices
(NTDs) [29]. SPME is used for sampling benzene and other volatile
organic compounds and this sampler does not require a solvent for
extraction; it is directly injected into the injection port of the GC for
analysis. However, linear range concentration and other validation
parameters were, not reported [30-33]. NTDs have been developed
in recent years. This sampler could be used for passive and active
sampling respectively. Also, its sampling capacity can be maximized
by increasing the sorbent material [34]. Until now, NTD has been used
with some commercial sorbents, such as Carboxen-1000, Carbopack
X, and Tenax. Carboxen-1000 has an average pore diameter larger
than that of the Carbosieve packing (70A versus 39A) but it has a large
surface area than Carbosieve S-II (approximately 1200 m*/g versus
1000 m?/g) and higher efficiency of Carboxen-1000 for absorbability of
volatile organic compounds were reported [35].

Another advantage of the NTD over SPME is the durability of the
sampler; this is because the NTD is not as fragile as the SPME fiber
[36]. The reliability and sensitivity issues concerning the analysis of
low concentration of chemicals in environmental and occupational
exposures have been reported for both the NTD and the SPME sampling
analysis [37]. Other authors have reported the advantages of NTD
over SPME in terms of higher precision and sensitivity [12,38]. Due to
diverse quantities of environmental exposures to benzene in petroleum
refineries, a more comprehensive method with higher precision and
sensitivity for the environmental monitoring of workers exposed to
benzene has been requested by researchers [39]. Therefore, the main
objective of this study was to validate the NTD-Carboxen-1000 for
sampling and analysis of benzene with GC-FID for subsequent use
of environmental monitoring of workers in and around the Catalytic
Reforming Unit of a petroleum refinery in 2016.

Materials and Methods

In this study, 10 cm stainless needles (Hamilton Co.) size 21-gauge
was packed for 5 cm (2 mg) with Carboxen-1000 (Supelco Co.) with
60-80 pm mesh (Figure 1). This sorbent has a large surface area and is
suitable for low volume sampling of very volatile organic compounds
with a sufficient breakthrough volume (35). At first, the needle tip was
blocked with three-millimetre glass wood, then 2 mg of Carboxen-1000
was packed into the needle from the other end using a metallic fiber
and finally, Carboxen-1000 were supported by using three-millimetre
glass wood. Eventually, the NTD was thermally conditioned in an oven

Figure 1: Needle trap device (gauge 21) used in the study.

at 250°C for 2 h and subsequently washed with clean nitrogen gas prior
to sampling.

Atmospheric standards were prepared with ultra-pure air
purchased from the Iranian Akhavan Company in 10 L Tedlar bags.
Benzene and cumene (as an internal standard) were purchased from
the Sigma Company. Ten standard atmospheres of benzene were
prepared in the range of 0.01-10 ppm, containing cumene compound
at 1 ppm as an internal standard. Atmospheric standards were prepared
by serial dilution of standards by using a gas-tight syringe (10-100 pl)
Hamilton Co. The atmospheric standards were used for sampling by
NTD at 12 ml/min flow rate and 298 K air temperature. After sampling,
the NTD connected to a glass syringe 500 pl equipped with a Luer-Lock
valve (Hamilton Co.), was inserted instantly into the injection port of
a GC-FID, and then, kept for 75 seconds at a temperature of 180°C for
thermal desorption. Subsequently, thermally desorbed compounds
were injected with 200 pl of pure air into the GC. The GC (Shimadzu
model No 17A) was equipped with a length of 30 m, an inner diameter
of 0.32 mm and a 0.32 pm film thickness capillary column (BP1
purchased from SGE analytical science). The GC oven was initially kept
at 40°C for 1 min and it was gradually increased (5°C per minute) to
100°C and kept this temperature for one minute; the total run time was
14 min. The column flow and injection port temperature were set at 2
ml/min and 180°C respectively. In addition, the FID detector was set
for the highest detection level.

Validation processes of NTD as a sampler and subsequent GC-FID
analysis of benzene were examined according to the Gong Y method
[29]. Accuracy and precision of analysis of the atmospheric benzene
standards containing cumene as an internal standard were determined.
Inter/intra-day variations were obtained over a 5-day period. Linear
range concentration for benzene using internal standard cumene was
determined. The limit of detection (LOD) and the limit of quantitation
(LOQ) was estimated based on signal-to-noise ratios (S/N) of 3 and
10 respectively [40]. In addition, the bias based on the mean of the
difference of the test results obtained from the reference samples from
the true value given for the reference sample was calculated [41]. For
the final phase of validation of the developed method in this study,
two sets of identical standards of benzene in the range of 0.01-10 ppm
was sampled by using NTD developed in this study with subsequent
GC-FID analysis and also Specification of (SKC Co.) with a mesh
size (20-40) according to the method by OSHA No.12 [23]. Charcoal
tubes were, subsequently, desorbed with 1 ml carbon disulfide
(CS,) in a closed 2-ml vial, equipped a PTFE septum. Finally, 1 ul of
desorbed compounds were injected into the GC-FID for analysis. Peak
verification of benzene and cumene was examined by GC-MS (Agilent
5975c) with the same column and chromatography conditions [42].

