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REPORT ON THE FIRST CO-ORDINATION RESEARCH MEETING
VIENNA, 30 MARCH - 2 APRIL 1993

ABSTRACT
A co-ordinated research programme (CRP) on applied research on air pollution using nuclearrelated techniques is a global CRP which will run from 1992-1996, and will build upon the
experience gained by the Agency from the laboratory support that it has been providing for several
years to BAPMoN - the Background Air Pollution Monitoring Network programme organized under
the auspices of the World Meterological Organization. The purpose of this CRP is to promote the use
of nuclear analytical techniques in air pollution studies, e.g. NAA, XRF, and PIXE for the analysis of
toxic and other trace elements in suspended particulate matter (including air filter samples),
rainwater and fog-water samples, and in biological indicators of air pollution {e.g. lichens and
mosses). The main purposes of the core programme are i) to support the use of nuclear and nuclearrelated analytical techniques for practically-oriented research and monitoring studies on air pollution,
i.; to identify major sources of air pollution affecting each of the participating countries with
Particular reference to toxic heavy metals, and iii) to obtain comparative data on pollution levels in
areas of high pollution {e.g. a city centre or a populated area downwind of a large pollution source)
and low pollution (e.^. rural areas). This document reports the discussion held during the first
Research Co-ordination Meeting (RCM) for the CRP which took place at the IAEA Headquarters in
Vienna.

1.

INTRODUCTION

The problems caused by elevated levels of airborne particles have received increasing
attention in recent years. It has been estimated that persons in many populated areas of
the world are at increased risk of health problems due to elevated levels of atmosphericborne particles. Although most government regulatory studies now include monitoring of
total mass of suspended particulates, there is increased concern over the composition of
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these particulates. Among the elements contained in these particles that may lead to
i n c c a s e d health risks are chromium, arsenic, cadmium, and lead.

The Agency has provided laboratory support for several years to a programme run
under the auspices of the World Meterological Organization, the Background Air Pollution
Monitoring Network, or BAPMoN.

This programme has monitored total suspended

particulate matter, as well as gaseous species such as S 0 2 . A s interest grew in studying
the composition of the suspended particulates, in addition t o the measurement of total
mass, a plan for a new Co-ordinated Research Programme (CRP) w a s formed. The result
is the current CRP on applied research on air pollution using nuclear-related techniques.

The main expected benefits of this CRP are multi-faceted. They include the improved
capability to make high quality measurements of specific air pollutants, particularly toxic
and other trace elements; information on pollution levels in areas of high and low pollution,
and trends over time; information pertaining to pollution source identification and
apportionment (based on receptor modelling and other kinds of statistical analysis of multiparametric data) including identification of anthropogenic, biogenic, and other natural
sources; information on the long-range trans-boundary movement of air pollutants;
identification of one or more suitable biomonitors of air pollution (e.g. lichen or moss) w i t h
potential regional application, with a view to using them for general monitoring throughout
a country or region; and supplementary information relating to specific aspects of the
problems of acid rain pollution and global climatic change. The last topic is of importance
because airborne particulate matter is intimately involved in atmospheric chemistry.

As a first step in the programme, it was agreed to begin the air sampling programme
w i t h all participants using air sampling devices of the same design t o ensure comparability
of the resulting analytical data. Further, it was agreed that the investigation of the toxic
and trace element composition in the fraction of air particulates less than 10 //m in
diameter would be emphasized. It is in this size range where particles can be inhaled by
humans (particularly particles less than 2.5 jjm), and, as such, influence human health.
This size range of particles can also be transported over long distances from their origin,
and have importance also in their effect on climate and visibility.
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A PM-10 air sampler which collects air particulates into t w o size fractions, "fine"
( < 2 . 5 //m) and "coarse" (2.5 ym to 10 pm) has been designed by Dr. Willy Maenhaut of
the University of Gent, Belgium.

Dr. Maenhaut and his laboratory were contracted t o

manufacture and supply each participant in the CRP w i t h a PM-10 air sampler. These air
samplers were received by most of the CRP particpants prior t o the research co-ordination
meeting (RCM), and much of the discussions that took place at the meeting revolved
around the use of these samplers as a part of the "core" programme {i.e. for aN
participants).

This first RCM for the CRP was attended by sixteen of the present nineteen holders
of research contracts or research agreements, or their representatives, one consultant, one
observer and six of the Agency's staff members. A complete list of the participants and
the agenda of the meeting are given in the pages immediately following this introduction.

The working papers presented at the meeting are given in Part II, and are listed in the
table of contents. A number of seminar (workshop) presentations were also made at the
meeting, either by invitation or were proposed by the participants. In general, most of the
workshop

presentations

dealt w i t h specific

problems that the

participants

have

encountered in their research, experience obtained in the applications of analytical
techniques or other subjects related to the CRP objectives. A list of these presentations
is given at the end of the agenda. Some of the seminars that were presented at the RCM
were submitted also in written form. These have been included in Part III, and are listed
in the table of contents. In addition to the working papers presented at the RCM, t w o of
the participants who were unable t o attend expressed their desire to submit a summary
of their programmes to be included in this report. These reports (from Jamaica and
Portugal) are also included in Part II, Working Papers.

After the presentation of the working papers and seminars, there was a time for
extensive discussion among all the participants of the meeting. The discussions were
guided, but not limited t o , a list of the discussion topics that was distributed at the
meeting. A summary of these discussions is given as the final section of Part I of this
report, and its organization follows the outline of discussion topics which precedes it.
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RESEARCH CO-ORDINATION MEETING (RCM) ON
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NUCLEAR-RELATED ANALYTICAL TECHNIQUES
AGENDA
TUESDAY, 30 MARCH 1993
0 9 : 0 0 - 09:1 5

Registration

09:15-09:30

OPENING
Welcome

Dr. S. Machi
Deputy Director General
Department of Research & Isotopes

Introductions
(each participant t o introduce him/herself briefly)
0 9 : 3 0 - 12:30

SESSION 1 :

Chair: Landsberger

S

Adoption of the agenda
Status report on the Co-ordinated Research Programme
and administrative arrangements for the meeting
(Parr RM)
PROGRESS REPORTS (presentation of working papers)

14:30 - 1 7 : 3 0

Argentina
Australia
Bangladesh

Pla RR
Cohen D
Khan A H

SESSION 2:

Chair: Sadasivan S

PROGRESS REPORTS (presentation of working papers)
(continuation)

Belgium
Brazil
Chile
China
Czech Republic
17:30

Maenhaut W
Artaxo P
Cortes-Toro E
Yang Shao Jin
Kucera J

Reception (room A-2210)

WEDNESDAY, 3 1 MARCH 1 9 9 3
09:00 - 1 2 : 3 0

SESSION 3:

Chair: Tuncel G

PROGRESS REPORTS (presentation of working papers)
(continuation)

14:00-17:30

Hungary
India
Kenya
Paraguay
Slovenia

Koltay E
Sadasivan S
Karue J
Gonzales VR
Smodis B

SESSION 4 :

Chair: Khan AH

PROGRESS REPORTS (presentation of working papers)
(continuation)
Thailand
Turkey
USA

Leelhaphunt N
Tuncel G
Landsberger S

SEMINARS
See separate list

THURSDAY. 1 APRIL 1 9 9 3
09:00 - 1 2 : 3 0

SESSION 5 :

Chsir: Artaxo P

SEMINARS (continuation)
See separate list
14:00-17:30

SESSION 6:

Chair: Kucera J

SEMINARS (continuation)
See separate list
GENERAL DISCUSSION
See separate list of discussion topics
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FRIDAY. 2 APRIL 1993
09:00 -12:30

SESSION 7:

Chair: Cohen D

Final discussions
Report of the meeting
CLOSING OF THE MEETING
14:00 - open end

Personal discussions

LIST OF SEMINAR TOPICS
Maenhaut W:

Trace element analysis of
atmospheric aerosols and other
environmental samples by nuclear
analytical techniques - a review

2.

Wobrauschek P:

Recent developments in total
reflection X-ray fluorescence
analysis (TRXRF) of relevance to
the CRP

3.

Valkovic V:

Single particle analysis
nuclear-related techniques

4.

Zeisler R:

Operating procedures and quality
management in a nuclear
analytical laboratory

5.

Landsberger S:

Reference air filters for analytical
quality control

6.

Hopke PH:

Data evaluation methodologies
for airborne particulate matter - a
review of training material
developed for an IAEA training
course

7.

Artaxo P:

Receptor modelling with Quattro
Pro

by

8.

Maenhaut W:

Installation and operation of the
Gent SFU sampler

9.

Kucera J:

Biological Monitors of Air Pollution
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RESEARCH CO-ORDINATION MEETING (RCM) ON
APPLIED RESEARCH ON AIR POLLUTION USING
NUCLEAR-RELATED ANALYTICAL TECHNIQUES
LIST OF DISCUSSION TOPICS
PURPOSE AND SCOPE OF THE CRP
1.

The Core Programme
1.1
1.2
1.3

2.

The Supplementary Programme
2.1
2.2
2.3

3.

Does the Group agree w i t h the present definition of the
core programme?
What are the priorities among the various topics that
have been suggested?
Are there any other topics that should be included?

Does the Group agree w i t h the present definition of the
supplementary programme?
What are the priorities among the various topics that
have been suggested?
Are there any other topics that should be included (e.g.
organic components)?

What are the expected benefits of this research?
3.1
3.2

For the participating countries?
For science in general?

TECHNICAL ASPECTS
(The following questions related mainly t o the core programme.
However, their relevance to the supplementary programmes should
also be discussed if there are any issues of general interest.)
4.

Selection of sampling sites and type(s) of samples to be collected:
4.1
4.2
4.3
4.4

5.

What are the criteria for the selection of sampling sites?
How many sampling sites are needed in each country?
What kind(s) of samples should be collected (e.g.
particulate matter, precipitation, biomonitors)?
How many samples should be collected and over w h a t
sampling periods?

Sampling techniques and equipment:
5.1

Is any additional advice needed on sampling techniques
to be used with the Gent air sampler provided by the Agency?
11

Should any other kinds of sampling device be provided
by the Agency?
Is any further guidance needed on how to start a
biomonitoring programme?
What other kinds of sampling techniques and sampling
devices are recommended?
How are the samples obtained by these different kinds
of samplers to be related to each other (in particular,
how are samples collected by the Gent samplers to be
related to other kinds of samples collected by CRP
participants)?

Is any additional advice needed on analytical techniques
to be used in this CRP:
6.1.1.
For nuclear-related analysis (NAA, XRF, PIXE)?
6.1.2.
For analyses by other techniques (IC, AAS, techniques
for organic components, etc.)?
6.1.3.
For sample preparation prior to analysis (e.g. use of
clean working areas)?
Is any additional advice needed on the selection and
prioritization of analytes to be determined, e.g.
6.2.1.
Analytes of interest in connection with health effects?
6.2.2.
Indicator elements for specific sources of pollution?
Is there a need to identify "reference analytical
laboratories" for any particular analytes and/or
techniques, and, if so, what is the function of these
reference laboratories, e.g.
6.3.1.
As sources of specialized advice;
6.3.2.
To assist collection centres that otherwise do not have
sufficient analytical capacity (i.e. in order to be able
to analyze more samples, or to determine more analytes);
6.3.3.
For cross-checking of some of the analyses.
Data processing: is any advice needed with respect to:
7.1. Database management, e.g., should this be done with any
specific kind of software?
7.2. Data evaluation and presentation, e.g.:
7.2.1.
Should this be done with any specific kind
of software?
7.2.2.
Is the use of enrichment factors recommended
and, if so, how should it be done?
7.3. Central data processing, i.e., should any of the data be
reported to a central co-ordinator and, if so:
7.3.1.
What kinds of data should be reported, and how?
7.3.2.
What kinds of data evaluation should be carried out?
7.3.3.
Who should be the "central co-ordinator"?

8.

Quality Assurance
8.1

Quality assurance of sampling: what procedures are recommended {e.g.
would it be useful to circulate additional samplers for parallel
sampling)?
8.2. Quality assurance of analysis: what procedures are recommended:
8.2.1
For "in-house" use?
8.2.2.
As an externa/ quality control scheme?
8 3 Quality assurance of data reporting and evaluation: what
procedures are recommended?
ORGANIZATIONAL ASPECTS
9.

Funding: can any potential sources of additional funding be identified?

10. Co-operation with others;what suggestions are there for making (or improving) cooperation with others:
10.1
Nationally?
10.2
Internationally {e.g. UNEP, WMO, WHO, etc.)?
1 1 . Role of the Agency's Laboratory, Seibersdorf: what role is suggested for:
11.1
Methods development and validation?
11.2
Quality assurance services?
11.3
Backup and service analyses?
1 2. Technical co-operation projects and training: are there any suggestions for future
activities?
13. Information exchange within the CRP - how can this be best promoted?
14. Expert meetings and publications: are there any suggestion for future activities?
1 5. Publications policy for work done within the framework of the CRP: do we need a
publications policy and, if so, what should it be?
1 6. The next RCM: where and when should this be?
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RESEARCH CO-ORDINATION MEETING (RCM) ON
APPLIED RESEARCH ON AIR POLLUTION USING
NUCLEAR-RELATED ANALYTICAL TECHNIQUES
SUMMARY OF DISCUSSION POINTS
PURPOSE AND SCOPE OF THE CRP
The Group agreed that the purpose and scope of the CRP should be the same as was
pioposed in Lhfc OiiyirialdoouroeniaLioii for Luis CRP, except for some miner changes which
are noted below.

Thus, it was accepted that the CRP should comprise (i) a "core

programme", which

is mandatory

for all participants, and (ii) a

"supplementary

programme", which is made up of components that are all considered to be important and
relevant, but which are nevertheless optional.

1. The Core

Programme

Of first priority under the core programme is the collection of samples of airborne
particulate matter (APM) using the Gent stacked filter unit (SFU) collector that has been
provided by the Agency.

Each participant in the CRP will start by selecting a single

sampling site in a representative urban residential area. Other desirable selection criteria
are (i) that basic meteorological data should be available, and (ii) that, if possible, the site
should be the same as one already being used for general monitoring of major air pollutants
(such as total particulate matter, S 0 2 , etc.).
During the first year of sample collection, each participant will collect 100-200 sets
of samples at this site, and will also start with preparations for their analysis. Sampling
will be conducted over a continuous period of 12 months. Representative 2 4 hour samples
will be collected on different days of the week, preferably including one mid-week day and
one weekend day.
Of equal priority during the first year, each CRP participant will take part in the
analytical quality control (AQC) exercise described in the sixth paragraph of section 8
below. Satisfactory completion of this quality control exercise is required before "routine"
analysis of samples from the Gent SFU is started.
During the first year of the project, a single representative rural sampling site will be
chosen for studies in an area of low pollution, preferably one that might provide
information of a regional character. However, actual collection of samples at this site will
not begin until the collection of urban samples has been completed.
14

Implementation of procedures for the collection and analysis of precipitation samples
is postponed until a later phase of the CRP. (Note: this is only as far as the core
programme is concerned, i.e. such studies are not mandatory for all participants.
However, they may be done optionally under the supplementary programme provided that
this work does not cause any delays in the implementation of the core programme.)
P. Tha Stipplofrmntary

Programme

Each participant is encouraged to continue with other, related, projects of the kind
described in the original documentation for this CRP under the heading "supplementary
programme". However, such work should not be allowed to delay the implementation of
the core programme, which has higher priority.
Other suitable topics for the supplementary programme include (i) studies of
bioindicators (previously considered to be part of the core programme), (ii) source term
characterization studies, and (iii) studies of organic components of air pollution.

3. Expected benefits of this research
The CRP is expected to generate data of a kind that is essential for the proper
management and control of airborne pollution. It will (i) provide fundamental data on
baseline levels of pollution and trends over time, (ii) facilitate the identification and
quantification of major sources of airborne pollution in both urban and rural areas, (iii)
assist in creating an informed public perception of the relative risks associated with air
pollution, (iv) help to quantify long-range transport of air pollutants (including information
on the relative contributions of "home made" versus imported pollution), and (v) provide
information relevant to studies of global budgets for airborne particulate emissions,
transport and deposition (including transfer to the aquatic environment).
A particular benefit of the CRP is that — for the first time ever — it will provide
reliable comparative data on the concentrations of selected air pollutants in a wide variety
of countries and continents using the same, standard, collection device.

Previous

comparative evaluations of air pollutants in different countries have been complicated by
the fact that different, non-comparable, collection devices have been used.

15

TECHNICAL ASPECTS
4. Sampling sites and types
In order to obtain comparable! data, it was decided that the first sampling site for the
core programme would be an urban residential site for all participants. In the second year,
the samples would be from a rural/remote site. This site should be selected along the
guidelines found in the draft report from Vermette and Larson (Air Sampling Manual,
Sampling Considerations and Instrumentation), which was among the materials received
by the participants at the meeting. The kind of samples collected would be air particulate
matter taken with the Gent sampler.

Other kinds of samples {e.g. biomonitors,

precipitation) could be part of a supplemental programme, but would not be emphasized
at this time. Approximately 100-200 samples should be taken from the urban site in the
first year of the programme, if possible, twice a week.

5. Sampling techniques and equipment
Most of the information and advice on how to operate the Gent air sampler is already
given in the summary written by Dr. Maenhaut. If participants wish to obtain a technical
drawing on the sampler, they can contact the Agency, and one will be sent to them.
Other types of sampling devices, such as precipitation samplers, will not be provided
by the Agency at this time. A possibility exists for the participants to order additional PM10 samplers from Dr. Maenhaut; however, this depends on the number of samplers
ordered, since his workshop's capacity has been diminished.
The participants will need to obtain additional Nuclepore filters to continue the core
programme sampling. Since the blank values differ between lots of filters, the Agency will
order 20-30 boxes of additional filters from the same lot. Before ordering, a representative
number of the filters will be analyzed, to ensure that their blank values for important
elements are within acceptable ranges. Participants may then obtain additional boxes of
filters from the Agency, probably starting sometime towards the end of the first year of
programme.
There should be a re-evaluation on the need for rainwater samplers in the core
programme. This type of collection is encouraged as part of the supplemental programme,
but it has been suggested that this part of the programme might be better linked with the
Agency's activities in total reflection XRF, and perhaps be part of a new CRP. The Agency
will do more work on evaluating the suitability of nuclear techniques for rainwater.
16

The biomonitoring sampling and analysis are now considered t o be part of the
supplementary programme. Dr. Kucera will provide a checklist of factors to be taken into
account in starting such a programme. Interested participants can obtain this list upon
request from the Agency. Otherwise, no further guidelines are needed at this time.
It is strongly recommended to weigh the filters before and after sampling to obtain
the amount of loading (sample mass). The procedure for doing this is described in the
working paper by Dr. Maenhaut, the IAEA training course manual, Sampling and Analytical
Methodologies for Instrumental Neutron Activation Analysis of Airborne particulate Matter,
and in the paper. Operating and Quality Assurance Procedures, by Dr. Hopke, which is
being sent under separate cover to all the participants.

To obtain a proper weight, a

microbalance, one that weighs to ± 5 jjg is required, and better is t o use one that weighs
to ± 1 jjg.

Also required is a 210 Po source to reduce electrostatic charge while weighing

the filters.
The method of filter storage is important, both in long-term and short-term, because
of the possibility of loss of volatile components and reactions occurring with acidic
sulphate. For the work considered here, storage at - 2 0 ° C should be acceptable. Further
discussion is needed on the topic of "banking" a percentage of the samples, for long-term
storage, in a central facility.
The question on whether the samples taken w i t h the Gent sampler can be compared
to other types of samples collected by participants was discussed without a definite
conclusion. Especially when the inlets are different, t w o different types of samplers at the
same site would "see" different samples, so a comparison would be not be straightforward. However, parallel measurements w i t h the local sampler and the Gent sampler
should be made if possible, preferably w i t h the local sampler fitted w i t h a PM-10 inlet.

6.

Analysis
It was agreed that there should be "guidelines documents" for each technique for use

in this CRP. Technical documents already exist for the use of NAA and XRF in air monitor
analysis;there is not yet one for PIXE. The slant of the XRF document is also not toward
that of a guideline document. Much of the practical information on handling of samples,
and miscellaneous sample preparation that is found in the NAA Technical document can
also be applied to PIXE and XRF analyses. Also, most of the participants who use PIXE
in this programme are already experienced in this technique, so a technical document is
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not so critical. It was agreed by the participants that a PIXE bibliographic reference would
be helpful. This is given in part in the review paper by Dr. Maenhaut, "Trace Element
Analysis of Environmental Samples by Nuclear Analytical Techniques", which was received
at the meeting. This review paper also includes references to neutron activation analysis
in atmospheric aerosols. The documentation for the training course, "Nuclear and related
analytical techniques in air pollution monitoring and research", may include a PIXE section
with orientation toward giving guidelines.
As mentioned above, it is strongly recommended to obtain sample mass. It was
further agreed that it would be very useful if the filters were analyzed for carbon. It is
recommended to measure "black carbon" by reflectance measurements on the filters. A
short description of how these measurements might be performed can be found in Dr.
Maenhaut's working paper "Regional and Global Atmospheric Aerosol Studies...".
Participants who do these measurements will need to calibrate, either by measuring a
known amount of carbon {e.g. obtained by combustion of acetylene), or through an
interlaboratory comparison, with other laboratories in the programme who already have
calibrated instruments. Dr. Maenhaut's laboratory can accept a few filters to do some
calibration analyses, and these calibrated filters could then be sent to laboratories without
calibration. It must be noted that black carbon measurements are to be viewed as a good
indication of combustion sources, but not as an absolute measurement of soot. It is
possible to have additional contributions from other compounds (e.g. Fe304), but this is
normally a very low interference.
Sulphur determinations are also strongly recommended, especially in the fine fraction
samples. It is recognized that not all participants have the techniques available to do
sulphur analysis; discussions are needed on how all the participants could have access to
sulphur measurements.
Basic meteorological data should also be recorded with each sample taken. This data
should include average temperature, relative humidity, air pressure, wind direction, wind
speed (where possible), and whether or not precipitation has occurred during sampling.
A comments field should also be included (e.g. for notes on unusual meteorological
episodes, fires).
The use of a "clean working area" is essential for handling the filters before loading
into the cassette. A "clean workbench", a laminar flow hood such as a Class 100 or Class
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10 clean hood, is highly recommended, but not essential for the levels found in most
samples.
For recommendations on analytes considered t o be essential/desirable to measure in
the filters, please refer t o the table of indicator elements of sources included as an
attachment to this document. It is highly recommended that participants analyze for at
least a few elements out of each source factor; too much error may be introduced in later
mi 'Itivariate analysis when only the concentration for only one of the elements is known.
In regards to analytes of interest in connection with health effects, it must be
stressed that extreme caution must be taken in drawing any conclusions about possible
health effects from the data without information on both ihe organic and inorganic
constituents.
For cross-checking of selected filters, we encourage the exchange of samples
between laboratories. Samph exchange should be done directly unless Seibersdorf is
involved.

An informal exchange among the South American participants was already

agreed upon at the meeting.

7. Data

processing

For entering and storing the data obtained from the filter samples, it is strongly
recommended to use spreadsheet software. It is further recommended to use only the
more "common" programs {i.e. Excel, QuatroPro or Lotus) for ease of data transfer for
central evaluation. A general protocol for reporting the data will be distributed later to the
participants.
For data evaluation, the use of software packages, such as StatGraphics, is strongly
recommended.

The calculation of enrichment factors is highly desirable.

It is very

important when reporting these enrichment factors, that the source of the crustal
abundances employed in the calculations be specified.

It was proposed that the

participants use either Mason's or Wedepohl's table of crustal abundances. It was also
recommended to use either Al or Sc (for the NAA people) or Ti {PIXE and XRF) for the
reference (normalization) element, taking into account, of course, the appropriateness of
use in individual cases (e.g. the extra contribution of Ti in Chile).
It was agreed upon, that for the core programme, a central collection of the data is
necessary. Dr. Hopke agreed to be the central coordinator, for the data obtained from the
Gent sampler. He requests that the data be sent in a standard format, i.e. spreadsheet.
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either on a floppy disk or through electronic mail. It is strongly requested NOT to send
faxes (facsimiles)! Once sampling begins, the data should be sent periodically, about once
every quarter year.
Additional data obtained from other sampling devices or from biomonitor samples,
such as lichen will not be collected centrally at this time, but the need for this will be reevaluated at the next RCM.

