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Th e nuclear m icr opro be install ed at I nstituto TecnolÇogico e N uclear ,
in Lisb on, was used in the analysi s of aerosols collected at the Azores is-
lands . Samples from tw o di˜erent aerosol groups w ere analysed . One re-

ferred to aerosols that w ere carried from N orth A merica and the other one
contained aerosols that were carried from the Sahara desert and crossed over
Europ e. C oarse and Ùne fractions were analysed for each aerosol group and

tw o-dimensional elemental maps were constructed, w hich allow ed the identi-
Ùcation of several indivi du al particles. For particles of interest, elemental spa-
tial correlations and dimension s w ere determined and point analysi s w as also
carried out (depth inf ormation w as achieved by Ùtting Rutherf ord backscat-

tering spectra ). Some of these particles are quite interesting. For instance,
in the Ùne fraction of the aerosols that w ere carried from N orth A merica,
particles w ere found with Cu and Cl in the atomic prop ortion 1:2 and w ith

dimension s 1 5 È 15 È 15 ñ m3 , and in the corresp ondi ng coarse fraction a par-
ticle w ith K and S w as identiÙed, with dimensi ons 28 È 35 È 3 0 ñ m3 . Some
di˜erences w ere found betw een the aerosols groups. One example of these
are T i particles (Ùne fraction) and Rb (coarse fraction) that w ere identiÙed

in one group (Sahara desert and Europ e), but not in the other.

PACS numb ers: 92.20.Bk, 92.60.Mt, 78.70.En, 82.80.Y c
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1. I n t rod uct io n

In the last few years there has been a growi ng appl icati on of the nucl ear
m icroprobe in aerosol analysis. The power of thi s techni que rel ies in the capabi l -
i ty of perform ing microscopic analysis using the adv anta ges of parti cle induced
X- ray emission (PIXE) and R utherf ord backscatteri ng spectroscopy (R BS) sim ul -
ta neously. In thi s way the spati al distri buti on of tra ce and matri x elements in
the sampl e can be determ ined (PIXE and RBS spectra ) and tw o-dimensional el-
ementa l m aps constructed . D etai led point analysis may also be done. Thi s ki nd
of inf orm atio n is qui te sui tabl e for aerosols as parti cles can be vi sual ized and el-
ementa l correl ati ons and parti cle dim ensions determ ined, incl udi ng the thi ckness,
whi ch emerges from R BS spectra.

These were also the m ain reasons tha t lead us to the aerosol analysis wi th
the nucl ear m icropro be insta l led at Insti tuto TecnolÇogico e Nucl ear (ITN) in Li s-
bon. The aerosols sam ples were col lected at T erceira Isl and, in Azo res, and thi s
pi oneer wo rk (at ITN) resul ted from the cooperati on of ITN wi th Azo res Uni ver-
sity . Prel iminary studi es revealed two di ˜erent ori gins for the col lected aerosols,
whi ch al lowed them to be separated into tw o di ˜erent groups. Several interesti ng
parti cl es were identi Ùed in both groups, and for som e of them , based on PIXE and
R BS quanti ta ti ve analysis, was possible to suppose the presence of com pounds,
such as Na Cl , CaCO 3 , CaSO4 , and Fe(OH) 3 . The parti cl e' s m ain characteri stics
and the di ˜erences found between both groups of aerosols wi l l be presented.

In data acqui siti on and trea tm ent the OM
À

D AQ [1] (Oxf ord Mi crobeams£R )

and D AN3 2 [2] pro grams were respectivel y used. The latest establ ishes an inter-
face wi th the PIXE quanti tativ e analysis program GUPIX [3] (Guelph Uni versi ty ,
in Ca nada), whi ch m akes use of the Q -factor metho d [4]. The potenti al i ti es of
both program s (OM

À
D AQ and D AN3 2) as well as som e analysis restri cti ons and

l im ita ti ons in thi s context wi l l be m enti oned.

2. E x per i m en t a l

2.1. Sam ple col lect ion

The aerosols were col lected wi th a Sierra PM1 0 sam pl er, m odel SSI 120, using
Ùbre Ùlters for both Ùne (D p < 0:95 ñ m ) and coarse (0 :9 5 ñ m 10 m)

fracti ons. Satel l i te observati on of ai r m assm ovements al lowed the deÙniti on of two
di ˜erent aerosol sampl es groups. Group NA refers to aerosols tha t were carri ed
from North Am erica and group ES conta ins aerosols tha t were carri ed from the
Sahara desert and crossed over Euro pe [5]. The Ùne and coarse sam ples of groups
NA and ES were designated by NA and NA and ES and ES , respectivel y.

