Available online at www.sciencedirect.com

sc.ENCE@D.REcT.

Talanta

ELSEVIER Talanta 65 (2005) 1196—1202

www.elsevier.com/locate/talanta

Comparative study of pretreatment methods for the determination of
metals in atmospheric aerosol by electrothermal
atomic absorption spectrometry

A.A. Karanasio@&P, N.S. Thomaidi& K. Eleftheriadi$, P.A. Sisko&*

@ | aboratory of Analytical Chemistry, Department of Chemistry, National and Kapodistrian University of Athens,
Panepistimiopolis Zographou, Athens 15771, Greece
b Environmental Radioactivity Laboratory, Institute of Nuclear Technology and Radiation Protection,
National Centre of Scientific Research, “Demokritos”, Ag. Paraskevi 15310, Attiki, Greece

Received 1 April 2004; received in revised form 29 July 2004; accepted 25 August 2004
Available online 8 December 2004

Abstract

A comparative study of pretreatment methods for the determination of 10 elements (As, Cd, Pb, V, Ni, Mn, Cr, Cu, Fe, Al) in atmospheric
aerosols by electrothermal atomic absorption spectrometry (ETAAS) was conducted. For the digestion of the particulates collected in filters
six methods were compared using a mixture of HNd HF with or without the addition of various oxidative agents (HC&® H,0,)
or acids (HCI). The comparative study was performed using loaded cellulose filter samples, which were digested in Parr bombs and heate
in a conventional oven at 17C for 5h. The extraction efficiency and blanks were compared and it was proved that the digestion method
using only HNQ-HF extracted most of the metals and gave the lowest blanks. TheHOmixture was selected for the development of
an improved microwave digestion method specific for aerosol-loaded filters. The operating parameters were optimized, so that quantitativ
recovery of the reference materials NIST 1649a urban dust and NIST 1648 urban particulate matter was achieved. The blank of cellulos
and teflon filters were also determined and compared. Teflon filters present the lowest blanks for all the elements. The obtained limits o
detection for each type of filters were adequate for environmental monitoring purposes. ETAAS instrumental operation was also optimized
for the compensation and the elimination of interferences. The temperature optimization was performed for each metal in every type of filter
and optimized parameters are proposed for 10 elements.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction posal is expected to be adopted by member states in the im-
mediate future. These two documents state that these ele-
Determination of metal and metalloid content in the atmo- ments should be determined in atmospheric aerosolg{PM
spheric aerosols is of great interest, due to their adverse ef-and PM 5) and propose atomic absorption spectrometry as
fects on human heal{ii]. European Commission legislation  one of the reference methods for these determinations.
obliges member states to monitor the lead content in atmo- Many studies have already been published on the prepa-
spheric particulateR]. Recently, acknowledging that other ration of atmospheric particulate samples for chemical anal-
metals in the air have detrimental effect on the human health,ysis. Two main techniques have been used: digestion and
it was proposed that cadmium, arsenic and nickel should alsoextraction. In the case of chemical analysis of airborne lead
be monitored in atmospheric particulate maldr This pro- collected on filters, an international standard has been devel-
oped which specifies a method based on acid digestion and
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Table 1
Temperature program for the determination of seven metals (V, Ni, Cr, Mn, Cu, Fe, Al) with standard pyrolytic graphite furnace

Step

1 2 3 4 5 6 7 8 9
T(°C) 85 120 120 Toyr.2 Toyr.2 Toyr.2 Tat? Tat? 2700
t(s) 5 20 10 tpyr_b tpyr.b tpyr.b tar® tar 2

& Atomization temperatured; ) and pyrolysis temperature$y,.) are given inTable 3.
b Time values for pyrolysis steptyr.): 5/2/2 s for Mn, Cr, Fe, Cu, Ni; 5/11.9/2 s for Al and 5/5/2 s for V.
¢ Time values for atomization stepsy(): 1.1/2 s for Cr, Mn, Fe, Ni; 0.8/2.5s for Cu, Al and 0.9/3 s for V.

