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Abstract

The capability of the suppressed conductometric detection ion chromatography (IC) was investigated for the separation and determinatio
of inorganic anions (F, CI-, NO;~ and SQ?") in standard reference materials SRM-1648 urban particulate matter following ultrasonic
extraction. The effects of the cationic surfactant (SDS) and the anionic surfactant (CTAB) on ultrasonic extraction efficiency of inorganic
anions from complex matrix of airborne particulate matter were investigated. The results showed that surfactant can enhance the extractic
efficiency. Finally, the concentrations of inorganic anions in the atmosphere of the city of Isfahan were determined. The results showed a tren
of SO2~ >NO;~ >ClI->F".
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction There are several methods reported in the literature for

determination of inorganic anions, include, spectrophotom-

The chemical investigation of airborne particulate matter etry[9], ion selective electrode analy$i0], flow injection

is of greatimportance in air pollutions studies. A combination analysigd11], and capillary electrophoregik?]. These meth-
of organic and inorganic compounds is adsorbed on the sur-ods almost are not able to determine the atmospheric concen-
face of airborne particulate mat{é}. During the lastdecades tration of anions simultaneously. lon chromatography (IC) is
an extensive database has been published providing the detetkknown as an effective analytical method with higher sensitiv-
mination of metals associated with airborne particulate matter ity and lower detection limit for simultaneous determination
[2-5], while there is less information about the atmospheric of aniong[13].
concentrations of inorganic anioff§]. The development of In this work, the capability of ion chromatography for
industries, the population of cities and metropolitans, and separation and determination of inorganic anions suciras F
increasing the number of private and public automobile, CI—, NO3;~ and SQ?~ associated with airborne particulate
caused the emission of high levels of primary air pollutants matter has been investigated. The efficiency of ultrasonic
such as S@ CO, and NQ into the urban atmosphere. These extraction method for extraction of inorganic anions from
primary air pollutants in urban atmosphere can be convertedair particulate by using surfactant was also investigated.
to different anions such as $&, HCO;~, NO,—, NO3~,
etc. [7]. The determination of concentrations of inorganic
anions is important, because these anions take part into the2- Experimental
formation of acid raing8]. ]

2.1. Collection of samples

Y . .
Presented at the 17th International lon Chromatography Symposium, . .
Trier, Germany, 20-23 September 2004. Airborne particulate matter from the atmosphere of

* Corresponding author. Tel.: +98 3116631855; fax: +98 3116689732, the city of Isfahan was collected on quartz fiber filter
E-mail address: smtalebi@yahoo.com (S.M. Talebi). (20 cmx 25 cm) using a high volume air sampler (Greasby,
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PS2, USA). Samples were collected from five different sta- were introduced into the centrifuge tubes. A 10 ml deionized
tions at a height of 1.5 m above the ground level during the distilled water, 2.5 mM SDS and 2.5 mM CTAB were added
period of September 2003 to December 2003. Sampling flow into the tubes, respectively. The tubes were put in an ultra-
rate and sampling period were £min—1 and 12 h, respec-  sonic bath with frequency of 35 kHz for 25 min. The extracts
tively. Each week a sample was collected from each station. were then separated from the solid phase by centrifuging at
3000 rpm (1920« g) for 20 min. The supernatant phases were
2.2. Chemicals and reagents decanted into clean tubes and used for IC determination.
For extraction of inorganic anions from airborne partic-
All chemicals used in this work were analytical grade or ulate matter collected from the atmosphere of the city of
better. Isfahan, circles with diameter of 67 mm were punched out
N-Cetyl-N,N,N-triethylammonium bromide (CTAB), from the exposed filters and transferred into the correspond-
sodium dodecyl sulfate (SDS), potassium nitrate, potassiuming extraction tubes. A20 ml 2.5 mM SDS was added into the
sulfate, potassium chloride, sodium fluoride, sodium hydro- tubes. The other steps of extraction were exactly the same as
gen carbonate and sodium carbonate, were obtained fronthat earlier described for the SRM-1648.
Merck (Darmstadt, Germany).
Standard sample of urban air particulate matter, SRM-
1648 was purchased from the National Institute of Standards3. Results and discussion
and Technology (NIST; Gaithersburg, MD, USA).
Anion standard solutions were prepared by weighing and ~ The solubility of F-, CI~, NOz~ and SQ2~ compounds in
dissolving the appropriate amounts of each anion salt in de-water indicates that these anions can often easily be removed
ionized distilled water in order to prepare 1006¥ stock from solid matrices by aqueous extraction. The sample matrix

standard solution. and the nature of the cationic concomitant can affect on
The working range standard solutions were prepared from releasing efficiency of anions. The chemical composition of
the100Qug/l stock standard solutions. the solvent which is used for extraction has also apprecia-
ble effect on the extraction efficiency of anions. Therefore,