For the analysis, secti ons wi th dim ensions 1 1 cm 2 of each Ùlter were
di rectl y m ounted in the m icropro be sam ple holder and analyzed wi tho ut any ki nd
of previ ous trea tm ent.
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2.2. Dat a acquisit ion

Al l the sampl es were bom barded wi th a 2 MeV proto n beam produced by a
3.1 MV Van de Graa˜ Accelerato r. An Oxf ord Mi crobeam£R nucl ear micropro be
wa s used, whi ch al lowed the proto n beam to be focused to a 3 ñ m diam eter for
a 100 pA beam current. A deta i led setup descripti on can be found elsewhere [6].
A 5 0 ñ m Myl ar Ùlter wa s pl aced in front of the Si(Li ) detecto r used for PIXE
analysis.

For al l sam ples,scanni ng of 5 0 0 È 5 0 0 ñ m 2 for Ùne Ùlters and 2 5 0 0 È 2 5 0 0 ñ m2

for coarse Ùlters, were Ùrst made, whi ch al lowed the identi Ùcati on of parti cles by
vi sual izing the corresp ondi ng two- dimensional elemental m aps. For som e of these
parti cl es, smaller scans (5 0 È 5 0 ñ m 2 and 1 0 0 È 1 0 0 ñ m2 for Ùne and coarse frac-
ti ons, respecti vel y) were made in order to construct new maps wi th the parti cles
centred in them . Al l these scans were saved in l ist mode Ùles. For some parti cles
point m easurements (PIXE and RBS spectra) were carri ed out, in order to get
inf orm ati on wi th better stati sti cs.

2.3. Dat a processing and rest r ict ions

The parti cles dim ensions and elemental correl ati ons were determ ined f rom
the two -dim ensional X-ray elemental m aps. Some of the l ist m ode Ùles were used
in setti ng m asks for interesti ng areas of the scanned Ùeld, and the corresp ondi ng
PIXE and RBS spectra were constructed.

The PIXE and RBS spectra were analyzed wi th the D AN3 2 pro gram , whi ch
incl udes GUPIX code for PIXE spectra Ùtti ng. The latest spectra gave inf orm ati on
about the presence of elements wi th 1 4 and the corresp ondi ng concentra ti ons
(i n ppm ), whi le RBS Ùtti ng al lowed the identi Ùcati on of the l ightest elements
(N, F, C, O, and Na ), the determ inati on of thei r depth proÙle and of the fac-
to r [4], used by GUPIX in correcti ng the proto ns charge deposited on the sampl e
for quanti ta ti ve analysis of PIXE spectra. Fi tti ng RBS spectra for thi s ki nd of
sam ples (aerosols) m ay som eti mes be a l i ttl e bi t com pl icated, not only due to
sam ples hetero geneiti es and element di ˜usi on, but also to the intri nsic contri bu-
ti on of the Ùlter used f or col lection. In f act, entangled Ùbres Ùlters (as the ones
used in thi s wo rk) are not so conv enient for ion beam analyti cal techni ques as
polycarbonate Nucl epore typ e of T eÛon Ùlters. Neverthel ess, care was ta ken in
analysing just the identi Ùed parti cles for whi ch the R BS detecte d elements clearl y
showed them as surface elements. In thi s way the possibi l i ty of com bined analysis
of the Ùbres them selves was minimi zed. In order to make the RBS Ùtti ng easier,
the interel ement ato m ic rati os of the major consti tuents obta ined from the analysis
of the PIXE spectra were used as a supp ort for RBS Ùtti ng. Fi na l ly, from RBS
resul ts the m ost relevant interel ement atom ic rati os were deri ved, by calcul ati ng
the wei ghted m ean of the ato m ic proporti ons of each layer, and used in evaluati ng
the presence of some com pounds.
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D uri ng thi s data processing we had to account for some restri cti ons. One
of them su˜ers from the fact tha t dead ti m e correcti on and system calibra ti on
for the m icro-PIXE setup is not wel l establ ished, preventi ng an adequate quan-
ti ta ti ve analysis. Neverthel ess, elementa l ra ti os can be used wi th a good degree
of conÙdence. The other one is related wi th the use of GUPIX and the parti cles
m ulti layer characteri sti cs found. In thi s work, several lay ers were consi dered for
R BS Ùtti ng, indi cati ng tha t the elements are distri buted in slightl y di ˜erent pro-
porti ons thro ughout the parti cle. The problem arises when we intend to use thi s
m atri x com positi on wi th GUPIX, since the program has a restri cti on: a vi sible
element can only belong to one layer tha t shoul d be indi cated by the user. As i t is
easily understo od, we woul d be maki ng a huge m istak e by consideri ng the matri x
compositi on from RBS and sayi ng at the sam e ti me tha t one given vi sible element
belonged only to one layer, when the RBS spectrum indi cated tha t i t coul d be
found in several layers. Theref ore, and because sil ica Ùlters were used, the solu-
ti on was to consi der a m atri x compositi on of Si (vi sible element) and O (i nvi sible
element) 1 0 0 ñ m thi ck, and run GUPIX in m atri x i tera ti on m ode.