8. Quality

assurance

Although the use of parallel samplers is highly desirable, the logistics of circulating
a few additional Gent samplers for this use are too complicated. The discussion on this
point will be postponed, although it should be discussed again at the next RCM.
The participants should check the air flow of the sampler themselves, using a volume
meter, since the correct air flow determines the particle size cut-off. Participants should
also perform the tests recommended in Dr. Maenhaut's instructions for the Gent sampler.
On the question of further characterization of the Gent sampler. Dr. Hopke has
agreed to do further tests, and if possible, including wind tunnel testing, to obtain a more
complete characterization.
For quality assurance of sampling and analyses, it is essential to have a detailed,
written Standard Operating Procedure (S.O.P.) before beginning the sampling and analysis
programme.

It is recommended to include in the protocol, items such as the use of

reference materials, measurement of blanks, and independent measurements on the same
sample.

It is recommended to use a standard format for log sheets (preferably in

spreadsheet format) for information on each sample collected, including start and stop
times, meteorological information, coordinates of the sampling site, plus any additional
comments that are necessary. Documentation of each sample and analysis is ESSENTIAL!
Keep accurate records, including the chain of custody of the samples.
To emphasize the importance of documentation and quality assurance, w e will ask
each participant to include a summary of their S.O.P. as an annex to the next report.
Suggestions of what should be included in such a S.O.P. is given in Dr. Hopke's paper on
"Data Analysis", and also from Dr. Zeisler's talk on quality assurance. A sample quality
procedure manual, " Operating and Quality Assurance Procedures", provided by Dr. Hopke,
will give guidance on how to structure the S.O.P. Finally, an ISO questionnaire on quality
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control, received by the Seibersdorf Laboratory, sent to each participant will give additional
ideas.
For the quality control samples prepared by Dr. Landsberger, each participant
received one set of filters, which consists of four filters: one fine fraction, one coarse
fraction, and t w o blanks. Instructions on what is required for analysis and reporting, and
including the area of deposit, are included as an attachment. A target date for reporting
results to Dr. Landsberger is the end of September 1993. If this is met, the results should
be returned to participants by the end of October 1993. It is strongly recommended that
participants complete the QA exercise before starting the actual analysis of samples
collected with the Gent sampler.
In addition to the formal QA exercise, continuous quality control of the analyses is
essential.

It is recommended that about 1 0 % of all measurements should be check

standards; a combination of certified reference materials, laboratory standards, or repeated
measurements of the QA particulate standards provided by Dr. Landsberger.

This

percentage is only an approximation and depends on the number of analyses run at one
time; large numbers of samples run in a batch might require less than this, and when only
a few samples are analyzed at one time, the percentage should be higher.

Quality

assurance on data reporting and evaluation has already been discussed above; such as
using a standard format, etc. For the central data processing, it is best to report only raw
data in spreadsheet form to Dr. Hopke, so that further data evaluation may be checked
without bias. This further central data evaluation should not replace the data evaluations
done individually by the participants, but would be done in parallel.

ORGANIZATIONAL ASPECTS
9. Potential sources of additional

funding

We appreciate any comments that could be contributed on any potential sources of
additional funding.

10.

Co-operation
The question of how to facilitate co-operation from national agencies was discussed.

We encourage all participants to seek such collaborations, and if successful, this data
would be useful to report on at the next RCM. Although the Agency cannot write a
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blanket letter of support or official request for support, it is possible t o treat requests on
an individual basis.
A t this time, other international organizations (e.^. UNEP ) are informed of our
activities in appropriate CRP's, but there are no formal co-operations, such as monetary
support.

Individual participants have found co-operation with UNEP to be useful in

previous programmes.

7 7. Role of Seibersdorf

Laboratory

Technical support for the CRP will be provided by the Agency's Seibersdorf
Laboratory; this will mainly be in areas concerning quality assurance and methods
validation. The Laboratory will contribute t o the validation exercise outlined in section 8,
paragraph 6, and will also investigate the feasibility of producing, on a larger scale, some
air filter reference sampies similar to those already provided by Dr. Landsberger. A limited
number of air filter samples will be collected in the Vienna area using the Gent sampler,
and will be analyzed by NAA, XRF and other techniques. These analyses will contribute
t o the data for the core programme. The Laboratory will also assist in evaluating the
suitability of nuclear-related techniques for the analysis of rainwater samples (section 5,
paragraph 4). Finally, the Laboratory is also able to offer possibilities for relevant training
in NAA and XRF; these are accessible via the Agency's fellowship programme.

12. Technical co-operation projects and

training

Technical co-operation projects and training are possible sources of support for future
work.

Participants were informed that proposals for the next period of Technical Co-

operation projects (1995-1996) have t o be submitted by the end of this calendar year.

13. Information

exchange

The Agency encourages exchange of any information pertaining to this CRP. Please
send any relevant reprints to us and t o the other participants. As the INIS (International
Nuclear Information System) database is again on-line, we may send out periodic printouts
of relevant articles distilled from the database.
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74. Expert meetings and

publications

It was agreed that the inclusion of rainwater and precipitation samplers requires more
information and discussion. It was further suggested that this would be an appropriate
topic for a separate expert meeting. Another suggested meeting for the future was on the
topic of the use of biomonitors of air pollution studies.
A suggestion that Dr. Maenhaut publish the specifications of the Gent PM-10 sampler
will be further discussed. This will possibly be done with the addition of Dr. Hopke's
results on the characterization of the inlet.

15. Publications

policy

The Agency encourages all participants to publish results derived from this
programme.

Any publications will help the success of the whole CRP. Normally, the

policy within previous CRPs has been t o publish results from within the scope of the "core
programme" of the CRP together w i t h all participants, co-ordinated by the secretariat. For
further publications, outside the scope of the "core programme", but related to, the CRP,
w e respectfully ask that the Agency's support be acknowledged.

16. Next RCM
Since the normal frequency of RCMs is not more than one every year and a half, it
was suggested that the next RCM be held at the end of 1994, although no specific date
was agreed upon. It was agreed that it would be best to have a dedicated meeting, rather
than to link it to a major meeting on related topics.

The proposals from Dr. Khan

(Bangladesh) and Dr. Cohen (Australia) to hold the next RCM will be considered further and
a suggested time and place will be proposed at a later date.
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Abstract
Buenos Aires city and its surroundings, has a huge population and very dense traffic. There are
many possible pollution sources that can be identified, but other characteristics such as weather and
location counteract some of these sources to the benefit of the atmosphere of the city. Although several
groups have been working on these subjects, there is not enough information about which elements are
present in Buenos Aires air. The aim of this project is to provide information about the elemental profile
of the atmosphere of the city and to evaluate and to make an interpretation of the obtained data. Both XRF
and INAA are going to be used for analyzing the air filter samples with the participation of the
Meteorological Service in sampling and Interpretation of the results. By choosing adequate sampling sites
and times, differences between day/night, week day/weekend will be looked for. The influence of nonleaded petrols will be studied. Some work on air samples was done before the beginning of this contract
to settle future working conditions. Some results from this study are presented only as preliminary ones.
Sampling will begin during this April at two sites with different traffic density. For both XRF and NAA
suitable standards will be prepared. Medium and long lived nuclides are going to be analyzed by INAA.
Plans for 1993 are given as well as possible collaboration with other groups in the country.

1.

SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

1.1.

Introduction

Argentina is a South American country of approximately 2,800,000 square
kilometres with a population of 35 million inhabitants. The federal capital is Buenos Aires
and is located at 3 4 ° 3 8 ' S, 5 3 ° 2 9 ' W , by the Rio de la Plata river, it has a surface of 200
square kilometres and a population of about 4 million habitants. The Great Buenos Aires
belt which comprises 19 municipalities, surrounded the city, forming the Buenos Aires
Metropolitan area. This area covers 3 8 0 0 square kilometres and holds a population of
more than 11 million people. From now on, all the mentions t o Buenos Aires will be
referring to the Buenos Aires Metropolitan area (Buenos Aires city plus Great Buenos
Aires).
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Vehicle combustion exhausts must be taken into account as the principal cause of
deterioration of the atmosphere of the city. Vehicle circulation has been estimated in
1,700,000 cars, 40,000 taxis and 10,000 buses plus an uncertain number of trucks not
evaluated at this census (1991). Buenos Aires has a very dense public transportation
network mostly based on buses. Most of them have diesel-motors which produce dense
dark smokes, principally due to poor combustion conditions. Although the use of natural
gas has become popular, especially among taxi owners, the vast majority uses leaded
petrol. The non-leaded type has begun to be sold only since the second half of 1992.
Although Buenos Aires cannot be considered as an industrial city, there are a great
number of industries within its limits. The existence of a big harbour and the confluence
of all the national transportation network, were the principal causes for the settling of all
kind of industries. After the Second World War the relative percentage of industries in the
city diminished due to the explosive growing of the Great Buenos Aires. This can be
divided into two rings, a first one by the city limits, heavily industrialized and an outer one
with industries and small agricultural areas.
In fact there exists an industrial corridor, more or less parallel to the rivers ParanaRio de la Plata, running from Zarate (90 km N from Buenos Aires, 65,000 inhabitants) to
La Plata (56 km S from B.A., population 450,000). More than 40 % of the national
industry is located here; towards the north there are siderurgy, car, electronics,
metallurgy, chemical, pharmaceutical and plastic plants. To the south, in addition to
several of these industries there are important leather, fur and meat processing plants,
distilleries and soap and detergent producing factories. Near La Plata there's a big distillery
(32 % of national petrol processed here), a petrochemical complex and a siderurgy plant.
During the 1970's several laws prohibited new industry settlements within the city
limits plus a ring of 60 km around it and contemplated the relocation of certain type of
industries considered as highly polluting. In 1983 Municipal authorities approved the
Environmental Prevention Pollution Code, and a policy of tax reduction was begun in order
to encourage the location of industries in other provinces of the country.
Industries must undergo an official census but there are a lot of undeclared ones
so it is very difficult to have an accurate inventory and control of their processes and
effluents. From some months now, the authorities have been performing control
operations over some industries, mainly as a consequence of denounces and as a part of
a growing campaign of both inhabitants and authorities, interested in life quality and
environmental preservation.
Another source of pollution are the thermal power stations which consume fuel-oil
during winter months. The rest of the year they use natural gas. There is a project,
starting this year, between the International Co-operation Agency of Japan and the
Argentine Secretary of Energy and the Atomic Energy Commission for the study on air
pollution control in Argentine thermoelectric central.
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With respect to pollution arising from domestic uses, this contribution is not very
important, since natural gas is mostly used for cooking and heating and private refuse
incineration was prohibited some years ago. Sedimentary dust and suspended particles,
from different origins are important factors of deterioration of the atmosphere, especially
at Great Buenos Aires.
Since the early 1970's different agencies, either national, provincial or municipal
have been dealing with partial aspects of environmental problems. Until the early 1980's,
there existed an air sampling network for the capital, run by the Municipality (Secretary
of Environment and Urban Planning) consisting of 12 stations for the evaluation of daily
amounts of nitrogen oxides, carbon monoxide and sulphur dioxide and less frequently,
volatile organic compounds, lead, smokes, sedimentary dust and suspended particles. But
nowadays there is only one reference sampling station which continues to determine
trends.
A report from the Laboratory of Atmospheric Surveillance, depending of the above
mentioned Secretary, indicates an increasing trend for the last five years, for carbon
monoxide and nitrogen oxides concentrations, although the annual statistical averages are
still below the accepted values (Environmental Pollution Prevention Code, CO: 15 mg/m 3 ;
nitrogen oxides: 0.4 mg/m3). For sulphur dioxide, the annual averages don't show any
trend and are significantly lower than the accepted limit of 0.5 mg/m 3 . This has been
related to the generalized gas use instead of other combustibles and the low sulphur
content of Argentine oils. The values for sedimentable dust, suspended particles and
smokes are higher than the limits of the Code and they strongly depend on the sampling
site.
For lead there are contradictory values. In the municipal report, it is claimed that
lead concentrations are lower than the maximum accepted values of 1 //g/m 3 but in the
work of Caridi et al. 11], the values are significantly higher depending on the sampling site
(downtown, day, high density of traffic, 3.9 yyg/m3).
With respect to other trace elements, there is no information, unless the studies
originated to denounce certain industries as being polluting.
But Buenos Aires has the advantage of being located on a very wide plain, being
the highest point of the city only about 30 m a.s.l.. This situation and the proximity of the
river explains a ventilation that reduces pollution effects. This beneficial action is
somehow diminished downtown (financial district) because although this area is located
by the river, a compact sector of high buildings acts as a barrier. The humid clime of
Buenos Aires is strongly influenced by winds; the cold and humid winds from the South
Atlantic cause weeks of rain and stable temperatures, and the fresh and dry winds from
the SW cause sudden changes of weather, usually after a long period of North wind
(tropical hot air). Meteorological inversions seldom occur during high pressure winter
conditions, when the accumulation of pollutants over the city can clearly be seen. These
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inversions are destroyed by the changing meteorological situation and rarely last more than
t w o or three days, but this is merely a good influence and it has not been quantified yet.
This introduction gives an overview of the factors that can affect Buenos Aires
atmosphere. Although the city does not have the pollution problems of other ones of
comparable size and population, the study and control of toxic or potentially toxic
substances in its atmosphere has not received the attention that the problem deserves.
In spite of the quantity of working groups and institutions having t o do w i t h pollution
subjects, no studies have been performed on the quality of the city atmosphere in
connection with its trace element concentrations.
The aim of this project is to study air filter samples of Buenos Aires by both
Instrumental Neutron Activation Analysis (INAA) and X-Ray Fluorescence (XRF) and thus
providing concentration values for elements present in the atmosphere. It is not intended
as an overall control or measuring programme, but as a preliminary study w h i c h could call
the attention of the authorities and of other Argentine researchers about the importance
of this subject.
1.2. Work already done on the subject
During the last months of 1 9 9 0 the NAA laboratory of the Argentine Atomic Energy
Commission, got in contact w i t h the Air Pollution Centre of the Meteorological Service and
conversations began about collaboration in the analysis of samples related t o atmospheric
pollution, especially air filter samples.

The Air Pollution Centre had been working on

atmospheric aerosols, rain events and atmospheric precipitation studies.
Along the t w o following years and in different occasions, the Centre provided air
filter samples to the NAA group. As some of them were in some w a y damaged from
manipulation or had been used for electronic microscopy studies, they were used to settle
conditions for future irradiation and counting schemes. Some of the samples were from
Pennsylvania (Pennsylvania State University) and others from Buenos Aires Central
Meteorological Observatory, a park in a residential area at the highest point of the city.
These Buenos Aires samples had been originally taken for a study of particle size
and number distribution by electronic microscopy and the organic qualitative composition
was characterized [ 2 ] . The sampling was performed with stacked filter units, using
Nuclepore filters on open front filter holders and following t w o possible pore size
combination schemes: 8, 3 , 0 . 4 , 0 . 2 / m i and 3, 0.4/L/m. Air mass stability conditions were
selected as a pre-requisite for sampling since filtering w a s used for sampling periods from
12 t o 2 4 hours.
The first irradiations for INAA were carried out at the RA-3 reactor of the National
Atomic Energy Commission, to study the effect of irradiation time and position on both
filters and containers.

Quartz ampoules and several types of plastic vials were tried.

Difficulties arose on many occasions due t o reactor changes of its operating power. These
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early tests didn't include standards, but qualitative analysis showed the necessity of
changing the sample into a fresh vial, once irradiated. Practice in manipulating filters prior
to irradiation was gained and decay time and measuring conditions were also adjusted.
While these experiences were carried out, a new irradiation position behind the
graphite reflector was opened. After some tests were repeated, it was decided to use this
position for future irradiations.
Once an analyzing scheme was set, some Buenos Aires samples were irradiated
along with the IAEA standard Soil 7 to obtain some quantitative preliminary results by
INAA. Among these samples, three had been taken using only one filter (0.4/ym).
On February, another irradiation facility (RA-1 reactor CNEA) became available so
some experiences to set irradiation conditions are being done now.

2.

METHODS

2.1. Sampling
A sampling campaign is beginning in April 1993. Twelve hour sampling will be used
downtown, to allow discrimination between day and night. At certain sites, 24 hour
sampling will be preferred.
Two sampling sites with different traffic densities, have been selected to begin
with, downtown, at a very busy financial and commercial area and at a residential
neighbourhood. A third site may be included simultaneously with the above mentioned
two. Although during the next months sampling sites may be changed and even its
number increased, the scheme of different traffic density areas will be kept.
Sampling will be carried out using the stacked filter unit sent by IAEA and another
set of pump plus open front filter holder, from CNEA. The Meteorological Service will be
collaborating with a third equipment on some occasions. Nuclepore filters will be used.
2.2. Analytical Methods
The samples will be analyzed first by XRF and then by INAA. Filters will be
weighed prior to and after sampling, with a 24 hour acclimatization to the balance room
conditions [3].
Dispersive wavelength XRF will be done for both light and heavy elements, giving
special attention to lead and suitable standards will be developed for quantitation.
For INAA, two irradiation facilities are available; the RA-3 reactor (Ezeiza Atomic
Centre, CNEA) of 4,5 MW and a thermal flux of 3* l O ^ n - c m ' ^ s " 1 and the RA-1 reactor
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(Constituyentes Atomic Centre, CNEA) of 40 kW and a thermal flux of lO^n-cm^.s" 1 .
The INAA laboratories are located at the Ezeiza Atomic Centre.
Irradiations will be mostly done at RA-3 reactor, for 6 h. Once irradiated, the
samples will be transferred to fresh vials for their measurement.
As there is no pneumatic facility available, it is impossible to determine short-lived
nuclides. Medium- and long-lived ones will be measured after a 7 day and an
approximately 3 week decay respectively. For gamma spectrometry, two detectors will be
used, a hyperpure Ge one, 1.9 keV resolution (for 1332.5 keV Co-60 peak) and a Ge(Li)
of 2.2 keV resolution, coupled to a Series 85 Canberra multichannel analyzer. The spectra
will be processed with a software developed at the laboratory.
Standards are going to be prepared at the laboratory and they will be checked
against certified materials. For quality assurance, certified reference materials will be used
to test the accuracy and precision of the analytical method, along with each spectrum
individual evaluation and the participation in future interlaboratory comparison rounds.
With respect to data evaluation, the Statgraphics program will be used as a first
step and enrichment factor calculations will be done. The Meteorological Service will
participate in the data interpretation.

3.

RESULTS

To illustrate what was observed and quantified in Buenos Aires samples, some of
the obtained concentration values are given. For those samples coming from a scheme
of three filters of different pore size, most of the concentration values were not of good
quality. The results shown in Table I are for 12 h samples taken on Nuclepore 0.4 yum as
a unique filter. The three samples are from residential areas, but sample 3 is from a higher
TABLE I. ELEMENT CONCENTRATIONS IN AIR FILTER SAMPLES OF BUENOS AIRES.
Values in jjg per 1 g of sample

Br
Co
Cr
Fe
La
Na
Sm
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Sample 1

Sample 2

Sample 3

0.931 ± 0.058
—

0.841 ± 0.050
0.008 ± 0.002
0.103 ± 0.021
9.7 ± 1.2
0.0094 ± 0.001
10.03 ± 0.20
0.0010 ± 0.0001

0.270 ± 0.040
—

0.102 ± 0.021
7.79 ± 0.93
0.0044 ± 0.0006
2.79 ± 0.10
0.0063 ± 0.0001

0.221 ± O.029
4.73 ± 0.86
0.0037 ± 0.0007
11.5 ± 1.2
0.O061 ± 0.0001

traffic density one. Results are expressed in //g per 1 g of sample due to lack of filter
weights. In addition t o the elements in Table I, Hg, As, and Zn were also observed.
These figures have to be taken only as an indication of the possible profile of an
aerosol sample from a Buenos Aires residential neighbourhood. The results are only
preliminary and are considered as semi-quantitative, due to several factors as the original
sampling for other purpose than this study, the lack of control over the manipulations
between the sampling stage and the analysis of the filters and the absence of a suitable
standard.
As for XRF, due to difficulties w i t h the instruments and without having an
appropriate standard, only a qualitative assay was done for heavy and light elements,
observing Fe, Mn, Zn, Pb, Cu, Ni, Ca and K.
Taking into account the characteristics of the results, no data evaluation was used
on them. But they will serve to complete the aerosol characterization studies performed
by the Air Pollution Centre of the Meteorological Service.

4.

PLANS FOR FUTURE WORK
During 1993, sampling will be performed at designated sites of Buenos Aires.

There is a possibility of sharing sampling sites with the Municipality as there is a project
of re-activation of its sampling network, or at least part of it. Another offer has been to
share their air filter samples for lead evaluation.
Irradiation experiences at the now available RA-1 are going to continue and
although not immediately, there is a possibility of using this facility for short-lived nuclides
analysis.
Emphasis will be put on standard preparation for both INAA and XRF and quality
assurance.
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Abstract
Aerosol particles in the size range less than 2.5 pm play an important role in pollution studies.
They are small enough to lodge in lungs and cause health problems, they impair visibility and the public's
perception of pollution and they are capable of being transported over large distances as they do not settle
out readily. In this report we will describe the large area fine particle network consisting of 25 cyclone
sampling units covering 80,000 square kilometres of the state of New South Wales in Australia. The
network called ASP-Air Sampling Program - collects particles on 25 mm stretched Teflon filter papers which
are ideal targets for accelerator based Ion Beam Analysis (IBA). We will discuss the four IBA techniques,
PIXE, PIGME, PESA and RBS used simultaneously on the accelerator at ANSTO and present some of the
early results of the Co-operative Research Program.

1.

SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Sydney is situated 34°S, 151 °E on the eastern seaboard of the Australian
coastline in the State of New South Wales. It is a coastal city with a moderate climate
having a mean maximum summertime temperature of about 35° C and a mean minimum
winter temperature of about 5°C. The population of the State of New South Wales is
about 4 million people with more than 3 million people living within a 150 km radius of the
city centre. Sydney has the Pacific Ocean to the east with warm water temperatures,
15°C- 22°C, and is surrounded by national parks and large areas of bushland on all other
sides. However, 100 km to the north and 75 km to the south are the major industrial cities
of Newcastle and Wollongong respectively. Newcastle is one of the significant coal
exporting cities in Australia, the area accounts for about 60% of the total black coal
reserves in the State of New South Wales. These two cities are major industrial centres
with industries such as iron and aluminium smelting, sulphuric acid plants, lead and zinc
production and fertiliser works. The six major coal-fired power stations that supply the
city of Sydney with power are also close to these major industrial centres being located
in a band 50 - 200 km from the Sydney city centre, but predominantly to the north and
west of Sydney. A range of mountains known as the Great Dividing Range runs parallel
to and about 50 - 100 km from the coast, actually intersecting the coast in the
Wollongong area. Three major river systems intersecting Sydney mean that a large
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Figure 1. Location map of the 24 ASP fine particle aerosol samplers within 200 km of
the city of Sydney. The coal fired power stations serving the Sydney area are also
shown.

Table I. THE CATEGORY CLASSIFICATION FOR EACH OF THE 24 SITES SHOWN IN
THE ASP NETWORK OF FIGURE 1.

Type

Location

Site
Number

Type

Location

Site
Number

Rural

Putty
Oberon
Crookwell
Mudgee
Wilton

16
13
20
15
14

Urban/
Nonindustrial

Blackheath
Albion Park
Lucas
Heights
Macquarie
Univeristy

12
7
1

Rural/
Urban

Badgerys
Creek
Moss Vale

21
19

Urban/
Industrial

Bellamnbi
Rozelle
Purmont
Lidcombe

9
3
2
5

Rural/
industrial

Richmond
Muswellbrook
Cullen
Bullen
Doyalson
Tomago
Campbelltown

18
4
22
24
11
6

Urban/
Heavy
industrial

Mayfield
Warrawong
Mascot

10
8
23

17

fraction of the population of Sydney lives in major pretty basin areas bounded by the
mountains and the ocean. This makes our topology similar in some ways to the Los
Angeles basin with the potential to trap pollution in still weather conditions. This together
with our large amounts of sunshine, large use of unleaded cars and industry to north and
south, gives us a few high days per year of poor visibility, photochemical smog, ozone,
SOX and NOX episodes.
The NSW Environmental Protection Authority (EPA) has been regularly monitoring
gaseous emissions, SOX, NOX and ozone and PM-10 particulates with some nephelometer
studies as well as operating sampling sites at 8 inner Sydney city locations for many years.
The EPA also requires industry to perform its own monitoring in Wollongong, Sydney and
Newcastle. No large scale fine particle ( < 2.5 jum) studies have been carried out in the
region during the past 10 years.

