
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 17 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Environmental Analytical Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713640455

Determination of Lead, Cadmium, Arsenic and Nickel in Atmospheric
Particulate Matter by Simultaneous Multi-Element Electrothermal Atomic
Absorption Spectrometry
Nikolaos S. Thomaidis; Nikolaos Manalisa; Loizos Virasa; Thermistokles D. Lekkasb

a Direction of Air and Noise Pollution, Ministry of the Environment, Physical Planning and Public
Works, Athens, Greece b Laboratory of Water and Air Quality, Department of Environmental Studies,
University of the Aegean, Mytilene, Greece

To cite this Article Thomaidis, Nikolaos S. , Manalis, Nikolaos , Viras, Loizos and Lekkas, Thermistokles D.(2001)
'Determination of Lead, Cadmium, Arsenic and Nickel in Atmospheric Particulate Matter by Simultaneous Multi-
Element Electrothermal Atomic Absorption Spectrometry', International Journal of Environmental Analytical
Chemistry, 79: 2, 121 — 132
To link to this Article: DOI: 10.1080/03067310108035904
URL: http://dx.doi.org/10.1080/03067310108035904

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713640455
http://dx.doi.org/10.1080/03067310108035904
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Intern. J ,  h v i r o m  A d .  Chem. Vol. 79(2). pp. 121-132 
Reprints available direccly from the publisher 
Photocopying permitted by license only 

8 2001 OPA (Overseas Publishers Assaiation) 
Amsterdam N.V. Published by license 

under lhe Gordon and Breach Seience F'ubllshem imprint, 
a member of the 'hylor and Francis Group. 

DETERMINATION OF LEAD, CADMIUM, 
ARSENIC AND NICKEL IN ATMOSPHERIC 

PARTICULATE MATTER BY SIMULTANEOUS 

ATOMIC ABSORPTION SPECTROMETRY 
MULTI-ELEMENT ELECTROTHERMAL 

NIKOLAOS s. THO MAID IS^*, NIKOLAOS MANALIS~, LOEOS VIRAS~ 
and THEMISTOKLES D. LEKKASa 

aLaboratory of Water and Air Quality, Department of Environmental Studies, University 
of the Aegean, 17 Karadoni stx. 81 100 Mytilene, Greece and bDirection ofAir andNoise 

Pollution, Ministry of the Environment, Physical Planning and Public Works, 112 
51 Athens, Greece 

(Received 15 October 1999; lnjinal form 13 July 2000) 

A simple method for the determination of lead, cadmium, arsenic and nickel in atmospheric particu- 
lates by simultaneous multi-element Electrothermal Atomic Absorption Spectrometry has been 
developed. Due to the high concentrations of Pb and low concentrations of Cd, As and Ni found in 
particulate matter, lead was monitored at 261.4 nm and the other analytes at the usual wavelengths. 
n o  approaches have been compamd using aqueous standard solutions and acid extracts of particu- 
late matter samples. First, a fast electrothermal programme, without chemical modifier, and a short 
pyrolysis step at 500°C for 10 s, has been developed. The omission of the pyrolysis step was not pos- 
sible, because strong interference on arsenic was observed. The characteristic masses determined 
with this approach were 2.10 ng for Pb, 2.0 pg for Cd, 35.8 pg for As and 27.5 pg for Ni. The corre- 
sponding detection limits were 4.2 pg I-' (Pb). 0.025 pg I-' (Cd), 0.42 pg I-' (As) and 1.5 pg I-' 
(Ni), respectively. The second approach utilized the addition of Pdhlg modifier (5 pg + 5 pg). The 
pyrolysis temperature (Tp,J could be raised up to 65OOC. The characteristic masses were 1.40 ng 
(Pb), 2.2 pg (Cd), 37.3 pg (As) and 27.9 g (Ni). In the presence of PdiMg modifier the limits of 

These two approaches were applied in the determination of Pb, Cd, As and Ni in atmospheric partic- 
ulates. Matrix matched calibration was used in order to achieve accurate and precise results. The cal- 
culated recoveries, in the absence of chemical modifiers, were 128% for Pb, 124% for Cd. 108% for 
As and 110% for Ni. The calculated recoveries were consistently better in the presence of the mixed 
PdlMg modifier: 101% (Pb), 99.7% (Cd). 103% (As) and 102% (Ni), respectively. 

detection were 4.3 pg I- (Pb), 0.020 pg I- P (Cd). 0.26 pg I-' (As) and 0.97 pg I-' (Ni), respectively. 

