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ABSTRACT

The work performed since 1993, on the study of the elemental profile of Buenos Aires
atmosphere is presented. Both, aerosol direct sampling and biomonitors have been used,
and the samples have been analized mainly by Instrumental Neutron Activation Analysis
(INAA). Due to problems with XRF, Anodic Stripping Voltammetry has been chosen for
lead determination and Ion Chromatography for soluble anions. For aerosol direct
sampling, analytical and sampling methods are described, as well as the sampling campaigns.
Experiments have been performed for studying differences between day/night elemental
concentrations along the week and a possible seasonal dependence. Some results of mass
concentrations and others from INAA are presented. Sampling with the "Gent sampler"
began during August 1994 at an urban residential area of the city. The results of mass
concentrations for the first 28 pairs of samples are shown, together with some INAA
results, being this the only technique used for the analysis. Lichens and tree bark were the
chosen biomonitors. Sampling and analytical methods by INAA are exposed, presenting
some of the results that have been obtained. The participation in the aerosol analysis for the
Ushuaia Global Atmospheric Watch Station is also commented.

CORE PROGRAM

INTRODUCTION

Although Buenos Aires is not often mentioned as an example of a very polluted city, the
reason might be that until very recently no full attention has been given to the environmental
situation. Buenos Aires and its surroundings are showing the problems of a huge city with
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nearly one third of the population of the country and a great percentage of its industry,
vehicle circulation being considered the most serious source of contamination. This project
is the first attempt to obtain information about the elemental profile of the city atmosphere.

During 1993, the first year of this research contract, sampling was conducted at two
sites within the city limits: "site A" with medium / low traffic and "site B" with higher
vehicule circulation. Sampling was carried out for 12 hour periods with 0.4 \im Nuclepore
filters (47 mm diameter), on open front filter holders, at an aproximate flow rate of 10
L/min. Samples were taken once a week (weekday) and meteorological broadcast was taken
into account for planning the experiment. Instrumental neutron activation analysis (INAA)
was used for determining the concentration of As, Br, Co, Cr, Eu, Fe, La, Na, Rb, Sb and
Sm, for twenty five samples from the two sites. In accordance with the supposition of
vehicule circulation as the most important pollution source, very high values of bromine
enrichment factors were observed. These analysis mainly allowed to optimize sampling
protocols and determination methods for several elements. Due to different reasons, the
sampling sites were changed, starting a different sampling agenda. Presently, INAA is being
used as the main analytical technique and for lead determination, an electrochemistry
technique has been chosen. This decision was taken due to problems in using XRF. In addi-
tion some samples are being examined by Ion Chromatography (IC).

During 1994, sampling with the "Gent sampler", the stacked filter unit provided by
IAEA, began and up to now, forty two pairs of filters have been taken on a twice a week
basis. The only analytical technique currently used is INAA, following the same analytical
methods used for the direct sampling 0.4 um filters.

SAMPLING METHODS

For the samplers other than the Gent one, sampling is done using Nucleopore filters (47
mm diameter, pore size 0.4 urn) on open front filter holders, for INAA and IC, protected by
a plastic bucket. For lead determination, sampling is done on Millipore filters, of pore size
0.45 um and 47 mm diameter. The filters are stabilized at balance room conditions for at
least 24 hours, weighed and sent to sampling places, on the filters holders, in plastic bags.
After the end of sampling they are returned to the laboratory for being weighed and
analyzed. Mass concentrations are calculated.

ANALYTICAL METHODS

Instrumental Neutron Activation Analysis (INAA):
Once weighed, the filters are folded in a standardized way and put into quartz ampoules.

These are sealed and irradiated in aluminum capsules at the RA-3 reactor (thermal flux
3-1013 cm2-s', 4.5 MW) of the Ezeiza Atomic Center, for 5 hours. After the irradiation,
the capsules are opened and the ampoules are frozen in liquid nitrogen and cut, transferring
the samples into new plastic vials. The measurements are carried out using a hyperpure Ge
detector of 1,9 keV resolution for the 1332.5 keV * Co peak, coupled to a Series 85
Canberra multichannel. Two measurements are done after decay times of 7 days and 3-4
weeks determining: As, Ba, Br, Ce, Co, Cr, Cs, Eu, Fe, FJf, Hg, K, La, Lu, Na, Rb, Sb, Sc,
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Sm, Ta, Tb, Th, U, Yb and Zn. The spectra are processed using a software developed at the
laboratory. Certified materials from NIST and IAEA are used for quality control and gold
foils as flux monitors.

