
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 18 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 Atmospheric Aluminium by Graphite Furnace Atomic
Absorption Spectrophotometry Under Ar+CH4 Flow
C. Migonab; P. Couraua; B. Gentilia

a Laboratoire de Physique et Chimie marines, Université de Paris 6, Villefranche-sur-Mer, France b

CMCS, Université de Corse, Corte, France

To cite this Article Migon, C. , Courau, P. and Gentili, B.(1993) 'Determination of Atmospheric Aluminium by Graphite
Furnace Atomic Absorption Spectrophotometry Under Ar+CH4 Flow', International Journal of Environmental Analytical
Chemistry, 50: 3, 183 — 191
To link to this Article: DOI: 10.1080/03067319308027596
URL: http://dx.doi.org/10.1080/03067319308027596

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/10.1080/03067319308027596
http://www.informaworld.com/terms-and-conditions-of-access.pdf


blern J. Environ Awl. Chem.,Vol. 50, pp. 183-191 
Reprints available directly from the publisher 
Photocopying permitted by license only 

8 I993 Gordon and Breach k i n r e  Publishns S. A. 
Rintcd in the United States of America 

DETERMINATION OF ATMOSPHERIC 
ALUMINIUM BY GRAPHITE FURNACE 

ATOMIC ABSORPTION 
SPECTROPHOTOMETRY UNDER Ar+CH4 

FLOW 

C. MIGONIv2, P. COURAU' and B. GENTILI' 

' Laboratoire de Physique et Chimie marines, Universitt! de Paris 6, CNRS INSU 
La Darse, BP 8, F 06230 VilleJi.anche-sur-Mer. France 

CMCS, Universitt! de Corse, Grossetti. BP 52, F 20250, Corte, France 

(Received, 3 August 1992) 

An improvement of sensitivity and reproducibility in the determination of A1 by graphite furnace atomic absorption 
spectrophotometry is described in this paper. The main problem of A1 analysis is here the high temperatures required 
for the atomization phase, during which refractory compounds are formed and the sensitivity decreases. Moreover, 
furnace lifetime is shortened and peak heights strongly decrease within a series of measurements. An additional 
flow of methane is tried, in order to create a reducing environment and to produce in situ a layer of atomic carbon 
and thus to improve furnace lifetime. This method appears to be slightly more sensitive than the use of additional 
hydrogen flow, but is far more interesting for furnace lifetime. 

A set of A1 concentrations is provided for aerosols as well as for rainwater. This data, established on the basis 
of a two year sampling at Cap Ferrat (French Riviera), allows to discuss the behaviour of Al in relation with heavy 
metals (Pb, Cd, Cu and Zn) and Saharan dust. 

KEY WORDS: Aluminium, aerosols, rain water, heavy metals, GFAAS, NW Mediterranean 

INTRODUCTION 

The improved determination of atmospheric A1 concentrations should be of great interest, 
because A1 has been usually considered as a crustal tracer and its importance increases 
nowadays with the development of Saharan dust event studies. Among others, A1 is a 
necessary reference in the atmospheric heavy metal studies which use a non-destructive 
method of analysis of several elements on the same sample. 

In the case of A1 analysis by graphite furnace atomic absorption spectrophotometry 
183 
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(GFAAS), atomization temperatures are very high. The lifetime of tubes is determined by 
the atomization conditions under which the analysis is carried out, (temperature and delay) 
and the problems of reproducibility and sensitivity are particularly significant for this 
element. Slavin et al. ' have shown that the A1 absorbance profile is dependent on the age 
of the furnace. 

In order to improve the determination of atmospheric A1 concentrations, both in aerosols 
as well as in rainwater, the present paper reports a method for an in situ improvement of 
pyrolytic graphite lifetime, thus providing better sensitivity and reproducibility. 