Keywords: Simultaneous Multi-elemnt Electrothermal Atomic Absorption Spectrometry; lead; cad- 
mium; arsenic; nickel; atmospheric particulate matter 
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122 NIKOLAOS S. THOMAIDIS et al. 

INTRODUCTION 

European Commission legislation oblige member states to monitor the lead con- 
tent in atmospheric particulates [l l .  Recently, acknowledging that other metals in 
the air have detrimental effect on the human health, it was proposed that cad- 
mium, arsenic, mercury and nickel should also be monitored in atmospheric par- 
ticulates [21. This proposal is expected to be adopted by member states soon. 
These two directives state that these elements should be determined in total sus- 
pended particulates (TSP) and propose Atomic Absorption Spectrometry as the 
reference method for these determinations. 

Electrothermal atomic absorption spectrometry (ETAAS) is often used for the 
determination of the trace metal content in atmospheric particulate matter, due to 
its low detection limits, high selectivity and proven accuracy and it is the routine 
method for several laboratories [31. However, its single-element nature is a severe 
drawback when the number of metals to be determined and the samples to be 
analyzed increase. This is the reason why XRF and ICP-based techniques remain 
dominant for multi-element analysis of atmospheric particulates [31. However, 
with the introduction of new multi-elemental ETAAS systems [4-71, the analyti- 
cal potential of this technique has increased. Transversely heated graphite atom- 
izer (THGA), with its high atomization efficiency, provides efficient 
multi-element atomization conditions for analytes with varying volatility [8*91. 
The combination of this atomizer with a high luminosity dchelle grating poly- 
chromator in a tetrahedral configuration and a high quantum efficiency 
solid-state detector presents the state of the art of multi-elemental ETAAS r107111. 

The aim of this work was the development of a fast and reliable simultaneous 
multi-element ETAAS procedure for the determination of lead, cadmium, arsenic 
and nickel in atmospheric particulate matter. Since the concentration of lead is at 
least three orders of magnitude higher than the concentration of the other ele- 
ments, its atomic absorption signal was recorded at a less sensitive, secondary 
line of 261.4 nm. l h o  approaches were compared: a fast temperature programme 
without the addition of any chemical modifier and a Pd/Mg modifier method. 
End-capped THGAs were also compared with the standard ones, since they pro- 
vide improved sensitivity, reproducibility and detection limits 

EXPERIMENTAL 

Instrumentation 

The Perkin Elmer SlMAA 6OOO spectrometer equipped with a THGA graphite 
furnace with longitudinal Zeeman-effect background correction and an AS-72 
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DETERMINATION OF LEAD 123 

autosampler was used. For the simultaneous determination of Pb, As, Cd and Ni, 
the 4-element simultaneous mode of the spectrometer was used, using electrode- 
less discharge lamps (EDL2 System) for Pb (261.4 nm, 440 mA), Cd (228.5 nm, 
175 mA) and As (193.7 nm, 380 mA) and hollow cathode lamps Intensitron@ for 
Ni (232.0 nm, 25 mA). Due to the highly variable concentration levels in particu- 
late matter (high concentrations of Pb, low concentrations of Cd, As and Ni), Pb 
was monitored at the secondary line of 261.4 nm and the other analytes at the 
usual wavelengths. Standard THGA and end-capped THGA were compared. A 
2 0 4  volume of the standard or sample solutions and a 5-p1 volume of the modi- 
fier solution were dispensed in the graphite tubes with the AS-72 autosampler. 
Hot injection at 100°C was used to shorten the drying steps. The graphite furnace 
programme is summarised in Table I. Because the temperature programme is 
common for all elements determined, the apparent atomization temperature (Tat) 
is dictated by the least volatile of the elements, nickel, which shows an optimum 
Tat of 2300°C. 

