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Abstract

The concentrations of para- and meta-xylenes were given together in the majority of measurements of volétile organic
compounds (VOCs) because of nonseparation of these two compounds by gas chromatography in usua capillary columns. In
order to improve the separation of VOCs in ambient air, a B-cyclodextrin capillary column was used. The pollutants were
sampled by two methods, i.e, adsorption on a charcoal cartridge followed by liquid extraction and solid-phase
microextraction. About 26 VOCs, mainly aromatics, were identified in urban air of Algiers. The use of a B-cyclodextrin
column allowed good separation of aromatic hydrocarbons, as well as of para- and meta-xylenes. Inversion of elution order
was also observed regarding the other aromatics, in particular ethylbenzene and meta- and para-xylenes. [0 1999 Elsevier

Science BYV. All rights reserved.
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1. Introduction

Volatile organic compounds (VOCs), specificaly
aromatic ones, play a fundamental role in the pollu-
tion of environmental air. Significant levels of these
compounds are often emitted into the atmosphere by
a partial combustion of fuel petrol in an internal
combustion [1-5]. Some of them act as precursors of
photochemical oxidants (ozone and peroxyacyl-
nitrates) in the presence of nitrogen oxides and
sunlight [5]. The rate of formation of these oxidants
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is closely related to the rate at which hydrocarbons
are scavenged by hydroxyl radicals, since it is this
scavenging that produces organic peroxyradicals
which subsequently produce ozone and other oxi-
dants through the oxidation of NO and NO, [5].
Three concentration techniques are commonly
used: absorption in suitable solution, cold trapping
and adsorption in solids at ambient temperature, the
latter being the most widely used method [1-4,6—
14]. The regeneration of compounds can be done by
thermal desorption or solvent extraction.
Solid-phase microextraction (SPME) is recently
used as rapid alternative of extraction of organic
pollutants in air [15-20]: anaytes are adsorbed
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directly from the sample onto a fused-silica fiber that
is coated with an appropriate stationary phase.

In usua capillary columns, several studies have
reported monitoring of VOCs in ambient air, they
show that the concentration of para- and meta-
xylenes were given together in the majority of
measurements because of the nonseparation of these
compounds.

Cyclodextrins are cyclic oligosaccharides formed
by an «-(1,4) linkage of glucopyranose units. The
most commonly used oligosaccharides are «-, B-
vy-cyclodextrins  with six, seven and eight
glucopyranose units, respectively. These compounds
possess a hydrophilic exterior, which makes them
soluble in water, and an interior cavity, which is less
polar than water. The structures of solid cyclodextrin
were described as cage or channel-type ones [21—
23]. The B-cyclodextrin capillary column is widely
used in enantiomeric separation of great variety of
chira compounds (ketones, esters, akanes, acids,
ethers, etc.) [22].

In this work, gas chromatography (GC) and GC—
mass spectrometry (MS) analysis of VOCs emitted
in the urban atmosphere of Algiers were carried out
with a B-cyclodextrin capillary column after the
sorption of air on charcoal followed by carbon
disulfide extraction, and by SPME.

2. Experimental

VOCs were collected in the urban air of Algiers
where the autovehicular exhaust emissions are the
main source of air pollution. In this respect, it is
worth noting that Algiers counts about 560 000
vehicles where 71% of them are older than ten years.
All these vehicles use polluted fuels such as leaded
gasoline and gasoil. The samples were collected by
means of a charcoal sampling technique at a distance
of 200 m from the sea, 5 m from the traffic rushing
road and about 2 m from the ground.

Air samples were drawn through 90X6 mm I.D.
borosilicate glass tubes, containing 100 and 50 mg of
charcoal coconut shells (Supelco) as, respectively,
first and second layers using a Buck I.H. pump
(Supelco), operating at flow-rate of 200 ml min~*
during 10 h from 8:00 am. to 06:00 p.m. (rush
hours). The both charcoal layers were extracted

during 30 min with 1 ml of CS, under dlight
shaking, and the solutions subjected to analysis.

In the first step, a few microliters of solution were
analyzed with a Hewlett-Packard (HP) 5708 A gas
chromatograph equipped with a flame ionization
detector, and a CP Sil 8 CB fused-silica capillary
column (25 mx0.2 mm, 0.25 pm film, Chrompack).
The stationary phase is poly(dimethylphenylsilox-
ane). The programmed temperature used was 8 min
at 40°C, then 2°C min~* to 200°C (Table 1). Injector
and detector temperatures were 250°C.

