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ABSTRACT

Acetonitrile used as a solvent in manufactures and affects to central nervous system from inhalation
exposure. The aim of this study was to develop a micro-solid phase extraction method for the
determination of acetonitrile in the air matrix. The sampling was performed with a small diameter fused
silica fiber coated with a thin film of stationary phase and was subsequently desorbed and analyzed by
gas chromatograph equipped with a flame ionization detector (GC/FID). The effects of laboratory and
sampling parameters were investigated and applied to the determination of acetonitrile in air matrix. The
Carboxen/PDMS as the coating fiber showed better analytical performances compared to the PDMS
fiber. Analysis of the data by ANOVA test at a 0.05 level of accuracy showed that the peak area of the
sampler was significantly affected by temperature and humidity so that the optimum temperature was
20°C and the optimum humidity was 35%. Besides, the limit of detection (LOD) and limit of quantification
(LOQ) for acetonitrile in the GC system were 0.05 and 0.15 pg/ml, respectively. The solid phase
microextraction (SPME) has been shown a suitable technique for sampling and analysis of acetonitrile in
air. There was a good correlation between the SPME and national institute occupational safety and health
(NIOSH) 1010 method under the optimum conditions.
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INTRODUCTION

Acetonitrile is a by-product of the manufacture of
acrylonitrile mainly used as a solvent in the purification
of butadiene in refineries. It is also usesd in battery
applications and as a solvent in pharmaceuticals and
photographic film [1]. Acute inhalation exposure results
in irritation of mucous membranes. Chronic exposure of
acetonitrile cause effects on central nervous system [2].
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Occupational/environmental exposure with acetonitrile
could have adverse health effects for human [2].
Therefore, introducing a rapid, cost effective and
modern technique for sampling and analysis of
acetonrilite in air is a wvery important issue for
occupational and environmental exposure assessment.
There are some methods for sampling and analysis
of volatile organic compounds in air, most of them are
based on solvent extraction and different dangerous and
carcinogen solvents must be used. These compounds as
solvent for extraction of analytes have adverse health
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Fig 1. Schematic diagram of the system for generation known concentration of acetonitrile

Where:

1. Airinlet

2. Bypass valve

3. Valve to humidity system

4. Humidity generation system
5. Electrical coil

6. Syringe pump

7. Sampling chamber

8. Temperature sensor

11. Hygrometer
12. Thermocouple

14. Dry gas meter

effects for operators and also after being discarded, have
environmental concerns. One of the usual method is
NIOSH 1606 issued for sampling and analysis of
acetonitrile in air [3]. In modern techniques
microextraction (SPME) first introduced by Pawliszyn a
relatively new extraction technique that is gaining
acceptance for solvent less extraction of water and air
samples [4]. Unlike conventional extraction methods
that aim for quantitative analyte from a sample (i.e.,
purge and trap, solid phase extraction and liquid-liquid
extraction), SPME is an equilibrium method that relies
on analyte partitioning between a sample matrix phase
and headspace above water [5], solid sample [6], or on
air sample [7], and a fused-silica fiber coated with a
liquid-polymeric phase [e.g., poly (dimethylsiloxane)]
or solid sorbent [e.g., Carboxen/PDMS]. SPME is a cost
effective, solvent less one-step sampling, technique for
sampling different compounds in different matrixes.
Based on our knowledge, there is no planned similar
study based on application of SPME for determination
of acetonitrile.

In this study, we have worked on the application of
SPME technique for sampling and analysis of
acetonitrile in air. A comparison between the proposed
method and the NIOSH 1606 method also was carried
out in the laboratory.

MATERIALS AND METHODS
Instrument

All analyses were performed on a GC-2010
(Shimadzu, Kyoto, Japan) gas chromatograph equipped
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9. Humidity sensor
10. Active sampling port