In resume, the data trea tm ent procedure consisted in PIXE and RBS spectra
Ùtti ng, referents to m asks and point analysis, and in calcul ati ng the interel ement
ato m ic rati os for PIXE and RBS. The x and y dim ensions and the parti cl es thi ck-
ness resul ted, respectivel y, from X- ray elementa l m aps and RBS spectra.

3. R esul t s an d d iscu ssio n

3.1. Vi rgi n Ùlter

Previ ousl y to aerosol sampl es analysis, a 5 0 0 È 5 0 0 ñ m2 scan of a vi rg in Ùlter
wa s made. The corresp ondi ng RBS spectrum indi cated tha t unti l a 1 5 ñ m depth
the Ùlter was com posed of SiO2 but at superior depths Si and O were present in a
pro porti on of 1:5. Thi s might be expl ained by the Ùlter' s structure (m esh), whi ch
al tered the R BS spectrum ' s shape. The PIXE spectrum indi cated also the vesti gial
presence of K, Ca, Ba, and Fe.

3.2. Fi ne f ract ion

The analysis of sampl es NA F and ESF revealed the presence of som e par-
ti cles qui te interesti ng, whose m ain characteri stics are resumed in Tabl e I. The
pro minence goes to parti cles wi th Cu and Cl , found onl y on sampl e NA F , of whi ch
PIXE and R BS resul ts indi cated the CuCl 2 sto ichi ometry between these two ele-
m ents. Neverthel ess, parti cl es wi th Cu and no Cl were identi Ùed in both sam ples,
as well as parti cles wi th Ca and Fe. In a sim i lar way, som e parti cles were found
onl y on sam ple ESF , such as parti cles wi th Ti , wi th Ca and S and wi th Ca, Fe,
and Ti , possibl y indi cati ng a contri buti on of the Sahara desert.
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T ABLE I

Results of PI X E and RBS spectra Ùts, referents to point analysis of particles found
on samples N A F and ESF .

Results

Sample Particle A tomic prop ortion s Possible Dimension s

PI X E RBS associati ons [ñ m 3 ]

C u, C la CuC l2 : 5 C uC l1 : 7 C uC l2 12 È 15 È 3

N A F Cu | | organic comp ounds 5 È 11 È 6

C a, Fe C aFe0 : 03 C aFe0 : 05 organic comp ounds 20 È 15 È 1 7

C a, Fe C aFe0 0 8 C aFe0 1 6 C aCO 3 , C aO 11 È 15 È 15

C 0 3 O 8 Fe(O H )3

T i T iF e0 13 T iF e0 17 organic comp ounds 6 È 7 È 1

ES C a, S C aS1 4 C aS0 8 C aCO 3 , C aSO 4 15 È 13 È 16

C 0 6 O 11 organic comp ounds

Cu | | organic comp ounds 6 È 8 È 6

C a, Fe, T i CaF e0 3 C aFe0 12 O 3 C aCO 3 1 4 È 12 È 13

T i 0 17 C 0 25 T i0 17 C aO , Fe(O H )3

More particles w ere found w ith these characteristics.

It is interesti ng to note tha t in som ecases,due to C and O found in RBS spec-
tra , i t wa s possible to supp ose the presence of Ca CO (f rom soil ), CaO, Fe(OH)
(eventua l ly f orm ed in clouds [7]), and CaSO , besides organic com pounds. In both
sam ples, som e of the parti cles revealed also the presence of N, Cr, Ni , Zn, Sr,
and W . In sam ple ES there were also identi Ùed F, Mn, Rb, and Zr.

By comparing the PIXE results wi th the RBS resul ts, we real ize tha t there is
good agreement between both techni ques. The parti cles dim ensions suggest tha t al l
have a shapecl oseto spherical , except for the parti cles wi th Cu and Cl and wi th Ti .
Thi s non-spheri city m ight have been a result of the vi olent im pacti on of these

Fig. 1. Elemental maps w here one can see one of the Cu and C l particles (scan

50 È 50 ñ m 2 ) ; another with C a and Fe (scan 150 È 150 ñ m 2 ) and the Ùlter Ùbres.

Bright and dark colours refer to high and low concentration, respectively .
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parti cl es wi th the Ùlter, duri ng col lection, combi ned wi th an organic com pound
ori gin or at least wi th a compound wi th very low density . The X- ray elemental
m aps of two of the parti cles found in these sampl es are shown in Fi g. 1. Noti ce
tha t the Ùlter Ùbres are vi sible on the Ca m ap.

