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INTRODUCTION

According to NIOSH recommen-
dations (1), atmospheric aerosol
lead content measurements must 
be made by flame absorption spec-
troscopy of the sample collected in
a filter. Since 1990, when this mea-
surement started to be conducted
in our laboratories, the industrial
make-up of the area has undergone
major changes, which are reflected
in the characteristics of the atmos-
pheric aerosol samples. As
indicated in Table I, the lead con-
tent of the samples has experienced
a considerable decline. The analyti-
cal method used by our laboratories
consisted of the digestion of the
sample in an acidic medium, in a
Teflon® vessel, and a microwave
oven. A total sampling surface of 50
cm2 was used. Over time, the lead
levels in the samples were
approaching the instrument detec-
tion limit, particularly in samples
collected in urban areas with little
traffic. 

As discussed by Moreno-Grau 
et al. (2), the absorbance values
could be increased through the 
use of a larger filter surface area or
a glass impact ball. Our working
conditions, using high concentra-
tions of hydrofluoric acid and 95%
silica matrix, rendered both alterna-
tives unsuitable. The development
by Perkin Elmer of a high sensitivity
nebulizer provided with a ceramic
impact ball, Model B050-5480, 
was instrumental in allowing us 
to increase the sensitivity of the
technique and expand the safety
margins, using the same digestion
procedure already in place.

SUMMARY

This paper presents the results
of metals determination in atmos-
pheric aerosol samples obtained
by atomic absorption spectroscopy
(AAS). A significant increase in
the sensitivity of the AAS tech-
nique is demonstrated by
contrasting the results obtained
with the use of the high sensitiv-
ity nebulizer and those attained
with a standard nebulizer. This
methodology is also applied to
the determination of other metals:
cadmium, zinc, 
copper, manganese, magnesium,
calcium, iron, aluminum, sodium,
potassium, and silica in atmos-
pheric aerosol samples. This
paper also presents the analytical
results obtained for metals in
blank filters.

MATERIAL AND METHODS

Sampling

The atmospheric aerosol of the
city of Cartagena was sampled
using three high-volume samplers,
type CAV/A (MCV, Barcelona,

Spain), provided with a programmer
with automatic aspiration stop. The
three samplers were installed in late
1989 as a part of the municipal pol-
lution surveillance network. Since
the samplers were installed, the
flow rate was kept at 20 m3/h with 
a maximum sampling period of 
24 hours. The samplers have a rec-
tangular head, for filters measuring
20.3 x 25.4 cm, protected by a trian-
gular roof. 

Filters

Fiberglass filters without binding
(Millipore AP 40) and cellulose ester
filters (Millipore AA) were used. The
fiberglass filters are supplied in 100-
unit boxes, while the cellulose ester
filters are supplied in 10-unit boxes. 

The fiberglass filters are weighed
and kept under controlled humidity
and temperature conditions. After
weighing, the filters are placed in
labeled plastic bags to be trans-
ported to the sampling point. The
cellulose ester filters are also placed
in labeled plastic bags, but are not

TABLE I
Total Suspended Particulate Matter (TSP, µg/m3) and Lead (Pb, µg/m3)

Annual Average Values of Days with Both Values 
Lead % Over Total Suspended Particulate Matter (%, Nondimensional) 

1990 1991 1992 1993 1994 1995 1996 

i.z. TSP 135.11 161.41 125.76 97.19 124.07 99.82 85.83

Pb 2.75 3.81 1.24 0.44 0.52 0.42 0.32

% 2.04 2.36 0.99 0.45 0.42 0.42 0.37

iu.z. TSP 227.01 219.19 191.34 176.13 215.41 224.74 166.65

Pb 1.73 1.61 0.93 0.60 0.54 0.41 0.29

% 0.76 0.74 0.49 0.34 0.25 0.18 0.17

u.z. TSP 94.78 89.47 84.68 84.37 100.85 71.21 61.57 

Pb 0.58 0.40 0.28 0.29 0.29 0.18 0.09

% 0.61 0.45 0.33 0.34 0.29 0.25 0.15

i.z. = industrial zone; iu.z = industrial/urban zone; u.z. = urban zone.
*Corresponding author.
E-mail: javier@plc.um.es



114

weighed. After sampling, the filters
are folded in half and placed again
in the plastic bag to be transported
back to the laboratory. 