15. Outlet (to hood).

13. Personal sampler pump

with a split/splitless injection port and a flame
ionization detector (FID). The split/splitless injection
port in split mode was equipped with a 0.75 mm id liner
(dedicated to SPME) and with the purge valve closed
for 150 s. The column was a 60 m x 0.25 mm ID, 1.50
mm film thickness chemically bounded fused-silica
capillary VOCOL column (Supelco, Bellefonte, PA).
The carrier gas was nitrogen with a flow rate of 0.3
ml/min for 1 min, in a 1:8 split-injection mode. The
column temperature was programmed at 40°C for 1
min, and then increased to 180°C with 8°C/min ramp.
The temperature for the injector port was 280°C in 1:8
split ratio for all analyses. Signals were collected and
recorded with an 223-00930 GC solution software
(Shimadzu, Kyoto, Japan). A manual SPME holder was
used with SPME fibres including 100 pm
Polydimethylsiloxane (PDMS), 75 pum Carboxen/
Polydimethylsiloxane (carboxen/PDMS), and manual
holders were supplied from Supelco (Bellefonte, PA,
USA). The PDMS coating is a non-porous, viscous
liquid like polymeric phase, while Carboxen/PDMS is
considered for predominantly porous polymeric phases.
Extraction of analytes on PDMS is via absorption, while
it is adsorbed and is likely to be capillary condensation
for Carboxen/PDMS [8]. All new fibres were
conditioned by being inseried in the GC injector port
according to Data Sheet which contains important
information about the product (SUPELCO Bellefonte,
PA) [9]. Before each sampling, fibres were conditioned
for 5 min in the injection port at 280°C to avoid
contamination from the laboratory atmosphere [10].
Syringe pump (SP-510, JMS, Hiroshima, Japan) was
used in standard atmosphere generation system.
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Fig 2. The effect of two different fibers on sum of peak area (at 250 ppm). The extraction was performed at 2042 °C for 5 minutes; desorption
was performed at 280°C for 120 s

Personal sampling pump model 222-3 and sorbent tubes
containing active chacoal for active sampling were
prepared from SKC (SKC Inc., 84, PA).

Standard atmosphere generating device

To enable quantitative analysis of acetonitrile in
field air sampling, calibration curves for the target
compound were determined with selected SPME fibers.
To achieve this, a standard gas generating device with a
flow through sampling chamber was constructed to
provide a wide range of acetonitrile concentrations
(Fig 1). In addition, this device was also used for
validation of the SPME with the NIOSH method, and
provided a mechanism for daily quality control of
instrumental parameters and sampling set. Chamber
consists of the continuous injection of acetonitrile, using
a syringe pump (SP-510, JMS, Hiroshima, Japan), into a
controlled air flow where the compounds were
vaporized. By the thermocouple and electrical coil
(Samwon eng, model SU-105) air was heated to a
specified temperature before entering the chamber. An
impinger, heater, and bypass valves as humidity
generation system for changing airflow rate and
temperature of water in impinger were used. The
temperature and relative humidity were measured by a
thermo-hydrometer from (Model Testo 601, Testoterm
GmbH & Co., Germany). Moreover, a dry test meter
(Elster-Handel, Germany) was used for continuously
checking the diluents gas flow rate in the system.

Delivered of analyte to the chamber with syringe
pump at predetermined injection rate and calculated by
down Equation [11].

C=(p XV % IR x 10/ (MW xQ %x60) (1)
Where:

p: density of analyte (g/ml)
MW: molecular weight of analyte
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IR: injection rate (ml/hr)

C: desirable concentration in the chamber in ppm
V. molar volume (24.45 L in standard condition)
Q: diluent gas flow rate (L/min)

Preparation of standard solutions

A stock solution of acetonitrile was prepared in
methanol to yield a final concentration of 1 mg/mL.
Standard solutions for the calibration curve were
prepared from the stock solution in the following
concentrations: 10, 15, 20, 50, 100, 200, and 400 pg/ml.
GC/FID external calibration was done by preparation of
standard solutions and injection of the solution.

Active sampling

Active sampling was performed based on NIOSH
1606 method. According to this method, a personal
pump calibrated at 0.2 L/min flow rate, specified
volume of air was drawn to the charcoal tubes. After
sampling, the front and back sections of each charcoal
tube were transferred to separate sample vials. Samples
were extracted for 45 minutes by 2 ml of methanol. 1 pl
of this extract was directly injected to the GC/FID by
the 1 pl syringe (no dead volume) for quantification.

RESULTS

Selection of suitable fiber related to acetonitrile
sampling and analysis

One of the main variables of this study was
determining the suitable SPME coating fiber for
sampling and analysis of acetonitrile in air. For this
purpose two types of commercial fiber Carboxen/PDMS
and PDMS were used. The results of comparing the
peak area was shown in Fig 2. The results revealed that,
the extracted mass of airborne acetonitrile (at 200 ppm)
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Fig 3. Extraction of acetonitrile in air matrix (at 200 ppm) was performed by using a Carboxen/Polydimethylsiloxane fiber at 20+2°C for 30
min. The desorption temperature in injection port was 280°C

onto the Carboxen/PDMS fibers was much higher than
the mass loading onto the 100 um PDMS fiber.