I:zz:rature program for the determination of three elements (As, Cd, Pb) with pyrolytic graphite furnace Lvov platforms

Step

1 2 3 4 5 6 7 8 9
T(°C) 120 200 200 Toyr.2 Toyr.2 Toyr.2 Tat? Tat? 2500
t(s) 5 30 10 toyr” toyr.” toyr.” tar® tarS 2

& Atomization temperatureJ; ) and pyrolysis temperature$y,.) are given inTable 3.
b Time values for pyrolysis steptyr.): 10/5/2 s for Pb, As and 5/5.2/3.2 s for Cd.
¢ Time values for atomization stepsy(): 1/2.5s for As, 1/3.1's for Pb and 0.8/4.7 s for Cd.

Table 3

Atomization temperatured ;) and pyrolysis temperatures for aqueous standdigefg)), cellulose filter (pyr.cer)) and teflon filter (yr.efion)

Element {C) As Cd Pb \% Ni Cr Mn Cu Fe Al
Toyr.(aq) 600 600 800 1400 800 1200 800 800 900 1300
Toyr.(cel) 650 450 750 1200 1000 1200 600 750 700 1200
Tpyr (teflon) 650 600 500 1300 900 1200 800 500 600 1100
Tat. 2400 1800 2300 2700 2400 2600 2400 2300 2300 2500

sidered as a difficult-to-digest sample, because it contains a The aim of this study was the comparison of various di-
variety of matrix constituents, such as organics, oxides andgestion methods of filters (teflon or cellulose filters), which
silicates. Therefore, the acidic decomposition prior to final are used for sampling airborne particulate matter {BM
determination is considered to be the critical step of this an- prior to the determination of 10 elements by electrothermal
alytical methodology5]. Due to the small amount of atmo-  atomic absorption spectrometry (ETAAS). The comparison
spheric particles collected on filters (a few milligrams), the of these methods was first performed for the case of samples
preferable method for trace element analysis is total diges-heated into Parr bombs in a conventional oven. Blank val-
tion [6]. Various methods have been proposed in the litera- ues and recovery of metals for a certified reference material
ture, using different heating methods, working acid mixtures was used in order to assess the performance of the digestion
and digestion timg7-14]. The mixture of HN@-HCI is method. Special attention was paid to the improvement of the
often used in routine analysis, giving recoveries >90% for suggested digestion method. On this basis, an optimized mi-
metals, such as Pb and €ib,16]. However, their recov-  crowave digestion method was also developed and validated.
eries are not constant between sampJésand acid mix- Methods which can be used in any environmental analysis
tures which contain HF are considered mandatory for im- laboratory were proposed for 10 elements.

proving digestion recoverfy,17—-19]. During the last decade

microwave digestion is receiving considerable attention and

use in the laboratory20]. Wet digestion procedures with 2. Materials and methods

conventional heating are usually slow and are subject to pos-

sible contamination and potential loss of some volatile ele- 2.1. Instrumentation