Given the presence of different
metals in the filters themselves and
the variety of data on metal content
of the filters provided by the litera-
ture (3,4) our laboratory undertook
a study of the composition of the
two types of filters mentioned ear-
lier, fiberglass (Millipore AP-40) and 
cellulose esters (Millipore AA).

Chemicals

The reagents used in this study,
40% hydrofluoric acid, 30%
hydrochloric acid, 65% nitric acid,
and 30% hydrogen peroxide, were
provided by Merck-Suprapur. The
metal standards were obtained from
Titrisol® reference standard solu-
tions (Merck): Cadmium 9960 of
1000 ppm, Zinc 9953 of 1000 ppm,
Copper 9987 of 1000 ppm, and
Lead 9969 of 1000 ppm. Standard
silicon was provided by Merck, Ref-
erence 13126.

Microwave Oven

The microwave oven used to
digest the samples was Model CEM
MDS-81D, provided with a power
selector in the range 0–630 ± 70 W
with 1% increases, a rotating tray
with a speed of 6 rpm, with room
for up to 12 Teflon vessels and 
a digital programmer for time and
power. The Teflon vessels have 
a capacity of 120 mL and are pro-
vided with a safety valve, which
opens when the internal pressure
reaches 830 ± 70 kPa (120 ± 10
psig).

Flame Atomic Absorption 
Spectroscopy

The equipment used was 
a Perkin Elmer 3100 AA spectrome-
ter, provided with deuterium 
background corrector. The metal
determinations were conducted
under the operating conditions 

presented on Table II. Every mea-
surement is the average of ten read-
ings, with a response time of 3 s. 

High Sensitivity Platinum-
Iridium Nebulizer 

The nebulizer is one of the most
important components of flame
atomic absorption spectroscopy.
The samples in solution, with differ-
ent physical properties, must be
converted into an aerosol consist-
ing of homogeneous droplets. The
high sensitivity nebulizer is formed
by an impact ball and an adjustable
capillary. The impact ball is made 
of a ceramic material, carborundum,
and its mission is to increase the
sensitivity when working with
flames of acetylene-air and nitrogen
oxide-acetylene. Given its hardness
and chemical resistance, the effect
of abrasion of the aerosol is
decreased, while withstanding 

practically all acids and bases used
in flame atomic absorption spec-
troscopy. The adjustable capillary
allows the signal-to-noise ratio to be
maximized. The aspiration rate 
is adjusted as a function of the vis-
cosity of the solution. 

Sample Preparation 

Standardized surfaces of both
types of filters were subject to spe-
cific treatments for lead measure-
ment. Handling of the filters was
performed on a glass surface that
was perfectly clean and dry. The
filters were cut with a sharp razor
using a series of templates with cali-
brated surface, made of stainless
steel or metacrylate, custom-made
for this application. 