Optimization of SPME extraction and desorption
conditions

In order to examine this performance parameter,
sampling was performed at optimum condition and then
analysis was carried out at the time between 30 to 180 s,
inside GC injection port. The maximum peak was at 2
minuts and selected as optimum desorption time at
injection port of gas chromatography. To study the
desorption conditions, acetonitrile solution were
injected into atmosphere generator. Acetonitrile at
constant concentration inside standard chamber were
absorbed by a Carboxen/PDMS fiber at 20+2°C for 5
min. Desorption was carried out from a GC injector
held at 280°C for different times of 30, 60, 120 and 180
s. Desorption of the acetonitrile was carried out for 60 s,
at 280°C. The optimum conditions were determined by
the sum of peak areas obtained under different
desorption times. Extraction time profile for acetonitrile
in exposed mode showed that the analyte reaches
equilibrium within 300 s (Fig 3). These experiments
were performed in standard chamber with constant

70
60

50

concentration of acetonitrile with relative humidity of
30+2% and sampling temperature of 2012 C.

Influence of environmental factors on sampling
rate

The effect of each environmental factor on
Carboxen/PDMS sampling rate was investigated at
three levels. At each level three measurements were
performed in exposed mode. Analysis of the results by
ANOVA test at the 0.05 level of accuracy showed that
the peak area of the sampler was significantly affected
by temperature from 20 to 30°C in this study (F = 41.17,
P<0.002). Besides, the effect of relative humidity on
sampling of acetonitrile by Carboxen/PDMS fiber has
been investigated at three different humidities (35+2%,
50+2% and 65+2%). At each level, three measurements
were performed in exposed mode at 50 ppm. Analysis
of the results showed that humidity has a significant
negative effect on the mass uptake of Carboxen/PDMS.
For sampling under different velocities, a chamber was
configured; the velocity in the chamber was measured
with a calibrated thermo anemometer. In this study,
velocity was studied in the range of 1.81 to 3.03 cm/s.
ANOVA test was performed to examine the statistical
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Fig 4. Influence of Environmental factors on sampling rate (at 50 ppm). Absorption of acetonitrile in air matrix was performed by using a
Carboxen/Polydimethylsiloxane fiber at 20+2°C for 5 min. The desorption temperature in injection port was 280°C
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Table 1. Comparison of acetonitrile concentrations (peak area) measured with the use of 75 um Carboxen/ Polydimethylsiloxane and charcoal

tubes

Concentration (ppm)

SPME NIOSH

10 50 100 200 10 50 100 200
Measured average  8100.33 45185818  1177376.66 2118305 - 3173.66 29333.66 76423.33
Standard deviation ~ 234.07  26618.07  4575.18 19523.76 122,51 1432.62 2613.47
RSD (%) 28 58 0.38 0.92 - 3.86 48 341
R? 0.975 0.973
LOD (ug/lit) 0.05 0.8
LOQ (ug/lit) 0.15

Note: RSD - Relative Standard Deviation.

 Based on permeation rates and measured air flow rates.
The SPME and the NIOSH values are based on n = 3 samples.

difference between uptake rates at different air
velocities. Results showed that dynamic sampling with
exposed SPME in at different air velocities does not
have a significant effect on mass uptake (Fig 4).

LOD and LOQ

The limit of LOD and LOQ were estimated on the
basis of the signal-to-noise ratios obtained with
standards containing the compounds of interest at low
concentrations. To estimate the quantity of LOD, the
low concentration of acetonitrile was prepared and then
sampled at the same time. Results showed that eth LOD
and LOQ for acetonitrile in the GC system was 0.05 and
0.15pug/ml, respectively.

Comparison of solid-phase micro extraction with
NIOSH 1606 sample preparation methods

The SPME method was compared with the standard
NIOSH method. Laboratory samples (n=3) were taken
at 20°C, 35% RH and 2.27cm/s velocity for 4 hours. The
concentrations determined by SPME method were
found to be higher than that of the NIOSH method.
Mean temperature and relative humidity in the field
were 20+2°C and 35+2% respectively. Air velocity
measured by a calibrated thermo-anemometer was less
than 5cm/s at all times. Comparison of the results
obtained by the SPME and NIOSH 1010 method under
these conditions has a good correlation and the
regression line slope was also near unity(y = 70561x-
82512, r* = 0.975 and y = 36625x-73564, r* = 0.973
respectively). Table 1 compares the target acetonitrile
concentrations obtained from air sampling with the use
of the SPME and NIOSH methods. A paired t test
indicated that there was no significantly difference
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between the SPME and NIOSH-based results for n =3
replicated at the 95% confidence level. The results in
Table 1 also indicate that the reproducibility of the
SPME method was generally better than that of the
conventional charcoal tube method.

