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ABSTRACT

Measurements are reported of elemental concentrations of airborne

particulates in Mexico City and their time variation over a one-week period in

the spring of 1988. Proton-induced X-ray emission analysis, PIXE, was used to

analyse the atmospheric aerosols which were bombarded with 2.5 MeV protons

from the 12 MV Tandem Van de Graaff accelerator at the Instituto Nacional de

Investigaciones Nucleares, ININ. Variations in the elemental concentrations

were observed over the time period studied. An intercomparison was made in the

case of the element lead with PIXE results obtained at the Crocker Nuclear

Laboratory, CNL, University of California for the same set of samples.

Excellent agreement was obtained both for the time variation of the relative

concentration and the absolute lead concentrations. These results give added

confidence to the protocol adopted at ININ.



1. INTRODUCTION

Mexico City has experienced enormous growth in recent years and can

justifiably claim to be one of the largest urban areas in the world, with a

population in excess of 20 million. The city's unique location combined with

the environmental problems associated with any mayor conurbation has resulted

in a city with an increasing air quality control problem. It is, of course, a

very complex problem and has many contributing factors, not least of which is

the unique geographical location of the city.

The position of Mexico, bordered in the east by the Gulf of Mexico and in

the west by the Pacific Ocean, gives rise to unique climatic conditions which

influence the transportation of atmospheric aerosols. In addition Mexico

City, situated in a high altitude valley some 2240 metres above sea level, is

surrounded by high mountain ridges to the south and west and lower mountains

to the north and east. This effectively isolates the city and defines a

closed environment, the nature of which favours atmospheric inversions in cold

seasons. Further, in excess of five million motor vehicles, burning mainly

leaded petrol, contribute to the daily atmospheric burden, as do a significant

number of the factories located in and around the city.

Increased environmental awareness has, over recent years, resulted in a

range of studies [1-5] related to atmospheric pollution being undertaken by

several Mexican Institutions. These include the Instituto Nacional de

Investigaciones Nucleares, ININ; the Secretarla de Desarrollo Urbano y

Ecología, SEDUE; the Instituto Mexicano del Petróleo, IMP; and the Universidad

Nacional Autónoma de México, UNAM.

At ININ a PIXE facility has been developed employing the 12 MV Van de



Graaff accelerator and calibrated using spectroscopically pure thin film

standards in the manner described by Saied and Crumpton [6). This facility is

employed to carry out independent studies on the elemental composition of

airborne particulate matter, collected in and around Mexico City.

This study presents the quantitative results obtained, at the 1NÍN PIXE

facility, of the analysis of atmospheric aerosols collected continuosly over a

one week period in the spring of 1988 in Mexico City. Initial analysis was

conducted at the Crocker Nuclear Laboratory of the University of California at

Davis, under a collaborative project, US-MEXICO 1990 as facilities at ININ

were not available for quantitative measurements at that time. Of particular

interest in the present study is i) the absolute lead concentrations in the

atmospheric aerosols, ii) the time variation of the elemental concentrations

of lead and iii) the validity of the protocol adopted at ININ.

2. EXPERIMENTAL

2.1 Sampling.

A single filter integral type sampler unit, designed and constructed at

ININ, was used to collect the atmospheric aerosol samples on 0.4 fim Nuclepore

filters. The sample did not incorporate an inlet restrictor to eliminate the

particulates above the respirable range. However, a comparison has been made

of the sampler with a Stacked Filter Unit of the Davis design [7], by Aldape

et al [41. This showed that although significantly more soil was collected by

the ININ sampler the collection of sulphates, soot and trace elements was

comparable. For the purpose of this study the atmospheric aerosol was sampled

continuously during the period 18th to 25th April 1988. Sample filters were

changed every six hours yielding four samples every day. The sampler operated

at an average flow rate of 16 litres per minute for the four periods: 0 to



0600 hrs, 0600 to 1200 hrs, 1200 to 1800 hrs and 1800 to 2400 hrs. A total of

28 samples were collected. The sampling site is located in the west central

part of Mexico City in Chapultepec park. This park, which is visited daily by

thousands of visitors, is bounded on two sides by mayor city through roads

which carry very large volumes of traffic, figure 1. The location of the

sampling site, some distance from the heart of the city and the mayor

industrial sites, suggests that the lead levels at this site are likely to be

representative of the mean-urban level for the city.

2.2 Instrumentation.

The samples, without any pre-treatment, were bombarded by 2.5 MeV protons

from the 12 MV Van de Graaff accelerator at ININ. Beam homogeneity at the

sample was achieved by means of a beam diffuser foil and beam currents at the

sample were typically a few nanoamperes. The characteristic X-rays emitted

from the samples were detected with an Ortec Si(Li) semiconductor X-ray

detector with a FWHM of 177 eV at 5.898 keV and an active area of 80 mm2. The

detection area was limited by a suitable lead collimator to reduce detector

edge effects and to define the detection geometry. The detector was also

fitted with a "funny" filter, 51 pm Al foil containing a central aperture of

0.76 mm diameter, to reduce the intensity of the low energy X-rays entering

the detector. Spectra were obtained using a 1024 channel MCA and transferred

to an IBM PC2 model 30 microcomputer for data reduction using EG&G Ortec

Maestro II. A typical aerosol X-ray spectrum is shown in figure 2.