Fiberglass Filters

A mixture of 10 mL HNO3 and 
1 mL HF was poured over 50 cm2

TABLE II
Atomic Absorption Spectroscopy Working Conditions

Zn Cd Pb Cu

Flame C2H2:air C2H2:air C2H2:air C2H2:air 

Wavelength, (nm) 213.9 228.8 283.3 324.7 

Slit width, (nm) 0.7 0.7 0.7 0.7 

Response time (s) 3

Average of n measurements 10

Deuterium background  Yes Yes Yes No 
corrector

Fe Ca Mn Mg

Flame C2H2:air N2O:C2H2 C2H2:air N2O:C2H2

Wavelength, (nm) 248.3 422.7 279.5 285.2

Slit width, (nm) 0.2 0.7 0.2 0.7

Response time (s) 3

Average of n measurements 10

Deuterium background No No No No
corrector

Al Na K Si

Flame N2O:C2H2 C2H2:air C2H2:air N2O:C2H2

Wavelength, (nm) 309.3 589.0 766.5 251.6

Slit width, (nm) 0.7 0.2 2.0 0.2

Response time (s) 3

Average of n measurements 10

Deuterium background No No No No 
corrector
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of fiberglass filter. The digestion 
of the filter was carried out in the
microwave oven in a two-step
process, setting first the power at
80% for 10 minutes, and complet-
ing the digestion at 70% power for
five additional minutes. This
sequence was used when all 12
Teflon vessels containing samples
were being processed in the oven
simultaneously; for a smaller num-
ber of samples, the power was
reduced accordingly. After the
digestion was completed, the sam-
ples were allowed to cool down
and then transferred to 50-mL
Teflon volumetric flasks, where the
volume was adjusted to 50 mL by 
addition of double-distilled water.
The content was homogenized
prior to being analyzed by atomic
absorption spectroscopy.

Table III shows the samples 
generated to set up the lead deter-
mination method using atomic
absorption spectroscopy with a
high sensitivity nebulizer on fiber-
glass filters. The method of
standard additions was used to
check for the accuracy of the
results. The results are presented in
Table IV. 

An exhaustive study of the com-
position of the fiberglass filters was
conducted in order to establish

their metal content. Ten filters
were chosen randomly from a lot 
of 100 filters. A surface of 10 cm2

from each of the filters was 
collected into a single Teflon flask
and processed as described above.
The lot analyzed was a Millipore
IMSPAP400. The supplier of the 
filters guaranteed that throughout
the study the filters belonged to 
the same manufacturing batch. As 
a blank for these determinations, 
we used standard silica, subject to
the same acidic treatment. 

Cellulose Ester Filters

In order to determine lead, zinc,
copper, cadmium, manganese, iron,
calcium, magnesium, aluminum,
sodium, potassium, and silicon on
cellulose ester filters, a surface area
of 100 cm2 of the filters was treated
in an acidic medium consisting of
1mL HF, 10 mL HNO3 and 3 mL
H2O2, digested in a microwave-resis-
tant Teflon flask, as described ear-
lier in this paper for fiberglass
filters.

Table II presents the working
conditions used to measure each 
of these parameters. Table V pre-
sents the samples generated to set
up the analysis of cellulose ester
filters using atomic absorption 
spectroscopy with a high sensitivity
nebulizer.

To determine the background
concentration of the parameters
listed above in the cellulose ester
filters, a filter sample was obtained

by gathering a total surface of 
100 cm2 from 10 individual por-
tions of 10 cm2, coming from 10 fil-
ters chosen randomly from 10 lots
of 10 filters each. The aggregate
sample was placed in a microwave-
resistant Teflon flask and processed
by digestion in acidic medium as
described above. The manufactur-
ing batch of filters used in this
study was reference AAWP00010 
from Millipore.

RESULTS

Composition of the Fiberglass
Filters

Table VI presents the results 
of the analysis performed on the
aggregate 100 cm2 sample
integrated by portions coming 
from 10 randomly chosen filters 
of the batch studied. The table also
indicates the analytical technique
used and the results per unit sur-
face area of filter (cm2).

TABLE III
Samples Generated to Set Up the

Lead Analysis of Fiberglass 
Filters Using Atomic 

Absorption Spectroscopy

Sample Acids Filter Standard

1 Yes No No 
2 Yes Blank No 
3 Yes Blank S1 
4 Yes Blank S2 
5 Yes Blank S3 
6 No No S1 
7 No No S2 
8 No No S3 
9 to 11 Yes Aerosol No 

Stock solution 0.1 g/L Pb. 
S1=0.5 mL stock solution (1 mg/L Pb).
S2=1.0 mL stock solution (2 mg/L Pb).
S3=2.0 mL stock solution (4 mg/L Pb).