Ion Chromatography (IC):
This analysis is performed at the Air Pollution Center of the Meteorological Service for

major anions (sulfate, nitrate, chloride).

Anodic Stripping Voltammetry (ASV):
Due to the necessity of dissolving the filters, different kinds were tested and cellulose

acetate filters were chosen. The dissolution method is as follows: the filter is placed in a di-
gesting teflon bomb of 45 ml and 1 ml H2SO4 is added. The bomb is heated in a microwave
oven for 1 min and then is allowed to rest for 5 min. This is done twice, 2 ml HNO3 are
added and four more heating/resting cycles as the one described, are performed to ensure
complete dissolution. Then 50 ml of bi-distilled water is added to the sample to complete a
volume of 50 ml. A PAR 174A polarograph with mercury settled drop electrode, Beckman
39016 is used for the analysis. The polarographic cell is a three electrode type, being the ref-
erence electrode one of Ag/AgCl and the auxiliary electrode a platinum one. The cells are
disposable plastic ones of 10 ml working capacity. 10 ml of the dissolved sample are placed
in the polarographic cell and a current of nitrogen is passed during 5 min. The deposit is
made at a potential of-0.7 V during 360 sec, and it is left 30 sec for equilibrium. The detec-
tion stage is done by differential pulse voltamperometry, starting at -0.7 V, with a velocity of
2mV/sec. The peak corresponding to the lead anodization appears at -0.35 V. The quantifi-
cation is done by the method of standard addition, using Titrisol Merck of 10 ppm Pb.

SAMPLING CAMPAIGNS

Within the study of the elemental profile of Buenos Aires atmosphere, three different
sampling sites have been used, two of them in the city and a third one at Great Buenos Ai-
res. One of the city samplers is located at the Microcentro area, a very busy district with se-
rious traffic problems and, as consequence, heavily polluted. Beforehand, another place had
been used, at an area called Macrocentro, surrounding the Microcentro, with more or less
similar characteristics.

a) Macrocentro
Sampling was performed during November-December 1993 (summer) and April-May

1994 (autumn). About two 7 hour samples per week were taken on Nuclepore 0.4 urn fil-
ters at a flow of about 10 1/min. The lowest mass concentration values were 32.8 (summer)
and 40.1 jig/m3 (autumn), while the highest, 110.0 (summer) and 83.7 ug/m3 (autumn). All
the samples collected here (nineteen filters) were analyzed only by INAA.

b) Microcentro
The importance of this site is due not only for its building and vehicle circulation

characteristics, but for the fact that across the street, an automatic CO analyzer is operating,
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operating, being the values usually above the tolerated maximum of 9 ppm. The sampling
was planned as seasonal intensive campaigns, beginning with the Autumn one.

b.l) Intensive sampling campaign: Autumm
From April 15th to May 2nd, 1994, 24 hour duplicate samples were taken on

Nucleopore filters with a flow of about 10 1/min except during weekends, with a two day
sample at 5 1 /min. This campaign had two parts, at the first one both duplicates (ten
samples) were analyzed by INAA to examine reproducibility and at the second part (twelve
samples), one filter of each pair was reserved for IC. Elemental and mass concentrations of
the duplicates showed good accordance, these last ones going from 98.2 - 97.1 ^g/m3 to
32.1-32.7/ig/m3.

b.2) Intensive sampling campaign: Winter
Instead of 24 hour sampling, a differentiating day/night one was performed and

Millipore filters were included. Sampling period was from July 28th to August 12th Twenty
Nucleopore and ten Millipore filters were exposed being mass concentration values for
night samples always smaller than those corresponding to day samples.

b.3) Intensive sampling campaign: Spring
Duplicate Nucleopore samples and a Millipore one were taken following the winter

scheme from October 27th to November 4th, sampling eighteen Nucleopore and nine
Millipore filters. Mass concentration values were higher than those from previous
campaigns.

b.4) Intensive sampling campaigm: Summer.
It took place from February 23 rd ro 28th, but no day/nigth differentiation was made.