The agreement of two sets of identical atmospheric standards
analyzed NTD-Carboxen-1000 and GC-FID analysis and OSHA’s
Method No. 12 in this study was examined by the Bland-Altman plot.
The agreement could be true when the differences between the two
sets of data obtained from the two methods fall within two standard
deviations (2SD) from the average of the differences [43]. Finally,
for checking the applicability of the proposed method of this study
(NTD- Carboxen-1000 and GC-FID analysis), twenty environmental
samples were taken from critical locations in and around the Catalytic
Reforming Unit of a refinery unit. Environmental sampling and
analysis was conducted similar to experimental validation described
earlier. However, ambient air temperature was measured as a routine
practice and appropriate corrections were considered.
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Results and Discussion

Atmospheric standards of benzene in the range 0f0.001-10 ppm with
an internal standard of 1 ppm cumene were used for the development
of a new NTD sampling and GC-FID analysis. Breakthrough volume
(BTV) of the NTD sampler was examined by connecting of the two
samplers in series formation. The BTV of the NTD sampler, at a volume
of 1800 ml, was measured. The retention times of standard atmosphere
benzene and cumene were identified at 2.02 and 6.5 minutes,
respectively (Figure 2). Benzene and cumene analysis by GC-FID in
this method were verified according to the retention times (benzene:

2.019 min and cumene: 6.578 min) of GC-MS and the mass signatures
of these compounds (Figures 3 and 4).

The validation parameters of the developed method in this study
and the OSHA No.12 method were reported in Table 1. Linear range
concentration was obtained in the range of 25 ppb to 2.5 ppm with
the linear regression equation of Y=375.51x+227.01 (R2=0.9961).
Validation parameters in terms of LOD, LOQ and bias were measured
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in values of 10 ppb, 20 ppb, and -0.12, respectively. Other validation
parameters such as precision (inter-day and intra-day variations)
and accuracy (inter-day and intra-day recoveries) were calculated for
values of 3.25%, 1.61%, 97.3% and 95.6% respectively. These values are
different from a similar study by Trefz et al. [28] which might be due

to, using needles size 22-gauge with side holes packed for 1 cm with
Carboxen-1000 in their study.

To compare the validity of the developed method in this study with
the standard method by OSHA, duplicate atmospheric standards in the
range of 10 ppb to 10 ppm were analyzed according to OSHA’s method
No.12 and validation parameters were also calculated (Table 1). Linear
range concentration was obtained in that 400 ppb to 10 ppm range
with linear regression equation of Y=8.2534-11.058x (R?=0.9935).
The developed method, using an NTD sampler and direct thermal
desorption without the use of toxic solvents, demonstrated better
sensitivity for the monitoring of benzene in a refinery setting compared
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Figure 2: The retention times of benzene and cumene.
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Figure 3: Confirmation peak benzene and cumene with GC-MS.
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Figure 4: Mass signature of benzene with GC-MS.

. Intra-day Inter-day Samples Concentration (ppm) Samples Concentration (ppm)
Methods linearrange LOD LOQ g, Preci- | Accur-| Preci- | Accur- 1 0.20 " 0.50
concentration | (ppb) (ppb) L o L o
sion% | acy% | sion% acy% 2 0.19 12 0.91
NTD | 25-2500ppb | 10 20 -0.12 161 956 | 3.25 | 97.3 3 018 13 12
OSHA 0.4-10ppm 125 | 375 1 0.19  4.28 91.3 5.51 93.8 4 0.15 14 113
Table 1: Summary of assay validation data. 5 0.36 15 0.74
6 0.87 16 0.76
7 0.79 17 1.17
8 0.62 18 0.78
! 9 0.17 19 0.54
. 10 0.15 20 0.15
% ] B, = : Table 2: Atmospheric concentrations of benzene as ppm according to carboxen
E . E . £ = - NTD sampling and GC-FID analysis.
ZI . - - -
g Py o . analyzed by the method of this study and OSHA’s method was examined
= by the Bland-Altman plot, which is displayed in Figure 5. From the
; - average of the differences, since the differences were within + 2 SD, the
E ; . i i . _ agreement of the two sets of data was established. Environmental and
-"‘DE o 10 20 s0 40 s0 80 occupational exposure of workers to benzene at the designated refinery

Averape OSHA and NTD concentrations (pph)

Figure 5: Agreement of two sets of data obtained according the Bland &
Altman plot.

to other conventional methods presented by NIOSH No. 1501 [22] and
OSHA No.12 [23].

The agreement of two sets of identical atmospheric standards

was measured in the range of 0.15 to 1.2 ppm (Table 2).

Conclusion

This study focused on sampling using NTD and subsequent
GC-FID analysis for determining the low concentration of benzene.
The NTD used for analysis of environmental and occupational
monitoring of benzene was checked for its validity. However,
comparable information for the SPME sampler using thermal
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desorption was not presented [38,44]. Generally, the monitoring of
low range environmental concentrations of benzene in the ppb range
concentration has been reported by using the EPA method [45].
However, such a method is not suited for the occupational monitoring
of workers. The performance of the developed method using the NTD
sampler demonstrated linear concentration range of 25-2500 ppb. The
linear concentration range of the developed method in this study is not
as good as the EPA’s method [21]. However, the EPA method requires
very complicated and expensive instrumentations for just monitoring
atmospheric, environmental, benzene pollution. The presented method
of this study could offer an adequate applicability for the monitoring
low environmental and occupational concentrations compared to
other methods using chemical desorption and even SPME sampler
using thermal desorption. Despite favorable validation results of this
study for sampling and analysis of environmental benzene, further
collaborative studies for full accreditation of the method with other
academic institutions is recommended.
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