It is known that pyrolytic graphite offers many improvements in GFAAS, * i.e. better 
vapor confinement, due to lower permeability to gases, increased thermal resistance because 
of a higher sublimation point, higher resistance to oxidation and better thermal conductivity, 
and thus, increased sensitivity and reproducibility and, therefore, lower detection limit. 
Standard graphite is still used for certain elements, particularly because of the high price of 
pyrolytic graphite, and some studies attempted to develop techniques for coating conven- 
tional tubes in situ with pyrolybc graphite3. 

The use of CH4 is proposed here for the analysis of A1 within a study of atmospheric Pb, 
Cd, Cu and Zn. 

EXPERIMENTAL 

Sampling 

The sampling station was very close to the Cap Ferrat signal-station (43" 41' 10" N, 7" 19' 
30" E), on the southeastern coast of France. The characteristics of this location have been 
discussed elsewhere4*'. The sampling site is fairly sheltered from continental sources and is 
under local marine influence. The low impact of local anthropogenic sources has also been 
reported. A two year continuous sampling was carried out for rainwater, while, in the case 
of aerosols, 32 samples were collected during different and typical meteorological situa- 
tions, according to their frequency, since it has been shown that the chemical composition 
of aerosols is strongly influenced by the origin of the incoming air mass arriving at the 
sampling site 6*7. 

Wet deposition was collected with a rain collector previously described4**, which auto- 
matically opens when it rains. Rainwater was automatically filtered on cellulose acetate 
filters (Sartorius SM 11 106, porosity 0.45 pn, diameter 47 mm) which were previously 
ultrasonically cleaned with diluted 1-2 N HC1 (Merck Suprapur). The filters were not dried 
before use. 
Dry deposition was sampled at the top of a six meter-high mast, without any particle size 

distinction. Each filtration equipment was a filter holder,Sartorius SM 165 10 connected to 
a pump (Reciprotor, 40 W) and to a volumetric counter (Gallus). The flow rate of the pumps 
was typically 1 m3. h' and filtration was carried out over 4-8 hours. Filters were 
cellulose acetate membranes (Sartorius SM 1 1106) and they were not cleaned by acid 
treatment because, after drying, they get deformed and the filtration was no longer 
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DETERMINATION OF ATMOSPHERIC ALUMINIUM 185 

Table 1 Experimental conditions of A 1 concentration measurements. 
~ 

Dry Ash Atomize 
Phase Wavelength T PC) Time (s) T PC) Time (s) T PC) Ramp PC.s-l) Hold (s) 

rate 

Rainwater 309.3 80 30 700 10 2500 400 1.5 
(tube) 
Aerosol 309.3 450 10 1500 6 2700 400 1 
(CUP) 

homogeneous besides the fact that the blank levels for the studied elements were negligible. 
Rainwater was stored in polyethylene bottles and acidified with Suprapur HNO3 at pH 

ranging from 1 to 2. Aerosol samples were stored in cleaned polystyrene Petri dishes until 
analysis. 

Analysis 

The atomic absorption spectrophotometer used was a Varian Techtron AA 1275 equipped 
with a CRA 90 atomizer. Ultra Carbon pyrolytic graphite cups were used for direct solid 
analysis of aerosols. For rainwater analyses, an auto-sampler Varian ASD 53 was used with 
Ultra Carbon pyrolytic graphite tubes (about 3 times more sensitive). Laboratory grade (> 
99.99%) gases (argon, hydrogen and methane) were purchased from Liqutfaction de 1'Air. 
Milli-@ Millipore water was used (resistivity: 18 MR. cm). 