TABLE I Temperature programme for the simultaneous determination of Pb, As. Cd and Ni in 
atmospheric particulate matter 

Step Temperature Ramp time Hold time Arflow rate Read 
("C) (4 (d (mL min-') 

Drying 1 110 5 10 250 

Drying 2 130 10 15 250 
Pyrolysis variousa variousa variousa 250 
Atomization 2300 0 5 0 ON 
Cleaning 2450 1 3 250 

a. Various T are: 300OC for a ramp time of 10 s and a hold time of 20 s or 500°C for a ramp time 
of 5 s and a hofxtime of 5 s, in the absence of modifier and 65OOC for a ramp time of 10 s and a hold 
time of 20 s, in the presence of Pd/Mg modifier 

Reagents 

All reagents used in this study were of analytical-reagent grade. All glass and 
polypropylene ware were kept in 10% v/v HN03 for at least one night and then 
rinsed with 1% v/v HNO, and subsequently with distilled water before use. The 
acids were of Suprapw grade (Merck, Germany). Lead, cadmium, arsenic and 
nickel standards were prepared by diluting lo00 mg 1-' stock solution of each 
analyte (Titrisol, Merck, Germany) with ultra pure water (MilliQ water, Milli- 
pore) and acidified to a final HN03 concentration of 1% v/v. Palladium nitrate 
and magnesium nitrate (Merck, Germany), at a concentration of 10 g l-', were 
used for the preparation of the modifier solution (final concentration 1 g 1-' for 
both elements). 
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124 NIKOLAOS S. THOMAIDIS et al. 

Procedures 

Optimization and comparison of the approaches 
For the choice of the maximum permissible pyrolysis temperature (T,,,), pyroly- 
sis curves were constructed without and with the addition of the modifier solu- 
tion. The calibration curves were constructed by injecting 20 p1 of three 
multi-element standard solutions containing 0.5, 1.0 and 1.5 mg 1-' Pb, 0.5, 1.0 
and 2.0 pg 1-' Cd, 10.0,30.0 and 60.0 pg 1-' As and 30.0,50 and 70.0 pg 1-' Ni, 
respectively, in the graphite tube and measuring integrated absorbance (Ai). The 
characteristic mass, m, (pg), was calculated from the slope (b) of the standard 
curve, using the equation m,, = 0.0044x20/b for a sample volume of 20 p1. The 
limit of detection, LOD (pg l-'), was calculated from the equation LOD 
=3xSBL/b, where SBL was the standard deviation of ten blank determinations. 

Determination of Pb, Cd, As and Ni in atmospheric particulates 
Atmospheric particulate matter samples were collected on a daily basis with high 
volume samplers (General Metal Works Inc.) on glass fiber filters. Therefore, the 
exact duration of air sample collection was 24 h. The flow rate was varied 
between 1 .O and 1.5 m3 min-land it was recorded every day. A quarter of the fil- 
ter was subjected to a HN03-HCl extraction in an ultrasonic bath at 5OoC for 30 
min [I4]. The resulting solution was filtered and diluted to 50.0 ml with ultrapure 
water (MilliQ water, Millipore). A 20 pl volume of the sample was injected into 
the graphite tube with or without 5 pl of the modifier solution. The temperature 
programme given in Table I was followed. Pyrolysis curves were also con- 
structed without and with the addition of the modifier solution, for the optimiza- 
tion of the temperature programme. Quantification was performed with 
matrix-matched calibration curves, constructed from integrated absorbance 
measurements and prepared by spiking the extract of a sample with the standard 
solutions mentioned under Reagents. Recoveries were calculated from the 
matrix-matched curves. 

RESULTS AND DISCUSSION 

Comparison of the two approaches 

Optimization of the instrumental parameters 
The content of lead in TSP is at least three orders of magnitude higher than the 
content of the other toxic elements. When one considers the simultaneous deter- 
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DETERMINATION OF LEAD 125 

mination of Pb by ETAAS, along with Cd, As and Ni, should find a less sensitive 
line to monitor lead absorbance, in order to avoid dilutions of the sample. The 
SIMAA 6OOO offers a choice of three wavelengths for Pb, the two sensitive, 
usual wavelengths (217.0 and 283.3 nm) and a less sensitive, secondary line at 
261.4 nm. This wavelength is suitable for the determination of the lead content in 
atmospheric particulate matter, since the sensitivity is 25 times lower, as it was 
suggested in the literature [lo]. 

