Elemental Composition of Airborne Particulate Matter from
Santiago City, Chile, 1976

In Chile, the State Public Health Oifice
{Ministerio de Salud Piblica) is re-
sponsible for pollution control and for
air quality. This office has been moni-
toring only toxic gases and total sus-
pended particulate matter.!*

The present work is the first study in
Chile designed to determine trace ele-
ments and their concentrations in par-
ticulate matter in the air. By use of en-
richment factors, 25 trace elements are
classified according to natural or an-
thropogenic origin.

Experimental Procedure

There were two sampling periods:
July {winter) and September (spring),
1976. Four sites were studied, located
about & km north, south, west and east
of downtown Santiago (Table 1). The
south, north and west sites are urban
and 500 m ahove sea level. The east site
is suburban and approximately 270 m
higher than the others.

Twenty-four-hour samples were col-
lected on Whatman-41 cellulose filter
paper, in a modified stainless steel
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Buchner funnel.® Approximately 10 m?
were used at the urhan sites and 200 m
at the suburban site,

Instrumental neutron activation
analysis (INAA) was used as the ana-
Ivtical technique. In using this tech-
nique, special attention must be given to
the preparation of reference samples;
they must be as chemically and physi-
cally alike as possible. Therefore, in this
work, the reference samples were pre-
pared hy settling measured volumes of
solutions of eighteen elements on
Whatman-41 filter paper; the references
for the other seven elements (Se, Sh, Se,
Eu, Gd, Hf, and Th) were prepared
using Andesite AGV-1 reference sam-
ples from the U.8. Geological Survey.
Corrections were made to allow for
physical and chemical differences be-
tween both references.

When the samples and references
were prepared using Whatman-41, the
filter paper was always folded and pel-
letized (3 ton/em?). In this way we could
reproduce the counting and irradiation
geometry and use all the filier paper,
eliminating the error generated by a
nonhomogeneous distribution of par-
ticulate matter. The irradiations were

made at the RECH-1 nuclear reactor of
the Chilean Commission of Nuclear
Energy.

For the determination of Na, Mg, Al,
], Ca, V, Mn, and Cu, samples were
first irradiated for 10-30 s, at a neutron
flux of 2 ¥ 1013 pfem? X 5, and counted
after irradiation by a Ge (Li) detector
joined to a 4096 multichannel Hewletl-
Packard analyvzer. A second 8-hour ir-
radiation followed, with a neutron flux
of 6.5 % 1012 nfem? X 5 counts were
taken 4 days later for As, Br, and La
determinations and 30 days later {or Se,
Cr, Fe, Co, Zn, Se, Rh, 5h, Cs, Ce, Eu,
(id, Hf, and Th determinations, using
the detector mentioned above.

The areas of the peaks were inte-
grated using the Covell method and the
total area method * The quantities of the
different elements were caleulated by
the comparator method.? The detection
limit, D.L., was calculated according to
Currie,* considering that the elements
of the sample had concentrations similar
to the mean values obtained.

The mean percent error of each de-
termination was caleulated considering
the numhber of peaks used to caleulate
the quantity of the element. If only one -
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peak was considered, the propagated Tahle I. Date, number and volume of air samples taken in Santiago, Chile, 1976,
error of a quotient (% E), was calculated,

If the radi ide had several peaks, Winter 1976 Spring 1976
i sl R o
ﬂev[atiun [“.;’r-LF'} & B it Site {July) samples {m) (Sept.) samples {m)
Tahle 11 shows the mean percent error North 4-10 12 13 20-27 14 10
ohtained for the two seasons studied and South 13-20 12 11 20-27 14 12
the DL, of the 25 trace elements ana- Wesl y 26-40 - 2 12 12-16 4 12
Tt East 27-31 4 180 22-28 5 L 230
Results and Discussion
In Santiago a substantial part of the Table IL. Mean percent error (% E or % E')* and detection limits (1).L.} for the
high pollution levels found can be at- elements analyzed in winter and spring.
tributed to meteorological and topo- Winter Spring DL
graphical factors. Low wind speed, the Elements %E  &E T I T B g X 108