35

In 1991 ANSTO established a collaboration with the NSW EPA; the Pacific Power
Company which supplies coal-fire power t o Sydney/Wollongong/Newcastle; and the
Universities of New South Wales and Macquarie in Sydney, and obtained 3-year funding
from the Energy Research & Development Corporation (ERDC) t o sample particulates from
coal combustion using 25 cyclone samplers placed in a network covering the major
pollution areas of Sydney/Wollongong/Newcastle. The siting of the sampling units is
shown in Figure 1 . The major Sydney basins are bounded by the coast and the ASP sites
at Lucas Heights (1), Campbelltown (6), Badgerys Creek (21), Richmond (18) and
Macquarie University (17). Only 2 4 ASP sites are shown on this map, the 25th site is at
Cape Grim in Northwest Tasmania (the island to the south of the Australian mainland),
which is considered as one of the major global baseline stations, we are measuring low
level fine particles there as part of a Global Climate Study. The 24 sites selected in New
South Wales include, at one extreme, the most urbanised and industrialised sites in eastern
Australia and at the other, rural sites adjoining large areas of national parks and virgin
bushland. The network has been divided into 6 categories (shown in Table I) and the mean
particulate levels and elemental concentrations from the sites listed will be used to
compare the pollution level from each of these categories.
The cyclone sampler at each site has a 2.5 //m cut off and runs for 2 4 hours every
Sunday and Wednesday using one Giliman 25 mm diameter stretched Teflon filter paper
for each day. A Thompson diagram pump pulls 2 2 l/min through the cyclone to produce
the 2.5 //m cut off giving a total volume in 2 4 hours of around 32 m 3 / filter. The cyclone
head has positions for four 25 mm filters but only t w o (Sunday, Wednesday) are currently
being used and these are changed once a week every Monday.
The unit (shown in Figure 2) contains vacuum and magnehelic gauges to measure
the pressure drop across the cyclone for flow rate calibrations as well as a 7 day
programmable clock to turn the pump off and on. The flow rate is calibrated using a
variable critical orifice. Parts of the network have been operational since 1 July 1991 and
we are now collecting 250 Teflon filter papers/month for analysis at ANSTO .
The information obtained from the large scale fine particle network shown in Figure
1 has much wider ramifications than just looking at fuel combustion products and sources
associated with power stations, as the unique accelerator based ion beam analysis
techniques provided by ANSTO enable us to quantify and source the many different
contributions to the particulate soup in which w e currently live. This has far reaching
implications in such environmentally sensitive areas as:
•
•

community health (fine particle inhalation/ asthma, etc.);
air pollution regulation and management (Governments and industry);

•
•

particulate contributions to poor visibility;
long range transport of industrial particulates (beyond state borders);

•
•
•

soil erosion and fine soil transport;
global climate weather changes; and
sustainable urban development and planning.
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Figure 2 . An ASP Cyclone Sampling Unit. Air is pulled through the stack into the
cyclone by the pump at 22 L/min for 2 4 hours. The magnehelic and vacuum gauges
are used to monitor this flow rate. The 7 day timer turns the pump on, on Sundays
and Wednesdays.
The objectives of our part of this Co-operative Research Program are:
(a)
(b)

To study the quantity and composition of these fine particles over several
summer/winter cycles in both urban and rural environments;
t o apportion contributions of various sources of fine particles such as combustion
processes, industrial stacks and motor vehicles; and

(c)

t o try and correlate some of the fine source components with health effects such
as asthma.
The health effects of smog are particularly important t o Australians, as they have

the highest incidence/ capita of asthma in the world.
The ASP Project is currently collaborating with Prof. Tom Cahill, University of
California, Davis, USA and through him with 11 other countries including Egypt, Finland,
Canada and Japan. The program at Davis is also closely linked with the United Nations
World Meteorological Organisation (WMO) and its Global Atmospheric Watch (GAW)
program. The Australian ASP program has been invited to assist these projects especially
as we have one of our fine particle sampling units currently operating at Cape Grim, a
world baseline station.
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We are also collaborating closely with 4 of the other 6 Australian States namely
South Australia, Victoria, Queensland and Western Australia, in trying to establish a truly
national Australian fine particle aerosol network. This could have significant implications
in major international global aerosol programs such as those run by the United Nations
since Australia is clearly a large southern hemisphere landmass and hence critical for data
input from southern hemisphere regions.

2. METHODS
At ANSTO we have several particle accelerators including an 8MV Tandem and a
3MV Van de Graaff accelerator, as well as t w o research reactors. This provides us with
a variety of nuclear techniques for analysis of Teflon filter papers obtained from the
network. To date we have used mainly ion beam analysis techniques based on the 3MV
Van de Graaff accelerator together with about 10% of samples being analyzed by neutron
activation analysis (NAA) for about 12 elements in the larger of our t w o research reactors
and some ion chromatography (IC) for sulphate, chloride and fluoride ions as part of our
quality assurance program.
The accelerator based IBA techniques used at ANSTO are discussed below:
2.1 Particle Induced X-ray Emission (PIXE)
Particle Induced X-ray Emission or PIXE became popular in the mid 1970's following
an excellent review on analytical applications of PIXE by Johansson and Johansson [1].
The technique has been adequately reviewed over the years [2-4] and will not be treated
again here. It suffices t o say that PIXE provides the bulk of the analytical information since
it is applicable to elements from aluminium to uranium. The X-ray spectra are especially
free from background emission as shown in Figure 3 and this allows lower detection limits
typically less than 10 ngm' 3 of air for input proton energies of between 2 and 3 MeV.
Typical proton beam currents are less than 1 nA/mm 2 for beam diameters of around 8 mm.
Thin standard Micromatter foils of Al, Si, CI, Ca, Fe and Sr are used to calibrate the PIXE
detection system from 1.4 keV to 20 keV. Over the past 18 months the calibration has
been reproducible to better than ± 3 % .
2.2 Particle Induced Gamma Ray Emission {PIGME)
Particle Induced Gamma Ray Emission or PIGME is produced when the input ion or
in our case proton interacts with the target nucleus producing high energy photons or
gamma rays. These gamma rays are characteristic of the target nucleus struck and their
number is proportional to the amount of this target isotope present in the target. We use
PIGME to measure sodium and fluorine only. It has higher minimum detectable limits than
PIXE being typical around 150 ngm'3 of air for sodium and 60 ngm"3 for fluorine for a few
minutes of beam time using 2 - 3 MeV protons. A typical PIGME spectrum is shown in
Figure 4 . Standard thin Micromatter foils of calcium and strontium fluoride, and sodium
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Figure 3. A typical PIXE spectra for Mascot - ASP23, a heavy industrial site, and
Oberon ASP13, a rural site, taken on the same day, 2 4 June 1992. The solid curve is
the PIXAN fit to the data (the dashed curve).
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Figure 4 . A typical PIGME spectrum for Cape Grim - ASP25, a seaside location
showing the Na 440 keV gamma ray peak and the 197 keV and 6.129 MeV F gamma
rays from Teflon.
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Figure 5 . Comparison of typical PESA spectra for a heavy industrial site - Mascot
ASP23 and for Cape Grim ASP25 taken the same day, 2 4 June 1 9 9 2 . These spectra
were accumulated simultaneously with the PIXE spectra of Figure 3.
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Figure 6. A typical proton RBS spectrum for a thin stretched Teflon filter paper. The C,
O and F peaks are clearly seen. The N peak is small and lies between the C and O
peaks.
chloride are used to calibrate the PIGME system for these elements. The PIGME technique
is run simultaneously with the PIXE technique on the same sample although count rates
into the PIGME spectra a somewhat lower than into the PIXE spectrum since PIGME is a
nuclear reaction while PIXE is an atomic one.
2.3 Particle Elastic Scattering (PESA)
Hydrogen is a difficult species t o measure accurately; in our system we acquire
total hydrogen measurements on the filter using the proton elastic scattering (PESA) or
forward scattering technique [5,6] at 30 degs The spectrum signature from hydrogen being
the lightest element is well separated from the heavier elements as shown in Figure 5 and
enables use obtain minimum detection limits around 15 ngm' 3 for a typical 3 /JC run. A
standard thin 6 //m for hydrogen analysis. The PESA technique can clearly only be used
with a thin filter paper target where the ion only losses a small fraction of its total input
energy.
2.4 Rutherford Backscattering (RBS)
Rutherford Backscattering is similar in nature to PESA, except the detection is in
the backward direction. In our case we use a reaction angle of 169 degs to detect total
carbon, nitrogen and oxygen on the filter. Standard thin Mylar and Kapton foils are used
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Figure 8. A comparison of PIXE analysis and NAA analysis on the same 100 filter
papers for up to 15 different elements.
to calibrate the detection yields, since the reaction cross sections for these light elements
are non - Rutherford. Detection limits for nitrogen and oxygen are around 200 ngm"3 for
typical 3 //C run while minimum detection limits for carbon are much higher at around 500
ngm"3 since we have to subtract the effects of carbon in the Teflon filter itself. A typical
RBS spectrum for a3jt/C run on a thin stretched Teflon filter paper is shown in Figure 6.
3. RESULTS
All 25 ASP cyclone sampling units in the network have now been operational since
1 March 1992. The collection efficiency for more than 3000 samples from the network
in the first year was greater than 96%.The network currently produces 250 Teflon filter
papers/month which are analyzed for H, C, N, O, F, Na, Al, Si, P, S, CI, K, Ca, Ti, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, Br, and Pb using IBA techniques. The PIXAN package developed
at ANSTO [7] is used to analyze the PIXE spectra using the site supercomputer. Fits similar
to the solid line shown in Figure 3 are typical. In-house spectrum fitting routines have been
written to analyze the PIGME, PESA and RBS data obtained simultaneously with the PIXE
data. Typically we run 2.6 MeV protons for 3 to 5 mins using a 10 nA, 8 mm diameter
beam and the solid angles for each of the 4 detection channels are adjusted so that the
count rates produce roughly similar deadtimes in the PC data acquisition system.
The results from the IBA analysis have been compared with ion chromatography (IC)
on 50 samples and several different chemical species and with neutron activation analysis
44

analysis I N A A J on I U U samples ana I D eiemenis. ine results are aispiayea in rigures /
and 8, respectively, and where the techniques do not reach their lower detection limits
they all show satisfactory agreement with the IBA methods.
4 . PLANS FOR FUTURE WORK
We plan to run the ASP network until at least the end of 1993. Should 'i r :ther
funding become available, a!! 25 sites will continue to operate longer. We are currently
building a sampling unit to measure fine aerosol nitrates in collaboration with Prof. Tom
Cahill of University of California at Davis (USA). The design of this unit is based on the
USA IMPROVE sampler using 47 mm diameter Nylasorb nylon filters and a stack denuder
placed into the stack shown in Figure 2. Flow rates through the cyclone and hence the 2.5
/vm cutoff are similar to our existing system.
In February we received a Gent stacked filter unit (SFU) from Dr. Willy Maenhaut
in Belgium as part of the CRP with the IAEA. The unit is being set up to run 47 mm
diameter Nuclepore polycarbonate filters for course 8 //m and fine 0.4 JJM diameter
particles. We hope to site this unit together with the UCD nitrate unit alongside one of our
existing ASP units at a site where the NSW EPA are also operating several other
instruments like High Volume PM-10 samplers and nephelometers.
We are also currently seeking funding from the National Health and Medical
Research Council to support a program of research into studies on the classification of
submicron particles and their impact on asthma problems. This project is being run in
collaboration with Queensland University of Technology in Brisbane, Queensland.
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Abstract
The trace element constituents of aerosols such as Hg, Pb, Cd, Se, As, Cu, Zn, Cr, V, etc. are
permanent pollutants affecting the biosphere and the general ecosystem. The measurements of these
elements collected on air filters, in rainwater, and also in some bioindicators such as moss and lichen, can
yield very significant information on the origin, transport, removal and deposition of these pollutants. A
set of sensitive and precise nuclear-related and chemical methods such as PIXE, EDXRF, FAAS and DPASV
have, ther>. fore, been developed and applied to analyze a number of trace and minor elements in air
particulates, coal fly ash, plant materials, moss and water. Further analytical developments would include
INAA and TRXRF. Some of the results from air particulates (integral), coal fly ash and moss analyses are
presented to illustrate the experience level of the Laboratory. A core programme of study on the trace
element composition of aerosols from urban and rural atmosphere in Bangladesh has been planned for
implementation within the framework of this CRP. Weekly air sampling would be done in high and low
pollution areas and the temporal variations in trace element composition, along with meteorological data
would be established so that valid comparison of the results with similar data from other geographical
regions can be made and the possible causes for the variations can be correctly assessed. In the
supplementary programme, research would be conducted to identify some biomonitors such as moss to
study the atmospheric deposition pattern of heavy metals in Bangladesh. Chemical characterization of
rainwater in terms of major cations and anions is anticipated, if an ion chromatograph is available.

1.
1.1

SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT
Scientific Background
During the last decade, a great awareness has been created among the public and

the Government as to the impact of chemical pollutants on the quality of human life and
the general ecosystem. As a result, great strides are being made in different regions of
the industrialized world to develop a better understanding of the issues related to various
aspects of environmental pollution because some parts of the globe previously thought to
be pristine are now found to contain hazardous pollutants like Pb, Hg, PCBs, etc. [1]. In
the absence of general human activities in these areas such as the Arctic, these pollutants
might have been transported from distant sources.

Such findings have drawn the

attention of serious researchers [2]. The developing world in this regard is in the early
stage of initiating such studies, and are limited to local factors, as many countries in this
region lack the required technology for comprehensive environmental pollution analysis in
general and atmospheric pollution in particular. At this backdrop, the basic object of the
present Co-ordinated Research Programme (CRP) on "Applied Research in Air Pollution"
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is believed to provide the right format to narrow down the knowledge gap in this field of
global interest.
The atmospheric chemical pollutants exist as gaseous and particulate compounds,
together known as aerosols. The major gaseous components are important to study as
they influence global climate change and acid precipitation while the particulate matter
constituents, mostly the trace elements in different chemical forms, are also important to
study as they influence cloud formation and solar radiation budget and can alter the quality
of life. The particulate matters in the troposphere and the atmosphere are subjected to
worldwide distribution by air mass circulation and they are ultimately returned to the
Earth's surface by w e t deposition through precipitation and by dry deposition through
sedimentation, impaction and diffusion [3]. After their deposition onto the Earth's surface,
they enter the food chain at a rate determined by the deposition intensity, biogeochemical
processes and hydrodynamic conditions of a given ecosystem [4]. Since trace elements
in the environment can be considered as nutrients and toxic pollutants and also as tracer
of transfer mechanisms, for global mass balance models [5] of these elements, it is
necessary to study the regional as well as global distributions of trace metals that are
taking place as airborne dusts and industrial emissions and correlate them with the global
circulation patterns. Such a study would enable us to detect the cause of natural and
unnatural variations in the concentrations of these elements in aerosols and their
correlation with meteorological fluctuations. The identification of the source- receptor
relationship and the estimate of source strengths would help develop appropriate pollution
control programmes. The results from these studies would thus be an invaluable source
of data essential to assess the long-term ecological and health impacts of the huge
quantities of toxic metals being globally dispersed in the different compartments of the
living environment including the atmosphere.
1.2 Scope of the project
The Government of Bangladesh is aware of the implications of environmental
pollution and as such taking initiatives to develop standard criteria for environmental
quality, particularly, for ambient air, drinking water and foodstuffs. Our laboratory is
involved in this national development effort to provide baseline data on different chemical
parameters of environmental concern required by the Department of Environment. The
requirement for baseline data t o define ambient air quality can be satisfied to a large extent
within the framework of the present CRP.
In the area of air pollution, no substantive study has yet been reported in
Bangladesh. In the absence of proper sampling facilities and lack of requisite knowledge,
very limited studies on trace metal composition of air particulates (AP) in the Dhaka city
were recorded [6]. These studies were primarily directed towards the development of
standard sampling and analytical procedures. Further development of this competence to
a requisite level is foreseen under the scope of the present CRP, as the Agency plans to
provide substantial supports for obtaining the standard air sampling equipment, standard
reference materials essential for validating the analytical methodologies, training facilities
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for the scientific staff and also to a larger extent, major capital equipment support through
technical cooperation for the overall development of the programme in the member states.
Above all, the scope for exchange of information and ideas with the participants from the
developed laboratories of this coordinated research programme is the most important
consideration of the programme.
The experimental strategy of the programme would provide opportunities to obtain
(i) accurate national baseline data on trace element compositions of the atmospheric
environment, (2) chemical characteristics of rainwater and (3) identification of some
botanical species in Bangladesh that can be used to monitor the temporal pattern of trace
metal deposition on the terrestrial environment under a tropical climate.
1.3 Related work done and other Internationa! collaborations
An external beam Particle-Induced X-ray Emission (PIXE) method for multielement
analysis (Z > 19} of size-fractionated AP was developed in 1988 [71. In air sampling, a
6-stage Battelle type Delron cascade impactor and Nuclepore filters were used. The
method was applied for workplace monitoring of trace metals. Resource limitations such
as an accurate volumetric device and a good microbalance, hindered further development
of this work. To analyze relatively lighter elements in particulate matter, an experimental
setup for internal beam PIXE has recently been developed with assistance from the IAEA.
The analytical standardization of the system for accurate results would be completed soon
after acquiring some Micromatter standards of these elements.
The present research group participated in a previous CRP on "The Use of Nuclear
arc Nuclear-Related Techniques in the Study of Environmental Pollution Associated with
Solid Wastes", Samples of AP collected from rural and urban areas, fly ash collected on
air filters, coal fly ash as such for intercomparison studies and industrial effluents were
analyzed primarily to study the applicability of PIXE, X-ray Fluorescence (XRF), Atomic
Absorption Spectroscopy (AAS) and Differential Pulse Anodic Stripping Voltammetry
(DPASV) methods. The results of intercomparison studies were in reasonable agreements
with data from other laboratories.
A Proton-Induced Gamma-ray Emission (PIGE) method is in the early stage of
development for light element analysis in environmental samples.
In the field of Marine and Precipitation Chemistry, expertise has been recently
developed in cooperation with European Economic Community (EEC), on the Transport of
Heavy Metals in the Marine Ecosystem [81 and on the Studies of Rainfalls and Cloud
Chemistry and its Effects on Vegetation. The later study is still being pursued in UK. It
is expected that in the future, joint research protocols with EEC would be developed to
study environmental pollution in the terrestrial ecosystem in Bangladesh.
The International Centre for Science and High Technology, Trieste, Italy, has taken
an initiative to organize a Workshop in Sri Lanka, in 1994, on Marine Water Analysis for
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Chemical Pollutants. This Laboratory is expected to coordinate this Workshop among the
South and South-East Asian countries.

2.

ANALYTICAL METHODS

The existing analytical methods of trace metal analysis in environmental samples
include PIXE. XRF, PIGE, NAA, AAS and DPASV. For direct air filter analysis, PIXE, XRF,
NAA and PIGE will be used in this research programme. Independent and selected checks
of these analyses for quality assurance would be done with AAS, DPASV (for Cu, Zn, Pb
and Cd) and TRXRF after acid digestion of the filters, as these methods are highly selective
and sensitive. The analytical procedures of AAS and DPASV are normally validated by
analyzing standard reference materials from the National Institute of Standards and
Technology (NIST), USA, using standards of appropriate matrix.
2.1 PIXE
PIXE is an established analytical method for multielement analysis, particularly
suitable for AP matter. Both internal and external beam techniques using 2.5-2.8 MeV
proton beams can be utilized. In AP analysis, usually Micromatter thin standards, are used
for concentration calibration. In thick target analysis, samples of dry matter are finely
powdered and presented in the form of pellets, 7 mm diameter and 1 mm thick. The
proton beam on the target has the maximum dimension of 4 mm x 5 mm in the external
beam setup. Spectral data are unfolded by using the AXIL software modified by the IAEA.
Standard NIM/BIN electronics and a Si(Li) X-ray detector (either from Ortec or Canberra,
with ~ 175 eV resolution) are used for data collection. At present integral AP collection
is done on Whatman-41 filters using a Millipore air filtering setup with 47 mm diameter and
a gas meter for air volummetry. In the future, air sampling techniques would be perfected
for coarse and fine fractions of aerosols by using the air sampler to be provided by the
Agency under this CRP.
The accuracy of the PIXE analytical procedure for air filters, as followed now, is
dependent on the accuracy of the Micromatter standards used for constructing the PIXE
yield curve. Any deviation in the X-ray yield for field samples of finite thickness is
corrected for proton energy loss and X-ray absorption in the sample using standard
ECPSSR formalism and known matrix composition [91. In the future, standard reference
air filters would be used for quality assurance of the data. The other procedure to validate
analytical results is the intercomparison studies of a given sample, organized by the
Agency.
2.2 XRF
In the XRF method, a low power X-ray generator (30 mA and 50 keV) is used for
characteristic X-ray excitation using Mo K„ primary X-rays. All other analytical steps are
similar t o those followed in PIXE analysis.
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The sensitivity of the present XRF setup for air filter analysis is not enough for
relatively lighter elements. With IAEA assistance in 1993, the existing setup would be
developed For TRXRF analysis. For these analyses, the primary samples would be digested
t o solution and the quality of the data would be assured by independent AAS methods
using AAS standard references in solution. DPSVA can also be used for quality control of
Cu, Zn, Pb and Cd results.
2.3 AAS
In AAS analysis of solid samples, analyte solutions are generally prepared by dry
or wet ashing. Dry ashing is carried out at 4 5 0 - 5 0 0 ° C for 4-5 hours. The ash residue
is dissolved in Suprapur HN0 3 . Wet ashing is done in teflon digestion bombs with a HC104
+ HN0 3 mixture.
2.4 NAA
This method needs to be completely established in the laboratories of the Institute
of Nuclear Science and Technology, Savar, using the TRIGA MK ll 3 MW reactor. All the
necessary basic facilities for this development are available and the preliminary work
related to this programme is started. The reactor has thermal neutron flux of the order of
10 12 n/cm 2 /s with appropriate sample irradiation facilities, such as a Lazy Susan, a dry
central thimble and a fast rabbit system.
2.5 Collection and analysis of moss
In 1992, six samples of moss were collected from the Dhaka city during the months
of July-August.
The moss (Brownlowia elata Roxb. {Apocyna) or Pterospermum
acerifolium wild (Stercu)) samples were collected from the boundary wall and also the roof
of the office/residential building along the roadside area of the Dhaka city during the period
of July-August, 1992. The surface areas of sample site were 100x20 cm and 30x30 c m .
The samples were removed from the wall by scraping with a knife.
The moss samples were washed under tap water in a porcelain dish to remove the
ground sands and accumulated dust particles and then washed with distilled deionized
water. The cleaned samples were dried first at room temperature t o remove excess water
and finally at 8 0 ° C in an oven until constant weight was obtained. The dried samples
were ground to a fine powder in an aluminum carbide mortar, and then stored in
polyethylene bags. Finally, they were preserved in a desiccator for further analysis.
All the samples were analyzed by the external beam PIXE method. Briefly, sample
pellets were irradiated with 2.0 MeV (on the target) proton beams obtained from the 3
MeV Van de Graaff accelerator at the Atomic Energy Centre, Dhaka. The targets were
irradiated for a charge of 20 JJC. The characteristic x-rays were detected with a Si(Li)
Ortec detector and analyzed with a 1024 multichannel analyzer (Canberra) and other NIM
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electronics. Cbiibration curves were obtained using NBS Orchard leaves (SRM 1571). All
the spectra were analyzed using AXIL on an IBM PC/AT computer.

3.