TABLE IV
Samples Generated for the

Analysis of Fiberglass Filters
Using the Method 

of Standard Additions 

Sample Acids Filter Standard

12 and 15 Yes Aersol No
13 and 16 Yes Aersol S1
14 and 17 Yes Aersol S2

Stock solution 0.1 g/L Pb. 
S1=0.5 mL stock solution (1 mg/L Pb).
S2=1.0 mL stock solution (2 mg/L Pb). 

TABLE V
Samples Generated to 

Set Up a Method of Metals 
Analysis of Cellulose 

Ester Filters Using AAS

Sample   Acids     Filter    Standard

18 Yes No No
19 Yes Blank No
20 No No S1
21 No No S2
22 to 24 Yes Sample No

Stock solution 0.1 g/L Pb. 
S1=0.5 mL stock solution (1 mg/L Pb).
S2=1.0 mL stock solution (2 mg/L Pb).

TABLE VI 
Composition of Fiberglass 

Filters Analyzed by AAS

Element ng/cm2

Cd 18.56 
Cu 36.26 
Mn 125 
Pb 440 
Fe 2500 
Mg 22 500 
Ca 174 000 
Zn 200 000 
Al 270 000



TABLE VIII 
Results of Pb Determination in Blanks, Standards, and Samples 

by Atomic Absorption Spectroscopy

High sensitivity Standard
nebulizer nebulizer 

Sample Absorbance Standard deviation Absorbance Standard deviation

1 0.001 0.0002 0.000 0.0004 

1 0.001 0.0003 0.001 0.0001 

2 0.010 0.0003 0.001 0.0002 

2 0.009 0.0005 0.001 0.0003 

3 0.053 0.0003 0.009 0.0003 

3 0.051 0.0002 0.009 0.0002 

4 0.094 0.0003 0.016 0.0004 

4 0.092 0.0003 0.016 0.0004 

5 0.175 0.0004 0.036 0.0007 

5 0.179 0.0003 0.038 0.0005 

6 0.042 0.0001 0.009 0.0003 

6 0.042 0.0002 0.008 0.0002 

7 0.083 0.0001 0.018 0.0002 

7 0.084 0.0001 0.017 0.0002 

8 0.167 0.0002 0.034 0.0001 

8 0.168 0.0002 0.034 0.0002 

Sample Abs. S.D. Concn. Abs. S.D. Concn. 
(mg/L) (mg/L) 

9 0.021 0.0004 0.50 0.004 0.0002 0.44 

9 0.021 0.0003 0.50 0.004 0.0004 0.44 

9 0.021 0.0004 0.50 0.004 0.0003 0.44 

10 0.103 0.0009 2.46 0.021 0.0003 2.45 

10 0.102 0.0008 2.44 0.022 0.0008 2.57 

10 0.103 0.0006 2.46 0.023 0.0007 2.69 

11 0.045 0.0004 1.08 0.009 0.0003 1.03 

11 0.046 0.0005 1.09 0.009 0.0004 1.03 

11 0.046 0.0004 1.09 0.010 0.0003 1.15 
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Composition of the Cellulose
Ester Filters

Table VII presents the results of
the analysis performed on an aggre-
gate sample of 100 cm2, integrated
by portions of 10 randomly selected
filters. All results are expressed per
unit surface area of filter (cm2). The
analytical technique for metals was
atomic absorption spectroscopy
with a high sensitivity nebulizer.

Metal Determinations

Table VIII presents the
absorbance values and standard
deviations for the measurements
presented in Table III on the
methodology applied on fiberglass
filters, both using a high sensitivity
nebulizer and a standard nebulizer.
As indicated earlier, blanks and stan-
dards were determined in duplicate,
while the samples were determined
in triplicate. Table IX presents the
statistical parameters of the calibra-
tion curves. Table X presents the
results of the analysis conducted
with the method of standard addi-
tions on two samples of
atmospheric aerosol taken on fiber-
glass filters, using both the high sen-
sitivity and standard nebulizer. 