In the second step, the extract was analyzed by a
gas chromatograph (HP 5890 Serie 1) combined
with a HP 5971 mass spectrometer (mass-selective
detector) under the following conditions: potential
ionization 70 &V, source temperature 280°C and scan
number (40-550 u) with the same column and the
same temperature program described above (Fig. 1,
Table 2).

In order to improve the separation of VOCs, the
analysis was carried out under the same chromato-
graphic conditions with a B-DEX 120 fused-silica
capillary column (30 mXx0.25 mm, 0.25 pm film,
Supelco). The stationary phase is 10% B-cyclodex-
trin in SPB-35 poly(35% diphenyl/35% di-
methylsiloxane) with the same programmed tempera-
ture described above (Fig. 2). Before the sample
analysis, a standard solution of n-heptane, benzene,
toluene, ethylbenzene, meta-xylene, para-xylene,

Table 1

VOC identification by GC—FID in Algiers atmosphere
Compound Retention index %
n-Hexane 600 38
Benzene 658 154
n-Heptane 700 59
Toluene 757 21.0
n-Octane 800 3.7
Ethylbenzene 849 5.4
para-/meta-Xylenes 859 14.1
ortho-Xylene 886 6.0
n-Nonane 900 21
1-Ethyl-3-/4-methylbenzenes 949 2.3
1,3,5-Trimethylbenzene 958 6.4
1-Ethyl-2-methylbenzene 964 3.2
1,2,4-Trimethylbenzene 976 21
I sobutylbenzene 998 6.5
1,2,3-Trimethylbenzene 1007 21

® Figures are the percent of the sum of components identified.
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Fig. 1. GC-MS profile of the air sample collected in the urban area of Algiers: numbering as in Table 2. Time scale in min.

ortho-xylene, propylbenzene, 1-ethyl-3-methylben-
zene, 1,3,5-trimethylbenzene, n-octane, n-nonane
and 1,2,3-trimethylbenzene (Fluka, GC grade) was
analyzed under the same conditions.

The sampling of VOCs by SPME was carried out
after that the 100 pm film thickness poly(di-

methylsiloxane) coated fiber (Supelco) was con-
ditioned at 200°C under a helium stream for 2 h. For
the first fiber blanks test, some extraneous peaks
primarily from the glue used to attach the fibers were
observed. The monomers in the glue were released
from the fiber after a second desorption lasted for 5
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Table 2
m/z ion current traces used for identification and quditative evaluation of VOCs by GC-MS in Algiers atmosphere
Peak No. Basic pesk Molecular ion Compound
1 78 78 Benzene
2 43 100 n-Heptane
3 91 92 Toluene
4 43 114 n-Octane
5 91 106 Ethylbenzene
6 91 106 p/m-Xylenes
7 91 106 o-Xylene
8 43 128 n-Nonane
9 105 120 | sopropylbenzene
10 91 120 Propylbenzene
11 105 120 1-Ethyl-3-methylbenzene
12 105 120 1-Ethyl-4-methylbenzene
13 105 120 1,3,5-Trimethylbenzene
14 105 120 1-Ethyl-2-methylbenzene
15 105 120 1,2,4-Trimethylbenzene
16 105 120 1,2,3-Trimethylbenzene
17 68 136 Limonene
18 105 134 1-Methyl-3-propylbenzene
19 105 134 1-Methyl-4-propylbenzene
20 105 134 Butylbenzene
21 119 134 1-Ethyl-3,5-dimethylbenzene
22 105 134 1,2-Diethylbenzene
23 119 134 2-Ethyl-1,4-dimethylbenzene
24 119 134 4-Ethyl-1,2-dimethylbenzene
25 119 134 1,2,4,5-Tetramethylbenzene

min at 200°C, which prevented that no contaminants
were in the fiber coating prior to exposure to a given
air sample. The technique was used for the extraction
of VOCs by direct exposure of the SPME fiber to the
exhaust gas of petrol vehicles during 20 min (Fig. 3).

3. Results and discussion

The use of charcoal tubes with two beds (100 and
50 mg as, respectively, first and second layers) under
the sampling conditions provided a good information
about the breakthrough volumes since the absence of
the compounds in the second layer confirm the fact
that the sampling was done without breakthrough
and hence the compounds were mostly adsorbed in
the first layer.