The PIXE system was calibrated and its reproducibility established using

spectroscopically pure thin films of known areal density deposited on

Nuclepore filters as supplied by Micromatter [8]. The thickness of the

deposits was typically 10-100 jig/cm2, with a quoted uncertainty - 57.. The



appropriate K or L X-ray yields per microcoulomb of charge were determined for

a range of atomic numbers, covering the elements of interest, for proton

energies of 2.5 MeV. These measurements were repeated many times, both in the

short term and in the longer term, to determine the precision and to verify

the reproducibility of the analysis system.

3. RESULTS AND DISCUSSION

A typical calibration curve for K X-rays for the system, obtained using

the thin foil standards, is shown in figure 3. The precision of the

measurements was determined by making repeated measurements under constant

conditions on a given thin film. These measurements were repeated from time

to time over an extended period of several months to establish the

reproducibility. A summary of these results for a few of the elements

employed is shown in table 1. The standard deviations obtained for each group

of measurements for a given element, which are estimates of the precision, are

in most cases 1-57. of the mean and are in good agreement with each other.

Analysis of the aerosol samples revealed the detection of 20 elements

ranging from sulphur to lead, the mass concentrations of which were

determined. In the context of this study the absolute concentration of the

lead and its time variation over the sampling period was of interest. Lead was

found to be present in all samples in concentrations ranging from 0.015 to

1.09 fig per cubic metre of air sampled. The uncertainties associated with

these measurements range from 77. for the high concentrations to 307. for the

low concentrations.

The time variation of the absolute lead concentration over the one week

collection period is shown in figure 4. The lead concentrations follow a time



dependent pattern similar to the traffic volume flow. Maximum lead levels

were observed each morning, except for the Sunday, in the sampling period 0600

hrs to mid-day coinciding with the periods of mayor human activity. Levels

were particularly high in the morning periods on the Monday, Thursday and

Friday. Maximum levels on the Sunday occurred during the afternoon period 1200

hrs to 1800 hrs. These peak levels thus coincided with times of peak

vehicular activity. Intuitively this is to be expected since it is accepted

that the global lead content of air is primarily of anthropogenic origin, a

significant proportion of which comes from the exhaust gases of petrol engines

[9]. The highest lead level observed for this set of samples was on the

Friday morning and was of the order of 1 ji/m3. This is comparable to the

long-term concentration of air-lead that was found in most parts of large

cities such as London, UK [10] and Los Angeles, USA [41, prior to the

introduction of unleaded fuels. It is important to note, however, that

airborne lead levels decrease rapidly with distance from the roadside, falling

to about 107. at a distance of 100 m [10]. Mean levels in and alongside busy

urban roads are likely to be significantly greater than the mean urban levels

recorded in this study.

The aerosol samples were also analysed at the Crocker Laboratory, using

4.5 MeV protons, as part of a seasonal study of atmospheric aerosols [4].

These measurements were made prior to the ININ measurements reported in this

paper. The results for the lead concentrations obtained at the Crocker

Laboratory are shown in figure 5. Uncertainties are typically less than 207..

An intercomparison was made of the results obtained by the two laboratories as

an additional validation procedure for the ININ PIXE facility. In general the

difference between results from the two laboratories was found to be a small

fraction of the standard deviation of the difference, from which we conclude



that the results are consistent with each other. The agreement between the

two sets of results is clearly seen by comparison of figures 4 and 5, both in

terms of the relative variation with time and the absolute lead

concentrations.

4. CONCLUSIONS

The current study has evaluated the ININ PIXE facility both in terms of

precision and reproducibility using thin film standards and found the

arrangement employed satisfactory. The results for the elemental

concentrations of lead in atmospheric aerosols are the first absolute

determinations made at the ININ facility. Comparison of these results with

those obtained at the Crocker Laboratory show excellent agreement both for the

time variation of the lead content of the aerosols and the absolute lead

concentrations. This intercomparison demonstrates that the protocol adopted

at ININ for the measurement of airborne lead using the PIXE system is

satisfactory.

With the conclusion of these studies it is now possible to conduct

absolute mass elemental concentrations in atmospheric aerosols at ININ with

confidence.
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Table 1

Typical repoducibility measurements obtained with the calibration
(*)foils over a period of six months

sulfur,

X

554

556

540

n = 5

C. V.
(7.)

2.0

9.0

5.0

Ti tan ium,

X

5942

6529

6924

n = 5

C. V.
(7.)

1 . 0

1 . 0

1 . 0

Copper,

X

2519

2553

2531

n = 5

C. V.
(7.)

1 .0

0.5

1.0

Ytrium,

X

690

730

684

n = 5

C.V.
(7.)

4.0

4.0

3.0

x = average number of x-rays detected.

n = number of measurements in each group.

C.V. = coefficient of variation = (oV x) 100 7.
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FIGURE 1. Map of the Federal District, showing the sampling location,
Downtown Mexico City, the most important avenues, underground
lines, main industrial sites and mayor elevations (in meters).



10

10 - -

-Í2 3
10 - —

10 - -

1 0 - -

1.3 4.0 6.7 9.4 12.0 14.8

X - Ray Energy ( k e V )

FIGURE 2. Typical X-ray spectrum of aerosols collected in the
sampling site located near downtown Mexico City.
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FIGURE 3. Calibration curve for the PIXE analysis system.
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FIGURE 4. Temporal variation of lead concentration in atmospheric aerosol
(ININ Measurements).
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FIGURE 5. Temporal variation of lead concentration in atmospheric aerosol
(CNL-UCD Measurements).