Table XI presents the concentra-
tion (ppm) and standard deviation
of the analysis performed on cellu-
lose ester filters for lead, zinc, cop-
per, cadmium, manganese, iron,
calcium, magnesium, aluminum,
sodium, potassium, and silicon 
with the high sensitivity nebulizer,
corresponding to the treatment
described in Table V. Response
time was 3 s; concentration is the
average of 10 measurements. Work-
ing conditions are presented in
Table II. 

Table VII
Composition of the Cellulose
Ester Filters, Analyzed by AAS

Determination ng/cm2

Zn 66 
Pb 7 
Cu 3 
Cd <0.1 
Mn 2 
Fe 85 
Ca 80 
Mg 280 
Al <10 
Na 760 
K 170 

Si <10

DISCUSSION

The presence of heavy metals 
in the atmospheric aerosol is one 
of the basic problems in environ-
mental studies in light of their
potential effects on human health
(5), animals, plants, and materials.
The low concentrations normally
present are key for the selection of
an adequate analytical method (6).
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TABLE X 
Results of Pb Determination on Samples Collected on Fiberglass 

Filters Using the Method of Standard Additions 

High sensitivity nebulizer Standard nebulizer

Sample Abs. S.D. Concn. Abs. S.D. Concn.
(mg/L) (mg/L)

12 0.024 0.0004 0.57 0.008 0.0002 0.92 

12 0.023 0.0003 0.55 0.007 0.0003 0.80 

13 0.065 0.0005 1.55 0.015 0.0004 1.74 

13 0.064 0.0004 1.53 0.016 0.0003 1.86 

14 0.107 0.0011 2.56 0.024 0.0003 2.81 

14 0.106 0.0010 2.53 0.025 0.0003 2.92 

15 0.009 0.0004 0.22 0.002 0.0001 0.21 

15 0.010 0.0001 0.24 0.002 0.0002 0.21 

16 0.050 0.0000 1.20 0.010 0.0003 1.15 

16 0.052 0.0002 1.24 0.011 0.0001 1.27 

17 0.093 0.0007 2.22 0.019 0.0001 2.22 

17 0.094 0.0005 2.25 0.019 0.0002 2.22 

The use of suitable filters and
high-grade reagents is the first con-
dition for a good handling of the
samples. The quantity of particulate
matter required in the microanalysis
must be taken into account in order
to minimize background interfer-
ences from the blank filter and the
presence of artifacts (7).

Although some authors recom-
mend the use of cellulose filters to
determine metals in atmospheric
aerosol due to their low cost and
high purity (8,9,10), the low perme-
ability and collection efficiency of
these materials argue against this
use (7). Moreover, the need to
determine the suspended particu-
late matter precludes the systematic
use of cellulose and cellulose ester
filters, as their highly hygroscopic

behavior seriously complicates
mass determinations (3).

According to the methodology
proposed by many authors for air
quality control, (8,11,12), fiberglass
filters must be used for gravimetric
determinations of total suspended
particles and for lead quantification
against blank filters selected
randomly. The most usual proce-
dure for lead quantification is an
extraction with an acidic mixture 
in a heated ultrasonic bath (13).
However, the microwave oven 
acid digestion procedure is being
increasingly used because it is sim-
ple, high-speed (14,15), economi-
cal, accurate and reproducible (2).

The results of the metals analysis
in fiberglass filters versus cellulose

TABLE IX 
Statistical Parameters of the Calibration Curves 

High sensitivity nebulizer Standard nebulizer

Y-intercept 1.387  10–17 2.500  10–4

Slope 4.186  10–2 8.464  10–3

Correlation coefficient 0.9999 0.9990

Detection limit (mg/L) 0.02 0.09

Quantification limit (mg/L) 0.10 0.20

ester filters indicate that the best
choice for metals analysis would be
cellulose ester filters, given the low
concentration of metals in these
materials. Because of the range of
concentrations of cadmium, cop-
per, manganese and lead in fiber-
glass filters, we believe they are
adequate when determining these
analytes against randomly selected
blanks. The high concentrations in
fiberglass filters of iron, magnesium,
calcium, zinc and aluminum, make
these materials unsuitable for the
determination of those metals. 
A different type of filter should be
used in this instance, such as quartz
or cellulose ester. In any event,
even when using filters with a low
metal content like the cellulose
ester filter, we recommend
conducting parallel analysis of
blank filters. 