Some important observations can be drawn
through the analysis of VOCs emitted in the urban
atmosphere of Algiers by GC—flame ionization de-
tection (FID) (Table 1) and GC-MS (Fig. 1, Table
2) with a CP Sil 8 CB capillary column. The number

of peaks obtained by GC-MS (total ion current
mode, see Fig. 1) and by GC—FID anaysis were 40
and 30, respectively. Many of the compounds were
identified by direct interpretation of the mass spectra
obtained by GC-MS analysis; others were identified
by combining MS data with retention index in-
formation calculated with Van Den Dool and Kratz
equation [24] and with those reported in literature
[25]; this last approach was requisite for many
isomeric arenes owing to the similarity of their mass
spectral fragmentation patterns.

The akylbenzenes have a molecular ion a m/z
92, 106, 120, 134. Their ion fragments are at m/z 50,
51, 52, 63, 65, 76, 77, 91, 105 and 119. Certain
isomers present similar spectra with a basic peak at:
(1) m/z 91 (i.e, toluene, ethylbenzene, ortho-, para-
and meta-xylenes); (2) m/z 105 (i.e, iso-
propylbenzene, 1-ethyl-3-methylbenzene, 1-ethyl-4-
methylbenzene, 1,3,5-trimethylbenzene, 1-ethyl-2-
methylbenzene, 1,2,4-trimethylbenzene, 1,2,3-tri-
methylbenzene, 1-methyl-3-propylbenzene, 1-ethyl-
4-propylbenzene, butylbenzene and 1,2,-diethylben-
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Fig. 2. GC-FID profile of the air sample collected in the urban area of Algiers separated into 3-DEX 120: numbering as in Table 2 (6:
para-xylene; 6': meta-xylene).

zene); (3) m/z 119 (i.e, 1-ethyl-3,5-dimethylben- have been identified using their characteristic ion

zene, 2-ethyl-1,4-dimethylbenzene, 4-ethyl-1,2-di- fragments, combined with retention times.

methylbenzene and 1,2,4,5-tetramethylbenzene). From about 40 compounds detected in the air
The akanes n-heptane, n-octane and n-nonane samples, 26 (mainly aromatics ones) were identified.

13 26 39 52 65
(Min)

Fig. 3. GC-FID profile of extracts of vapors of petrol vehicles exhaust obtained by SPME separated into 3-DEX 120: numbering as in
Table 2 (6: para-xylene; 6": meta-xylene).
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Table 3
Elution order of some VOCs separated with CP SIL 8 CB and
B-DEX 120 capillary columns

Elution order in CP Sil 8 CB

Elution order in 3-DEX 120

Benzene n-Heptane

n-Heptane Benzene

Toluene n-Octane

n-Octane Toluene

Ethylbenzene n-Nonane

para-/meta-Xylenes para-Xylene
meta-Xylene

ortho-Xylene Ethylbenzene

n-Nonane ortho-Xylene

Propylbenzene 1-Ethyl-3-methylbenzene

1-Ethyl-3-methylbenzenes Propylbenzene

BTEX compounds (benzene, toluene, ethylbenzene
and xylene) were found to be the important pollu-
tants, benzene and toluene were the most predomi-
nant compounds, and assess for respectively 15.4 and
21.0% of the total. The aiphatic hydrocarbons were
present at lower extent. The presence of limonene
may be related to biogenic emission of trees sited
near our air sampling equipment.

The most important observation that can be de-
rived by looking at the chromatogram in Fig. 1 and
at the data reported in Tables 1 and 2 is that in any
cases, the retention indices and the percentage of
para- and meta-xylenes are given together because
of their nonseparation in the usual capillary column
(like CP Sil 8 CB used in this work). So, the chiral
B-cyclodextrin capillary column alows a good im-
provement of separation of the isomers of akyl-
benzene, as well as para- and meta-xylenes. The
inversion of the elution order of some compounds
was also observed as shown in Table 3. As these
compounds present substituents at isomeric posi-
tions, this inversion can be attributed to the conic
structure of B-cyclodextrin which leads to the forma-
tion of inclusion complexes.

It is worth noting that benzene is more retained in
this phase alowing its quantitative analysis with
accuracy since it is found to be eluted far from
solvent used for extraction (carbon disulfide).