ments. Microwave-assisted digestion has the advantages of

reduced time for sample dissolution, use of less chemicals A Varian 220 spectrometer equipped with a GTA 110
and lower losses of some volatile elemefit8—24]. EPA graphite furnace and a Varian autosampler was used for
suggests microwave acid digestion of complex matrices us-elemental analysis. Hollow cathode lamps were used as
ing a mixture of HNQ-HF as a rapid and effective multi- radiation sources for all the elements. The recommended
element methof21]. However, areference-validated method Varian instrumental parameters were used. ETAAS con-
that can be used for the determination of various metals andditions were carefully optimized for the compensation or
for the digestion of various types of filters is not available in elimination of interferences. The optimized temperature
literature. programs are given ifiables 1-3. Pyrolysis temperature was
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influenced by the filter matrix (Table 3). Thus, temperature ing metals elements: As, Cd, Pb, V, Ni, Cr, Mn, Cu, Fe, Al
optimization was performed for each metal in every type of One microgram of Pd was used as chemical modifier for the
filter. determination of Cd, As and Pb, whereasutof Mg (as
Size-resolved aerosol samples were collected on celluloseMg(NO3)2) was used in the determination of V.
filters using a six-stage Andersen cascade impactor ata flow The most effective conventional method (method 6) was
rate of 20 cf mir! operating continuously for 24 h. The par-  validated. Quantification was conducted using either standard
ticle size range collected from impactor stages are >10.2, or matrix-matched calibration curves. The following range
10.2-4.2,4.2-2.1, 2.1-1.4, 1.4-0.73 and 0.73—-QmM1An of concentrations for each metal were injected in triplicate:
additional back-up filter is placed at the end of the impactor 20-80u.g1~1 of As, 0.40-1.Qug =1 of Cd, 20-8Qug I~ of
outlet to collect particles of size <0.4um. Pb, 20-8Qug |~ of V, 5.0-40ug 1~ of Ni, 1.5-4.5ug171
PM,; custom-made sampling head, operating at 23 of Mn, 10-40ug |~ of Cr, 5-40ug =1 of Cu, 5.0-15.g -1
Imin—1, was employed to collect particles with diameter of Fe and 10-4Q.g|~1 of Al.
<2.1pm on teflon filterd25]. The limit of detection (LOD) was determined as three
Teflon filters were obtained from Whatman with pore size times the standard deviation of 10 replicates of the procedural
1um and cellulose filters were Whatman 41 paper sheetsblank. Repeated spike testsX18) of multi-element standard
(8in. x 10in.). solution on blank cellulose and teflon filters were performed
The digestion of samples was carried out by means of (i) to assess the recovery of the method. The reference material
a conventional oven Gallencamp equipped with Parr bombsNIST 1649a urban dust was used for the validation of the
and (ii) a domestic microwave oven of a maximum power proposed method.
1000W, using either PFA vessels (60 ml) resistant up to
100 psi from Savillex or PFA vessels (85 ml) resistant up to 2.3.2. Microwave digestion

600 psi from O.1. Analytical (O.1. Corporation). A conventional microwave oven, with a maximum power
of 1000 W was used for the development of the microwave
2.2. Reagents digestion method. At the beginning, Savillex PFA vessels

(60 ml) equipped with a pressure relief mechanism were used
Concentrated HN®65%, HF 40%, HCI 30% and #D; for the microwave digestion procedure. Prior to their use,
30% were of suprapur grade (Merck) whereas HLT0% teflon vessels were first sonicated for 15 min and then soaked
was of proanal grade (Merck). Titrisol stock standard so- in 10% HNGQ; overnight to ensure cleaning and to prevent
lutions of metals (1000 mgt) were obtained from Merck.  contamination from the vessels. After being rinsed with ul-
Palladium (as Pd, 10 gt) and Mg (as Mg(N@)2, 10g?) tra pure water, the vessels were filled with 5 ml HNE5%
modifiers were of suprapur grade and obtained from Merck. and treated in the microwave oven under the same condi-
Certified reference materials SRM Urban Dust 1649a and tions as used for the sample digestion. After being cooled,

particulate matter SRM 1648 from NIST were used for vali- they were flushed once more with ultra pure wéet, 23].

dation purposes. In order to find the optimum microwave program, several
programs were tested with various combinations of power
2.3. Procedure setting and digestion time. While attempting to achieve the
complete digestion of the particulate matter, sample losses
2.3.1. Conventional digestion were observed at power settings over 450 W. Low recoveries
Six digestion methods were compared for the digestion of of trace elements and condensation of acid droplets on the
atmospheric particles collected on cellulose filters. external part of the vessels confirmed this effa6y.
e Method 1: 3.00mI HN@ + 1.25 ml HCIQ; + 1.00 ml HF _ Table_ 4A Sh_OWS the optimum micro_wave program set-
e Method 2: 2.50 ml HN@ + 0.50 ml HCIQ, + 1.00 ml HF tings using Savillex vessels. Cellqlose filters .(Whatman 41),
e Method 3: 2.50 ml HN@ + 0.20 ml HCIQ, + 1.00 ml HF loaded with the reference material (approximately 10 mg)
e Method 4: 2.00mlI HN@ + 2.00 ml HCI + 1.00 ml HF
o Method 5: 2.00mI HN@+2.00 ml 0, +1.00 ml HF Iz?géi;m setting of microwave digestion of airborne particulate matter (A)
 Method 6: 2.00mI HN@ + 1.00 ml HF with Savillex and (B) with O.l. Analytical vessels
Samples were placed in teflon vessels, the appropriate acidvicrowave digestion step Microwave power (W) Time (min)
mixture was added, the vessels were fitted in Parr bombsa) savillex vessels
and heated in a conventional oven at 1@0for 5h. After 1 150 4
digestion and cooling, the samples were diluted at 10.0 ml 2 300 2