The lead content in the atmos-
pheric aerosol of the city of Carta-
gena has experienced a significant
decline in recent years, owing to
the combined effect of the closure
of a lead smelter located in the out-
skirts of the city on March 12, 1992,
the cessation of mining extraction
activities in the neighboring Mining
Sierra, and the gradual decrease 
in the use of leaded gasoline. The
decline in lead content in the
atmosphere has posed an analytical
problem to our laboratory, as the
lead levels in the samples were
approaching the detection limit,
thereby reducing the safety margins
of the determinations. Besides, the
low concentrations of other metals
in the atmospheric aerosol of Carta-
gena required the use of a different
analytical methodology for their
quantification, i.e., stripping
voltammetry. The high sensitivity
nebulizer was installed to increase
the sensitivity of the technique
without modifying the filter treat-
ment methodology or having to
increase the filter surface area. The
tech-nique of atomic absorption
spectroscopy offers two significant
advantages: (a) it allows for the
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determination of a large number 
of metals over the same processed
sample, using adequate lamps for
each one and provided that basic
requirements on detection limit 
levels are satisfied; and (b) signifi-
cant time savings are realized due
to faster determinations, with 
excellent levels of precision, 
reproducibility, and accuracy. 

The contrast of the results
obtained using atomic absorption
spectroscopy with the high sensi-
tivity nebulizer and the standard
nebulizer, presented in Tables VIII
and X, clearly shows that the high 
sensitivity nebulizer leads to higher
absorbance values, which translate
into a decrease of the detection
limit of the technique, as well as 
a decrease in the quantitation limit,
thus improving discrimination among
samples with low lead content. 

The concentration of lead (mg/L)
in the analyte solutions was calcu-
lated based on the calibration pre-
sented on Table IX. A variance
analysis was conducted to evaluate
potential differences in the results
obtained using the two different
types of nebulizers. The variance
analysis shows that both nebulizers
produce homogeneous groups of
results. No statistically significant
differences were encountered in
the results of the samples analyzed,
although the high sensitivity nebu-
lizer produces absorbance values
which are at least five times higher
in all cases.

As for the application of the 
standard additions method, it has
enabled us to prove the accuracy
and reproducibility of the proposed
method.

The treatment developed on 
cellulose ester filters provides 
transparent solutions. The sensitiv-
ity of the determination is increased
between four- and six-fold with
respect to the standard nebulizer,
provided that the rest of the work-
ing parameters are optimized with

TABLE XI
Pb, Zn, Cu, Cd, Mn, Fe, Ca, Mg, Al, Na, K, and Si Concentration 

Using AAS With High Sensitivity Nebulizer, Measured in Samples of
Atmospheric Aerosol, Collected on Cellulose Ester Filters 

Pb Zn Cu Cd 

Sample Conn.c S.D. Concn. S.D. Concn. S.D. Concn. S.D. 
(ppm) (ppm) (ppm) (ppm) 

18 0.03 0.0002 0.082 0.0002 0.002 0.0002 < D.L. 

19 0.05 0.0001 0.205 0.0004 0.008 0.0003 < D.L. 