2.3. Instrumentation water combined with a miscible solvent such as methanol

and more dilute salt solutions is used for extraction of inor-
A suppressed ion chromatograph (Metrohnm Compact IC ganic aniong13]. Ideally, when conductometric detection
model 761, Switzerland) was used for the separation andis used for determination of anions by ion chromatography,
determination of anions. The system was equipped with a carrier solution should have no inorganic materials such as,
conductometric detector. Introduction of the sample into the strong acids, bases and soluble salts. From this point of view,
system was performed by a gbinjection loop. The analyti- many of the traditional methods used for extraction or diges-
cal column was a 150 mm 3.0mm 1.D., Metrosep Anion  tion of samples are not compatible with IC mettjtd]. The
Dual 1 6.1006.020 (Metrohm). A Wifug centrifuge (Ger- present work, describes the effects of different variables on
many) with 3000 rpm (192& ¢) was used for separation of the extraction efficiency of inorganic anions.
extracts. Ultrasonic extractions were carried out on a Ban-
delin Electronic (Germany) ultrasonic bath with frequency 3.1. Effect of surfactant on extraction of anions
of 35 kHz.
Surfactants are made up of a water soluble (hydrophilic)

2.4. Chromatographic conditions and a water insoluble (hydrophobic) components. The

hydrophilic head helps solubilization of polar species and

The eluent was composed of 2.4mM NaHf@nd the hydrophobic head dissolves organic spgdigk It seems

2.5mM NaCOs. The eluent flow rate was 0.75 ml mih that using a surfactant in extraction of anions from airborne
The column pressure and temperature were set up at 6.8 MPgarticulate matter could increase the yield of extraction.
and 20°C, respectively. The suppressor was automatically In this work, the effect of a cationic surfactant (CTAB)
regenerated by 20 mM 3$0y. The instrument was equili-  and an anionic surfactant (SDS) on extraction of inorganic
brated for 30 min prior to use. The instrument was calibrated anions from airborne particulate matter were investigated.
with standard solutions after minimizing the baseline drift. Fig. 1 shows the chromatogram of the inorganic anions in
Blank solutions (deionized distilled water and the solutions SRM-1648 urban particulate matter extracted with water.
of 2.5mM of SDS and CTAB) were tested for anionic impu- The results obtained from this investigation showed that the

rities before analysis. recovery of extraction is considerably increased in the pres-
ence of surfactants. The extraction efficiency of anions from
2.5. Extraction procedure airborne particulate matter with water and with water con-

taining surfactant was investigated. The results of the latter
For extraction of inorganic anions from SRM-1648 urban investigations are shown iRig. 2 It is obvious that using
particulate matter, 10 mg portions of the standard sample of surfactant has increased the efficiency of extraction. The
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Fig. 1. Chromatogram of inorganic anions in SRM 1648 urban partic-
ulate matter. Extracted with water: (1) fluoride (0.43 mg/l), (3) chloride
(4.07 mg/l), (4) nitrate (11.12 mg/l), and (6) sulfate (154.88 mgl/l).
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Fig. 2. Effect of 2.5mM SDS and 2.5 mM CTAB on extraction of inorganic
anions from SRM 1648 in comparison with water. Extraction time: 30 min,
ultrasonic irradiation: 35 kHz, column: Metrosep Anion Dual 1 6.1006.020,
column temperature: 2@, eluent: 2.4 mM NaHC®and 2.5 mM NaCOz,
eluent flow rate: 0.75 ml mint, injection volume: 25ul.

inorganic anions were extracted from SRM 1648 urban par-
ticulate matter with water, with a solution of 2.5mM SDS
and finally, with a solution of 2.5 mM CTAB using ultrasonic
extraction. The concentrations of the inorganic anions were
detected by ion chromatography. The results obtained from
four replicates are summarized Table 1 The comparison

of the results obtained from the different extraction methods
showed that surfactants effectively cause easier releasing o
anions from matrix of airborne particulate matter especially
in the cases of 7, and CI~.