After selecting the appropriate wavelengths, we tried to develop a fast pro- 
gramme, omitting the pyrolysis step and the use of chemical modifiers, in order 
to increase the sample throughput. It was proved that the omission of the pyroly- 
sis step was not possible due to severe interferences on arsenic signal from the 
matrix of the sample. Therefore, a pyrolysis step was included in the final tem- 
perature programme of the THGA. When a temperature programme for simulta- 
neous multi-element analysis by ETAAS is to be developed, compromise furnace 
temperatures have to be considered. The degree of compromise is related to the 
group of analytes to be determined. The maximum pyrolysis temperature (T ) 

pyf that could be applied was imposed by the most volatile element, which in this 
case was Cd with a TPYr of 300°C in the absence of modifiers. It was found that 
the standard solution could be pyrolysed at 500°C for 10 s (5 s ramp time and 5 s 
hold time) without losses of Cd sensitivity. In the presence of the mixed Pd/Mg 
modifier, Tpyr could be raised up to 650°C without losses of Cd. In both cases, 
the atomization temperature (Tat) was 2300"C, dictated by the most refractory 
element, Ni. Hence, the compromise parameters are completely different than 
individually optimized single-element conditions. The transient signals of a 
mixed standard solution (0.5 mg I-' of Pb, 1 pg I-' of Cd, 10 pg I-' of As and 30 
pg l-'of Ni) are shown in Figure 1 (without chemical modifiers) and Figure 2 
(with Pd/Mg modifier). The AA profiles for all the elements are sharper in the 
presence of the mixed modifier, but the background absorbance is increased. 

Analytical figures of merit 

Calibration curves were constructed following the procedure described in the 
experimental session, and applying the temperature programme given in Table I. 
From the slope of the standard curves the sensitivity and limit of detection were 
calculated. End-capped THGAs were compared with the standard tubes. These 
results are summarized in Table II. It was found that the fast pyrolysis step at 
500°C exhibits the same sensitivity and detection limit as the usual pyrolysis step 
at 300"C, hence only the results of the latter procedure are presented in Table 11. 
The use of the multi-element T& of 2300°C obviously causes a loss of sensitivity 
particularly for the volatile elements, Pb and Cd. With and without Pd/Mg modi- 
fier, the sensitivity loss for Cd is approximately 5040%. This is in agreement 
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FIGURE 1 (AA) Atomic absorption and (BG) background absorption signals of Pb, Cd, As and Ni in 
aqueous samples, in the absence of chemical modifier. Tpy,=30O0C and T,,=23OO0C 

with the theoretically predicted decrease if the dominant loss mechanism is diffu- 
sion, and is in line with previously reported results [891. For As and Ni, the char- 
acteristic masses are not affected by the addition of Pd/Mg modifier and are 
approximately the same or even better with those given by Perkin-Elmer [151. 
However, Pb sensitivity is increased by a factor of 1.5 with the addition of 
Pd/Mg. Perkin-Elmer suggests a characteristic mass of 60 pg with Pd/Mg modi- 
fier at the 283.3 nm and at four-element mode [15]. If one considers that Pb sensi- 
tivity at 261.4 nm is 25 times lower than that of the recommended wavelength of 
283.3 nm [''I, then the characteristic mass found in this study (1400*270 pg) is 
in agreement with the calculated one (1500 pg), in the presence of PdlMg modi- 
fier. 

The use of end-capped tubes enhanced sensitivity by factors of 1.5 to 2.0 with- 
out modifier and by factors of 1.2 to 2.6 with the modifier. The greatest increase 
in sensitivity is observed for As. The enhancement in sensitivity is explained by 
the increased analyte residence times, since the reduced apertures of the 
end-capped THGA restrict the diffusional losses [8i91. Another possible reason is 
that the analyte trapping by the matrix (chemical modifier or sample matrix) is 
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diminished in the end-capped tubes [81. The improved sensitivity of As and Pb in 
the presence of Pd/Mg modifier with end-capped tubes could be attributed to this 
fact. 