DISCUSSION

This research showed that the SPME method based
on the optimum procedure could be used for sampling
and determination of acetonitrile in occupational
exposure. To determine, the optimum condition, a
number of experimental parameters such as
temperature, humidity and velocity must be considered.

The optimal condition depends on the nature and
composition of the matrix, properties of the analytes

[11-12].
The results revealed that the extracted mass of
airborne acetonitrile (at 200 ppm) onto the

Carboxen/PDMS fibers was much higher than the mass
loading onto the 100pm PDMS fiber. This result has
been proven in similar studies [13-16]. The
Carboxen/PDMS fiber coating was selected for fast
sampling of acetonitrile in air matrix. Carboxen/PDMS
is mixed coating with complementary properties in
comparison with PDMS fiber. It is mainly composed of
micro porous structure and its specific adsorption
process in multilayer of sorbent leads to maximum
recovery of analyte [8, 17].

Desorption time and temperature are two important
analytical performances that deal with the time of
analysis and life span of the sorbent. Increasing
desorption time can reduce the carry over and memory
effect of the adsorbed analytes on sorbent surface but it
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also can reduce the life span of the sorbent and the time
that sorbent could be applied for consecutive analysis.
Desorption of the acetonitrile was carried out for 60 sec,
at 280°C. This result has been proven in studies such as
Heidari studies [18-19] and Shahtaheri study [20] also
Penalver [21].

Extraction time profile for acetonitrile in exposed
mode showed that, the analyte reaches equilibrium
within 300 s. This is similar to the result obtained by
Zare studies [13-14] and somewhat similar to Heidari
study [18-19] and Shahtaheri study [20] that, in 6 min
extraction time was obtained. Besides, results show that
the values obtained for the theoretical SR were bigger
than the experimental values. A possible explanation for
this behavior, which was also observed by Khaled and
Pawliszyn [11], is the volatilization of the compounds
before the thermal desorption.

The effect of each environmental factor on
Carboxen/PDMS sampling rate showed that humidity
had a significant negative effect on the mass uptake of
Carboxen/PDMS that was consistent with other studies
[13, 14, 21-22]. The increase of water vapour molecules
decreases the adsorption sites of coating and therefore
decreases the sorption capacity of the fiber [17, 22].

For sampling under different velocities, a chamber
was configured according to the design proposed by
Koziel et al. [24]. Velocity was studied in the range of
1.81 to 3.03 cm/s. This range was selected according to
the results of the study conducted by Baldwin that
revealed mean air velocities in about 85% of
workplaces is less than 0.35 m/s [25].

Many papers have been published on the effect of
air velocity on the sampling property of passive
samplers. Results showed that air velocities do not have
a significant effect on mass uptake. Many of these
papers conclude that air velocity does not have a
significant effect on passive samplers [22, 26]. It seems
that, the convective effect and boundary layer on mass
transfer have negligible role in this process. In the
retracted SPME, the effect of air velocity may be even
smaller than that of other passive samplers because of
the unique configuration and aspect ratio of SPME
fiber.

In order to study the quality of the method
proposed, calibration curves, accuracy and LOD and
LOQ were estimated. LOD and LOQ for acetonitrile in
the GC system were 0.05 and 0.15 pg/lit, respectively. It
is good in comparison with the LOD proposed by
NIOSH 1606 method which is about 0.8 pg per sample
[3]. Result also shows that comparison of the results
obtained by the SPME and NIOSH 1010 method under
these conditions shows a good correlation that is similar
to the result obtained by parreira [27] and Pragst [28]
studies.

CONCLUSIONS
SPME method sampling can be used for the
screening of acetonitrile in indoor air. The limits of

Published online: October 8, 2013

Kurd et al.

detection obtained for environmental factors such as air
humidity and temperature are significant influence in
absorbed rate of analyte by SPME fiber. Comparison of
the results obtained by the SPME and NIOSH 1010
method under optimum conditions shows a good
correlation between two methods.
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