high number of stillness periods, and

temperature inversions cause a stable :Iﬂ, a8 6.6 5 ik Leiths
atmosphere and slow pollutant disper- M” "I ”gg m"i'f
sion.” On the other hand, the valley is cl L 98 E 6 791
almost completely surrounded by Ca 5.2 18.4 : 4332
mountains with heights ranging from Se 6.8 6.1 1.3
S500-40() m on the east to 1000-2000 m v 4.2 5.2 25
on the north, west, and south. Cr 3.9 5.5 64
In order to analyze results indepen- Mn 3.4 4.0 47
dent of meteorological conditions, en- Fe 3.4 = .l 5100
richment lactors (E.F.) were used®? En 94.9 <) 28.3 e ; 72
These factors lake into account the rel- '311'-11 : a5 : 101 ‘:2?
ative enrichment of the elements as As 137 146 014
compared to their relative abundances Se 28,4 379 16
in local rocks and soil. In this way, if the Er 3.7 7.1 2.1
E.F. of an element is greater than one, Rb 49.2 47.9 162
the element can be assigned an anthro- Sh 11.8 105 0.5
pogenic origin; if E.F. equals approxi- s 17.8 25.3 12.0
mately one, it can be assigned a natural EZ b 6.4 B e 16.1 15111
s a iy a 1.
origin. : Fu @59 27.3 44
For this method, only the relative Gd 58 0 96.1 51
concentrations are considered, and the Hf E 29 | ; IG5 3.7
concentrations of the elements in the Th 18.8 914 9 4

earth crust are assumed to be exactly
known. Mason's values'® were used as a
first approximation.

Table [11 shows the mean E.F. for the
samples taken in the urban sites and in
the suburban site in the two periods. Table I11.  Mean enrichment faetors for the urban sites and suburban site in the two
The normalizing element is Se. periods sampled in Santiago. Normalizing element: Sc.

The E.F. values range from 0.5 (Na)

4 % E = mean percentual error for radionuclides with one peak. % E' = mean percent error
for radionuclides with several peaks.

to 2370 (Sh); these results are normal idiei Mean enrichment factors Saa
where natural or anthropogenic origins Element Urban Suburban Urban guburlmn
are expected.

Santiago is about 130 km from the Na 1.1 0.5 0.8 0.7
Pacific Ocean, and separated from it by Mg .4 0.8 1.5 1.2
the coastal mountain range. Under these Al 11 13 1.2 LT
circumstances it seemed of interest to gl 322.0 B85.0 IZE.U 2340
determine the existence of a relative sea ‘-.-’H é,{_’ %3 ;; !13[3
galt contribution to the urban atmo- Cr 23';] 0.8 190 o
spheric aerosols. To do this we followed Mn a5 a0 34 9.9
Rahn!! in order to consider the enrich- Fe 1E LO 19 10
ment factor plots of the studied element Co 3.3 1.3 5.6 Ld
and the concentration ratios versus Al Cu 38.0 11.0 27.0 1.0
We analyzed Na, Mg, Ca, Cs, Cl, Cu, Zn Zn 159.0 44.0 43.0 470
and Br. In these conditions, Santiago As 60.0 38.0 26.0 26.0
can he classified as a non-marine city. '3"3 213.0 14.0 *ﬁgﬂ' 210

We have found that the following el- Rrh zgalu B‘g'-g LI-R 932
ements with E.F. > 6 can be assigned an Sh 7670 249.0 4800 BT
anthropogenic origin: Cl, Cu, Zn, As, Se, Cs 06 a7 42 £ 2.0
Br, and Sh. On the other hand, Na, Mg, La 9.4 1.0 14 0.9
Al, Ca, 8¢, Fe, Rb, La, Ce, Eu, Gd, Hf, Ce 2.4 15 L9 1.4
and Th can be assigned a natural origin Eu 2.0 1.4 1.6 LA
(E.F. < 2). There is a third group of el- Gd 2.5 L& 2.3 1.3
ements, ¥V, Cr, Mn, Co and Cs (2 < E.F. Hf L9 .7 L7 0.9

Th 1.4 0.6 1.0 0.4

< @) for which assignment is not clear.
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Thus, the same elementz with large
E.F. values reported elsewhere were
found to be anthropogenic. Our values
are smaller than Neustadter ef al.? due
to the presence in Santiago of only one
coal-fired power plant (Zn, As, Sh, CI),
and the existence of only a small number
of Al smelting works (C1). Br is probably
emitted from gasoline motor vehicles.
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