RESULTS

Previously, in 1991, PIXE and XRF analysis of 24 air particulate samples collected
from the Dhaka city and rural areas in Bangladesh and coal fly ash supplied by Bhabha
Atomic Research Centre (BARC), India, for IAEA intercomparison studies, was done within
the framework of a previous CRP on the "Use of Nuclear and Nuclear-related Techniques
in the Study of Pollution Associated with Solid Wastes". The results are given in Tables
Mil. A PIXE spectrum of an air sample from the Dhaka city is illustrated in Fig. 1 to
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Figure 1. X-ray spectrum of an air particulate sample from an urban area.
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ndicate the quality of the spectral information. From these limited data, however, no
definite conclusions can be drawn regarding the trace metal atmospheric pollution in the
Dhaka city.
Under the joint intercomparison study programme between International Atomic
Energy Agency (IAEA), Vienna and the Laboratories Nacional de Engenharia e Techhologia
Industrial (LNETI), Portugal, are developing a lichen material, related t o the present CRPto
use as a biomonitor for trace metals. Samples of IAEA-336 Lichen and IAEA-359 research
sample Cabbage have been analyzed by PIXE and AAS methods and the results were
submitted for evaluation and reporting by LNETI. Some of the PIXE results (K, Ca and Cu)
were confirmed by AAS analysis. Both sets of results are shown in Table IV. The N1ST
orchard leaf standard SRM 1571 was used for PIXE yield curve for concentration
calibration assuming similar matrix composition [10] and for quality control and assurance,
NIST reference material, spinach (SRM 1570) for both the standard and the IAEA samples.
Reasonable agreement between the PIXE and AAS results of the elements analyzed by
AAS is observed.
The results of the moss analysis are given in Table V. In the PIXE analysis, the
results of 5 replicate measurements were consistent for most of the analytes indicating the
reproducibility of the method as well as the homogeneity of the samples.
4.

PLANS FOR FUTURE WORK

The overall work plan within the framework of this CRP is divided into t w o parts
to be implemented during the first year of the programme, (1) Core plan and (2)
Supplementary plan
4.1

Core plan

Under this plan of w o r k , weekly air sampling of t w o fractions of AP, coarse (2-10
//m) and fine ( < 2 / / m ) would be made in t w o locations, Dhaka (high pollution area) and
Savar (low pollution area). The timing of sampling in t w o locations would be sequential
if only one sampler is provided by the Agency. Depending on the level of progress,
frequency of air sampling in high pollution area may be increased. Meteorological data
during air sampling will be also collected in collaboration with the Meteorological
Department.

4.2

Supplementary plan

(a)
Some local species of moss and if possible, lichen would be collected from both the
areas during the period of this research and analyze them for heavy metal contents of
environmental importance, following seasonal growth of these species in Bangladesh. The
results would indicate the correlation between bioaccumulation of trace metals and their
atmospheric concentrations under tropical climate.
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(b)
The soluble portions of Cu, Zn, Pb and Cd in the fine fractions of air particulate
samples under rainwater acidity conditions would be studied using the DPASV method.
In the second year of the programme, subject to the availability of an Ion
Chromatograph, the analysis of major anions (S0 4 " 2 , N0 3 ", CI") and cations (Na + , K + , C a + 2
and Mg + 2 ) in rainwater may be started.
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Table I. CONCENTRATION OF DIFFERENT ELEMENTS IN AIR SAMPLES FROM URBAN AND
RURAL AREAS IN BANGLADESH (ng/m3).

Urban

K
Ca
Ti
Cr
Mn
Fe
Ni
Cu
Zn
As
Br
Rb
Sr
Pb

Rural

Mean

Range

Mean

Range

1755 ± 554(20)
3608 ± 1200(20)
299 ± 86(20)
5.8 ± 3.2(20)
57 ± 21(20)
2751 ± 901(20)
3.9 ± 2.7(20)
9.0 ± 7.1(20)
147 ± 122(18)
9.9 ± 8.7(18)
22 ± 10{18)
10 ± 5.7(16)
11 ± 5.7(17)
172 ± 133(19)

1126- 3055
2 0 3 7 - 7197
173-474
1.24- 10.8
3 3 . 5 - 110
1724 - 5097
1.0- 10.3
2.5-33.4
42.9-556
3.8-32.8
10.2-51.9
3.3-23.7
2.7 - 28.6
5 5 . 2 - 514

1404 ± 684(14)
1932 ± 956(14)
208 ± 105(14)
4.8 ± 2.3(7)
37.9 ± 16.9(14)
1353 ± 599(14)
2.6 ± 1.6(12)
4.8 ± 2.7
59 ± 47(13)
7.2 ± 6.0(8)
5.6 ± 2.4(7)
5.9 ± 3.4(10)
5.3 ± 3.1(10)
75 ± 58(13)

561 - 3076
798 - 3835
66 - 398
2.23 - 7.82
15.6-63.0
493 -2189
1.0-5.71
2.20- 11.1
20.0 - 186
2.58-21.1
2.58 - 8.59
1.39-13.3
1.71 -10.7
17.3-235

Numbers shown in the parentheses represent number of samples.

Table II. CONCENTRATION OF DIFFERENT ELEMENTS IN SAMPLES FROM BARC, INDIA,
FOR IAEA INTERCOMPARISON STUDIES (ng/m3)

Sample-A

K
Ca
Ti
Cr
Mn
Fe
Ni
Cu
Zn
As
Br
Rb
Sr
Pb

Sample-B

XRF

PIXE

XRF

PIXE

2704 ± 305
6104 ± 170
543 ± 25
331 ± 1 7
246 ± 9
7071 ± 34
67.8 ± 8.4
636 ± 17
1950 ± 19
33.9 ± 8.4
-

738 ± 42
5468 ± 51
526 ± 8.5
288 ± 8.5
178 ± 12.7
4595 ± 17
59.3 ± 8.5
407 ± 10
1356 ± 18
153 ± 8.5
16.9 ± 8.5
24.6 ± 6.8
35.6 ± 7.6
1297 ± 42

5140 ± 562
10844 ± 241
699 ± 32
361 ± 24
651 ± 24
13334 ± 80
80.4 ± 16.1
851 ± 25
2876 ± 32
112 ± 16
48.1 ± 8.0
-

1928 ± 25
9960 ± 241
1020 ± 80
369 ± 8.1
610 ± 8.1
9719 ± 16
56.2 ± 8.0
635 ± 8.0
2506 ± 16
845 ± 8
40.2 ± 8.1
16.1 ± 4.0
38.6 ± 2.4
1229 ± 25

Table III. CONCENTRATION OF DIFFERENT ELEMENTS IN STANDARD COAL FLY ASH (NBS
1633A). THE CONCENTRATIONS ARE IN mg/kg UNLESS SPECIFIED OTHERWISE.

K
Ca
Ti
V
Cr
Mn
Fe
Ni
Cu
Zn
Ga
Ge
As
Br
Rb
Sr
Zr
Pb

This work

Certified value

16.6 ± 0.3 mg/g
10.9 ± 0.1 mg/g
7.8 ± 0.1 i•ng/g
286 ± 23
159 ± 12
87 ± 12
85.2 ± 0.1 mg/g
119 ± 7
99 ± 2
206 ± 3
55 ± 2
43 ± 2
110 ± 3
41 ± 3
142 ± 5
877 ± 12
232 ± 7
87 ± 3

18.8 ± 0.6 mg/g
11.1 ± 0.1 mg/g
( 8 ) mp/g
297 ± 6
196 ± 6
179 ± 8
94.0 ± 1.0 mg/g
127 ± 4
118 ± 3
220 ± 10
(58)
145 ± 15
131 ± 2
830 ± 30
72.4 ± 0.4

Table IV. TRACE AND MINOR ELEMENT CONCENTRATIONS IN IAEA LICHEN (336)
AND CABBAGE (359). CONCENTRATIONS IN mg/kg (PPM)

Na
Mg
K
Ca
Ti
Cr
Mn
Fe
Ni
Cu
Zn
As
Br
Rb
Sr
Pb

Lichen

Cabbage

1280 ± 112
891 ± 13
1104 ± 246
2776 ± 96
57.6 ± 4.7
< 0.7
54.0 ± 1.9
368 ± 15
4.05 ± 1.52
2.32 ± 0.18
29.7 ± 1.2
< 0.3
13.4 ± 1.0
1.98 ± 0.45
11.5 ± 0.5
6.00 ± 0.64

496 ± 8
2532 ± 48
34098 ± 6 1 7
21621 ± 639
9.32 ± 3.31
2.17 ± 0.35
27.9 ± 0.5
144 ± 10
1.69 ± 0.64
4.77 ± 0.87
37.2 ± 0.6
< 0.3
7.04 ± 0.61
7.24 ± 0.42
58.2 ± 1.9
2.05 ± 0.61

Table V. TRACE AND MINOR ELEMENT CONCENTRATIONS (mg/kg) IN MOSSES COLLECTED FROM
DIFFERENT PLACES IN THE DHAKA CITY (90.5°E, 23.7°N).

Sample

No.

Date of
Collection

BM1

K

Ca

Ti

Cr

Mn

Fe

Ni

15.07.92 6324

14407

527

14

153

5507

BM1

15.07.92 4462

13677

400

12

163

BM2

22.07.92

<641 21296

82

0.5

BM2

24,07.92

3304 12569

1060

BM3

24.07.92

1140 12708

BM3

29.07.92

BM4

Zn

As

Br

Pb

18 33

279

<0.3

14

136

4443

19 124

1875 7.9

20

177

46

946

10 42

199

2.3

11

15

21

242

10043 31

464

1.7

19

253

1033

19

217

9713

20 25

338

<0.3

9.3

203

12120 16917

443

11

123

4573

23 44

441

5.0

26

103

01.08.92

2146 12743

1342

105

261

13004 33 342

668

<0.3

18

325

BM5

01.08.92

3786 14275

1036

26

265

10019 36 121

998

<0.3

20

282

BM6

08.08.92

6258 25228

296

5.0

65

3477

169

1.5

12
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Description of the moss sampling site:
Average temperature: 26°C mrn. and 32°C max.
Relative humidity: 75-80%
Total rain fall during the collection period: 570 mm.

Cu
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REGIONAL AND GLOBAL ATMOSPHERIC AEROSOL STUDIES USING THE
"GENT" STACKED FILTER UNIT SAMPLER AND OTHER AEROSOL
COLLECTORS, WITH MULTI-ELEMENTAL ANALYSIS OF THE SAMPLES BY
NUCLEAR-RELATED ANALYTICAL TECHNIQUES
W. MAENHAUT, F. FRANCOIS, I. SALMA, J . CAFMEYER, C. GILOT
Institute for Nuclear Sciences, University of Gent,
Proeftuinstraat 86, B-9000 GENT, Belgium.

Abstract
The "Gent" stacked filter unit sampler and other collection devices are used in regional and global
scale studies on the tropospheric atmospheric aerosol, its composition, sources and fate. The aerosol
Samples are analyzed by particle-induced X-ray emission analysis, instrumental neutron activation analysis,
ion chromatography, a light reflectance technique (for determining black carbon), and gravimetry (for
measuring the particulate mass). In evaluating the data, use is made of receptor modelling techniques,
transport models and wind sector analysis, and also of air mass trajectories and other meteorological
information. Preliminary results from a long-term study in southern Norway are presented. It is suggested
that the anthropogenic and soil dust aerosol components are mainly advected to southern Norway by longrange transport and that the major fraction of the submicrometer particle mass is from anthropogenic origin.
Preliminary results are also presented for an intensive study in southern Africa. On the basis of the data
for t w o sites (about 40 km apart) in the Kruger National Park it was concluded that regionally
representative aerosol samples were collected and that the biomass burning products account for more than
5 0 % of the fine particle mass. Finally, our plans for future work are given.

1.

SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Studies on atmospheric aerosols are of importance for various reasons. Of global
significance are the impact of aerosols on the formation of clouds and on the earth's
radiation balance (and thus on weather and climate) and the role of aerosols in atmospheric
chemistry and in the biogeochemical cycles of the elements. On a more regional or local
scale, aerosols may have an effect on the visibility, on the ecology {e.g., by contributing
to "acid rain") and on the health of humans and animals. Many of the effects of aerosols
depend on their chemical composition (both the "bulk" composition and the composition
as a function of particle size). Furthermore, the aerosol composition can be used to assess
t o what extent the aerosol particle mass concentration and the atmospheric concentrations
of the various aerosol constituents are of natural or anthropogenic origin, and thus to
determine the magnitude of the anthropogenic perturbation.
Since the end of 1990 we are conducting regional and global scale atmospheric
aerosol studies within the framework of the EUROTRAC subproject Air-Sea Exchange
(ASE) and as part of the Belgian Impulse Programme "Global Change". Our contribution
in ASE focuses on the North Sea and on southern Norway, whereas our "Global Change"
research concentrates mainly on the Arctic and on equatorial/tropical regions. The

59

objectives of our work are to determine a number of major species and up to 40 minor and
trace elements in the size-fractionated aerosol, to identify the various natural and
anthropogenic sources (source processes, source regions) of the aerosol constituents, to
quantify the contribution from each source, to gain a better insight in the long-range
transport and in the dispersion and removal processes of the aerosol particles and its
constituents, and to improve our knowledge on the biogeochemical cycles of the elements.
Several scientific articles on our ASE work and our "Global Change" research were already
published (or are currently in press) in Conference Proceedings or international journals f i l l ] . Before this recent work, i.e., in the period 1988-1990, we conducted (or were
involved in) various other regional and global scale atmospheric aerosol studies, which
resulted in a number of publications [12-22].
In the past five years, we also have done research on the urban atmospheric aerosol
in Belgium [23-25], Brazil [26,27], and two African countries [28-30]. Furthermore, we
were involved in studies on the physical and chemical fractionation of desert soil during
aerosol generation [31,32] and on the chemical characterization of fly-ash particles that
are emitted during coal combustion [33-35].
Most of our aerosol studies involve some co-operation with other research groups.
Table I gives a list of the institutions (and persons), with whom w e had joint studies on
aerosol-related subjects in the past 5 years. With the great majority of the groups listed
in this table, the co-operation is still going on.
2.

METHODS

2.1.

Aerosol sampling equipment and sample collection

The aerosol sampling devices include the "Gent" stacked filter unit (SFU) sampler
and other SFU variants, cascade impactors, and Hi-Vol Whatman 41 filter samplers.
Like other existing SFU variants, the "Gent" SFU sampler separates the aerosol into
two size fractions by sequential filtration through two Nuclepore filters of different pore
size. The principle behind such separation is explained by Cahill et a/. [36], Heidam [37],
and John eta/. [38]. In the "Gent" SFU use is made of a NILU type "open face" 47-mm
diameter stacked filter cassette, in which a Nuclepore polycarbonate filter of 8 //m pore
size (Apiezon-coated) and one of 0.4//m pore size are placed. The cassette is inserted in
a cylindrical container which is provided with a pre-impaction plate for the collection of
particles that are larger than 10 fjtr\ equivalent aerodynamic diameter (EAD). The containercassette combination forms a complete SFU. The air is drawn through the SFU by means
of a GAST diaphragm pump {e.g., model DOA-P109-FD; Gast Manuf. Corp., P.O. Box 9 7 ,
Benton Harbor, Ml 49023-0097, U.S.A.), and the sampling line is further equipped with
a flow control valve, a vacuum gauge, a rotameter, a volume meter, and a time switch and
hour meter. The "Gent" SFU is designed to operate at a flow rate of 15-16 liters per min.
It is at this flow rate that the pre-impaction stage provides a PM10 cut-off point (for 293 K
and 101.3 kPa). Also, at this flow rate the coarse (8//m pore size) Nuclepore filter has
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a d 5 0 value of 2 jjrn EAD, so that the coarse filter then collects the 2-10 //m EAD size
fraction, whereas the fine filter collects the particles < 2 / / m EAD.
The cascade impactor, which we mostly use, is the PIXE International cascade
impactor (PCI) (PIXE International Corporation, P.O. Box 2744, Tallahassee, FL 32316,
U.S.A.). Model 1-1 of this impactor type is generally employed. This model is a singleorifice impactor of the Battelle design [39,40], operating at a nominal flow rate of 1 liter
per min. It has seven impaction stages (numbered 7 through 1) and a back-up filter stage,
and the cut-points of the 7 impaction stages are 1 6, 8, 4, 2, 1, 0.5, and 0.25 pm EAD.
As impaction foils we use 1.5 fjm thick KIMFOL polycarbonate film, which is coated with
a thin layer of vaseline {for stages 7 through 2) or paraffin (stage 1) in order to reduce
particle bounce-off. A 0.4 pm pore size Nuclepore polycarbonate filter serves as back-up
filter. For drawing the air through the PCI, a GAST diaphragm pump is generally used.
Because of the fact that the aerosol particles are deposited in each stage in one single
small spot, which is easily fully enveloped by a PIXE beam, the PCI is ideally suited for
PIXE analysis.
As Hi-Vol Whatman 41 filter samplers we use either a total aerosol sampler or one
in which only the size fraction of < 2 . 5 //m EAD is collected. The size of the filter is
generally 20 by 25 cm (8" x 10").
The sampling duration for each individual aerosol collection depends on the
sampling device used and on the region of study, but is typically either one or t w o days.
The air volume for each sample is generally obtained by means of a gas volume meter.
2.2.

Analytical techniques and procedures

Depending upon the sample type, the samples are analyzed by one or more of the
following bulk analysis techniques: particle-induced X-ray emission analysis (PIXE) for
measuring up to 32 elements (all with atomic number above Z = 10), instrumental neutron
activation analysis (INAA) for up to 39 elements (all with Z > 10), ion chromatography (IC)
for measuring ammonium, nitrate, sulfate, methanesulfonate and some other anionic and
cationic species, a light reflectance technique (for determining black carbon), and
gravimetry (for measuring the particulate mass). PCI samples are only analyzed by PIXE.
SFU filter samples are analyzed by PIXE, INAA, the light reflectance technique and
gravimetry, and occasionally also by IC. Whatman filters are analyzed by INAA, IC, and
generally also by PIXE.
The PIXE analyses are done with the PIXE set-up of the Institute for Nuclear
Sciences at the University of Gent. The experimental set-up has been described before [ 4 1 44]. In short, the samples (targets) are bombarded in a vacuum irradiation chamber using
a 2.4 MeV proton beam that is supplied by a compact isochronous cyclotron. In most
cases, the targets consist of the aerosol filter or impaction film (or a section thereof) that
is mounted onto a 25 mm outer diameter target ring. The beam diameter at the target is
either 8 or 4.5 mm, which corresponds with a beam size of 0.54 or 0.177 cm 2 . The X-rays
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emerging from the target are detected with a Si(Li) detector, and for all measurements a
so-called "funny filter" [44] is placed in front of the detector. After passage through the
target the beam is dumped in a Faraday cup for charge integration (proton dose
measurement). With the larger beam, the beam current is typically 150 nA, and the X-ray
spectra are accumulated for a preset charge of 40 to 100 pC. With the smaller beam a 50
nA current is typically used and the preset charge varies from 1 5 to 40 JJC. The PIXE
spectra are fitted with the computer program AXIL-84 [45], The peak areas obtained are
corrected for X-ray attenuation according to procedures similar to those described in [42],
and using calibration factors as determined in [44], elemental amounts (in ng/sample) and
concentrations (in ng/m3) are finally obtained. Up to 32 elements are determined by PIXE,
i.e., Na, Mg, A l , Si, P, S, CI, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Ga, Ge, As, Se, Br, Rb,
Sr, Y, Zr, Nb, Mo, Ba, Pb, U and Th. The elements up to Mo are determined through their
K X-ray lines, the other elements through their L lines. Blank aerosol collection substrates
(filters or impaction foils) are analyzed in the same manner as the real aerosol samples.
This is also done in the other analytical techniques used.
For the INAA of the aerosol samples a fraction of the collection substrate (filter or
impaction foil) is pressed into a 12 mm diameter pellet. The INAA typically involves t w o
separate irradiations of each sample (one of 5 min and one of 7-14 hours) at a flux of 1-3
x 10 12 n.cm"2.s° in the Thetis reactor of the University of Gent, and after each irradiation
two or three gammaspectrometric measurements with a high-resolution Ge detector are
carried out. The INAA procedures followed are similar to those described by Maenhaut and
Zoller [46] and Schutyser eta/. [47]. The quantification is performed by comparison with
multi-element standards which are prepared by pipetting solutions of the analyte elements
onto Whatman filter paper. Up to 39 elements are measured by INAA, i.e., Na, Mg, Al, CI,
K, Ca, Sc, T i , V , Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Br, Rb, Sr, Mo, Ag, Cd, In, Sn,
Sb, I, Cs, Ba, La, Ce, Sm, Eu, Lu, W, Au, and Th.
Our black carbon analyses are based on the measurement of the light intensity
which is reflected from the sample. These light reflectance measurements are performed
with a commercial smoke stain reflectometer (Diffusion Systems Ltd, London, UK, model
43). We calibrated the reflectometer with the aid of over 100 filter samples for which the
black carbon loading (in /yg/cm2 of filter) had been determined by Andreae using an
instrument and a procedure that were described in refs. [48,49]. The calibration curve of
reflection absorbance [-log(ref lection intensity of sample/reflection intensity of blank filter)]
versus black carbon loading exhibited excellent linearity, with a correlation coefficient of
0.984.
The gravimetric analysis of the Nuclepore filters is done by weighing each filter
before and after sampling with a microbalance (with 1 //g sensitivity). The weighing is
done in a room with rather well stabilized temperature and relative humidity (20 °C and
50% relative humidity), and the filters are pre-equilibrated in this room for at least 24
hours prior to weighing. Furthermore, during the actual weighing the static electricity is
eliminated from the filter by means of a 210Po radioactive source.
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Quality control of the PIXE and INAA elemental analyses (and to a certain extent
also of the IC) is done by analyzing (certified) reference materials and by comparing the
results from the various techniques for subsamples of the same aerosol filters (or
impaction foils).
2.3.

Data evaluation

The first step in the data evaluation for a multi-sample aerosol data set involves the
calculation of arithmetic averages and standard deviations, and of medians and various
percentile values. Enrichment factors with respect to Mason's average crustal rock [50]
and/or with respect to the composition of bulk sea water {e.g., that of Riley and Chester
[51 ]) are usually also calculated. For SFU samples we also calculate the fine/coarse ratios
for the various elements, and for PCI samples plots are made of the elemental size
distributions. Furthermore, when at a same site parallel samples are taken with various
types of collectors (or with two or more identical collectors), then the data from the
parallel samples are intercompared (see e.g., refs. [8,15]). Such comparisons of data from
parallel samples are also done when the samples were taken at two different sites that are
not too far apart and were impacted by the same regional air masses. These various initial
evaluations are very useful in identifying outliers or possible errors in the data sets and to
obtain a first overall impression of the aerosol composition characteristics and the
dominant aerosol sources for the various elements.
For a more thorough evaluation of our multi-element (multi-species) data sets for
series of samples, we make use of receptor modelling techniques, transport models and
wind sector analysis, and we also relate the trace elemental data or the receptor modelling
results to air mass trajectories and other meteorological information. In various of these
approaches we aim to determine the sources, source processes, and source regions of the
tropospheric particles, and particularly to assess the relative importance of the
anthropogenic and natural contribution to the atmospheric levels of the particulate mass
and of the aerosol constituents. In receptor models [52,53], the measured concentrations
at the sampling site (receptor) are used as basic input data. These models can be classified
in t w o categories [53]: a) chemical mass balance (CMB) models, and b) multivariate
statistical techniques, such as principal component analysis and factor analysis. In
multivariate statistical techniques, the number of contributing sources (source regions),
their profiles (signatures), and the contribution of each source to the measured
concentration at the receptor are all derived from the variability in the data set. CMB
models require the knowledge of the source profiles, but have the advantage that they
generally provide a finer resolution of the contributing sources. Receptor models, and in
particular CMB models, also allow one to determine the source area of secondary aerosol
components (e.g., sulfate) [54]. For our CMB work we essentially follow the same
approach as described by Lowenthal ef a/. [55], and we generally use "effective variance"
weighing, as proposed by Watson eta/. [56]. For the multivariate receptor modelling we
mostly employ "absolute principal component analysis" (APCA) with VARIMAX rotation.
Our APCA method was derived from the procedures of Thurston and Spengler [57] and
Keiding et al. [58], and is described in detail in ref. [591. Transport models (or source63

oriented models), such as Lagrangian transport models, make use of emission data for the
sources (or source regions), air mass trajectories, meteorological information and
deposition velocities in order to predict the concentrations at the receptor. By comparing
these predicted values with those actually observed, the accuracy of the emission data,
the transport model and the w e t and dry deposition velocities can be assessed. Transport
models were shown to be quite useful in our studies on long-range transport of pollution
aerosol to Scandinavia and the Arctic [12,60]. In wind sector analysis, the samples
collected at the receptor are classified according to the origin of the air mass, as derived
from air mass backtrajectories. The concentration data of the samples that are grouped in
a same sector are then averaged in order to establish the signature of the source area
corresponding t o that sector. Such signatures can be compared to those derived from
emission inventories or obtained in experimental measurements of other researchers.
Furthermore, they can be used as input signatures in the CMB studies.
Very useful information on the sources, transformation and sinks, as well as on the
transport properties can also be deduced from a careful examination of the detailed mass
size distributions of the various species or elements. For example, dispersion processes
{e.g., soil dust dispersal or bubble bursting at the sea surface) lead t o the production of
large (supermicrometer) particles, whereas high temperature processes (e.g., various
human activities) result in the emission of small (submicrometer) particles. By examining
with what particle size an element or species is predominantly associated, its source
process can be inferred. Alternatively, when the source process is k n o w n , the size
distribution at the receptor can be compared with that typically observed near the source,
so that the transformations occurring during transport can be assessed. Finally, the size
distribution at the receptor can be used for determining the atmospheric residence time of
the various species and the extent of their atmospheric transport. Indeed, both the dry and
wet deposition velocities of atmospheric species depend upon the size of the particles w i t h
which they are associated [ 6 1 , 6 2 ] .
3.