TABLE I1 Analytical characteristics of the simultaneous detennhation of Pb, As, Cd and Ni using 
standard and end-capped THGA, in the presence and in the absence of Pd/Mg modifier 

Pb As Cd Ni 

Without modifier - std. THGA 

m, ( ~ g )  (n=5) 2 1-20 35 .8e .1  2 . m . 2  27.5k1.5 

LOD (pg I-') 4.2 0.42 0.025 1.5 

%RSDa (n=5) 5.1 5.2 1.6 3.8 

Without modifier - end-capped THGA 

m, (pg) 0=3) 1400i230 18.2i1.5 1.2I4. 1 16.914.2 

LOD (pg I-') 3.8 0.39 0.028 1.9 

%RSDa (n=5) 3.4 5.0 1.2 2.7 
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Pb As Cd Ni 

With P M g  modifier - std. THGA 

m, (pg) (n=5) 1400970 37.3fi.1 2.2d.2 27.9k3.3 

LOD (pg I-') 4.3 0.26 0.020 0.97 

%RSDa (n=5) 1.6 4.1 1.7 0.9 

With P M g  modifier - end-capped THGA 

m, (pg) @=3) 118b180 14.5i2.0 1.4k0.2 

LOD (pg I-') 2.9 0.30 0.025 0.85 

%RSDa (n=5) 1.9 2.7 1 .O 0.8 

17.6d.2 

~ ~~ ~ 

a. RSD (9%) were calculated for the following concentrations: 0.5 mg 1-' Pb, 10 pg I-' As, 1.0 pg 
1-' Cd and 30 pg I-' Ni. 

Consequently, the limits of detection are similar with (As, Ni) or slightly worse 
(Cd) than those proposed by Perkin-Elmer [15]. Use of the end-capped tubes did 
not improve the LODs with or without modifier. The relative standard deviation 
is slightly better in the presence of Pd/Mg modifier, especially in combination 
with end-capped tubes, even though the background absorbance is increased in 
the presence of this modifier (Fig. 2). Nevertheless, the developed methodolo- 
gies were applied in the determination of these analytes in acid extracts of atmos- 
pheric particulate matter. 

Determination of Pb, Cd, As and Ni in TSP 

The pyrolysis step was also optimized for the samples, in order to investigate pos- 
sible matrix effects on the thermal stability of the analytes. The pyrolysis curves 
of Pb, Cd, As and Ni in an acid digests of particulate matter, without or with 
Pd/Mg modifier are shown in Figures 3 and 4. In the absence of chemical modi- 
fier, no extra thermal stabilization was observed by the sample matrix, except a 
small increase in Tpyr of As. Similarly, the sample could be pyrolysed at 500OC 
for 10 s (5 s ramp time and 5 s hold time) without losses of Cd sensitivity. The 
addition of Pd/Mg modifier improved thermal stability of the analytes, as it was 
expected. The AA signal of As and Ni were thermally stable up to 1300°C in the 
presence of Pd/Mg, but the compromise maximum Tpyr that it could be applied is 
650°C, restricted by Cd. However, the background absorbance in the presence of 
this modifier is substantially increased. The longitudinal Zeeman background cor- 
rector can easily compensate for this absorbance, but the baseline noise is 
increased, affecting, consequently, the precision and the limits of detection. 

In order to investigate the presence of matrix interference and exploit the possi- 
bility of performing calibration by simple aqueous solutions, calibration with 
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FIGURE 3 Effect of pyrolysis temperature (T ) on (A) atomic absorption and (B) background 
absorption signals of Pb, Cd, As and Ni in acrdigests of atmospheric particulates sample, in the 
absence of chemical modifier (a 10s ramp time and 20s hold time was used for the pyrolysis step; 
T,=230O0C) 

aqueous standards and with standard additions was performed. It was observed 
that, in the absence and in the presence of the modifier, the slopes of the calibra- 
tion curve (SC) and the standard addition curve (SAC) are different for all the 
analytes, measuring both the peak height absorbance and the integrated absorb- 
ance (Table 111). This means that calibration with matrix-matched standards 
should be applied for accurate results. The slopes of the standard addition curves 
without modifiers were always higher than those in the presence of Pd/Mg modi- 
fier. In order to check the accuracy of the proposed methods, recovery experi- 
ments were carried out with and without modifier and the results are summarized 
in Table IV. Consistently better recoveries were obtained in the presence of 
PdMg modifier. Therefore, the determination of these elements should be car- 
ried out with the addition of the PdMg modifier. 