with ultra pure water (millipore). All the metals were deter- 450 2

mined without further dilution, except for Fe and Al deter- (B) O.l. Analytical vessels

minations in which the digested samples were diluted 100 1 300 5

times. The study was aimed at the higher recovery of the 2 450
. . 600 2

digestion method and the lower blank value for the follow-

N
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Table 5 4 and 5 were insufficient for the extraction of most of the

Concentrations of trace elements in one blank cellulose filtepgirT® (n metals (results are not shown). Hydrofluoric acid is needed
= 3) for each digestion method for the dissolution of silicates and allows better recoveries
Element Method Method Method Method Method Method for elements such as Cr and Ni. For Cu. Mn. Pb the use

! 2 3 4 ° 6 of hydrofluoric acid does not improve their recovery, a re-
As 788 650 623 410 448 276 sult which was also reported in the literatuk0,12]. A
(P:g g:ég 2‘_321 2:227 g_'ég ;):ggs g..‘g?o stu_dy conductgd by Wang et 4l3] on the efficiency of
v 0.48 0.78 0.52 1.05 0.72 0.44 acids for the digestion of urban particulate matter proposes
Ni 0.51 0.84 1.66 1.86 0.78 0.36 the use of an acid mixture containing perchloric acid as a
Cr 6.19 119 1.45 1.70 1.40 0.75 powerful oxidant needed to dissolve organic matter. How-
Mn 090~ 0v0 034 066 09 026 ever, blank values for some metals (Cd, As, Pb, Mn, Fe, Al,
(F:sa 3?:298 21"852 357§ 2172;’ 3_323 f.';f Cr) increased with increasing amount of HGIQrable 5).
Ala 9.51 206 276 204 273 1.79 Method 6 gave lower blank values than the methods that

use HCIQ. The presence of perchloric acid during sam-
ple digestion can result in the formation of explosive per-
were placed in the closed vessels and digested using methoghlorates, and when possible, the use of HC#bould be

6 in the microwave oven with the program setting shown in avoided.

Table 4A. The reference material NIST 1649a urban dust was
used for the validation of the proposed method.

It became evident that the particular configuration of the
Savillex PFA vessels used in the study, was inadequate to In order to investigate possible interference from the di-
withstand the pressure resulting from the amount of sample gested matrix for each type of filter, the slopes of standard
and acid mixture required for quantitative analysis. An alter- calibration equations (SC), derived from aqueous standards,
native type of PFA vessel (O.l. Analytical) capable of with- were compared with the slopes of matrix-matched calibra-
standing pressures of up to 600 psi was uFatle 4B shows  tion equations (SAC), derived from standard additions in the
the optimum program setting for O.I. Analytical vessels. The extract of a real sample for each type of filter. The results
reference material NIST 1648 particulate matter was used forare presented ifiable 6. Digestion method 6 was used. Sig-
the validation of the proposed method. nificant statistical differences between the slopes of the cal-

For each procedure, blank filters (teflon and cellulose) ibration curves were tested usitigest. The only significant
were analyzed. Then, the limits of detection (LODs) were difference in sensitivity was observed in the case of As and V
determined as three times the standard deviation of the pro-determination in cellulose filters. In all the other cases, SAC
cedure blank. slopes do not differ significantly from SC slopes. Therefore,

it was decided to use aqueous standard calibration curves for
quantification, except for As and V determinationin cellulose
3. Results and discussion filters.