3.2. Effect of surfactant concentration on extraction

The effects of SDS and CTAB concentrations on the effi-
ciency of ultrasonic extraction of £ CI-, NO3~ and SQ%~

from standard reference materials of urban particulate matter

SRM-1648 were also investigated. The results are shown in
Fig. 3 and indicate that efficiency of extraction of anions
is increased by increasing the concentration of SDS and

Table 1
The comparison of concentrations of extracted anions from the 1648-SRM
urban particulate matter (mg/g) by water, 2.5mM SDS and 2.5 mM CTAB

Anion Water SDS CTAB

Fluoride 0.42+ 0.04 0.69+ 0.13 0.74+ 0.07
Chloride 4.09+ 0.23 7.04+ 0.31 5.89+ 0.42
Nitrate 11.19+ 0.19 11.68+ 0.23 11.30+ 0.82
Sulfate 154.40+ 2.14 163.02+ 4.99 153.67+ 5.86
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Fig. 3. The effect of surfactant concentration (SDS and CTAB) on ultra-
sonic extraction of inorganic anions from SRM 1648 in comparison with
water. Extraction time: 30 min, ultrasonic irradiation: 35 KHz, column: Met-
rosep Anion Dual 1 6.1006.020, column temperature:@@luent: 2.4 mM
NaHCQ; and 2.5mM NaCQOs, eluent flow rate: 0.75 mImirt, injection
volume: 25ul.

CTAB. It should be noted that the rate of increasing of extract
efficiency decreases at 5.0 mM concentration of surfactants.
Considering these results, the optimum concentration of sur-
factants for ultrasonic extraction of inorganic anions from
airborne particulate matter is 2.5 mM.

3.3. Effect of extraction time

The effect of extraction time on releasing of inorganic
anions from airborne particulate matter was also investigated.
Four series of samples were sonicated at times of 10, 20, 25
and 30 min and the concentrations of extracted anions were
determined by IC. The results obtained from this investigation
showed that the extraction efficiency is time dependégt.4
shows the relationship between the time of extraction and the
concentration of anions released.

3.4. Determination of concentrations of inorganic
anions in the airborne particulate matter collected from
fhe atmosphere of the city of Isfahan

After optimizing of the extraction conditions, the concen-
trations of inorganic anions in airborne particulate mater of
the city of Isfahan were determined by ion chromatography
after ultrasonic extraction by 2.5 mM SDISig. 5shows the
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Fig. 4. Effect of time on extraction of inorganic anions from SRM 1648
by 2.5mM SDS. Ultrasonic irradiation: 35kHz, column: Metrosep Anion
Dual 1 6.1006.020, column temperature:’20 eluent: 2.4 mM NaHC®
and 2.5mM NaCOs, eluent flow rate: 0.75mlmirt, injection volume:
25pl.
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Another source of sulfate is the dusts that transported from
the deserts around of the city by wind. Nitrate can be origi-
3 nated from soils, particles emitted from the industrial plants
and the nitric acid production factory located at the west of
the city.
|2 Chloride may be originated from transporting of dusts

N

T L— — : — from desert, and of course from the industrial activities
| 1 3 4 1 . .
Retention Time (min) around t.he city by wind. . o . _
Fluoride may be contributed by emissions from industrial
Fig. 5. Chromatogram of inorganic anions in urban particulate matter of activities like metallurgical and chemical plants which are

the city of Isfahan extracted by 2.5mM SDS: (1) fluoride (0.44 mg/l), (3) located very close to the city of Isfahan.
chloride (10.42 mg/l), (4) nitrate (36.73 mg/l), and (5) sulfate (34.75 mg/l).
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Table 2
Mean atmospheric concentration of anions in the airborne particulate matter4. Conclusion
of the city of Isfahan (g/m®) in five different stations

Station  Fluoride Chloride Nitrate Sulfate The extraction and analysis of anions in standard reference
1 0.26+0.04 3.04031 458+ 051 12.24f 1.12 material SRM-1648 and different samples collected from the
2 0.40+0.03  2.50+0.36 6.36+ 0.46  10.23+ 1.08 atmosphere of the city of Isfahan, showed that relatives high
3 0.34£0.02 2.53:0.35  7.01+045 10.52+1.23 concentration of inorganic anions are associated with urban
4 0.12+0.03  3.18:033 1062042  10.61+ 1.20 particulate matter. Ultrasonic extraction with water contain-
5 0.05+£0.01 1.78-0.18  4.08+ 0.24  7.154+ 0.40

ing surfactants is a rapid and sensitive method for effective
extraction of inorganic anions from airborne particulate mat-
ter. lon chromatography is a sensitive and powerful technique
for simultaneous determination of inorganic anions in air pol-

Table 3
Mean concentrationig/m®) and percentage of inorganic anions in the atmo-
sphere of the city of Isfahan (80 samples were collected from five different

stations during the period of September 2003 to December 2003) lution studies, where a large number of samples should be
Anion Fluoride  Chloride  Nitrate Sulfate Totar  a@nalyzed in a short period of time.
Mean 0.23:0.15 2.61+0.54 6.53+2.58 10.14+1.53 19.51
Percent 1.21 13.33 33.47 51.99 100
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