20 2.00 – 0.50 – 2.00 – 0.50 – 

21 4.00 – 1.00 – 4.00 – 1.00 – 

22 0.33 0.0004 4.48 0.0006 0.038 0.0005 0.024 0.0004 

22 0.34 0.0003 5.08 0.0004 0.040 0.0002 0.025 0.0003 

23 0.90 0.0002 11.06 0.0002 0.176 0.0006 0.027 0.0004 

23 0.90 0.0002 11.02 0.0002 0.178 0.0003 0.027 0.0005 

24 0.35 0.0001 5.73 0.0002 0.132 0.0004 0.010 0.0003 

24 0.34 0.0002 5.31 0.0003 0.124 0.0005 0.010 0.0002 

Mn Fe Ca Mg 

Sample Concn. S.D. Concn. S.D. Concn. S.D. Concn. S.D.
(ppm) (ppm) (ppm) (ppm) 

18 0.001 0.0002 0.20 0.0001 0.30 0.0002 0.15 0.0001 

19 0.003 0.0001 0.37 0.0002 0.46 0.0001 0.26 0.0001 

20 1.00 – 2.50 – 1.50 – 0.50 – 

21 2.00 – 5.00 – 3.00 – 1.00 – 

22 0.088 0.0002 3.06 0.0003 8.78 0.0003 3.48 0.0002 

22 0.096 0.0002 3.08 0.0002 9.02 0.0002 3.50 0.0001 

23 0.222 0.0003 5.06 0.0001 13.80 0.0004 6.82 0.0003 

23 0.222 0.0003 5.06 0.0003 13.80 0.0004 6.78 0.0002 

24 0.112 0.0002 3.68 0.0002 8.82 0.0006 3.19 0.0002 

24 0.108 0.0002 3.73 0.0004 8.62 0.0002 3.15 0.0004 

Al Na K Si 

Sample Concn. S.D. Concn. S.D. Concn. S.D. Concn. S.D. 
(ppm) (ppm) (ppm) 

18 <D.L. 0.68 0.0002 0.22 0.0002 <D.L. – 

19 <D.L. 2.21 0.0001 0.56 0.0001 <D.L. – 

20 10 0.50 – 1.00 – 30.00 – 

21 20 1.00 – 2.00 – 60.00 – 

22 3.80 0.0004 4.44 0.0003 5.02 0.0004 35.20 0.0004 

22 3.93 0.0003 4.42 0.0004 5.64 0.0002 35.60 0.0005 

23 4.22 0.0002 5.05 0.0003 8.80 0.0005 22.15 0.0006 

23 4.15 0.0003 5.03 0.0002 8.90 0.0003 22.60 0.0004 

24 1.12 0.0003 7.60 0.0002 5.76 0.0004 12.00 0.0006 

24 1.07 0.0003 7.62 0.0003 5.86 0.0002 12.00 0.0005 
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hollow cathode lamps in good
working condition.

The results presented in Table XI
show both the accuracy and repro-
ducibility of the proposed method-
ology, which has yielded excellent
results in all the determinations
conducted. The adequacy of the
technique for the measurement 
of cadmium at the concentration
ranges seen in the atmospheric
aerosol of the city of Cartagena 
is noteworthy.

The application of this methodol-
ogy, both to fiberglass and cellulose
ester filters, for the determination
of metals will enable us to extend
the same instrumental technique to
all metal determinations, thus
reducing the detection limit and
extending the applicability of the
technique.

CONCLUSION

Cellulose ester filters give super-
ior results for metals analysis in
samples of atmospheric aerosol.
However, the concentration ranges
seen in this study for cadmium,
copper, manganese and lead render
them amenable for analysis with
fiberglass filters using randomly
selected blanks. In any case, our
recommendation is to conduct the
parallel analysis of blank filters.

In light of the results discussed
above, we conclude that the high
sensitivity nebulizer is a useful tool
in the quantitation of metals in low
concentrations using atomic absorp-
tion spectroscopy. With this tech-
nique, the method detection limits
and quantitation limits reduce sub-
stantially, thereby allowing for a
better discrimination when the sam-
ple concentration approaches the
detection limit, thus improving
both precision and accuracy.

The methodology of atomic
absorption spectroscopy presented
in this paper has proved to be com-
patible with concentration ranges
found in our atmospheric aerosol
for lead, zinc, copper, cadmium,
manganese, iron, calcium, magne-
sium, aluminum, sodium, potassium,
and silicon on cellulose ester filters.
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