Repeated spike tests£8) of multi-element standard so-
lution on blank cellulose and teflon filters were performed,
using the HN@-HF conventional digestion. The recover-
ies, which were calculated from standard calibration curves,

Method 6, which uses only HN§&@HF, was proved to ex-  except for V and As where matrix-matched calibration was
tract the most of the studied metals effectively from fine used, are satisfactory and are giveable 7.Table 7shows
and coarse particles collected on cellulose filters. Methodsthat all elements had recoveries between 91 and 115%.

2 100-fold diluted.

3.2. Validation of the conventional digestion procedure

3.1. Preliminary investigations and optimization of the
conventional digestion procedure

Table 6
Comparison of the slopes of standards calibration equations (SC) with the slopes of matrix-matched equations (SACH(Bear 5 different days)

Slope SAC (cellulose) Slope SAC (teflon)

Element Slope SC

As

0.00144+ 0.00012

0.0019+ 0.00019

0.0012+ 0.00015

Cd 0.0833+ 0.0067 0.0833t 0.0066 0.0833+ 0.0069
Pb 0.00199+ 0.00014 0.00182 0.00021 0.00209+ 0.00011
\ 0.00157+ 0.00011 0.00112+ 0.0003% 0.00148+ 0.00020
Ni 0.00424+ 0.00047 0.00478& 0.00065 0.00446+ 0.00024
Mn 0.0175+ 0.0028 0.0194+ 0.0035 0.0201+ 0.0016
Cr 0.01524+ 0.00016 0.01504 0.00019 0.0149+ 0.00019
Cu 0.00658+ 0.00056 0.00654+ 0.00052 0.00645+ 0.00067
Fe 0.00692+ 0.00035 0.006504+ 0.00072 0.00659+ 0.00048
Al 0.00232+ 0.00044 0.00232+ 0.00037 0.00235+ 0.00046

2 Value statistically significant difference Bt= 0.05.
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Table 7
Recovery results (%) from spike tests

Element

As Cd Pb \Y Ni Mn Cr Cu Fe Al
Teflon 97+ 1 100+ 2 91+5 97+ 2 102+ 2 96+ 6 100+ 1 93+ 6 112+ 10 96+ 4
Cellulose 96+5 106+ 10 97+ 3 95+ 2 1144+ 2 98+ 4 101+ 4 104+ 6 100+ 8 115+ 14

Three additions for each metal in blank filters in the range of 0.20:¢40%, three replicates per addition= 3 x 3.

-Il_-ianlzilfoi detection (LOD,p.g I~1) and injection reproducibility$s %) for each metal determination by ETAAS

Element

As cd Pb % Ni Mn Cr Cu Fe Al
LOD (pngl™b) 2.26 0.025 1.16 1.23 0.46 0.25 0.50 1.50 (750 6.0°
K (%)P 1.2 08 22 09 10 11 18 12 25 95

@ 100-fold diluted.
b Concentrations (ugit) Cd: 0.60; Pb: 12.0; V: 10.0; Ni: 9.0; Cr: 16.0; Mn: 4.50; Cu: 8.0; Fe: 9.0; Al: 30.0.

The limit of detection (LOD) and the injection repro- satisfactory for Cd, Pb, Ni, Cu and Fe. The contents of some
ducibility (asSs %, n = 3) for each element were determined. elements (As, Mn) are significantly higher than the NIST
LODs were obtained as three times the standard deviation ofvalue probably due to sample contamination. Reduced re-
the blanks from cellulose filters and aqueous standard calibra-coveries were obtained for Cr and V due to their incomplete
tion curves (SC), except for As and V determination, where dissolution. Probably more rigorous digestion conditions are
matrix-matched calibration curves were used. The results areneeded to achieve complete recovery of these metals. Thus,
given inTable 8. One can observe that LOD &&g% of Al a microwave digestion procedure was tried and optimized.
are higher than the expected values, due to the high value and

great variability in the blank of the method. o 3.3. Validation of microwave digestion method
In order to determine the trueness and precision of the

suggested digestion procedure (2.00 mI HNQ..00 mI HF) The microwave digestion method using Savillex vessels
for particulate samples, the certified reference material NIST was then validated. Cellulose filters. loaded with the ref-