RESULTS

3.1.

Research on the composition and sources of the atmospheric aerosol in southern
Norway

As part of our research within the EUROTRAC subproject Air-Sea Exchange (ASE)
we study the long-range transport of anthropogenic and natural aerosols t o southern
Norway. A major transport path for aerosols and atmospheric trace gases to this region
is that from western Europe (the British Isles, Germany, the Benelux countries and France)
over the North Sea. During such transport most of the aerosol may be deposited in the
North Sea. On the other hand, the North Sea is also an important source area of sea salt
aerosol particles. Since the beginning of 1 9 9 1 , and in co-operation w i t h the Norwegian
Institute for Air Research (NILU), continuous aerosol collections are being done w i t h the
"Gent" SFU at t w o NILU stations in southern Norway, i.e., in Birkenes ( 5 8 ° 2 3 ' N, 8 ° 1 5 '
E), which is situated rather close to the North Sea coast, and in Skreadalen ( 5 8 ° 4 9 ' N,
6 ° 4 3 ' E), located somewhat more land inward. The collection time per sample is 2 or 3
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days. The coarse and fine filter of each SFU sample are weighed at NILU (in order to
determine the aerosol mass) and are subsequently sent off to Gent, where we determine
the black carbon loading, and analyze the filters by both PIXE and INAA for a total of 40
elements. At present, we completed the analysis of about 190 coarse and 190 fine filters
of each of the two sampling sites (thus in total about 760 samples). From a preliminary
evaluation of the results it appeared that the aerosol mass concentrations and the
atmospheric concentrations of most elements at the two sites vary rather concurrently
with time. This suggests that the aerosol particles are predominantly advected by longrange transport. The coherent variation at the two sites was particularly evident for the
fine size fraction. To illustrate this, the time trends of the fine particle mass concentration
(FPM) and of fine S and fine Zn at the two locations are shown in Fig. 1. The figure further
shows that FPM is correlated quite well with fine S and also reasonably well with fine Zn.
Since the latter two components are undoubtedly from anthropogenic origin, the
correlation seems to indicate that the major fraction of the fine particle mass is also
anthropogenic. This suggestion was substantiated by a close look at the scatter plots of
FPM versus fine S, fine Al (an indicator for soil dust) and fine Na (an indicator for sea salt).
Indeed, it appeared that FPM showed no correlation at all with fine Na, and that the
correlation with fine Al was much weaker than that with fine S.
For certain elements quite different sources may be operative for the fine and
coarse size fractions (e.g., natural sources for the coarse size and anthropogenic sources
for the fine size). This is for example the case for S and K. Coarse S is predominantly
attributable to sea salt, and coarse K originates from sea salt and soil dust. In contrast,
fine S originates mostly from fossil fuel burning, and fine K has both biomass burning and
municipal incinerators as important sources. If the relative contributions of the
anthropogenic and the natural sources show different variability with time {e.g., because
of variation in air mass origin), and if, in addition, the particles (elements) are advected by
long-range transport, then one may expect to see significant variability in the fine/coarse
ratio of the elements, and, moreover, the fine/coarse elemental ratios of the two sites
should be well correlated. This appeared indeed to be the case for S and K. The scatter
plot for K is shown in Fig. 2. It is also apparent from this plot that the median fine/coarse
ratio for K is about 1. (For S it was about 6). In contrast, elements that have sea salt
and/or soil dust as main sources in both their coarse and fine size fraction (e.g., Na, Al,
Ca) exhibited a median fine/coarse ratio of 0.3-0.4 only. In addition, there was much less
variability in the fine/coarse ratio for such elements than in that for K or S. Another
observation that could be made from the data (and in particular from the
Birkenes/Skreadalen scatter plots for the fine and coarse data) is that the concentrations
of the mineral dust and anthropogenic elements appeared to be systematically somewhat
higher in Birkenes than in Skreadalen, whereas the levels of the sea salt elements were
rather similar at both sites. On the basis of the distance of the two sites from the coast
rather the opposite would have been expected for the mineral dust elements, at least if
they would have had local soil dispersal as their major source process. Our observation
therefore seems to suggest that the soil dust elements (like the anthropogenic elements)
are mainly attributable to long-range transport.
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3.2.

Composition and origin of the regional atmospheric aerosol in southern Africa and
impact of biomass burning

Within our "Global Change" research w e are currently conducting an intensive study
on the composition and origin of the regional atmospheric aerosol in southern Africa, and
on the impact of biomass burning on the particulate mass and the various aerosol
constituents. Our study forms part of the Southern African Fire-Atmosphere Research
Initiative (SAFARI), which itself is a subprogram of the IGBP/IGAC Southern Tropical
Atlantic Regional Experiment (STARE). From late August until about mid-October 1992,
atmospheric aerosol samples were collected by (or for) us at several ground-based sites
and w i t h airplanes. The ground-based collections were conducted at Etosha National Park,
Namibia, at Victoria Falls, Zimbabwe, and at three sites in South Africa (i.e., at Palmer, in
the Eastern Transvaal Highveld, and at Skukuza and Pretoriuskop, which are both in the
Kruger National Park (KNP) at about 4 0 km distance from each other). Besides these
continuous samplings, we also conducted ground-based collections during a number of
prescribed fires at the KNP. "Gent" SFU samplers were used in all these collections, but
at Skukuza and for the samplings near the fires, 8-stage PIXE cascade impactors were
used in addition to the SFUs. For the continuous samplings at the five fixed sites, we
adopted a 24 hour collection time per sample, but near the fires, the collection time was
much shorter. The airplane samplings took place during regional flights with a DC-3 aircraft
and during flights with a Cessna 310 (the latter aircraft conducted both regional flights and
flights above the fires). For the airplane samplings w e utilized a reduced PIXE cascade
impactor without back-up filter and with only 3 impaction stages (with cut-points of 16,
2 and 0.25 jjm EAD, respectively).
All samples were analyzed by PIXE; the particulate mass (MS) and black carbon (C)
were measured in all SFU samples, and the short-irradiation INAA analyses of the SFU
samples and blanks (about 250 coarse and 250 fine filters) has also been completed. For
the SFU samples, the MS, C and PIXE data were combined into one data set per site and
per size fraction, and each of the data sets for the five fixed sites was subjected to APCA.
Here, only the results from the APCA on the Skukuza and Pretoriuskop data will be
discussed. The variance in the coarse fraction data for each of the t w o sites could
essentially be explained by three components, and inspection of the VARIMAX rotated
component loadings clearly indicated that the first t w o of these components were
undoubtedly soil dust and sea salt. For the fine fraction five components were needed to
explain the observed data variance. The first fine component (with high loadings for A l , Si,
Ca, T i , M n , Fe, and Sr) represented clearly soil dust. The second fine component exhibited
high loadings for K, Br, Rb, C, and MS (and a loading of about 0.6 for Zn), and was
identified as a biomass burning component. The third fine component was only highly
loaded w i t h Na and Mg, and was attributed t o sea salt. The absolute, principal component
scores (APCS) for the parallel samples from the t w o sites were compared for each of the
major components in the coarse and fine size fractions. This comparison was done by
plotting time trends of the APCS versus collection date for each major component. The
plot thus obtained for the fine biomass burning component is shown in Fig. 3. It is evident
that the APCS for this component at the t w o sites are remarkably similar. A good
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coherence between the APCS from the t w o sites was also observed for the soil dust and
sea salt components in each size fraction. This is demonstrated in Fig. 4 for the coarse soil
dust component. Furthermore, the APCS time trends for the fine fraction resembled these
for the coarse fraction rather closely for each of the t w o types of components (soil dust
and sea salt). This all suggests that the soil dust, sea salt and the biomass burning
products did not originate from nearby local sources at each of the t w o sites, but that
instead regionally representative aerosol samples were collected. The APCA source
apportionment attributed the coarse particle mass essentially to the soil dust and sea salt
components only, with average contributions of 60 and 4 0 % respectively. For the fine
fraction, on the other hand, more than 5 0 % of the particle mass was attributed to the
biomass burning component.
4.

PLANS FOR FUTURE WORK

In the next few years we will mainly continue with our ongoing EUROTRAC ASE
and "Global Change" studies, but also start some new ones.
As far as EUROTRAC ASE is concerned, the data set from Birkenes and Skreadalen
will be further evaluated, and new samples will be analyzed. We will also complete the
analysis of samples that were collected during the North Sea Platform Experiment. The
field work for this ASE experiment took place from 1 to 21 September 1 9 9 2 , and was
conducted aboard the German 'Forschungsplattform NORDSEE' (FPN), which is located
in the North Sea at 5 4 ° 4 2 ' N, 7 ° 10' E. During this three-week campaign-type experiment,
w e collected aerosol samples by means of SFUs and PCIs at t w o different heights above
sea level. One series of samples was taken at the main deck level, at about 27 m above
the sea surface, and a second series of samples was taken as much as possible in parallel
at the top of the mast, some 18 m above the main deck level. This two-level sampling
scheme will allow us t o investigate possible gradients in the aerosol elemental composition
and size distribution that might exist above the North Sea. The results may be linked to
data obtained by some other participating groups from samples taken at different points
above the sea level under the main deck level. Furthermore, we intend to finalize the data
intercomparisons, evaluation and interpretation (and write articles for international journals)
for our work within previous ASE campaign-type experiments, i.e., the Mace Head
Experiment and the North Sea Experiment (The field work for both experiments was done
in 1991).
Our "Global Change" research will continue to have t w o major components, i.e.,
an Arctic component and an equatorial/tropical component. The Arctic work already
includes aerosol studies in Spitsbergen and above the Greenland Ice Sheet, and very soon
w e will also start a study on the aerosol in Alaska. At Spitsbergen, continuous aerosol
collections are going on for us since early 1 9 9 1 . The collections are supervised by NILU
and take place at the Zeppelin background station (at 4 0 0 m above sea level) in Ny
Alesund, Spitsbergen. The aerosol samplers consist of a PCI and of a Hi-Vol filter sampler,
in which the filter collects the particle size fraction smaller than 2.5 //m EAD. The PCI
samples are analyzed by PIXE, whereas the filter samples are analyzed by INAA, PIXE and
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IC techniques for trace elements and cationic and anionic species, including sulfate and
methanesulfonate. We are now in the process of finalizing the analysis of the samples
collected up to fall 1992 (this includes thus t w o summer seasons), and the data of this
period will then be thoroughly evaluated. Our Greenland work is done in co-operation with
J.L. Jaffrezo (currently at Grenoble, France). During the summer of 1 9 9 2 a series of PCI
samples was collected at Summit on the top of the Ice Sheet. The PIXE analyses of these
samples will be completed and the data evaluated. For our study on the Alaskan aerosol
w e co-operate with G.E. Shaw (Fairbanks, Alaska). Since late July 1991 total Whatman
filter samples are continuously collected at Anchor Point near Homer, Alaska. This site is
located on the edge of a cliff, at about 200 meter above sea level (i.e., the Gulf of Alaska).
The collection time per sample is usually t w o days. The samples collected up t o January
1 9 9 3 (about 200 in total) were recently sent off t o us, and w e intend t o analyze them by
IC (for sulfate and methanesulfonate) and by short-irradiation INAA.
Within the equatorial/tropical component of our "Global Change" Research, w e will
continue w i t h our intensive SAFARI study. After the INAA of the SFU samples is
completed, the INAA results will be combined with the already existing data (MS, black
carbon, and PIXE), and a thorough evaluation and interpretation of the data will be started.
This will involve more receptor modelling work (including new APCA calculations), and w e
will also try to relate the data to air mass trajectories. Furthermore, w e will conduct
aerosol studies in Brazil. These studies are done in co-operation w i t h P. Artaxo (Sao Paulo),
and deal mainly w i t h the impact of biomass burning emissions. A s part of this w o r k , w e
recently started the analysis of a series of SFU samples which were collected from 21 July
until 29 September 1992 at Cuiaba, a site south of the Amazon Basin.
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Figure 1. Atmospheric concentrations (in ng/m3) of the particulate mass (MS), S, and Zn
(all in the < 2jjm EAD particle size fraction) as a function of sample number for about 190
parallel samples from Birkenes and Shreadalen. The full lines apply to Birkenes, the dashed
lines to Skreadalen. The top two lines indicate data for MS, the middle lines for S, the
bottom lines for Zn.
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Figure 2 . Scatter plot of the fine/coarse K ratio at Birkenes versus that at Skreadalen for
about 190 parallel samples from both locations.
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Figure 3. Absolute principal component scores for the fine biomass burning component
as a function of sampling date for 4-0 parallel daily samples from Skukuza and Pretoriuskop
(Sampling period from 1 September through 10 October 1992).
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Figure 4. Absolute principal component scores for the coarse soil dust component as a
function of sampling date for 40 parallel daily samples from Skukuza and Pretoriuskop
(Sampling period from 1 September through 10 October 1992).
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TRACE ELEMENTS IN AEROSOLS FROM BACKGROUND AIR POLLUTION
MONITORING STATIONS IN THE AMAZON BASIN USING
NUCLEAR-RELATED TECHNIQUES
P. ARTAXO, J.V. MARTINS, M.A. YAMASOE, F. GERAB, S. KOCINAS
Institute de Ffsica, Universidade de Sao Paulo,
Caixa Postal 20516, CEP 01498-970, Sao Paulo, SP, Brazil
Abstract
In order to study the natural release of aerosol particles by the Amazon Basin tropical rain forest,
the composition and size distribution of biogenic aerosol particles will be analyzed. The role of the
atmospheric emissions from the Amazon Basin rain forest in the global atmosphere will be investigated.
The atmosphere will be studied in long-term sampling stations in three different locations. The elemental
composition of aerosol particles released during biomass burning will also be measured in several different
ecosystems, from primary forest to Savannah. One of the main focuses is to identify and quantify
important physical and chemical processes in the generation, transformation and deposition of aerosol
particles. Also important is to obtain a better understanding of natural aerosol sources concerning
identification, their characteristics and strength, to be able to understand the natural chemistry in the
atmosphere on a global scale.
Aerosols will be sampled with Stacked Filter Units (SFU) and cascade impactors with detailed size
resolution in the sub-micrometer range. The samples will be analyzed by Particle Induced X-ray Emission
(PIXE) for measuring up to 22 elements (Na, Mg, Al, Si, P, S, CI, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Br,
Rb, Sr, Zr, and Pb). The elemental composition will be measured at the new PIXE facility from the
University of Sao Paulo, using a dedicated 5SDH tandem Pelletron nuclear accelerator. The multi-element
data obtained from the bulk analysis of the aerosol samples by PIXE will be examined by receptor models.
At the "Serra do Navio" sampling site a very clean background aerosol is being observed. Biogenic
aerosol dominates the fine mode mass concentration, with the presence of K, P, S, CI, Zn, Br, and FPM.
Three components dominate the aerosol composition: soil dust particles, the natural biogenic release by
the forest, and a marine aerosol component. At the "Cuiaba" site, during the dry season, a strong
component of biomass burning is observed. Aerosol mass concentration up to 160pg/m 3 was measured.
Absolute Principal Factor Analysis (APFA) showed three components: soil dust (Al, Ca, Ti, Mn, Fe), biomass
burning (Soot, FPM, K, CI) and natural biogenic particles (K, S, Ca, Mn, Zn). The fine mode biogenic
component of both sites shows remarkable similarities, although the t w o sampling sites are 3,000 km
apart. Several essential plant nutrients like P, K, S, Ca, Nitrogen and others are transported in the
atmosphere as a result of biomass burning processes.

1.

SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

The Earth's atmosphere is a vital natural resource that until recently appeared
unaffected by human activities, except on local scales. However it has become clear that
the worldwide strongly growing anthropogenic activities have impacts on the global
atmosphere [1 ]. It is becoming clear that is necessary to increase our knowledge of the
chemical processes that determine the composition of the atmosphere in background
areas, and to understand the interactions between atmospheric composition and biological
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processes. Also it is necessary to obtain a better understanding of the alterations in the
atmospheric composition due to changes in land use in tropical rain forests.
Tropical rain forest covers a large area of the Earth, and is a globally important
ecosystem, with large emissions of biogenic gases and particles [2]. The Amazon Basin,
with about 4 million square kilometers, plays a very important role in emissions of water
vapor, gases and aerosol particles to the global atmosphere. Almost a third of the rain that
iaiis on the Eaith's continents is cieposiied within the narrow equator:::! belt, with
important contribution in the global biogeochemical cycling of several elements and species
[3].
The International Global Atmospheric Chemistry Programme (IGAC) and the
International Geosphere-Biosphere Programme (IGBP) has recognized the importance of the
tropical rain forest ecosystems and several projects are being planned to study
characteristics of the atmosphere in these regions. The deposition of biogeochemically
important species to the Earth's surface plays an essential role in limiting the atmospheric
concentration of many essential nutrients. Important redistribution of both plant nutrients
and toxic substances within the biosphere result from such deposition. Both dry and wet
deposition pathways must be understood if the biogeochemical cycles of many species are
to be quantitatively assessed.
The Amazon Basin has the world's largest rain forest and is a region with intense
convective activity, resulting in rapid vertical mixing of biogenic gases and aerosols to high
altitudes where they can be transported over long distances and have an impact on the
global Tropospheric chemistry. Estimates of the global production rate of organic aerosols
show that the forest vegetation is the principal source of atmospheric organic particles.
Long-range transport of continental tropical carbonaceous aerosol may have an impact on
the remote troposphere [4, 5]. Only few studies involving aerosol elemental concentration
measurements have been conducted in tropical rain forests [4, 5 , 6 , 7 , 8 , 9 , 1 0 , 1 1 , 1 2 ] ,
many of them with very limited sampling time.
The continuous natural release of aerosols by plants is perhaps globally more
important than the emissions of gases and particles during forest burning. Crozat [13]
hypothesized that forest is a major natural global source of aerosols. Fish [14] suggested
that haze observed in forested areas could be due to submicrometer particles from
electrical generation of biogenic aerosol by leaves. Decaying vegetation can generate small
particles that can act as cloud nuclei [15]. Wind action on plant leaves can result in
mechanical abrasion, generating large biogenic particles [16]. Biological activity of
microorganisms on leaf surfaces and forest litter results in airborne particles, and windblown pollen grains contribute to coarse fraction particles in forested areas. Particulate
material containing Zn, Pb and Cu can be generated by higher plants [17], and plant wax
constituents were measured in urban areas and over the Atlantic ocean. Curtin eta/. [18]
found several trace elements, including Na, Mg, Mn and Zn, in exudates from conifer trees.
In the Ivory Coast tropical rain forest Crozat [13] observed K enrichment in biogenic
aerosols. The transpiration of plants can lead to migration of Ca 2 + , S0 4 2 ", CI", K + , Mg 2 +
and Na + to the atmosphere [19]. Artaxo [20, 21] studied the aerosol elemental
composition in the Brazilian Atlantic forest and used receptor modeling to obtain the
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biogenic aerosol characteristics, showing that the elemental profiles from aerosols in the
Brazilian Atlantic forest are similar to the ones obtained in the dry season in the Amazon
Basin.
1.1

The atmospheric emissions during biomass burning

The feet deforestation occurring now in the Amazon Basin is changing the
atmospheric composition and will have a regional climatic impact that can affect a large
portion of the equatorial region. Alterations of biogenic exchange fluxes are certainly
occurring due to changes in land use. The emissions of gases during biomass burning are
affecting the global concentrations of gases like CO, C0 2 , CH 4 , CH3CI, N 2 0, COS and
others [22, 23]. Much less studied is the composition of aerosol particle emissions. A
limited effort was done during the 1980 Brushfire Experiment, an international experiment
with the participation of the National Center for Atmospheric Research (NCAR) from USA,
Max Planck from Germany, and the University of Sao Paulo, Brazil. The emission of
aerosols during the burning of forests was studied at some locations, including the Amazon
Basin and in central Brazil. The composition and size distribution of aerosol particles were
measured in forest fires in Rondonia, Brazil, with large emissions of potassium, sulfur,
silicon, zinc and organic matter [11]. The French-German experiment Dynamique et
Chemie de I'Atmosphere en Foret Equatoriale (DECAFE/FOS) [24] have measured gases
and aerosol particle emissions in Savannah fires in Africa in 1988 and 1991. Aerosol
samples were collected for the University of Sao Paulo team, and analyzed for trace
elements. The sulfur cycle was extensively studied in DECAFE experiment, and
relationship of aerosol sulphate and other gases was determined. There are large
differences in the elemental composition between the DECAFE and Brushfire experiment
samples, in part due to the very different vegetation burned. For biomass burning
emissions, there is no aerosol composition data covering different environments from
different ecosystems. This would be important to obtain, especially for fine mode particles
and sulfur species.

2.