For aerosols, small disks of the membrane filters (3 mm in diameter) were punched out 
and directly introduced into the carbon-rod atomizer. Several measurements with heavy 
metals have shown that this technique can be used (variability < 5%4) and that the 
distribution of particulate matter on the filter is homogeneous. This approach avoids the 
problems of acid treatment and solubilisation of aluminosilicates. Direct solid measurements 
should also remove possible interferences with heterogeneous dissolved solids, i.e. masking 
effectsg. Moreover, it has been observed that cellulose acetate, as well as other organic 
additives, removes or decreases matrix effects'"". In addition, the air volume sampled, being 
reduced on purpose to 4-8 m3, implies the metal concentrations analysed are very low and 
matrix effects could be neglected. In fact, the matrix should be essentially cellulose acetate. 
Therefore, it is possible to calibrate solid samples with aqueous standards, i.e. blank 
membrane sample + standard solution spike. Standards were acidified with Suprapur HNO3 
to pH = 1.2, in order to avoid any adsorption problem. 

The experimental conditions of GFAAS measurements are given in Table 1. According 
to the low concentration levels encountered, the most sensitive radiation (309.3 nm) was 
used for both dissolved and particulate Al. The whole set of data, including concentration 
for each sample in rainwater and aerosol, is summarized at Tables 2 and 3. The meteoro- 
logical conditions, as well as Pb, Cd, Cu and Zn concentrations, are given 

For each sample (rainwater + aerosols), 10 measurements were carried out. The detection 
limits (30) were 30 pg A1 for rainwater and 80 pg A1 for aerosols. Blank levels were 
negligible, both in rainwater (0% of mean concentrations) and aerosol (0-2%). 
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All analyses were carried out under laminar airflow benches in a class 100 clean room. 

RESULTS AND DISCUSSION 

Analytical discussion 

The first experiments used Ar as vector gas, without any additive. Ar was chosen instead of 
Nz, because at the high temperatures used, NZ reacts with A1 to form refractory nitrures. 
However, the Ar flux is not impermeable to ambient 0 2 ,  and this phenomenon increases 
with the temperature, since the diffision rate of atoms increases accordingly. Hence, in 
addition to those already existing in the samples, very refractory oxides may appear, and 
the sensitivity of the measurements decreases. Taking into account the thermal decomposi- 
tion of Alz03, the mechanism of A1 atomization has been described by several authors ''-I4. 

Increasing the Ar flux is not a solution, since the diffision rate of A1 atoms would be higher 
and the sensitivity decreases. Indeed, it was noticed that the sensitivity was low and 
decreasing after 5 to 7 atomizations. Moreover, as the atomization of Al was uncomplete a 
maximum temperature flash (3000" C) between each measurement was necessary in order 
to avoid memory effects. Under such conditions, the pyrolytic graphite furnaces are quickly 
out of work. 

In order to improve the analytical response, an additional flux of HZ was tried. For safety 
reasons, this addition only started with the atomization phase. The role of HZ is to create a 
reducing environment, so that, sensitivity and reproducibility were appreciably improved. 
Nevertheless, the loss of sensitivity after several measurements still remained. As the 
furnace gets older, the peak height decreases quickly while the peak area remains nearly 
constant, according to the observations of McNally and HolcombeI4. 

Table 2 A1 concentrations in aerosol, expressed in ng.m3. 

event A1 (r~g.rn-~) event Al(t~g.rn-~) 

7/11 1986 
16/1/1986 
24/1/1986 
5/3/1986 
26/31 1986 
14/4/1986 
14/5/1986 
22/5/1986 
26/5/1986 
28/51 1986 
4/6/1986 
16/6/1986 
25/6/1986 
10/7/1986 
18/7/1986 
11/8/1986 

67.68 
43.3 1 
44.14 

114.65 
32.72 

1 17.99 
135.75 
161.11 
101.25 
90.6 

141.38 
87.77 

197.5 
540.9 
124.9 
357.2 

20/8/1986 
25/8/1986 
26/8/1986 
22/9/1986 
311 01 1986 
2911 011986 
3 111 011986 
2511 111986 
15/12/1986 
19/12/1986 
28/1/1987 
30/1/1987 
12/3/1987 
19/3/1987 
3/6/1987 
1/7/1987 

180.8 
52.8 
96. 