Ten Nucleopore filters samples and five Millipore ones were taken and their analysis have
just begun.

c) Great Buenos Aires: Ezeiza

This is the location of the Atomic Center, at 40 km from Buenos Aires, at an area of
woods and grassy lands, with a small neighborhood distant about 10 km, the International
Airport (14 km) and the highway leading to it (3 km). Sampling campaigns were
simultaneous with those at Microcentro area, but beginning in winter.

c.l) Intensive campaign: Whiter

From July 28th to August 16th, Nucleopore 48 hour samples were taken at a flow of 10
1/min. Five samples were taken with mass concentrations from 12.1 to 25.7 /xg/m .

c.2) Intensive campaign: Spring
24 hour Nucleopore duplicates and a Millipore filter sample were taken between

October 27th and November 4th (Twelve Nucleopore and six Millipore exposed filters).
Mass concentration values, higher than the winter ones, were obtained.

c.3) Intensive campaign: Summer
Sampling went from February 23rd to 28th, obtaining twelve Nucleopore and six

Millipore samples. Their analysis have just begun.
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For sampling sites Microcentro and Ezeiza, 135 samples have been collected; 57 of them
were for INAA, 42 for IC and 36 for lead determination. Some of the INAA results are
exposed in Table I. After having completed the seasonal campaigns (although autumm
values are missed for the Ezeiza site) and once the analysis is done, data evaluation will
begin. Meteorological factors such as rain and wind sectors are going to be taken into
account.

INTERCOMPARISON RUN ON PARTICULATE FILTER STANDARDS

The results of the analysis of the particulate filter standards and blanks for the quality
control exercise, were sent to Dr.Landsberger's laboratory as instructed. Twenty four
elements (Na, K, Ca, Sc, Cr, Fe, Co, Zn, As, Se, Br, Rb, Sb, Cs, Ba, La, Ce, Nd, Sm, Eu,
Tb, Hf, Th and U) were determined by INAA using the method described in this report.
Mass values were also determined.

INTERCOMPARISON OF ATMOSPHERIC AEROSOLS IN TWO SIZE
FRACTIONS FROM URBAN RESIDENTIAL AREAS

The stacked filter unit sampler designed at Gent University and provided by IAEA was
installed at a Buenos Aires residential urban area with medium traffic. Sampling began
during August 1994, twice a week, for 24 hours and the filters are being analyzed by
INAA, following the method described here. Mass concentration values for the first 28
samples, for both coarse and fine fractions are shown in Figure I. For the coarse particles
mass concentrations ranged from 4.58 to 58.85 jug/m3 and for the fine ones, between 2.55
and 19.85 /*g/m3.

INAA is used for the determination of As, Ba, Br, Ce, Cr, Cs, Eu, Fe, Hf, La, Lu, Na,
Nd, Rb, Sb, Sc, Sm, Ta, Tb, Th, Yb and Zn. Hg and Co were also determined but to
possible contamination problems the results were not taken into account. The maximum,
minimum, median and average for certain element concentration values, for the ten first
pairs of samples figured in Table II.

Some preliminar enrichment factors, using Wedepohl crustal concentrations and Sc as
reference, were calculated. Br and Sb were found to be enriched in both fine and coarse
fractions. The ratio between fine and coarse average concentrations for Br was about 3 and
for Sb, aproximately 2. Zn and Cr were enriched in the fine fraction, being the ratio of
enrichment factors for the average concentrations of 8 for Zn and about 9 for Cr. • La, Na
and Sm didn't show any enrichment. The high EF values for Br, Sb and Zn are in
accordance with those observed within the Buenos Aires air pollution study using only 0.4
fi filters. Presently, more analytical data are being obtained in order to perform a better and
more complete statistical treatment.

OTHER RELATED ACTIVITIES
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A Global Atmospheric Watch Station near Ushuaia city at Tierra del Fuego province is
operating since September 1993. It is part of the World Meteorological Organization
Atmospheric Watch Surveillance Program. Aerosol samples from two intensive sampling
campaigns have been analyzed by INAA following the protocols established for the Buenos
Aires samples. At the first intensive sampling campaign, on September 1994, three
samplers were installed collecting forty-seven samples. Different sampling times were tried
using Nucleopore filters, 0.4 and 3 \i pore size. During the second campaign, on November
1994, eighty eight samples were collected on four samplers, two of them installed near the
station and the other ones on an island on the Beagle Channel. The samples have been
analyzed by IC and by INAA, following in this case the methods already described.