3.3. Coar se fract i on

A large density of parti cles wi th Cl was found in sam ples NA C and ESC . The
exp ected marine contri buti on tha t could be revealed by the associ ati on of Cl and
Na as NaCl was conÙrm ed by Ùtti ng R BS spectra referents to areas wi th high and
low Cl concentra ti on (m asks were set in these areas). In both sampl es were also
found parti cles wi th Ca and S, who se RBS Ùts indi cated the presence of CaCO 3

and CaSO4 .

Fig. 2. Elemental maps ref erring to a 250 È 250 ñ m 2 scan. A | particle w ith K and S;

B | particles w ith C l; C | particles w ith C a and S. Bright and dark colours ref er to

high and low concentration, respectively .

TABLE I I

Results of PI X E and RBS spectra Ùts, ref erents to point analysi s of particles found on
samples N A C and ES C .

Results

Sample Particle A tomic prop ortions Possible Dimensions

PI X E RBS association s [ñ m 3 ]

C la | N aCl 0 : 8 N aCl 58 È 94 È 30

K , S K S0 : 6 C l0 7 K SCl0 7 , N a0 7 N aCl 28 È 35 È 30

N A C a, S C aS C aS0 7 O 5 4 , C0 3 C aSO 4 , C aCO 3 17 È 26 È 17

Fe, Cu FeCu FeCu0 9 O 0 7 Fe(O H ) 3 , N aC l 9 È 14 È 25

C l N a ; C organic comp ounds

Cl | N aCl 0 8 N aCl 38 È 47 È 22

ES C a, S C aS C aS1 1 Fe0 3 C aSO 4 , Fe(O H ) 3 19 È 28 È 21

C1 3 O 10 organic comp ounds

Results from masks set on these particles.
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The m ain di ˜erences tha t m ake the di stincti on between these coarse fracti on
sam ples are the presence of a parti cl e wi th K and S in sam ple NA C and the
identi Ùcati on of Rb and Zn in sam ple ESC . In Fi g. 2 elementa l m aps are shown
where som e of the pri nci pal parti cles identi Ùed on coarse fracti on sampl es can be
easily vi sual ized.

T able II summ ari zes the m ain characteri sti cs (di m ensions, ato mic pro por-
ti ons, and possibl e compounds) of al l the parti cles analyzed in both sam ples.

From the Ùtted PIXE spectra we concluded tha t in relati ve term s (tha t' s
wha t we are interested in) the results are rel iable. If we com pare these resul ts wi th
the ones from R BS, we real ize tha t there is agreement between both techni ques.

As exp ected, the coarse fracti on parti cl es are bi gger tha n the Ùne ones and
also seem to have a spheri cal shape. However, we must be aware of the possibi l i ty
of smal l parti cle overl ap, givi ng the i llusi on of bigger parti cl es.

4. Co n cl usion s

The study here described is an exam ple of the im porta nce of the nucl ear
m icroprobe in aerosol analysis. The inf orm atio n extra cted from tw o-dimensional
elementa l m aps (elementa l correl ati ons and dim ensions) along wi th the ato m ic pro-
porti ons resul ti ng from PIXE and RBS spectra Ùtti ng, allowed the characteri zati on
of parti cles. In some parti cular cases, i t was possible to propose the hyp othesi s of
the presence of NaCl , Ca CO3 , CaSO4 , and Fe(OH) 3 .

Several di ˜erences were found between the aerosols tha t passed over North
Am erica (group NA) and the ones tha t were carri ed from the Sahara desert and
cro ssed over Euro pe (group ES). For the Ùne fracti ons, the m ost relevant are the
identi Ùcati on of parti cles wi th Cu and Cl (1:2) only on group NA and of parti cles
wi th Ti , wi th Ca and S and wi th Ca, Fe, and Ti in group ES. Parti cl es wi th Cl
(Na Cl ) were found al l over the coarse fracti on sampl esand a parti cle wi th K and S
wa s identi Ùed in the coarse Ùlter of group NA. It shoul d be stressed tha t the small
sam ple areas analyzed cannot be considered representa ti ve of the enti re sampl e.

In spite of a data pro cessing restri cti on (m atri x com positi on for GUPIX)
and an experim enta l setup cal ibra ti on probl em, the aim of the data handl ing
pro cedures deÙned to solve these probl ems seems to have been accom pl ished. As
a m atter of fact, the interco mpari son of PIXE and RBS elementa l ra ti os indi cates
the agreement of these two powerful techni ques and the success of the stra tegies
deÙned to com bine them .
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