177.5 
295.6 
124.9 
101.6 
101. 
39.1 

109.6 
192.8 
53.4 

323.2 
37.7 

176.6 
207.1 
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DETERMINATION OF ATMOSPHERIC ALUMINIUM 187 

Table 3 A1 concentrations in rainwater, expressed in pg.1-I. 

event A1fPr') event A W ' )  

9/2/86 70 11-12/2/87 0 
14/2/86 30 16/2/87 10 
18/2/86 5 1 8-1 9/2/87 45 
1-2/3186 890 2012187 15 
10-1 1/3/86 125 11/3/87 340 
67/4/86 275 25/3/87 25 
16/4/86 35 3/4/87AM 20 
23-25/4186 190 3-5/4187 865 
65/5/86 415 9/4/87 30 
2 1/5/86 205 3/5/87 305 
3 1/5/86 345 4/5/87 260 
12/6/86 320 17-19/5/87 25 
14/6/86 320 4/6/87 70 
19/6/86 150 12/6/87 1 20 
26/8/86 155 15/6/87 405 
8/9/86 1600 8/7/87 790 
9/9/86AM 210 67/8/87 45 
9/9/86PM 40 23-24/8187 85 
24/9/86 23 5 27/8/87 10 
25/9/86 25 1/9/87 480 
28/9/86 185 3/9/87 25 
12/10/86 480 4-611 0187 75 
211 1/86 540 10-1 1/10/87 0 
1311 1/86 610 14-1 5/10/87 10 
1411 1/86 25 21/10/87 65 
1%20/11/86 30 23/10/87 45 
8-9112186 140 28-291 10187 15 
1411 2/86 55 911 1/87 5 
12-14/1187 35 23-2411 1/87 60 
16/1/87 20 4-5/12/87 235 
10-11/2/87 125 

Alternatively, CH4 was used instead of Hz. CH4 should provide two advantages: on the 
one hand, atomic hydrogen is thermally created in situ and reacts with ambient and thus 
should be an efficient sink for oxidizing agents. On the other hand, as a result of an atomic 
carbon production, the pyrolytic graphite furnaces are continuously overlayed with pyrolytic 
carbon. Therefore, lifetime of cups and tubes is strongly increased and the sensitivity does 
not decrease in time. Moreover, despite a slight increase of their thermal inertia, cups and 
tubes should be submitted to a surface passivation which improves the sensitivity and the 
reproducibility of mea~urements'~. 

In fact, a mixture of HZ and CH4 (90 and 10% respectively) has been used for A1 analysis 
by GFAAS already '. In this study, the concentration of CH4 was adjusted in an empirical 
way, by setting the admission pressure to 0.5 bar at the auxiliary inlet of the power supply 
of the atomizer. 

The comparison of calibration curves (Ar, Ar + Hz; Ar + CH4) is given in Figure 1. The 
standards (1000,2000 and 3000 ng A1 for the whole membrane filter as well as samples 
were acidified to avoid A1 adsorption. 
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2 0 0  ' 1 
ET 1 ET2 ET3 A1 

Figure 1 Calibration curves of A1 analysis in the aerosols: Ar + CH4 additional flow (1) and Ar only (2). 

Geochemical discussion 

This improvement of atmospheric Al analysis enables to obtain reliable data for an 
evaluation of mean concentrations in aerosol and rainwater samples collected during two 
years (1986 and 1987), in the Ligurian Sea. 32 values of airborne Al are recorded in Table 
2 and 61 values of rainwater dissolved Al are given in Table 3. The mean concentrations 
for the region were 1 15 ng.m-3 for particulate Al in the aerosol and 75 pg. 1 - I  for dissolved 
aluminium in rainwater. 