SUPPLEMENTARY PROGRAM

INTRODUCTION

As part of the supplementary program, the study of lichens and tree bark, as air pollution
biomonitors, was started during 1993. As no antecedents were found for the city, an
examination of lichen species and their population was done with the collaboration of the
University of Buenos Aires. It allowed to chose the species, Parmotrema reticulatum and
Usnea sulcata and to outline the experiment. It was decided to:

- conduct direct sampling at a few places with lichen growing within and outside the city
limits.

- try the use of lichen transplants and lichen bags at some monitoring points.
- study lichens from remote areas for baseline levels.
- test the use of tree bark as a biomonitor.

The two lichen species chosen for the study are extended all over the country.
P.reticulatum was selected for direct sampling and U. sulcata from National Park "El
Copo", Santiago del Estero, for the lichen bags.

As for trees, the municipal inventory of tree species planted at the city, showed Platanus
acerifolia and Melia azedarach as the most common ones.

METHODS

Direct sampling
Samples of lichen and bark are taken from trees at a height between 1.5 and 2 m. The

sample is placed in a clean plastic bag, sealed and transport to the laboratory. The lichen
sample is separated from the bark with plastic tools. A first cleaning operation is done to
separate big dust and bark particles and other epyphitic lichen species. Then the sample is
washed in deionized water with gentle agitation. The lichen is dried, first between filter
papers and then in oven at 40°C during 24 hs. The dried material is then ground in an agate
mortar for its analysis.
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The same cleaning operation is used for tree bark samples.

Lichen bags
Small nylon mesh bags containing 1.5 g of Usnea sulcata are place at different sites,

fixed as to move freely in the air. Three bags are used at each sampling location, to be
collected after 3, 6 and 9 months of exposure.

Analytical methods
The biomonitor samples are analyzed by INNA following analytical protocols established

using lichen samples from the Natural and Exact Sciences College of the University of
Buenos Aires.

Aproximately 150 mg of material is weighed, sealed in a quartz ampoules and irradiated
in an aluminum capsule at the R.A.-3 reactor, for 5 hours. Once irradiated, the capsule is
opened and the ampoules are frozen in liquid nitrogen and cut, transferring its content into a
fresh plastic vial. Two measurements are performed with different decay times, using a
hyperpure Ge detector and a Series 85 Canberra multichannel. About 7 days after the end of
irradiation, As, Ba, Br, Hg, K, La, Lu, Na, Nd, Sb, Sm, U and Yb are determined. A second
measurement is carried out with a decay time of aproximately 30 days for: Ce, Cr, Cs, Co,
Eu, Fe, Hf, Hg, Sb, Sc, Se, Sr, Ta, Tb, Zn. For quality control certified reference materials
from NIST and IAEA were used for checking and cobalt wires and gold foils were used as
flux monitors.

RESULTS

P.reticulatum samples growing at eight different sites were analyzed. Table III shows
the results of three of them, collected at locations with very different characteristics: Lj is
from a suburb SW of Buenos Aires, L5 is from "El Copo" National Park and L& from a
small island at the Rio de la Plata river. "El Copo"and Martin Garcia island samples, due to
the characteristics of the places, could be used for baseline values.

As vehicule circulation is considered the most important pollution source for the city,
differences of bromine concentration are expected amoung samples as the ones compared .
Bromine concentrations are in accordance with this assumption, being the value for L]
notably higher than for L5 and Lg. The enrichment factors calculated using Wedepohl's
crustal concentration values and Sc as reference are 88 for LI, 27 for L5 and 35 for L6,
and with Fe as reference, 91 for L] , 22 for L 5 and 30 for Lg .

The lichen bags from, three sites in the city, were analized. Table IV shows the results
obtained for one of this places being the exposure times 45 days for L\Q , 108 days for h\\
and 205 days for L17 . Although an increasing tendency of bromine concentration with
exposure time can be observed, the enrichment factors for Br don't show the same, at least
not for the first two samples TheEF with Sc as element of reference are 100 for LJQ 60
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for I4 ] and 105 for L^ \ and with Fe as reference: 62 for L\Q , 49 for L\ j and 88 for
Ll7.