SRM 1649a urban dust was used. Although NIST recom- grence material NIST 1649a (approximately 10 mg), were
mends using at least 100 mg of this material in order to min- yj4c6 in the closed digestion vessels (Savillex) and digested
imize variation due to sample inhomogeneity, we obtained using Method 6 in the microwave oven with the digestion
good precision with much smaller sample size of approx- yr5gram setting shown ifiable 4A. Quantification was per-
imately 10mg. The results of this study are presented in oymeq by using aqueous standards calibration curves. For
Table 9. Reproducibility of the method ¢S, two repli- a5 and V determination in cellulose filters, matrix-matched
catesn = 2, at three different day%,= 3) is also shownin = cjipration curves were used. Experimental values and cer-

Table 9. Al is not certified and_therefore is not_(_jetermined. tified values were compared to evaluate the analytical accu-
The agreement between experimental and certified value WaSacy. Results are shown ifable 10. The higher value for

Table 9 Table 10
Elemental content results (jog g1, n= 2, k= 3) of the certified reference Elemental contents (ipg g2, n = 2, k= 3) of certified reference material
material 1649a urban dust (NIST) digested by the conventional procedure NIST 1649a urban dust dissolved by microwave assisted digestion using

and the obtained reproducibilityg, %) Savillex vessels and the obtained reproducibiliy ¢o)
Element Certified value Measured valie xR (%) Element Certified value Measured valie xR (%)
(rgg ™ (rgg™ (rgg ™ (rgg ™)
As 67+2 108+ 10 9.3 As 67+2 %+8 83
Cd (22f 24+2 83 Cd (22 20+2 10.0
P 1.24+0.04 1.20+0.03 25 P’ 1.24+0.04 1.10+0.06 55
\Y 345+ 13 173+ 15 8.7 \Y 345+ 13 333+12 3.6
Ni 166+ 7 174+8 46 Ni 166+ 7 176+8 45
Mn 237+ 8 330+ 6 18 Mn 237+8 296+3 10
Cr 211+ 6 130+8 6.2 Cr 223+7 245+5 20
Cu 223+ 7 254+7 28 Cu 211+ 6 199+ 6 30
Fe 2.98+ 0.07 3.1+0.1 3.9 Fe 2.98+ 0.07 2.8£0.2 7.1
2 Mean= S.D. (nx k=6). a8 Mean= S.D. (nx k=6).
b Content in weight percentage (% wiw). b Content in weight percentage (% wiw).

¢ Information value. ¢ Information value.
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Table 11 _ B _ 600 psi). Therefore, the microwave digestion method was ad-
Elemental contents (ipg g™, n = 2, k= 3) of certified reference material j;sted to the new conditions that could be applied. Certified
NI_ST 1648 parngulate matter dissolved by mlcrowave_-a_s&sted digestion reference material from NIST particulate matter 1648 was
using O.l. Analytical vessels and the obtained reproducibify%o) . . . . .
used for the determination of the microwave extraction effi-

Element (Cert'f'le)d value (Measulr)ed value R (%) ciency of all metals plus Al. The procedure described above
h99 k99 was followed using the digestion program setting shown in

éz 1%?1 %O 1?21 24 2‘2 Table 4B. Results are shown ifable 11. For most of the

Py 0.655+ 0.008 0.598- 0.010 1.7 elements satisfactory agreement between measured and cer-

\Y; 127+7 12147 5.8 tified values was found. Reproducibility of the methog,(S

Ni 82+3 89+4 45 two replicatesn = 2, at three different day, = 3) is also

Mn 786+17 875+19 22 shown inTables 10 and 11. Reproducibility lower than 10%

gj gggi g gggi ig g:i was found for _aII the metals except Al, wher&avalue of

Feb 3.9+0.1 3.7+03 8.7 13% was obtained.