METHODS

Aerosols will be sampled using Stacked Filter Units (SFU) [25]. Coarse particles
(2.0 < dp < 15 pm) are collected on a 47-mm-diameter, 8 pm pore-size Nuclepore filter
while a 0.4//m pore-size Nuclepore filter collected the fine particles (dp < 2.0 /jm). The
flow rate is typically 14 Ipm that results in a 50 % cutoff diameter between fine and
coarse aerosol fractions of about 2.0 pm [34]. The SFU are fitted with a specially
designed inlet which provides a 50 % cutoff diameter of 15 //m [27] so that only inhalable
particles are sampled. SFU are loaded with the Nuclepore filters in a clean room at the
University of Sao Paulo, transported in a sealed container, and hand-carried after the
sampling. The sampling duration will be 24 to 48 hours in order to have good time
resolution to discriminate long-range transport events.
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Two monitoring stations are being operated continuously. The first sampling station
is situated in Cuiabci, at the Brazilian savanna, south of the Amazon basin rain forest. The
Cuiaba sampling station allows the analysis of regional effects of biomass burning
emissions due to the location of the station. The site is heavily affected by regional
savanna biomass burning. A second aerosol sampling station was installed in November
1991 at the "Serra do Navio," in the Northern part of the Amazon basin. This station is
lonateH 190 km North of the equator, in a primary tropical rain forest. The site is relatively
free from regional biomass burning emissions, and there are no industrial activities for at
least a thousand kilometers around the sampling site.
The samples will be analyzed by Particle Induced X-ray Emission (PIXE). PIXE
allows a fast, non-destructive and multielement analysis of the aerosol samples. In the
PIXE method [28] the samples will be irradiated by a 2.4 MeV proton beam produced by
a nuclear accelerator at the Institute of Physics, University of Sao Paulo. The PIXE system
in Sao Paulo uses a new Pelletron 5SDH nuclear accelerator dedicated for PIXE analysis.
The following 22 elements are normally detected for Amazon Basin aerosol samples: Na,
Mg, A l , Si, P, S, CI, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Br, Rb, Sr, Zr, and Pb. The
detection limit is typically 5 ng m"3 for elements with Z < 20, and 0.1 ng m'3 for 21 < Z
< 30. The precision of the PIXE analysis is better than 5 % for the major elements and
about 10 % for elements with concentrations near the detection limit.
The fine and coarse fraction aerosol mass concentrations are obtained through
gravimetric analysis of the Nuclepore filters. The filters are weighed before and after
sampling in a Mettler M3 electronic microbalance with 1 //g sensitivity. Before weighing,
the filters are equilibrated for 24 hours at 50 % relative humidity and 20 °C. Electrostatic
charges are controlled by means of 210Po radioactive sources. Detection limit for the
aerosol mass concentration is 0.3//g m'3. Precision is estimated at about 15 %. Soot
carbon concentration will be measured with a reflectance technique using a "Diffusion
System" photometer.
2.1

Sources and Transport of Aerosol Particles in the Amazon Basin: Receptor Modeling

The elemental composition of particulate matter sources can be studied with the
use of receptor models {e.g. Chemical Mass Balance, Stepwise Multiple Regression, Factor
Analysis, Cluster Analysis, etc.) [29, 30, 31]. In the present study we are interested in
identifying the natural sources of aerosols in the Amazon Basin and extracting their
elemental compositions through the use of absolute principal factor analysis (APFA) [32].
APFA offers the possibility to obtain a quantitative source profile instead of only a
qualitative factor loading matrix as in traditional applications of factor analysis. The
elemental source profiles help in the identification of the factors and can be used to
compare the factor compositions with the assumed aerosol sources.
In principal factor analysis [33] a model of the variability of the trace element
concentrations is constructed so that the set of intercorrelated variables is transformed
into a set of independent, uncorrelated variables. This is done by finding the eigenvalues
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and eigenvectors of the correlation matrix. The most prominent eigenvectors (factors) are
retained and orthogonally rotated by a VARIMAX rotation. The resulting "factor-loading"
matrix represents the correlations between the trace elements and each orthogonal factor.
Also "factor scores" are calculated which indicate the relative importance of each factor
for the individual samples. The APFA procedure obtains the elemental mass contribution
of each identified component by calculating the absolute principal factor scores (APFS) for
each aarnpla. The elemental concentrations are subsequently regressed on the APFS to
obtain the contribution of each element for each component. These source profiles thus
obtained can be compared with values from the literature to gain information on
enrichment and atmospheric chemistry processes.
The measured aerosol mass
concentration can also be regressed on the APFS in order to obtain the aerosol total mass
source apportionment.

3.

RESULTS

A large number of samples were collected at the Cuiabd sampling station, from
which results from 106 fine mode aerosol samples are presented here. For Serrado Navio,
28 fine mode samples were analyzed. Figure 1 presents the time series of the fine, coarse

Amazon Basin Aerosol - Cuiaba

Figure 1. Time Series of the Fine, Coarse and Inhalable Particulate Matter
Concentrations for the Cuiab£ Site
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and inhalable particulate matter concentration for the SFU samples collected at the Cuiab3
sampling site. There is very clearly a large increase in aerosol loading in the atmosphere
during the biomass burning season. From an inhalable particulate matter (IPM) concentration of 20 jjg/m3 during the w e t season, the concentration goes as high as 160/vg/m 3
during the biomass burning season. Aircraft measurements over large areas of the Amazon
Basin show very high average IPM concentrations up to 300 //g/m 3 . These high
concentrations are observed in areas as large as 2 millions square kilometers, using aircraft
and remote sensing measurements. Soot carbon concentrations are also high. Table I
presents the average elemental concentrations for the fine mode aerosol from both
sampling sites. FPM represent the fine mode aerosol mass concentration in //g/m 3 .
Sulphur at CuiabS, with an average concentration of 4 2 6 ± 365 ng/m 3 appears higher than
in other studies of aerosol composition in the Amazon Basin [6, 7 ] , due to the high
influence of biomass burning emissions. At the Serra does Navio site, the fine mode sulfur
concentration ( 7 2 6 ± 4 1 1 ng/m 3 ) is partially a result of marine air masses entering the
Amazon basin region. The average concentrations of heavy metals like Zn, Cu, Ni, Sr, Zr,
Rb, Pb, etc. are very low, showing the absence of atmospheric anthropogenic emissions
at the sites, with the exception of biomass burning.
The variability of the elemental concentrations was analyzed using the Absolute
Principal Factor Analysis (APFA) technique. For the fine mode Cuiaba' aerosol samples,
only three factors account for most of the trace element variability. Table II presents the
VARIMAX rotated factor loading matrix. The first factor with high loading for A l , Ca, T i ,
Mn, Fe and Zn represents soil dust aerosol particles. The second factor with high loading
for Soot, FPM, K and CI represents biomass burning aerosol. The third factor w i t h high
loading for S, K, Ca, Zn and Mn represents biogenic aerosol particles. The communality
for each element is shown in the last column, and is very high for all variables. Table III
shows the VARIMAX rotated factor loading matrix for the Serra do Navio sampling site.
Three factors were statistically significant. The first factor has high loadings for A l , Si, Ca,
Ti, Mn, and Fe, clearly representing soil dust aerosol particles. The second factor has high
loadings for K, S, Zn, Br, FPM, and CI, representing biogenic aerosol particles. The third
factor has significant loadings only for chlorine, representing marine aerosol particles. The
Serra do Navio sampling site is about 500 km away from the ocean, and the prevailing
wind direction is from the sea coast to the sampling site. Communality for all elements
in Table III is very high.
The APFA procedure allows obtaining absolute source profiles in units of ng/m 3 .
Figure 2 shows the elemental source profiles for the APFA Cuiaba' data set. Potassium has
high elemental concentrations for the three factors, because it has contribution from soil
dust, biomass burning and biogenic aerosol emissions. Fine mode chlorine is emitted
mainly by biomass burning. Rubidium and strontium were shown t o be emitted by
biogenic and biomass burning processes. Pb and Cr are present mainly in the biogenic and
soil dust components. Zr is similarly distributed along the three components.
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Table I - AVERAGE ELEMENTAL CONCENTRATION IN NG/M 3 AND STANDARD
DEVIATION (a) FOR FINE MODE AEROSOL COLLECTED AT TWO BACKGROUND
SAMPLING STATIONS IN THE AMAZON BASIN.
The station at "Cuiab£" is situated in a region with influence of regional biomass
burning. The "Serra do Navio" sampling site is in a primary forest location far away
from biomass burning regions, n Is the number of samples with elemental
concentration above the detection limits.

Element

Cuiab£

n

Serra do Navio

n

Al

104±107

106

209 ±232

28

Si

148 ±146

79

479±558

28

P

10.6±7.5

67

15.1 ±10.9

19

S

426±365

106

726 ±411

28

CI

11.9 ±12.9

106

15.5±8.2

28

K

369±379

206

375 ±182

28

Ca

32.4±25.8

106

62.0±39.5

28

Ti

7.68 ±8.07

106

15.9±17.7

28

V

-

-

1.20±0.22

5

Cr

3.79 ±2.97

55

2.51 ±0.92

13

Mn

4.00±3.29

106

4.13±2.04

28

Fe

199 ±183

106

140 ±127

28

Ni

0.57±0.57

1

0.17±0.17

1

Cu

1.531.14

44

1.32±0.81

9

Zn

6.39±5.09

106

3.69 ±1.59

28

Se

0.35±0.23

5

5.26±3.15

1

Br

5.62±5.89

86

5.26±3.15

28

Rb

1.32±1.02

41

1.07 ±0.54

19

Sr

0.70±0.59

49

1.06±0.56

20

Zr

1.22±0.91

5

1.39±0.59

23

Pb

1.68±1.35

87

0.82±0.21

16

FPM(*)

10.9±10.7

106

14.2±6.9

28

Soot(**)

2.10±1.79

106

-

-

3

(*) FPM is the fine mode aerosol mass concentration in /ig/m .
(**) Soot carbon concentration is expressed in /ig/m3.

Figure 3 shows the elemental composition of the biogenic component for the
t w o sampling sites. P, Ca, Cr, Zn, Br, Rb, Sr, Zr and Pb show similar concentrations
for both sampling sites, despite the three thousand kilometers distance between the
t w o sampling stations. S, CI, K and FPM show higher concentrations for the Serra do
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Table II - FACTOR ANALYSIS RESULTS FOR THE FINE MODE CUIABA AEROSOL
SAMPLES.
(Varimax rotated factor loading matrix, with three factors statistically significant.
Factor 1

Factor 2

Ft,lor 3

Soil Dust

BJomass Burning

Biogenic particles

Al

0.87

0.36

0.29

0.97

S

0.41

0.36

0.78

0.91

€1

0.14

0.90

0.19

0.23

K

0.45

0.59

0.61

0.93

Ca

0.73

0.18

0.58

0.91

Ti

0.93

0.24

0.24

0.99

Mn

0.71

0.39

0.53

0.94

Fe

0.91

0.23

0.31

0.97

Zn

0.58

0.40

0.63

0.89

FPM

0.25

0.91

0.25

0.96

Soot

0.39

0.85

0.26

0.95

Variable

Communality

Table III - FACTOR ANALYSIS RESULTS FOR THE FINE MODE SERRA DO NAVIO
AEROSOL SAMPLES.
(Varimax rotated factor loading matrix, with three factors statistically significant.)
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Communality

Factor 1

Factor 2

Factor 3

Soil Dust

Biogenic Aerosol

Marine Aerosol

Al

0.96

-0.14

-0.19

0.99

Si

0.97

-0.14

-0.16

0.99

S

-0.28

0.94

0.01

0.96

CI

-0.24

0.64

0.70

0.97

K

0.00

0.99

0.03

0.98

Ca

0.94

0.03

0.02

0.88

Ti

0.97

-0.17

-0.14

0.99

Mn

0.91

-0.14

0.28

0.93

Fe

0.99

-0.11

-0.09

0.99

Zn

-0.05

0.97

0.17

0.96

Br

-0.08

0.88

0.16

0.80

FPM

-0.14

0.96

0.02

0.93

Element

Cuiaba Fine Mode Source Apportionment
Absolute Principal Factor Analysis
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Figure 2 - Elemental Source Profiles for the Cuiaba Absolute Principal Factor Analysis
Calculations.
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Figure 3 - Elemental Composition of the Biogenic Component for the T w o Background
Aerosol Sampling Sites. P, Ca, Cr, Zn, Br, Rb, Sr, Zr and Pb show similar concentrations
for both sampling sites, despite the three thousand kilometers distance.
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Navio sampling site. In Cuiaba, due to the high soil dust load in the atmosphere, it is
possible to observe A l , Si, Ti and Fe in the biogenic elemental profile. The biogenic
elemental source profile is similar to the one observed near Manaus during the ABLE-2B
experiment [ 4 2 ] , and in other forested regions of Brazil [9]. This agreement is surprising
because of the large differences in ecosystems and plant species in the Amazon Basin.
This biogenic aerosol component consists of many different types of particles, such as
algae, fungus, plant debris and other particles difficult to identify [ 3 A , 35, 36]. Together
with the soil dustcomponent, it was possible to observe long-range transported aerosol
particles from the Sahara desert into the Amazon Basin, with this component being mixed
with the marine aerosol component at the Serra do Navio sampling site.

4.

PLANS FOR FUTURE WORK

We will continue to operate the Amazon Basin sampling stations, collecting
continuously fine and coarse mode aerosol particles. New instruments are being added t o
the network, including a Multi-Orifice Uniform Deposit Imparctor (MOUDI) cascade
impactor and an instrument to continuously masure soot carbon, the Aethalometer. A t the
analytical side, w e will perform elemental analysis using our PIXE system, and also ion
cromatography will be used to measure ionic components, including organic acids. New
developments in receptor modelling, using hierarchical cluster analysis will be used to help
in the data interpretation. Also some aircraft flights will be performed over large areas of
the Amazon Basin, in order to obtain a basin-wide picture of aerosol spatial distribution.
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Abstract
Santiago, the capital of Chile is becoming one of the most polluted cities in the world as regards
its atmospheric environment. The present project aims at comparing the composition of airborne particulate
matter collected in Santiago with other collected in a clean area and to optimize the analytical methodology,
based on NAA, XRF and PIXE, for this type of samples. The possibility of using total reflection XRF (TRXRF)
for quantitative determination of air particulate matter will be evaluated. Analysis of wet deposition by ion
chromatography and TRXRF will also be performed. The feasibility of using biomonitors for environmental
pollution purposes will also be studied. The project foresees the evaluation of the analytical data as regards
its analytical quality and its statistical interpretation. The identification of emission sources will be
attempted.

1.

SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Santiago, the capital of Chile has relatively high levels of pollutants as compared
to other large cities in the world as regards its atmospheric environment. The large number
of motor vehicles, for public transportation and private use, the large number of industries
located within urban limits and adverse topographical and climatic conditions, contribute
to the high levels of airborne particulate matter and gases found in the atmosphere of
Santiago.
The natural climatic and environmental surroundings of Santiago contributes very
little to a natural cleaning of the city's air. The city is located in the central region of the
continental part of the country, at an altitude of 543 m above sea level, at a latitude of 33°
30' south and a longitude of 70° 35' west. It covers an area of 144 km 2 , (Fig. 1) has a
population of about 5,000,000 inhabitants and around 500,000 vehicles. The mean
temperature in winter is 9 °C and in summer is 23 °C. The rain season coincides with the
winter season, that is, from May to August. The mean rain fall in the last five years was
about 384 mm. Santiago is almost completed surrounded by mountains: at the east the
Andes Mountain (ca. 2000 to 4000 m altitude) and at the west the Coastal chain
mountain (ca. 800 to 1000 m altitude), which are connected by transversal chains of low
altitude.
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The winds regime is also adverse. The highest wind velocities, with a value of
about 5.0 m/s, are produced during the summer season, while the lowest velocity, with

Figure 1. Map of Santiago, Chile
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values as low as 0.6 m/s, occurs during the winter season. The mean yearly value could
be between 1.0 to 1.2 m/s. This fact shows how important the heating process by solar
radiation is as compared with the circulation of air around the Santiago area. The higher
wind velocities coincide with the period of major solar radiation. The winter months, with
lower solar radiation and smoggy days have a daily cycle of winds with very small
changes. The south-west wind direction is the predominant in Summer w i t h a 5 6 % of
occurrence, followed in importance by the south and west direction. Furthermore, in winter
months only the south-west wind direction is relevant with an occur ence of about 2 8 %
followed by the east direction with a 1 9 % occurrence. Table I shows a typical wind
behaviour in the Santiago area for the period September 1982 t o August 1983 [1].

TABLE I. WIND VELOCITIES IN SANTIAGO, CHILE, FROM SEPTEMBER
1982 TO AUGUST 1983. VALUES IN m/s.

Summer
High value
Lower value
Mean value

5.0
0.9
2.3

Autumn

Winter

Spring

3.6
0.7
1.5

2.7
0.6
1.4

4.1
0.9
2.0

Year
4.1
0.9
1.8

The four seasons of the year are clearly distinguishable. The worst period, as
regards air pollution, is winter, from May to August. During this period a thermal inversion
layer is produced at around 300 m above the city which greatly contributes t o the
accumulation of pollutants in Santiago's atmosphere. This inversion layer normally breaks
up at around midday, but it is not enough to disperse all pollutants. The cycle is then
repeated next day.
Industries are spread at the south and north of the city in the pathway of the winds.
Thus, in the daytime, when the wind blows from the south-west, all the industrial
emissions from that sector are blown into the city. On the other hand, at night something
similar happens from the northern industrial area.
The direct consequence of this problem is the large number of persons, especially
children, with respiratory difficulties, eye irritation and allergies. This tact has a marked
effect on the production, labour and attendance of children to school.
The local authorities have given to this problem high priority and are enforcing new
measurements to decrease the air pollution in Santiago. One of the latest regulations is the
introduction of catalytic converters in all types of new cars aiming at decreasing the levels
of toxic gases. The industries have t o revise all their emission systems and to install
adequate emission control devices or filters.

95

There have been a number of studies on air pollution in Santiago. The results of
these studies indicate that airborne particulate matter is an important component of
Santiago atmosphere. There have been attempts to characterize the aerosol, but the
results have not been very successful. Most of the analytical techniques used so far have
been destructive methods of analysis which required rather complicated sample preparation
procedures. One study, which used a purely instrumental approach, namely instrumental
neutron activation analysis (INAA) was carried out in 1977 [2]. At present, several
analytics! techniques are available, namely neutron activation analysis (NAA), x-ray
fluorescence (XRF) [3,4] proton induced x-ray emission (PIXE), which can be used to
characterize the aerosols.
The present project aims at:
1.

t o compare the composition of airborne particulate matter collected in
Santiago with other collected in a clean area; for this purpose, a nonpolluted sampling site has been selected at about 30 km from Santiago

2.

t o optimize the analytical methodology, based on NAA, XRF and PIXE, for
this type of samples. The possibility of using total reflection XRF (TRXRF)
for quantitative determination of air particulate matter will be evaluated
[5,6,7]. A TRXRF system is available at the Chilean Nuclear Energy
Commission and two approaches will be explored:
a) the analysis of airborne particulate matter collected directly on quartz
plates for direct measurement and
b) the collection of samples on membrane filters followed by a chemical
dissolution and subsequent analysis of the solution obtained

3.

analysis of wet deposition by ion chromatography and TRXRF; this part will
be included in the supplementary programme

4.

to study the feasibility of using biomonitors for environmental pollution
studies in both, the Metropolitan and rural areas will also be explored

5.

to evaluate the analytical data as regards its analytical quality and to treat
it statistically; the identification of sources will be attempted.

2.

MATERIALS AND METHODS

2.1.

Sampling and sample preparation

The collection of airborne particulate matter in Santiago and rural area will be
carried out using a sample collector which complies with the PM-10 standard provided by
the IAEA.
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Two samples will be collected on a daily basis, one during the daytime and the
second overnight, ideally simultaneously at both collection sites. This is, however, subject
to the availability of a second PM-10 sampler which is expected to be obtained through
an IAEA Regional Programme on Environmental Studies Using Nuclear Techniques
(RLA/2/006)
For the analysis of the filters with instrumental analytical techniques, the samples
will be analysed directly, without any further treatment. The best analytical conditions for
each technique will be determined experimentally. Those samples to be analysed by TRXRF
have to go through a dissolution process. The most appropriate procedure will be
determined experimentally.
For the collection of wet deposition it is foreseen a co-operation with the local
meteorological organization which has the appropriate sampling devices.

2.2.

Analytical techniques

The analytical techniques for the analysis of airborne particulate matter collected
onto filters will be NAA, XRF and PIXE, complemented if necessary, with classical methods
such as atomic absorption spectrometry (AAS). The analysis of wet deposition, as part of
the supplementary programme, will be done by ion chromatography and electrochemical
methods in addition to NAA and TRXRF.
The respective analytical methodologies, with the exception of TRXRF, are already
developed. However, it might be necessary to optimize some of the parameters to obtain
more reliable results. For TRXRF it will be necessary to develop the complete analytical
procedure since this technique has only recently been introduced and there is no
experience for the analysis of airborne particulate matter. In addition to the development
of sampling procedures, it will be necessary to determine the best chemical approach for
the complete dissolution of the sample and subsequent steps. The optimum parameters
(irradiation, geometry and counting conditions) will be determined.
2.3.

Analytical quality assessment

Due to the lack of appropriate reference materials for this type of matrix, analytical
quality control will be based, mainly, in the exchange of samples among the local
participating laboratories for cross checking the results. For this purpose, it is planned to
collect two samples simultaneously, at the same collection site during the same time with
two identical samplers. The filters will then be analysed by two independent methods and
the results compared.
It would be highly desirable to have some kind of reference materials prepared for
this CRP. Previous experience of the IAEA on the subject can be taken into account and
attempt the preparation of such materials.
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2.4.

Data evaluation

The analytical data will be interpreted in several ways. On one hand, enrichment
coefficient will be calculated for all elements with respect to the concentration of those
elements in the earth crust. This will allow the identification of natural and anthropogenic
elements. On the other hand, the data obtained from the samples collected in Santiago and
the rural site will be subject to statistical analysis to determine significative differences or
similarities among these collection centres. Finally, the data will be used to check the
validity of diffusion models which are being developed by another group; the elemental
composition of the aerosols could provide valuable information for this purpose.

3.

RESULTS

No results have been obtained so far within the framework of this CRP. However,
the air pollution problem in Santiago is not new and has been studied before. However,
further studies have to be undertaken to help in identifying the actual pollutant sources,
mainly the static ones.
One of such studies was the "Physical and Chemical Characterization of
Atmospheric Aerosols in Santiago" [1] which was carried out from 1983-1987 with the
sponsorship of the Ministry of Health of the Government of Chile and with the participation
of academic groups from three Faculties of the Universidad de Chile. The elemental
composition (Cu, Ti, Pb, Mg, Ca, V, Zn, Fe, Ni) and some compounds (sulphate, nitrate,
halogenate) were determined in the aerosol samples. This study included the analysis of
a lot of filters (Whatman GFA) collected on high-vol samplers during the previous two or
three years. Only a few of them were especially collected on dichotomous samplers for
some determinations. Other objective of this study was to attempt to determine the origin
of some of the compounds found in the samples.
Tables II and III show some of the results obtained in the analysis of samples
collected in Santiago between November 1976 and July 1983 [1].

TABLE II. AIRBORNE PARTICULATE MATTER AS DETERMINED IN
ATMOSPHERIC AEROSOLS FORM SANTIAGO (CHILE). VALUES IN jjg/m3

High value
Lower value
Mean value
Number of event

98

Summer

Autumn

Winter

Spring

Year

331
80
184
86

479
93
250
126

566
72
287
166

355
57
175
132

566
57
232
510

TABLE III. ELEMENTAL AND IONIC COMPOSITION
OF ATMOSPHERIC AEROSOLS IN SANTIAGO, CHILE.
VALUES IN //g/m 3

Summer

Autumn

Winter

Spring

Fe
Pb
Cu
Mn
Ni
Ca
Mg
V
Ti
Al

1.112
0.206
0.078
0.194
0.020
0.790
0.320
0.020
0.086
0.794

1.432
0.348
0.083
0.203
0.025
0.128
0.318
0.015
0.112
0.430

1.726
0.496
0.046
0.058
0.034
0.088
0.226
0.038
0.876
0.030

1.225
0.188
0.075
0.232
0.022
0.0S2
0.210
0.015
0.095
0.607

C
SO; 2
S
NOj

23.32
10.27
5.14
5.99
0.57
3.88

43.85
11.69
7.00
6.83
0.86
3.59

143.41
17.34
11.15
12.35
1.21
3.57

20.30
10.91
6.16
4.98
0.60
3.56

NH;
X*

"X = total halides

International support for related studies has been obtained. One such study is being
carried out within the framework of a Regional Programme on Environmental Studies using
Nuclear Analytical Techniques, RLA/2/006, sponsored by the International Atomic Energy
Agency. This international co-operation project includes the analysis of atmospheric
aerosois of Santiago and its seasonal variations. The analysis of the samples is being done
with nuclear {i.e. NAA, PIXE, isotopic dilution) and classical analytical techniques (i.e.
AAS, ion chromatography). The samples are being collected with SFU and PM-10
equipment. The principal objective of this project is to study the seasonal characterization
of these aerosols and to compare it with the incoming particulate matter into the city. A
mass balance estimation for all the chemical species is another interesting objective of this
study. This project is being carried out with the participation of a group of scientific staff
of the Universidad de Chile and the Comision Chilena de Energia Nuclear.

4.

PLANS FOR FUTURE WORK

The work plan, within the "core" programme for the proposed CRP would include
the following:
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1.

An elemental characterization of the urban aerosol in Santiago using different nondestructive analytical techniques such as NAA and XRF. As a complement it is also
proposed to use AAS for selected samples. A suitable "clean" area will be identified
to be used for comparison purposes.

2.

Emphasis will be put on analytical quality control to assure adequate quality of the
analytical data, which would be the basis for any inte: pretation that could be carry
out. Quality control would be done through analytical intercomparison of duplicate
samples analysed by several of the analytical techniques available, analyzing
appropriate reference materials and through the exchange of samples with other
national or international institutes dealing with the same subject.