The limits of detection (LODs) and the relative standard deviations (RSDs) for 
the determination of Pb, Cd, As and Ni in atmospheric particulates are given in 
Table V. The LODs were calculated from the matrix-matched calibration curves 
as three times the standard deviation of ten replicate measurements of a blank filter. 
It can be noticed that LODs and RSDs were slightly higher in the presence of 
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FIGURE 4 Effect of pyrolysis temperature (T ) on (A) atomic absorption and (B) background 
absorption signals of Pb, Cd, As and Ni in acifigests of atmospheric particulates sample, in the 
presence of PdMg modifier (a 10s ramp time and 20s hold time was used for the pyrolysis step; 
T,=230O0C) 

Pd/Mg modifier. This could be attributed to the increase of the background 
absorbance in the presence of this modifier, which in turn increases baseline noise. 
Nevertheless, the modifier method was applied to the simultaneous determination 
of Pb, Cd, As and Ni in TSP collected in an urban station in Athens. The concentra- 
tions found were typical for urban areas (Pb 0.13*0.04 pg m-3; Cd: 0.36k0.35 ng 
m-3; As: 0.96kO.34 ng md3; Ni: 3.82k2.60 ng m-3, n=20). Lead concentration was 
lower than the guideline of 0.5 pg m-3 [16]. The sample throughput was 24 h-’, 
adequate for routine use in laboratories for environmental analysis. 

TABLE I11 Comparison of the slope of calibration curves using aqueous standard solutions (SC) and 
the slope of matrix matched calibration curves (SAC) for the simultaneous determination of Pb, As, 
Cd and Ni in atmospheric particulate matter extracts 

slope (s I pg-’) 

Pb As Cd Ni 

Without modifier 

sc 32.4 0.0032 0.044 0.0032 
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DETERMINATION OF LEAD 131 

slope (s I pg-') 

Pb As Cd Ni 

SAC 25.8 0.0027 0.032 0.0025 

With PdlMg modifier 

sc 69.8 0.0026 0.040 0.0032 

SAC 17.3 0.0012 0.017 0.0013 

TABLE IV Recovery of Pb. As, Cd and Ni added to the acid extracts of particulate matter with and 
without PdA4g modifier 

Recovery (n=8) (%) 

Without modifier With Pd/Mg modifier 

Pb 128k12 10h4 

As 10854 1036 

Cd 124ilO 99.76.4 

Ni 11b6 102i3 

TABLE V Limits of detection COD. ng m-3, n=10, k=3) and relative standard deviation (RSD, %, 
n=5) obtained for the simultaneous determination of Pb, Cd, As and Ni in atmospheric particulates 

Without chemical modifier With Pd/Mg modifier 

LOD (ng m-') RSP (%) LOD (ng m-3) R S P  (%) 

Pb 0.48 0.9 1.64 5.7 

Cd 0.0033 1.5 0.0056 2.2 

As 0.047 5.2 0.056 10 

Ni 0.18 4.9 0.23 5.5 

a. 
0.12 ng m-3 Cd and 1.92 ng m-3 Ni. 

RSD (46) were calculated for the following concentrations: 0.14 pg M3 Pb, 0.56 ng m-3 As, 

CONCLUSIONS 

The Pd/Mg method developed here for the simultaneous determination of Pb, 
Cd, As and Ni by ETAAS in atmospheric particulates is relatively rapid (24 sam- 
ples h-I) and the results are of acceptable quality. The SIMAA 6000 provides a 
less sensitive, secondary line for Pb (261.4 nm) which is adequate for its direct 
determination at high concentrations found in TSP, thus avoiding time-consum- 
ing and error-prone dilutions. However, matrix-matched calibration should be 
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performed. Sensitivity and limits of detection are more than sufficient for the 
concentrations of these elements in atmospheric particulates. Low operating cost 
makes this technique ideal for monitoring purposes and low-budget laboratories, 
but also useful for quality control of the results, since modern ETAAS (THGAs, 
longitudinal Zeeman background correction, solid state detector) is a mature and 
well-tested technique. Simultaneous multi-element ETAAS is therefore a good 
alternative in terms of limits of detection, sensitivity, control of interferences and 
productivity to ICP-based techniques. 
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