Alb 3.4+0.1 3.8+0.5 13.2 A parameter important to determine is the mean value
a Mean=+ S.D. (n= 3). of blanks to make accurate blank subtraction especially at
b Content in weight percentage (wt.%). low levels of analyte in the sample. LODs in air samples are

greatly influenced by the blank values for the filters. In or-

As and Mn could be contamination problem from the lab- der to assess any possible contamination from water, acids,
oratory environment. However, this was not observed when vessels and bottles, reagent blank tests were carried out. The
blank filters were analyzed (s@able 12). For all the other  reagentblank was composed of deionized water and the same
metals, plus Cr and V, the recoveries were quantitative andamounts of acids as those used in microwave digestion proce-
the applied method can efficiently extract the metals from the dure. For all elements, results were below instrumental detec-
particulates. tion limit. Furthermore, 10 blank cellulose and 10 teflon filters

However, Savillex vessels were replaced by O.1. Analyt- (approximately 50 mg each) were digested with the proposed
ical vessels, which can withstand higher pressures (up tomixture (HNG;—HF) in the microwave oveffables 12 and 13

Table 12

Contents of trace elements in blank cellulose filterggri—! andpg g~ and the respective method detection limits in ngfrtn = 10), Vg = 700 n?

Element Cellulose blank Cellulose blank in Detection limitin Detection limit in air with
(nggh) solution (ug 1) solution (ug 1) cellulose filters (ng m3)

As 0.7+0.1 3.6£0.5 1.50 0.021

Cd 0.030+ 0.002 0.154+0.01 0.03 0.0004

Pb 0.94+0.1 4.2+0.5 1.50 0.021

\Y 0.10+0.01 0.50+0.07 0.21 0.003

Ni 0.46+0.02 2.30+0.09 0.27 0.004

Mn 1.33+0.09 6.6+0.4 1.32 0.019

Cr 1.3£0.1 6.5+0.5 1.56 0.022

Cu 1.1+0.1 5.6+0.5 1.44 0.021

Fe 180+ 8 9.0+ 0.4 1.2¢° 1.7

Al 800+ 20 40+12 3.0¢° 4.3

@ 100-fold diluted.

Table 13

Contents of trace elements in blank teflon filterguml—1 andwg g~ and the respective method detection limits in ngfrn = 10), Vair = 30 P

Element Teflon blank Teflon blank Detection limit Detection limit in air with
(ngg™t) in solution in solution teflon filters (ng n3)

(ng!™h) (ngl™)