As part of the supplementary programme it is planned to analyse wet deposition in
the Santiago metropolitan area. Studies of this kind have not been undertaken so far. The
total reflection mode of XRF is available at the Chilean Nuclear Energy Commission, La
Reina Nuclear Centre. It is proposed to implement and develop the necessary procedures
for its use in the analysis of wet deposition and any other matrix for which these
techniques have proven to be useful and reliable and relevant to this project. An attempt
to find suitable biomonitors for environmental pollution in the city itself and mainly in the
suburban area, will also be carried out. This component of the supplementary programme
is not well define and decided yet.
During the first year the activities will be focused on the selection of the collection
sites, improvement of the analytical procedure for the elemental characterization of
atmospheric aerosols samples collected on filters or membranes and the development of
procedures for the use of total reflection XRF for the analysis of aerosols and wet
deposition.
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STUDY OF THE LONG-RANGE TRANSPORT OF ATMOSPHERIC
POLLUTANTS BY INSTRUMENTAL NEUTRON ACTIVATION ANALYSIS
YANG SHAO JIN
Institute Of High Energy Physics, Chinese Academy Of
Science, P.O.Box 2732, Beijing,China
Abstract
Aerosol samples were collected to study the characteristics of marine aerosols in the different
western Pacific ocean areas. During the first cruise from 15 October to 25 November 1989, aerosol
samples were collected with a kA-200 Andersen cascade impactoi and a kB-120 .sampler. Instrumental
neutron activation analysis was used to determine the elemental composition of the aerosols. The
concentrations of crustal «and pollution elements in aerosols were high over the ocean area close to the
China coast and decreased very rapidly with increasing distance from land. The morphology and elemental
composition of aerosol particles showed that the seasalt particles may conglomerate with small crustal and
pollution particles from land to form large particles.

1.

BACKGROUND AND SCOPE OF PROJECT

Atmospheric aerosol is one of the important pollutants. The different sources and
the complex formation processes of the aerosol cause great differences in its constituents
and contents. The concentrations of certain trace elements in the atmosphere have been
elevated by pollution and therefore the highest concentrations of these chemical
contaminates are observed over the continents.
Some aerosols may be harmful and some may become reaction beds or carriers of
other pollutants. Thus the composition and contents of aerosols have become an
important parameter in assessing atmosphere quality. It is, therefore, indispensable that
the trace element composition and physical-chemical properties of aerosol be analyzed and
studied.
The objectives of studying the chemical composition of aerosols over the oceans
are to assess the effect of long-range transport of natural and anthropogenic trace
substances on the composition of marine aerosols, and to estimate the deposition of
crustal material and air pollutants onto the ocean surface and their contribution to marine
sediments, and to offer the background concentrations of trace elements in aerosol
particles over remote marine regions.
1.1. Previous Studies
In the past years, we have studied the characteristics of aerosol particles and identification
of their sources in Beijing- Tianjin, Guangzhou and Tanggu coastal area [1], some study
results are introduced as follows:
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Trace elemental concentrations at those areas have been determined by INAA. The
highest concentrations for most elements are found at Beijing-Tianjin area, which may be
due to soil dust and coal-burning contributions.
According to elemental concentrations in particles of different size, they can be
classed in three parts: (1) These elements are mainly enriched in coarse particles (Al, Ba,
Ca, Ce, Co, Cr, Eu, Fe, La, Lu, Mg, Na, Sc, Sm, Th,Ti and W ) which may be from natural
sources, and caused by entrainment of soil dust and alumino-silicate portion of coal by the
wind. These elements are predominantly with large particles, and concentration sharply
decrease with size. (2) These elements are mainly enriched on small particles (As, Br, Ga,
I, Pb, Sb, Se and Zn). Their concentration rapidly increases as size decreases. The major
sources are coal and oil combustion, motor-vehicle emissions, and industrial refuse.(3)
Bimodal particles size distributions (Cs, K, Mn and Rb). These elements show both large
and small particle components, and our results suggest that the elements in question have
multiple sources.
For the greatest improvement of air quality, emission controls should be applied first
to the sources that contribute most to the atmospheric pollution. This means that we must
have information on the relative contributions from possible sources. Chemical element
balance for estimating the percentage contributions of various sources to the atmospheric
particle content has been used. In our study, We chose to examine the following major
sources of particles: soil dust, coal burning, automotive-fuel burning, fuel-oil burning,
sea-salt, construction dust, and industrial refuse. Our results indicated that the most
important sources of air pollution in Tianjin area were the soil dust and the emission from
coal-burning followed by the contributions from construction dust and industrial refuse.
The contributions from motor vehicle and oil burning lay the third. The seasalt was less
important.
1.2. Application of neutron activation analysis in studying some properties of the aerosols
during a dust storm over Beijing area [2].
The dust storm is a common phenomenon that occurs with great frequency and
magnitude in arid and semi-arid areas. Atmospheric pollution is one of the most active
areas of study concerning desert dust.
In 18 April, 1980 and 25 April,1990, a dust storm appeared in Beijing area, and
aerosol particle samples were collected and analyzed. The values of the aerosol particle
concentrations during the dust storm are ten times higher than the ordinary days. The
analytical results show that besides the great change in content of some chemical
elements appearing both in the normal aerosol and in the dust storm aerosols, there exist
Eu and Ta only in the latter. The calculation of the enrichment factor shows that relative
contents of many elements in the aerosol and in the crust are similar. This was attributed
to the dust from soil or rock weathering entering into the air, but the elements As, Br, Sb
and Se mainly came from the coal combustion.
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Analysis of the meteorological background and the properties of the enrichment
factors of some elements in aerosols indicates that the Beijing dust storm aerosol particles
was formed by soil dust brought and mixed into the air by the strong wind, these particles
are from the areas where the strong wind formed and passed. It also shows that
atmospheric pollutants can travel a very great distance following an air stream.
2. METHODS
2 . 1 . Sampling
A KB-120 air sampler (made in China, a kind of high volume sampler with a teflon
filter holder) and a KA-200 Andersen cascade impactor (made in Japan) were used for
sampling aerosols. The KB-120 air sampler were used to measure the total amount of
aerosols, the KA-200 Andersen cascade impactor was made of stainless steel and it
collected samples in different size ranges : > 1 1 , 7-11, 4.7-7, 3.3-4.7, 2.1-3.3, 1.1-2.1,
0.65-1.1, 0.43-0-65, and <0.43(jrr\ aerodynamic diameter (stages 1-9,respectively). The
sampling devices were mounted on the top of the front platform of Chinese research
vessel at an elevation of about 15 m above the surface to avoid contamination from stack
emission. Sampling was manually interrupted during the rain period and when the relative
wind was blowing from aft or when its speed was lower than 3m*s" 1 . To protect samples
from sea spray, all samplers were set up in separated shelters which were made of
wooden sloped screens (40x40 cm) and solid wooden roofs and floors. We used Chinese
cellulose Paper filters (corresponding to Whatman 41) with diameter 90 mm and 60 mm
for the KA-200 Andersen cascade impactor and KB-120 air sampler, respectively. At last
stage of irnpactor, we used zefluor filters to avoid loss of small particles. The cellulose
paper has a very low "blank" and good anti-radiation properties. Blank samples were taken
in the field for comparison. The sampling time and volume speeds were 6-8 hours and 80
L min' 1 for the KB-120 air sampler, and 40-50 hours and 28.3 L min -1 for the KA-200
impactor.
2.2. Sample Treatment and Measurement
The sample filter was pelletized for irradiation through the use of a stainless steel
press fitted with a nylon insert. The pellets were 1 cm in diameter and 0.2 cm thick. The
concentrations of Al, Ca, CI, Mn, Na and V were determined by a "short" INAA procedure
at a thermal neutron flux of 8x10 n n/cm 2 s with irradiation times of ten minutes. After
cooling for 3 min, the samples were counted for 600s on a 136 cm3Ge(Li) detector
(resolution of 2.0 kev for the 1332 keV gamma ray). A second part of elements was
determined by a "long" INAA procedure which involved irradiation at 6 x l 0 l 3 n c m " V
thermal neutron flux for 48 hours. The samples, standard, and standard reference material
are counted once for 2000s after 4d of cooling. It measured the nuclides of As, Br, K, La,
Na and Sm. Then, there are second counts for 5000s after 20d of cooling. It measured the
nuclides of Ba, Cs, Co, Cr, Cs, Eu, Fe, Hf, Rb, Sb, Sc, Se, Ta, Tb, Th, Yb and Zn by means
of a Ge(U) detector system with S-80 program control. The computer program used for
peak searches and isotope identification, after correcting for decay and various interfering
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contribution, subtracting the filter blanks, and comparing the samples with the standards,
the contents of the element to be determined in the samples could be calculated. At the
same time, the NBS standard reference materials, SRM-1632a (coal) and SRM-1633a (coal
fly ash) were also analyzed in order to check the accuracy of this method.

3. RESULTS
In the past years, the continental aerosols have been studies for many years, but
until recently, marine aarosols over the different ocean regions have been studies.
Research on long-range transport of atmospheric pollutants, due to complexity of the urban
atmospheric environment, ocean near to land is one of the best place. China is situated in
the westerly belt, the aerosol particles over Chinese continent, drifting with the west wind,
are easily transport eastward to the western Pacific regions. In recent years, we have been
studying characteristics of marine aerosols over the western Pacific ocean, the primary
study results described as follows:
3.1> Chemical Composition of Aerosol in Various Marine Regions [3]
Table 1 presents the elemental composition of the aerosol particles sampled in
various marine regions. According to the elemental character, enrichment factor and
sources, in the following discussion the trace elements are divided into three groups.
(1) Crustal Elements: The distributions of crustal element concentrations were different
from those for concentrations of seasalt elements. We can see from the Table 1 that Al
concentrations in aerosols were high over the area close to the Asian continent and
decreased with increasing distance from land. In the remote ocean , Al concentrations had
values of 10" 8 gm' 3 , which were an order of magnitude less than those in the area close
to the continent. Atmospheric inputs of alumino-silicate particles from crustal weathering
controlled the aerosol particle concentrations of Al, Ba, Co, Cr, Fe, Mn, Sc and rare earth.
(2) Seasalt Elements: The elements CI, Mg and Na in the aerosols over the ocean are
generally regarded as coming from particles that have evaporated from small seawater
drops brought into the air by breaking waves and bubbles. From the results in Table 1 it
can be seen that the concentrations of seasalt elements CI, Mg and Na in aerosol over the
remote ocean, were higher than crustal elements. They were dependent on the wind speed
over the sea surface. (3) Enrichment Elements: The aerosol particles produced by human
activities are another important constituent of the marine aerosol. Certain trace elements,
including As, Sb, Se and Zn are enriched in the atmosphere over the levers expected from
soil dust or seasalt particles. It is. suggested that the enrichment elements over the
western Pacific were influenced mainly by long-range transport of anthropogenic pollutants
from continent.
3.2. Size Distributions
The chemical components of aerosol over the western Pacific come from different
sources, and therefore its elemental concentration size distribution is complicated. In
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aerosol, elements of different chemical properties have different size distributions. Plot of
size distribution versus elemental concentration percentage for elements is drawn in Figure
1. The data are the average value of six cascade impactor samples over the remote ocean.
It can be seen that the maximum peak value of seasalt elements Br, CI, Mg, and Na
appears on stage 4 , with a slightly different size distribution. Al and Fe are quite different
from seasalt elements in size distribution. It appears lower for intermediate and higher for
fine and coarse particles.

0.65 2.1 4.7 Paniculate size
<0.43 1.1 5.3 7 11 >Ufan

3.3. Identification of Marine
Aerosol
Component
by
Scanning Electron Microscopy
with X-ray Analysis[4]
Total mass X 20

In order to identify marine
100 1MgXIO
aerosol component originated
Brxs
from continent or ocean, the
aerosol particles are examined
by s c a n n i n g
electron
microscopy. The x-ray spectra
of most particles showed
10 1
constituents of A l , Fe, Si, CI,
Na
FeX0.25
Na and S, indicating that the
particles were a mixture of
seasalt, crustal.and pollution
elements. The second electron
image of an aerosol particle
shows that elements CI and Na
were in the centre of the
particle. Fe surrounded them,
and Al, Si and S permeated
almost entire particle. From the
morphology
and elemental
9 8 7 6 5 4 3 2 1
Stag* number
composition of this example,
we interpret that a seasalt
Figure 1. Size distribution versus elemental concentration
particle served as condensation
percentage for different elements.
nucleus for water vapour to
form a droplet,
which
scavenged crustal or pollution elements during cloud evolution to form a large drop, and
then after evaporation it became a large conglomerated particle. This might explain why
the size distribution for crustal and pollution elements over the remote ocean showed more
large particles.
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4 . PLANS FOR FUTURE WORK
This cooperative research program is now underway, and the objectives for the program
are (1) to determine the concentrations of a variety of trace elements in aerosol particles
over the marine area,(2) to measure and evaluate the atmospheric deposition of trace
elements at western Pacific ocean, and (3) to investigate the sources and long-range
transport of enrichment elements and soil dust aerosols.
In first year, this studies will focus on the three important constituents of the marine
aerosol: soil dust particles, atmospheric seasalt, and particles originating from
anthropogenic sources. We also attempt to estimate atmospheric dust concentrations over
the western Pacific ocean.
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Table I. CONCENTRATIONS OF ELEMENTS IN MARINE AEROSOL (ng/m3)

Al
As
Ba
Br
Ca
CI

Co
Cr
Fe
I
K
Mg
Mn
Na
Sb
Se
V
Zn

23CN
114-E

12°N
126°E

Locality
7°N
133°E

151
0.92
10.8
17.2
210
1210
0.15
1.3
58.2
4.2
450
210
2.6
786
0.44
0.52
2.1
22.4

90
0.77
—
25.2
—
2800
0.15
0.12
66.6
5.1
—
156
0.71
1630
0.14
0.31
0.39
4.8

19
—
—
9.4
87
1330
0.017
—
8.6
3.6
686
121
0.39
671
0.02
—
0.18
0.46

2°N
140°E

1.5°S
148°E

0°
150°E

20
—
—
9.2
—

11
—
0.83
6.2
135
1210
0.056
—
13.5
2.5
—
201
0.46
588
0.017
—
—
5.0

20
—
1.2
7.8
—
1120
0.042
—
—
1.6
—
—
0.47
537
0.015
—
0.09
0.48

1100
0.045
0.36
48.6
3.2
—
152
1.4
594
0.02
0.19
0.11
2.1

.

2°S
155°E

4CN
158°E

10°S
162°E

5°N
1 54°E

11
0.11
—
5.6
—
1090
0.023
—
—
1.3
—
151
0.27
589
0.015
...
—
—

32
—
...
8.4
163
1530
—
...
9.6
2.1
...
176
0.46
776
0.019
0.16
0.14
2.3

35
0.38
—
4.4
—
1380
0.023
—
14.8
1.6
—
166
1.4
813
0.019
—
0.05
—

27
—
3.9
6.0
127
1090
0.012
0.43
13.4
4.7
—
122
0.8
609
0.013
—
—
—
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Abstract
High levels of air pollution occur in several areas of the Czech Republic due to both inland
emissions sources (mainly coal-fired power plants) and those from other parts of Europe by local and
long-range pollution processes, respectively. Therefore, regular air pollution monitoring is carried out both
in the vicinity of large power plants and in rural, locally unpolluted regions as well. Other emission sources
(municipal waste incinerators, metallurgical plants, motor vehicles) are also examined to enable
apportionment of individual emission source types to the level of pollution in a particular area by receptor
modelling.
In this project, a study of elemental composition of airborne particulate matter in areas with high
and low levels of pollution using instrumental neutron activation analysis (INAA) is proposed. Several
elements, namely Cu, Cd, Ni, and Pb will be determined by atomic absorption spectrometry (AAS). Selected
biological indicators of air pollution (mosses) will also be analyzed using INAA, radiochemical NAA (RNAA),
and AAS. In addition, measurement of chemical composition of precipitation samples (selected elements,
anions, cations, pH, and conductivity) will be carried out using AAS, INAA, RNAA, ion chromatography,
and spectrophotometry.
Quality assurance of the analyses will be pursued by concurrent analyses of suitable matrix-based
reference materials and by participation in interlaboratory comparisons.

1.

SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Air pollution monitoring is an important part of environmental pollution studies in
the Czech Republic, because of high level of air pollution in several areas of the country.
Emissions from different industrial sources, especially from large coal-fired power plants
are the major part of pollution. It has been estimated that about 70% of solid emissions
released to the air of the Czech Republic originate from coal combustion [1].
The annual output of lignite and coal in Czech Republic amounts to about 108
tonnes [2] of which most (practically all) is used (burned) for electricity and heat
production in power plants, heating stations, coke plants, and households. It can be
inferred from the mean coal composition [3] that large quantities of toxic and other
elements are mobilized to the environment by lignite and coal combustion (Cf. Table I).
Most of the elements remain retained in bottom ash or in fly ash, which is (and/or should
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be) separated in precipitators of boilers. The elements contained in bottom ash and
separated fly ash can enter the atmosphere in dust originating in the vicinity of dumping
piles until they are recultivated. Easily volatilized elements such as As, Hg, Sb, Se, etc. are
mostly bonded to finer particles of fly ash [1], which are not sufficiently retained by
separating devices, and thus remain in the atmosphere in aerosols for a long time. Thus,
both inland emission sources and those from other parts of Europe contribute to the air
pollution in the Czech Republic by local and long-range pollution processes, respectively.
Therefore, regular air pollution monitoring is carried out both in the vicinity of large power
plants (impact stations) and in background stations in rural, locally unpolluted regions as
well. Emission sources are also examined [1] to be able to study the efficiency of
cpnan+inn devices, the mechanism of the formation of aerosols, and to enable an
evaluation of the contributions of individual emission source types to the level of pollution
in a particular area by receptor modelling. In this work, emissions and airborne particulate
matter from lignite-fired power plants, municipal waste incinerators and some metallurgical
plants will be studied.
Table I. MEAN COAL COMPOSITION FOR SELECTED ELEMENTS AND THEIR
MOBILIZATION TO THE ENVIRONMENT FOR ANNUAL COAL OUTPUT OF 10 11 KG

Element

As
Be
Cd
Cr
Cu
Hg
Mn
Mo
Ni
Pb
S
Sb
Se
Sn
Th
Tl
V
Zn

Mean coal
composition (range)[3]
(mg/kg)

Annual
mobilization
(kg)

Emission
estimate [4,5]*
(kg)

5
1
0.2
10
15
3
50
3
10
10
15,000
1
3
2
2
0.2
20
50

500,000
100,000
20,000
1,000,000
1,500,000
300,000
5,000,000
300,000
1,000,000
1,000,000
1,500,000,000
100,000
300,000
200,000
200,000
20,000
2,000,000
5,000,000

93,700

(0.3-93)
(0.1-7)
( < 0.01-22)
(2-400)
(3-180)
(0.01-21)
(3-900)
(0.3-30)
(1-80)
(2-370)
(1,000-120,000)
(0.1-9)
(0.04-10)
(1-47)
(0.1-10)
(0.01-2)
(2-130)
(3-300)

- for Czechoslovakia in 1982
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21,600

14,900

1,187,000

756,000

Besides the elemental composition of airborne particulate matter, the chemical
composition of selected biological indicators of air pollution (e.g. mosses), and wet
precipitation, (i.e. anions, cations, pH, conductivity) are regularly measured in the KoSetice
station (background, rural station) in the Bohemian-Moravian Uplands. The same
parameters will also be measured in the vicinity of several large lignite-fired power plants
in an impact station in the Ore Mountains in the Northern Bohemia (most probably in the
Medenec station). The stations are operated by the Czech Hydrometeorological Institute
(CHMI), Prague which participates in the project. The former station belongs to the United
Nations' Economic Commission for Europe (UN ECE) Environmental Monitoring and
Evaluation Programme (FMEP) and the World Meteorological Organization (WMO) Global
Atmo^ph^r^ w ^ t n h (GAW) networks. A part of results are also produced in the frame of
the U.S.-Czech Science and Technology Programme in which the U.S. Environmental
Protection Agency (EPA), the U.S. National Oceanic and Atmospheric Administration
(NOAA), and CHMI take part.
2. METHODS
Collection of airborne particulate matter (weekly samples) will be done using both
low volume sampling employing Synpor 4 membrane ultrafilters with a pore diameter of
0.8 pm and a filter diameter of 35 mm [1] and employing a collector that conforms to the
PM-10 standard (the Gent stacked filter unit) using a filter pack with t w o Nuclepore filter?
with the pore diameters of 8 and 0.4 //m and a filter diameter of 47 mm.
Solid emission samples of fly ash will be collected in bulk from hoppers and from
stack breeching upstream and downstream of the electrostatic precipitators of boilers
isokinetically by means of a heated tube with a special dust collector [1].
Moss samples will be air or freeze dried, ground and homogenized in a teflon mill
(Pulverizette 5, Fritsch).
Precipitation will be collected using both wet-only and bulk precipitation samplers
in the same time intervals as the airborne particulate matter.
Up to 35 elements can be determined in the fly ash and aerosol samples by
instrumental neutron activation analysis (INAA) using both short- and long-time irradiation
at a thermal neutron fluence of 5 x 10 12 to 6 x 1013 n-cirrus' 1 at the LWR-15 nuclear
reactor of the Nuclear Research Institute, Rez using suitable irradiation and decay times
and gamma-ray spectroscopy measurements with semiconductor HPGe detectors [1,6].
For analyses of mosses and precipitation, a combination of INAA and radiochemical NAA
(RNAA), will be used, the latter technique being employed especially for determination of
the elements As, Cd, Cu, Hg, Mo, Sb, and Se.
Most of elemental analyses of the precipitation will be carried out using
flame-atomic absorption spectroscopy (FAAS) and graphite furnace AAS (GFAAS). GFAAS
will also be used for determination of several elements in airborne particulate matter,
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namely for Cu, Cd, Ni, and Pb. For this purpose, an A A S spectrometer Varian Spectra A A
2 0 is available at CHMI, Prague. Determination of cations (Na + , K + , C a + 2 , Mg + 2 ) in the
precipitation will be carried out using FAAS while anions ( S 0 4 2 \ N0 3 ", CI) will be carried
out by ion chromatography (IC). The ion N H A + will be determined by spectrophotometry.
Conductivity and pH of the precipitations will also be measured.
Quality assurance (QA) is routinely pursued in our NAA Laboratory by concurrent
analyses of suitable matrix-based reference materials (RMs), namely NIST SRM-1 648
Urban Particulate for air jorne particular matter analysis, the National Institute of Standards
and Technology Standard Reference MateriaUNIST SRM) 1633a Coal Fly Ash and some
of the Institute of Radioecology and Applied Nuclear Techiques (IRANT) Coal Fly Ash
Reference Materials [7-9] for coal fly ash analysis.

A number of already existing and

candidate biological RMs have been analyzed [ 1 0 - 1 2 ] , including participation in IAEA
intercomparison Runs for the Determination of Major, Minor and Trace Elements in Spinach
(IAEA-331),

Cabbage

(IAEA-359),

and

Lichen

(IAEA-336)

[13].

Participating

in

interlaboratory comparisons on fly ash samples [14] and air particulate filters [1] is an
important part of our QA activities. For elemental analysis of water, RM IAEA/W-4 Fresh
Water can be used. Comparative analyses using INAA or RNAA and A A S will also be
employed for determination of selected elements in airborne particulate matter and water
samples. QA of the precipitation samples is also pursued at CHMI by taking part in
intercomparison runs organized by WMO and U.S. EPA.
3.RESULTS
Examples of results of our previous w o r k relating t o this Co-ordinated Research
Programme (analysis of emission, air particulate and precipitation samples, and quality
assurance of the analyses) have recently been published or are available upon request from
the primary author or from the Agency's co-ordinator of this CRP [1,15,16].