However, Al is generally associated with partially insoluble material and an assessment 
of atmospheric fluxes of Al cannot be carried out without special consideration of particulate 
A1 fraction in rainwater 16. Moreover, A1 granulometric profiles show large distortions" 
and thus an estimation of dry deposition is very questionable for this element. For 
example, Dulac" proposed 0.8 cm.il as a dry deposition velocity for A1 in the northwestern 
Mediterranean, while Bergamettilg gives the mean value of 3.6 cm.i'. 

The high variability of A1 concentrations, presented in Tables 2 and 3, has been discussed 
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A1 

Pb 

cu 

Cd 

Zn 
- 1  

I 

LL 
0 1 - 1  0 1 

Figure 2 Correlation analysis based on the singular value decomposition of a matfix (equivalent to a principal 
component analysis): Representation of the two fust left singular vectors (a) and @). 
A: The first vector shows the highly significant correlation between A1 and Pb, Cd, Cu and Zn. 
B: The singularity of A1 against heavy metals appears with this second vector. 

in detail elsewhere zOJ'* where its relation with rainfall variability has been highlighted. 
An objective analysis based on the singular value decomposition of a matrix (equivalent 

to a principal component analysis) underlined the correlations between A1 and four heavy 
metals (Pb, Cd, Cu and Zn) simultaneously analysed on the same site samples. (see Figure 
2a). It is indeed well known that anthropogenic emissions have a continental origin in the 
Mediterranean Sea. Long-range transport of particulate matter from continental sources 
should be responsible for the A1 and heavy metal concentrations over the northwestern 
Mediterranean Sea7.19, as pointed out by 3-dimensional air mass trajectographie~~'~~. Besides, 
a covariability can be noticed between A1 and NO; in the dissolved phase, considering 
nitrates as pollutant tracers 22. 

Nevertheless, the apparent singularity of A 1, in relation with Cd, Cu and Zn, is illustrated 
in Figure 2b. A 1, as a continental tracer, involves a strong natural component. For example, 
Saharan atmospheric inputs, coming from unpolluted locations, exhibit very high A1 
concentrations and generally low heavy metal concentrations4". For example, two rain 
events (1-2/3/86 and 3-5/4187) exhibit very high A1 concentrations (890 and 865 pg. 1-' 
respectively) while their heavy metal levels are low (Pb: 4.1 and 1.7 pg.l-';Cd 0.2 and 0.16 
pg. 1-I; Cu: 3.7 and 0.6 pg.l-', respectively). These values are to be compared with estimated 
mean concentrations in rainwater, i.e. 4.8,O. 18,2.15 and 6.3 pg. l-', repectively4. 

These results suggest that A1 behaves both as a pollutant tracer, since the anthropogenic 
emissions originate from land-based sources, and as a natural crustal tracer, e.g. in the case 
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of Saharan dust events. This situation shows that A1 can only be strictly considered as a 
continental tracer. It must be noticed that most of 3-dimensional trajectographies are 
representative of mixed situations, where different incoming air masses move at different 
barometric levels and originate from very different sources4J. It is thus difficult to conclude, 
on the only basis of high A1 concentrations, that a given atmospheric input has a Saharan 
origin. 

CONCLUSION 

Despite the increasing environmental interest pointed out earlier, the analysis of A1 in the 
environment by GFAAS is still a problem mainly due to the high temperatures used during 
the atomization phase. Several solutions can be proposed now and this paper attempted to 
develop the use of C& as an additional gas flux. A presentation of the advantages of C b  
is given and a brief interpretation is suggested, i.e. creation of a reducing environment with 
atomic H and in situ resurfacing of the furnace with atomic C. This method appears to be 
adapted to atmospheric A1 analysis within the study of heavy metals, which implies low air 
volume sampling in the case of aerosols. 

In rainwater, only dissolved A1 was measured and an estimation of total atmospheric A1 
deposition is not possible. However, a range of concentrations is given for dissolved phase 
in rainwater as well as for aerosol. According to the common use of A1 as a continental 
tracer, the behaviour of this element in relation with heavy metals is discussed. 
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