With respect to tree bark, several samples from P.Acerifolia and M. azedarch. from
different locations were analyzed using INAA. Different kinds of experiments were
performed studying the two selected species from different locations, and P.acerifolia trees
growing along the same street. Twenty three samples have been analyzed till now and the
concentration results are being considered to investigate the value of the bark as
bio monitor, the size of the sample and the planning of a sampling network.

Although only the enrichment factor for Br have been mentioned, and interpretation of
all the other elemental concentration is being done. Direct sampling of lichens as well as the
use of lichen bags is going to continue including lead determination in some of then.
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TABLE I - MICROCENTRO
AUTUMN CAMPAIGN

11 12 21 22 31 34

MC
Ba
Br
Ce
Co
Cs
Eu
Fe
Hf
Hg
La
Na
Rb
Sb
Sc
Ta
Tb
Th
Zn

76.4
1600 ±1000
941± 14
27.2 ± 6.5
18.9 ± 1.6
5.0 ± 1.2
1.58 ± 0.40
25100 ±1200
1.55 ± 0.87
7.9 ±2.8
16.2 ±1.2
20250 ±380
160 ± 60
42.6 ±4.7
5.99 ± 0.15
—
1.4 ±1.1
4.75 ± 0.94
1720 ±130

52.4
940 ± 640
990 ±15
30.6 ± 8.6
13.7 ±2.2
5.2 ±1.7
2.03 ± 0.50
22800 ±1500
3.6 ± 1.1
11.2±3.8
15.8 ± 1.4
19900 ±390
145 ± 41
44.8 ±5.0
5.53 ± 0.19
—
ND<2.7
3.4 ±1.2
1780 ±110

72.1
1800 ± 840
972 ±15
26.6 ±8.1
11.0±1.9
3.7 ±1.7
2.09 ±0.43
22100 ±1400
1.75 ± 0.85
5.8 ± 2.8
11.1 ± 1.1
20100 ±410
ND<160
51.7± 5.7
3.07 ±0.16
ND<3.7
ND<3.4
2.6 ± 1.1
4030 ±180

68.0
2200 ± 870
1050 ±17
27.8 ± 7.8
14.6 ± 2.0
5.0±1.6
0.83 ± 0.55
19400 ±1400

9.23 ± 0.35
12.4 ± 1.4
21900 ±460
ND<160
51.5 ± 5.7
2.70 ± 0.50
—
ND<5.6
3.0± 1.1
3850 ± 170

35.6
ND
700 ± 55
115±90
22.1 ±1.5
22.7 ±3.6
3.9±1.2
55900 ±12500
13.7 ± 10.0

12.4 ±1.2
14900 ± 220
ND
42.4 ±3.4
8.30 ±0.41
ND<19
ND<17
ND <4.0
2230± 190

35.7
2000±870
770 ± 61
170 ± 150
14.6 ± 2.0
54.9 ± 3.7
4.1 ± 2.1
32000

ND<18
—
13.3 ± 1.3
14000
ND
166±11
—
ND<15
ND<13
ND
1970 ±350

Results in ppm, except MC (mass concentration in g/m3). The figures are statistical
counting errors.
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TABLE II
Maximum, minimum, median and average for certain elements determined by INAA