As 0.56+0.08 2.8+0.4 1.20 0.40

Cd 0.020+0.001 0.10040.005 0.015 0.005

Pb 0.56+0.06 2.8+0.3 0.9 003

\ 0.100+0.008 0.50+0.04 0.12 0.004

Ni 0.300+ 0.006 1.48+0.03 0.09 0.03

Mn 0.52+0.06 2.6+0.3 0.90 0.30

Cr 0.82+0.08 4.1+0.4 1.20 0.40

Cu 0.76+0.06 3.8+0.3 0.9 030

Fe 6+1 3.0+ 0.5 1.5 5

Al 3142 16+12 3.7 10

a 10-fold diluted.
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summarize the contents (ngd) of trace elements in blank  [2] Common Position (EC) No. 57/98, 98/C360/04, Off. J. Eur. Comm.,
cellulose and teflon filters, respectively. The teflonfilters gave _ ©360/99, 23 November 1998. N o
the lowest blank values for all the elements studied. It is ob- [3] Commission of the European Communities, Proposal for a Directive
. . L ) T of the European Parliament and of the Council relating to arsenic,
vious that the filter contribution in b_Iank values is negligible cadmium, mercury, nickel and polycyclic hydrocarbons in ambient
for most of the metals. The exceptions are Fe and Al. These air, COM (2003) 423 final, 16 July 2003.
elements show high blank values in cellulose as it was ex- [4] Ambient air—determination of the particulate lead content of
o ; aerosols collected on filters—atomic absorption spectrometric
pected24]. However, this is not a problem for atmospheric p p
| | th rati fE d Al I method, ISO 9855:1993.
aerosol samples, as the concentrations of Fe an are well 5 5" speddon, Talanta 30 (1983) 631.
above these level3ables 12 and 18lso show the detection [6] J. Mateu, R. Forteza, V. Serda, M. Colom-Altes, Water Air Soil
limits in solution of trace metals based on 10 replicates of Pollut. 84 (1995) 61.
the filter blank. The detection limits were also expressed in [7] T. Yamashige, M. Yamamoto, H. Sunahara, Analyst 114 (1989)
terms of weight of an element per finite air volume (ngn 1071. . _
. .. . Kow , A. Bulska, A. Hulanieki, ious J. Anal. .
[8] E. Kowaleska, A. Bulska, A. Hulanieki, Fresenious J. Anal. Chem
It is assumed that the volume of sampled air in case of cel-

, of 362 (1998) 123.
lulose filters was 700 fand the volume of sampled air in [10] A. Robache, F. Mathe, J.C. Galloo, R. Guillermo, Analyst 125 (2000)

case of teflon filters was 303nLODs obtained in this work 1855.
for cellulose filters were similar to those reported in previous [12] K. Swami, C.D. Judd, J. Orsini, K.X. Yang, L. Husain, Fresenious
studies[12,24]. J. Anal. Chem. 369 (2001) 63.

[13] C.F. Wang, T.T. Miau, J.Y. Perng, S.J. Yeh, P.C. Tsang, H.T. Tsai,
M.H. Yang, Analyst 114 (1989) 1067.
[14] V. Sandroni, C.M.M. Smith, A. Donovan, Talanta 60 (2003)
4. Conclusions 715.
[15] Environmental Agency of Japan, Guide for Measurement of Air Pol-

A comparative study for the determination of 10 elements Iluézr;ts, Environmental Pollution Control Journal Company, Tokyo,

in atmospheric aerosols by ETAAS was conducted. The acid [16] EPA, Quality Assurance Handbook for Air Pollution Measurements,

mixture, which contained only HN§-HF, was proved to ex- vol. Il, 600/4-77-027a, Ambient Air Specific Methods.
tract the studied metals effectively from teflon and cellulose [17] B. Welz, G. Schlemmer, J.R. Mudakavi, J. Anal. At. Spectrom. 3
filters. The addition of perchloric acid increased blank val- (1988) 93.

: : [18] W.H. Chen, M.H. Yang, P.C. Chiang, Analyst 120 (1995) 1681.
ues for most of the metals. Therefore, perchloric acid was not[lg] CF. Wang, JW. Yang, C.H. Ke, Anal. Chim. Acta 320 (1996)

used. A conventional digestion procedure and a microwave 557
digestion procedure using a domestic microwave oven and[20] F.E. Smith, E.A. Arsenault, Talanta 43 (1996) 1207.
PFA vessels resistant up to 600 psi were developed and val{21] EPA, Method 3052, Microwave assisted acid digestion of siliceous
idated. Recovery studies were conducted using two certified _ and organically based matrices, 1995.
reference materials, NIST SRM 1648 Urban Particulate Mat- [22] M-L. Lorentzen, H.M. Kingston, Anal. Chem. 68 (1996) 4316.

[23] N.S. Thomaidis, E.A. Piperaki, P.A. Siskos, Mikrochim. Acta 119
ter and NIST 1649a urban dust. The LODs for both cellulose (1995) 233.
and teflon filters were satisfactory and adequate for environ-[24] K.x. Yang, K. Swami, L. Husain, Spectrochim. Acta Part B 57
mental monitoring and similar to those reported in previous (2002) 73.
The results of these studies showed that microwave diges- 8th FECS Conference on Chemistry and the Environment: Chemistry
. . . . 9 for a Sustaining World, Athens, Greece, 2002, p. 148.
tion with HNOz—HF is an effective and the preferable pre-
treatment method for the determination of trace elements in
airborne particles.
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