4. Conclusions

The sampling of organic compounds in Algiers

was done in the appropriate conditions; with ad-
sorption through charcoal cartridge followed by
solvent extraction with desorption coefficient up to
98%. The analysis of extracts with both GC—-FID
and GC-MS by combining MS data with retention
index information has enabled the identification of
26 compounds, mainly aromatics ones, in the atmos-
phere of Algiers.

Perfect separation of arene isomers as well as
xylene isomers was obtained in the B-cyclodextrin
capillary column alowing its utilization in the
qualitative and quantitative studies of VOCs in air
using different sampling techniques.

The application of SPME in the sampling and
extraction of VOCs provided satisfactory results. In
particular, this technique was found well effective in
adsorption and desorption of analytes, inexpensive,
portable, solventless and also gave an interesting
gain of time of extraction, desorption and analysis.
More than 30 compounds could be detected; among
them, the same species identified previously using
adsorption—solvent extraction have been found.
These studies show also that the road traffic is the
dominant source of aromatic VOC emission in the
Algiers area.

Finaly, these results highlight the need to an
intensive control of these VOCs pollutants present in
the ambient air of Algiers. Particular concern should
be focused onto benzene, due to its toxicity, and
toluene owing to its high aerometric levels.

References

[1] A. Cecinato, P. Ciccioli, Ann. Chim. 85 (1995) 109.

[2] P Ciccioli, A. Cecinato, E. Brancaleoni, M. Frattoni, A.
Liberti, J. High Resolut. Chromatogr. 15 (1992) 75.

[3] P. Ciccioli, E. Brancaleoni, R. Mabilia, A. Cecinato, J.
Chromatogr. A 777 (1997) 267.

[4] Th. Knobloch, A. Asperger, W. Engewald, Fresenius J. Anal.
Chem. 359 (1997) 189.

[5] Quality of Urban Air Review Group, in: Second Report of
the Quality of Urban Air Review Group, QUARQ, UK,
1993, p. 72.

[6] D.M. Chambers, L.I. Grace, B.D. Andersen, Anal. Chem. 69
(1997) 3780.

[7] J. Rudolph, K.P. Muller, R. Koppmann, Ana. Chim. Acta
236 (1990) 197.

[8] R.H. Brown, C.J. Purnell, J. Chromatogr. 178 (1979) 79.

[9] A. Przyjazny, J. Chromatogr. 333 (1985) 327.



N. Yassaa et al. / J. Chromatogr. A 846 (1999) 287—-293 293

[10] D. Vander Straeten, H. Van Lan Genhove, N. Schamp, J.
Chromatogr. 331 (1985) 207.

[11] M.P. Baya, PA. Siskos, Analyst 121 (1996) 303.

[12] G. Castello, M. Benzo, T. Omaso, C. Gerbino, J. Chroma-
togr. A 710 (1995) 61.

[13] E.D. Winegar, L. Keith, Sampling and Analysis of Airborne
Pollutants, Lewis Publishers, 1993.

[14] G. Subramanian, in: Quality Assurance in Environmental
Monitoring, Instrumental Methods, VCH, Weinheim, 1995, p.
133.

[15] M. Chai, J. Pawliszyn, Environ. Sci. Technol. 29 (1995) 639.

[16] Y. Hin, Y. Shen, M.L. Lee, Anal. Chem. 69 (1997) 190.

[17] L. Pan, J. Pawliszyn, Anal. Chem. 69 (1997) 196.

[18] A.A. Boyd-Boland, J. Pawliszyn, J. Chromatogr. A 704
(1995) 163.

[19] PA. Martos, A. Saraullo, J. Pawliszyn, Anal. Chem. 69
(1997) 402.

[20] C. Stuppe, B. Schafer, W. Engewald, Chromatographia 45
(1997) 402.

[21] M.T. Buitterfield, R.A. Agbaria, |.M. Warner, Anal. Chem. 68
(1996) 1187.

[22] L. Coventry, in: W.J. Lough (Ed.), Cyclodextrin Inclusion
Complexation in Chira Liquid Chromatography, Blackie,
1989, p. 148.

[23] S.M. Han, Biomed. Chromatogr. 11 (1997) 259.

[24] H.Van Den Dool, PD. Kratz, J. Chromatogr. 11 (1963) 453.

[25] V.P. Cakova, L. Felti, Chromatographic Retention Indices
and Aid to ldentification of Organic Compounds, Ellis
Horwood, Chichester, 1992.