COARSE FRACTION

Element Br Cr Fe La Na

Maximum
Minimum
Median
Average

67.1
5.02
12.26
22.41

3.99
2.6
3.62
3.93

1455
69
378.5
616

2.39
0.289
0 . 6 9 1 "•'
1.33

1886
145
389.5
691.5

Element Sb Sc Sm Zn

Maximum
Minimum
Median
Average

15.5
0.14
1.11
3.54

0.353
0.0106
0.097
0.142

0.165
0.0173
0.0515
0.0602

29.3
2.4
12.1
14.2

FINE FRACTION

Element

Element

Br

Sb

Cr Fe

Sc Sm

La

Zn

Maximum
Minimum
Median
Average

7.7
0.081
0.92
1.65

Results in ng/rn-̂

0.125
0.0139
0.0164
0.0401

0.074
0.0059
0.019
0.0236

70
3.4
23.95
31.5

Na

Maximum
Minimum
Median
Average

30.13
3.98
15.68
17.64

20.4
1.69
5.77
9.04

523
64
130
209

1.02
0.047
0.124
0.366

917
48
135
217
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TABLE III

LICHENS FROM DIFFERENT SITES

LI L5 L6

As 1.685 ± 0.061 1.395 + 0.077 1.952 + 0.056
Ba 48 + 13 35.1 ±6.1 35.0 + 6.5
Br 13.26 ±0.14 4.36 + 0.15 4.51 ± 0.41
Ce 2.8+1.2 10.68 + 0.18 8.94 + 0.21
Co 0.277 + 0.013 1.052 + 0.019 0.823+0.021
Cr 5.70 ± 0.66 3.43+0.16 2.64 + 0.28
Cs 0.260 + 0.070 0.904 + 0.059 0.836 + 0.052
Eu 0.021+0.052 0.1511+0.0077 0.1119 + 0.0069
Fe 1770 ± 160 2395 + 211 827 + 24
Hf 0.562 + 0.033 0.348 + 0.028
Hg 0.386 + 0.057 ND < 0.04 0.0108 + 0.0090
K 1240 ± 300 2127 + 94 1610 ± 58
La 3.51 + 0.17 4.519 + 0.068 3.587 + 0.042
Lu — 0.045 +0.012 0.026 + 0.0007
Na 1169 + 26 931.0 + 6.4 659.3+4.4
Nd — 3.93 + 0.61 3.62 + 0.63
Rb 8.4 + 3.3 8.1 + 1.0 10.2 + 2.0
Sb 0.416 ± 0.054 0.107 ± 0.020 0.095 ± 0.035
Sc 0.73 +0.13 0.7818 + 0.0048 0.6222 + 0.0037
Sm 0.583 + 0.016 0.8569 + 0.0086 0.7540 + 0.0052
Ta — 0.124 + 0.016 0.102 + 0.019
Tb — 0.153 ± 0.044 0.170 + 0.043
Th — 1.148 + 0.028 0.763+0.028
Yb — 0.314 + 0.024 0.267 + 0.025
Zn 118 + 23 31.8 + 1.4 40.4+1.9

Results in ppm, + figures are statistical counting errors.
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TABLE IV - LICHEN BAGS

L10 Lll L17

As 1.538 ± 0.049 1.237 ± 0.035 1.44 ± 0.12
Ba 27.0 + 3.3 47.9 + 5.0 51.0 + 2.8
Br 5.055 ± 0.064 4.681+0.053 12.17 ± 0.14
Ce 3.21 + 0.15 3.28 + 0.13 4.95 + 0.13
Co 0.573 ± 0.015 0.834 ± 0.012 1.246 ± 0.016
Cr 1.20 ±0.22 3.02 + 0.21 3.74 ±0.11
Cs 0.101 + 0.014 0.208 + 0.015 0.304 ± 0.025
Eu 0.0498 ± 0.0035 0.0498 + 0.0037 0.0785 ± 0.0040
Fe 994 ± 16 1155 + 13 1681 ± 16
Hf 0.0950 ± 0.0087 0.259 ± 0.016 0.269 ± 0.017
K 1640 + 300 1232+97 ND<2100
La 1.491+0.023 1.564 + 0.019 2.409 0.020
Lu 0.0012 + 0.0001 0.0179 + 0.0016 0.0289 + 0.0012
Na 359.8 + 5.6 613.5+4.0 513+41
Nd 1.51+0.34 2.78 + 0.44 2.20 + 0.16
Rb 2.58 ± 0.88 2.8 + 1.0 3.1 ±1.3
Sb 0.139 ± 0.017 0.3400 ± 0.0075 0.391 ± 0.022
Sc 0.2434 ± 0.0018 0.3750 ± 0.0018 0.5572 ± 0.0026
Sm 0.2377 ± 0.0024 0.2725 ± 0.0017 0.4221 ± 0.0022
Ta • 0.0301 ± 0.0094 0.0288 ± 0.0079 0.067 ± 0.014
Tb 0.061 ± 0.031 0.057 ± 0.018 0.093 ± 0.023
Th 0.252 ± 0.015 0.408 ± 0.018 0.511 ±0.020
Yb 0.104 ±0.010 0.1280 ±0.014 0.1733 ± 0.0087
Zn 37.6 ±1.9 52.7 ± 2.0 73.6 ± 2.9

Results in ppm, ±figures are statistical counting errors.
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Fig. 1. Mass concentration values for air particulate samples
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