4 . PLANS FOR FUTURE WORK
In the first year, determination of about 30 t o 35 elements in fly ash and airborne
particulate matter collected at and in the vicinity of a municipal waste incinerating plant,
respectively, by INAA will be carried out. In the same period, regular air pollution
monitoring in at least one background and one impact station will be started and/or
continued in which airborne particulate matter, w e t precipitations and moss samples will
be analyzed for the above analytes using the analytical methods given in Section 2 .
Composition of airborne particulate matter collected using both low volume sampling w i t h
the Synpor filters and the " G e n t " stacked filter unit will be compared and the results
obtained will be evaluated to identify major sources of pollution using receptor modelling
[17] as soon as sufficient data set is available.
In further stages of project, uranium and thorium determination will be carried out
in hard coals and lignites from different mining regions and if increased concentrations of
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the elements will be found, transfer of the elements to combustion products and ashes will
be studied to be able to estimate the risk of pollution of the environment with radioactive
materials from coal and lignite combustion.
Attention will also be paid to the problem of mercury losses from air particulate
filters during irradiation and possible avoidance of the losses.
Finally, an attempt will be made to develop a RNAA procedure for thaiium
determination in air particulate and fly ash samples using various methods of measurement
of tne radionuclides 204TI and 206TI with half-lives 3.9 y and 4.2 min, respectively (pure Bemitters).
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Abstract
Studying the characteristic features of atmospheric aerosols emitted by natural and anthropogenic
sources is of basic importance for a detailed understanding of the physics and chemistry of the atmosphere.
Environmental pollution by atmospheric aerosols and their impact can be tested in the same way, too. The
separation of natural and anthropogenic components of the aerosol can be done through enrichment factors
and size distribution curves deduced from analytical information.
The Particle Induced X-ray Emission (PIXE) technique has been applied in aerosol studies by the
authors. Results obtained on atmospheric aerosols collected over Hungary and presented in terms of
concentrations, enrichment factors, regional signatures, deposition velocities, transport properties and
apportionment of sources illustrate the scope and proportions of the potential contribution of PIXE to the
methodology of atmospheric aerosol studies.
Continued activity planned in the framework of the present CRP may widen the scope of the
investigations mainly in the field of size-fractioned sampling and - possibly - in the direction of individual
characterization of aerosol particles.

1.

SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT
The systematic registration of the local distribution and time variation of the total

quantity, elemental composition, size distribution and microscopic image of atmospheric
aerosols has been receiving an increased interest in recent years for various reasons.
On the one hand, aerosol particles play an important role in a number of basic
processes governing the physics and chemistry of the atmosphere. These effects can be
partly detected through the observation of the above data. On the other hand, air pollution
on a regional or global scale has become a matter of practical importance urging long-range
measures, sometimes even immediate action for environmental protection.
Methods utilizing up-to-date analytical instruments with different capabilities may
contribute highly reliable measured data t o aerosol research.

Among others, nuclear

related techniques should be mentioned here.
A t our institute the research activities in this field have been started a couple of
years ago. As a result of our work the Proton Induced X-ray Emission technique has been
adapted at the beam of the electrostatic accelerator here, the methodology has been
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developed to the appropriate level, and the application in aerosol field has been started
successfully. As a result of these activities, datasets covering a period of a couple of
years are now available from our PIXE analyses of rural aerosol samples collected over
Hungary, in recent investigations these data have been completed with analyses of urban
and suburban samples collected in towns Budapest and Debrecen. Measured average data
have been compared with levels from European locations. Dry deposition velocities have
been obtained for several elements. Further evaluation has been performed in terms of
short-range and long-range transport processes. The results are directly related to
problems of single emission sources of regional aerosols. Source profiles and source
scores have been deduced from multivariate statistical analyses.
Our work is partly done in the framework of a relevant national programme on air
pollution studies in Hungary entitled: STUDY OF THE ORIGIN, TRANSPORT AND
ENVIRONMENTAL EFFECTS OF ATMOSPHERIC AEROSOLS BY UP-TO-DATE DETECTION
METHODS AND NUMERICAL MODELS. This is a research contract with the National
Foundation for Scientific Research, Budapest under contract number OTKA-345.
Participants: (a) from the side of this Institute: E. Koltay, I. Borb6ly-Kiss, Gy. Szab6, E.
Somorjai, A. Kiss, (b) from the side of the Veszpr^m University, Institute of Analytical
Chemistry: E. Meszciros, A. Molna>, (c) from the side of Central Institute for Atmospheric
Physics, Budapest: L. Bozo, (d) further people not directly participating in studies covered
by the present proposal. In the OTKA programme PIXE and Proton Induced Gamma-ray
Emission (PIGE) aerosol analyses are performed by participants named under (a). For the
evaluation of the obtained data appropriate statistical methods are used. Participants
named under (b) and (c) contribute with meteorological data, air mass trajectories and
numerical modelling to simulate the transport and deposition of the elements as a function
of emission field and meteorological situation.
Part of the experimental work was done as a joint activity with the Department of
Nuclear Engineering, Faculty of Engineering, Nagoya University, Japan, partly supported
by the Japan Society for the Promotion of Science, with the participation of T. Katoh and
S. Amemiya.

2.

METHODS

The planned research activity is methodically based on the analytic qualification of
aerosol samples by PIXE technique.
The basic equipment of PIXE analysis is the analytical channel of the 5 MV Van de
Graaff accelerator of this Institute. The channel is equipped with a home-made PIXE
analytical chamber with a semi-automatic sample changer and facilities for accurate beam
current measurement, including secondary electron suppression and an electron gun for
target neutralization. As X-ray spectrometer a Canberra SL 12160 Si(Li) detector is used
connected to a home-made NZ 881 X-ray digital signal processor and analyzer with an
IBM-AT 286/287 personal computer.
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The system is calibrated for absolute concentration determination on thin and thick
samples [1 ]. A PIXE computer package named PIXYKLM has been developed for spectrum
evaluation and concentration determination. It was found to be fast and reliable in
practical work with series of spectra [2]. In order to get a practical quality assurance of
the analytical procedure, a comparison has been made of reference concentrations with
those from PIXE measurements for standard samples in connection with enhancement
effects as well as with concentration calculations on the basis of L and M lines, on brass
and stainless steel standards. The average of the ratio PIXE/certified was found to be 1.04
± 0.03, including corrections.
Miniature stank-eri filter samplers, each consisting of a 25 mm diameter 8 //m
Nuclepore filter as the first stage followed by a 0.4 //m one as second stage, connected
to battery-operated minipumps (pumping speed = 4.5 L/min) or mains-operated membrane
pump are available for collecting coarse- and fine-fraction aerosols separately. A
home-made 12.5 L/min six-stage Battelle impactor can be used for size-fractioned aerosol
sampling.

3.

RESULTS

As mentioned briefly in section 1, previous work relating to the topic of the present
Co-ordinated Research Project has been done by the participating group. Some of the
results will be presented in a condensed form with reference to the related publications.
1.

Elemental concentrations from PIXE analyses and regional signatures were
systematically investigated in a rural background station for the time interval
of several years. Single-element concentrations or the ratio of elemental
concentrations for selected pairs of elements can be viewed as regional
signatures characterizing aerosols which originate from a selected location
with a given structure of industrial activity, transportation and energy
sources. For example V and Se related elements show order of magnitude
differences between coal and oil combustion areas. Elemental ratios as
regional signatures were found here to be similar to those from other regions
with a majority of coal-fuelled thermoelectric power stations. The seasonal
variations and long-term stability have been investigated for a number of
elemental ratios [3], [4].

2.

PIGE method has been tested for the extension of the PIXE dataset with
concentration values for the elements boron and sodium. The detection
limits obtained permitted us to use PIGE systematically for sodium
determination. In the rural aerosols investigated, boron remained normally
below the detection limit [5,6].

3.

Short-range transport properties of coarse- and fine-fraction as well as total
aerosols have been investigated in the neighbourhood of a single emission
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source formed by a pearlite milling plant situated in a hilly terrain in NE Hungary. In the technological process also oil-fuelled heaters are applied, so the
emission source is of mixed character. The longitudinal distribution is
measured separately for coarse and fine size fractions along the main valley
downwind. Distribution curves calculated from the Gaussian plume formula
for total aerosol particulate matter show a much faster decrease than the
observed concentrations of various elements. While the crust-related coarse
fraction falls rapidly with the distance, fine fraction components remain
relatively stable. Averaging for wind fluctuations would decrease the
discrepancy between measured and calculated distributions. Moreover a
plausible explanation for the slow decrease of measured concentrations
could be found in flow channelling due to the walls of the valley. The
average environmental impact of the source on the quality of the air can be
guessed by comparison of the concentration data measured in the sampling
stations along the valley with those observed in a reference background
sampling station [71.
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4.

A long-range transport model based on mass balance equation and air mass
trajectories has been used for calculating the contributions of European
source areas to regional aerosol concentrations over Hungary [81, [9], [101.
Regional concentrations in the country are at least partly due to
anthropogenic emissions in neighbouring countries.
To check this
reasonable assumption and the amount of their contribution, a long-range
transport model was used in our papers for calculating the elemental
concentrations from data on European emission distribution and
meteorological parameters. In the model the influence of neighbouring
regions is taken into account on the basis of the step-by-step application of
the mass balance equation along calculated air trajectories. A comparison
of PIXE analytical data with those deduced from the model represents a
powerful method for describing air transport events and contributions of
different regions to registered aerosol data. In a yearly average Hungarian
contributions to measured regional background elemental concentrations of
V, Cr, Co, Ni, Cu, Zn, As, and Pb were found to amount to 7 9 % , 4 3 % ,
3 8 % , 36%, 9 0 % , 1 3 % , 2 4 % and 3 2 % , respectively. In the case of
elements with low Hungarian emissions, the contributions of selected
neighbouring countries were deduced separately. However, it is to be
emphasized that these figures are very approximate and can be applied
under average conditions.

5.

The elemental concentrations in the aerosol collected at the receptor site are
the linear sums of the contributions of individual sources at nearby or far
away emission sites. The profile of each source are defined as the set of
elemental concentrations at the places of selected contributing emission
sources. Multivariate statistical methods can be applied on the sets of
concentration data for performing the extraction of source profiles and for

source apportionment. In our paper [11] target transformation factor
analysis has been performed on a whole-year dataset for characterizing local
aerosols. Source profiles and scores have determined five factors clearly
appearing in the calculations. Assignment of deduced profiles of possible
emission sources has been attempted on the basis of composition profiles
taken from the literature. The interpretation of the factors in terms of
aerosol sources is somewhat arbitrary. The first factor, which is heavily
loaded with elements of low enrichment factors, represents soil as a source.
The second factor, containing much Pb, S, and soil-degraded elements, is
considered as a mixed source of dust and exhaust particles, typical for
motor vehicle traffic. The third factor is interpretable as coal combustion
mixed with oil burning. The fourth factor, highly correlated to CI and heavily
loaded with S, may be identified as domestic heating. It is very likely that
the fifth factor mostly contains emissions related to industrial metallurgy.
The evaluation of the source scores indicates that the five-factor solution
exhausts the measured elemental concentrations almost completely. The
sum of the calculated scores is generally close to 100%.
In studying dry deposition of the particulate matter, detailed knowledge of
the deposition velocities is of basic importance for modelling pollution
transport and estimating environmental loading. Height distribution curves
for the concentration of elements measured by PIXE on samples taken in
surface air layer and planetary boundary layer in the height interval 0-100
m have been evaluated for deposition velocities. Data for elements A l , Si,
S, CI, Ti, Mn, and Zn, have been published in our paper [12].
Surveys covering the topics of methodology of PIXE [13] and results and
perspectives of PIXE technique in elemental analysis of atmospheric aerosols
[14] have been published in the literature.

4.

PLANS FOR FUTURE WORK

Proposed work within the framework of this project accepted as part of the
Agoncy's Coordinated Research Programme (CRP)is the PIXE analysis of atmospheric
aerosol collected with stacked filter unit under urban and rural conditions as prescribed in
the core programme of CRP. The evaluation will be done in terms of average
concentrations, seasonal variation, enrichment factors, wind sector distribution, source
apportionment by target transformation factor analysis, and determination of regional
signatures. Data can be compared with the conclusions of short and long-range transport
modelling. As topics for the supplementary programme, size fractionation studies are
planned.
Our earlier work done in this direction called our attention to some
methodological problems related to the question of beam size and non-uniformity of
impactor samples. We think that systematic test measurements should be done prior to
taking actual data on size distribution of the particles. Such type of measurements could
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be interesting from the point of view of determining the origin of the particles. On the
other hand, a survey will be taken of the technical problems and applicability of microbeam
PIXE method to the characterization of individual airborne particles. This study may serve
as a basis for building up a microbeam channel on our Van de Graaff accelerator. The
realization of such a development, however, would be mainly based on independent
financing sources. The financial support for purchasing the basic elements (beam optics,
electronic measuring, control, and imaging units) is available from a contract with the
National Foundation for Scientific Research, Budapest (code: A080). The realization of
other elements (like a stativ target chamber, and special accessories) will be made as part
of the supplementary programm in the present project.
The work plan for the first year covers mainly the annual part of the tasks outlined
above. It means that a regular sampling campaign will be started as a continuation of
earlier activities here to collect aerosol samples by stacked filter units in mrs! and urban
locations. The samples will be subjected to PIXE analysis. In this programme, special care
will be taken of operating the new "Gent" stacked filter units provided by IAEA in the
framework of this CRP. A comparison of analytical data from samples taken with the new
sampler will be made to those obtained with the earlier sampling units in order to check
the reliability of former datasets from our earlier investigations. For the evaluation of the
data average concentrations, enrichment factors, seasonal variations, source
apportionment data and regional signatures will be deduced by the contracting institute,
while the construction of wind sector diagrams and transport modelling will be performed
in collaboration with our partners in the programme named in chapter 1. A wind sector
analysis of data from October, 1991 - January, 1993 samples will be included in the plan
for the first year. Surveying the field of the application of microPIXE technique in aerosol
research is part of the activities planned for the first year, too.
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AEROSOL COMPOSITION AND ITS APPLICATION IN AIR POLLUTION
MONITORING
S. SADASIVAN, B.S. NEGI, V. MEENAKSHY, K.S.V. NAMBI
Environmental Assessment Division
Bhabha Atomic Research Centre
Bombay-400 085 India
Abstract
Aerosol composition measurements have been carried out in our laboratory using nuclear and
related techniques. A brief overview of results from the earlier studies and the scope of the present project
are outlined. The analytical procedures in use along with the systems available are detailed. Changes
envisaged in sampling and analysis are briefly discussed. Results of two case studies relating to air
pollution which were investigated using INAA/EDXRF are presented. The work plan under the CRP is
outlined.

1.

SCIENTIFIC BACKGROUND AND THE SCOPE OF THE PROJECT

The multielement instrumental analytical methods, Energy Dispersive X-ray
Fluorescence (EDXRF) and Instrumental Neutron Activation Analysis (INAA) together
permit the determination of a large number of major, minor and trace elements in
environmental samples. Using these two methods, independently, aerosol composition
measurements were carried out to study the diurnal and seasonal variations in trace
element concentrations, the levels of hazardous elements and the size distribution of trace
elements in air, together with identification of the sources of aerosols [1-4]. Both the
above instrumental methods together permitted determination of 29 elements in daily air
particulate samples collected at Bombay [5]. Of these 18 elements could be determined
by EDXRF and 15 by INAA, of which four were measured by both methods. The
percentage mass accounted for by EDXRF analysis was 24.8 while the weight percentage
of elements determined by INAA totaled 6.35, of which Na, Fe and Zn accounted for 1.28,
4.28 and 0.62 respectively (Figure 1). With the exception of Hg the other toxic elements
such as Pb, Zn, Cu and Ni could be measured by EDXRF. Through the application of factor
analysis to this Bombay data, it was possible to identify seven sources which contributed
to the aerosol mass loading. Apart from this the frequency distribution of trace elements
in air particulates was also studied [6]. More recently two specific case studies on air
pollution were undertaken [7,8], the results of which are discussed briefly in the third
section.
Within the framework of the CRP it is proposed to extend our data base to aerosol
source identification and to source apportionment. The dry deposition flux of important
elements will be estimated from size separated aerosol measurements. The long range
transport of aerosols especially any episodic intrusion will be studied. The study will help
in identifying air pollution sources in urban India and also in assessing the risks associated
with this.
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Figure 1. Percent mass of various elements in aerosol samples.

2.

METHODS

In our earlier investigations the samples were collected on Whatman-41 filter papers
(diameter 52 mm) held in a Perspex suction holder to avoid metal contamination. The
suction head, was usually placed at rooftop height and the sampling period for daily
collections were about 19 hrs. The sampled air volumes were ~ 70 m 3 with a 47 mm dia.
collection area.
The samples (half a filter mounted on a slide) were analyzed by EDXRF w i t h the
help of t w o excitation sources, an 55Fe radioactive source and a low-power W anode X-ray
tube with a Mo secondary target and an ORTEC Si(Li) detector with a resolution of 180eV
at 5.9 keV. One half of each filter was sealed in individual polythene bags and irradiated
with standards in the swimming pool reactor at BARC at a flux of 10 12 neutron cm' 2 s -1 for
a period of 16h, for INA analysis. While thin film standards of Ca, Fe, Cu, Sr, Hg and Pb
were used in EDXRF analysis, IAEA Soil-5, Fly Ash EOP and ENO and NBS Orchard Leaf
served as standards for INAA measurements. Blank filters were also analyzed as for the
samples and corrections were made where necessary. These procedures will be adopted
for the current programme also. New software has been obtained from IAEA and
additional SRMs are now available. The HPGe with a resolution of 1.9 keV at 1332 keV
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which is used for INAA work is connected to a Silena 12 bit ADC and a PC/XT for data
acquisition. New sampling systems with acceptable substrates are to be acquired.
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Figure 2. Intercomparison run for Marine Sediment.

1

Due attention was always paid to quality assurance. Regular analysis of SRMs was
undertaken. In addition we regularly participate in International Inter-comparison Runs.
The recent such run for which the compiled results are available is the one for Marine
Sediment (SD-M-2/TM). The results of our analysis are compared with the median [9] in
Figure 2 and it is seen that our measurements are generally very good. We have also
participated in two subsequent runs organised by IAEA, one for marine sedimentOAEA356) [10] and another for Lichen(IAEA-336) [11 ] . We had also organised such an exercise
during the previous CRP "On the use of nuclear and nuclear related techniques in the study
of environmental pollution associated with solid wastes". Since some elements like Fe,
Zn, Br & As could be measured by both the methods, an internal check is also provided.

3.

RESULTS

Some recent results of our use of the t w o Instrumental methods for specific pollution
case studies are presented briefly.
3.1 Air quality measurement at Gurushikar, Mt.Abu [7]
The air quality measurements were initiated at Gurushikar, Mt. Abu, located 1700m
a.s.l. during 1992 at the request of the Radioastronomy group(NRL) of BARC, with a view
to assess the suitability of the site for setting up facilities required for research in Infrared
Astronomy. Aerosol samples were collected for us by the staff of NRL, using a staplex
high volume sampler at the rate of 0.8 m 3 h"1 using glass fibre filter papers for TSPM
measurements and Whatman-41 filters for elemental analysis by EDXRF. It was found that
the TSPM levels during pre-monsoon period (May-June) ranged from 80-100 jjg m"3 during
clear days, 200-500 fjg m"3 during dusty days and recorded levels as high as 4276//g
m'3 during a dust storm.
It was observed that at Gurushikar during the dusty days the TSPM compares with the
reported values for the industrialized cities. However, the postmonsoon concentration
dropped drastically to levels ranging from 20-60 jjg m*3. Earlier measurements at
Mallikadevi, 150km from Nainital, situated at 2200m a.s.l, have recorded 20//g m'3 during
the month of September. Thus the SPM concentration during the post-monsoon period
compares with remote monitoring station. The high dust loads recorded during summer
months are typical of most of Central and North India and is due to strong winds and dry
soil prevalent during these periods. The low levels during the post monsoon could be due
to the reduced uplift of dust due to lesser wind speeds and wet soils.
The concentration levels of elements measured by EDXRF are given in Table I. The
results show that the aerosol mainly comprises of elements Si, K, Ca, Ti, Fe etc., which
are essentially of soil origin and elements of anthropogenic origin could not be detected.
The observed concentration levels of S and CI are of the same levels as observed in any
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unpolluted environment and thus are of non-anthropogenic origin,
unaffected by man-made pollution.
Table I.

S.No

Si

1
2
3
4
5
6
7
8

6.19
4.83
3.63
2.70
7.32
3.24
14.17
4.93

AEROSOL COMPOSITION AT GURUSHIKAR

Element levels in A/g/m3
CI
K
Ca
Ti
0.25
0.15
0.12
0.16
0.13
0.26
0.36
0.11

1.14
0.55
0.63
0.18
0.48
0.16
0.75
0.24

0.61
0.63
0.41
0.32
0.60
0.24
1.00
0.38

3.44
2.93
1.93
1.24
3.03
1.89
4.95
2.42

0.36
0.25
0.14
0.16
0.22
0.12
0.41
0.13

Fe
3.20
2.62
1.63
1.40
2.20
1.13
3.40
1.41

Table II. FE/SI RATIOS

S.No.
Aerosols at
Gurushikar
S. No.

1
2
3
4
5
6
7
8

Jaipur Soil
Jaipur Aerosol
Bombay Soil
Bombay Aerosol
Deccan Basalt
Crustal Rock

TSPM

Fe/Si

86
88
80
100
197
205
295
382

0.52
0.54
0.45
0.52
0.30
0.35
0.24
0.29
0.15
0.27
0.36
0.45
0.50
0.18

The site is hence

Elemental ratios have been used to identify the source of aerosols. The Fe/Si ratios
observed in the air particulates are presented in Table II. T w o distinct ratios were
observed one with value of —0.50 occurring during low TSPM days and another with a
value of - 0 . 3 0 during high TSPM days. Our earlier studies have shown that local soil is
the major contributor to the crustal elements in aerosols. The Fe/Si ratio in aerosols at
Bombay and Jaipur were measured as 0.45 and 0.27 and these were near the local
basaltic soil and laterite values respectively. However the results for Gurushikar indicate
that there are t w o distinct sources for the crustal elements in air at the site. The higher
ratio recorded on low TSPM days are closer to the basaltic soil which lie south of the
sampling point. The higher dust load is perhaps the local dust. The aerosols would also
be of interest. Further variation of Fe/Si ratio with grain size in the local soil as well as in
the size separated analysis in conjunction with the meteorological data is in progress.

3-2 Failure of Insulators of High Tension Transmission Lines Due
to Pollution - A Case Study [8]
Repeated failure of insulators of the 100 kV overhead line carrying power from nearby
Tata thermal power plant to BAF.C was observed. The failures were restricted to a few
selected towers located on the Trombay hill overlooking the Tata thermal and HPCL
refineries. Dust from failed and working insulators, soil and leaf samples from
Table III.

ELEMENT CONCENTRATION IN INSULATOR DUST AND SOIL

Element

Surface dust from
failed insulator

Ground soil

Surface Dust
on metallic couplings

Si
S
CI

26.0
1.50
7.7

23.5
0.1
0.6

2.6
1.0
-

K
Ca
Ti
Fe
Cu
Zn

0.9
6.0
0.52
5.1
45
0.76

0.1
2.3
3.3
14.5
130
0.011

0.3
0.9
0.41
1.9
-

Br
Rb
Sr
Pb

600
160
280
165
5.44

60
20
80
30
-

150
35
-

Na

22.5

80
-

Si, S, CI, K, Ca, Ti, Fe, Zn and Na are in percent, others are in mg/kg (ppm).
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the site, dust from the metal couplings of the insulators, air particulate samples on
Whatman 41 filters from the top of the hill and near the towers were collected and
analysed by EDXRF. Sodium and chlorine were measured by Activation Analysis.
The results of elemental composition of the dust samples collected from failed insulator
surface, metallic couplings and soil samples at the site are given in Table III. It is seen that
the surface dust from the failed insulator contains significant amounts of Zn and the sea
salt constituents like Na, CI, Br and S. This was also confirmed from the analysis of such
samples collected from other failed insulators. The metallic dust from the insulator
coupling showed 2 2 . 5 % of Zn. The insulators are made of ceramic and the couplings are
of galvanised Al. Aerosol composition measurements at the site showed significant
amounts of seasalt. The composition of the dust deposited on the leaves at the site are
presented in Table IV. Significant concentrations of Fe, Br and CI were observed on the
leaf deposits.
It was concluded that the high concentration of Na, CI, Br, S and Zn on the insulator
deposits were of local origin. The elemental concentrations in dust from failed insulators
and metallic couplings were normalised with respect to Si values in air particulates. It was
found that the levels in the dust for S and Ca are somewhat less than the normalised
values while that for K, CI and Fe are much higher than the normalised values. The higher
values of all the elements in the failed insulators plus the presence of seawater
constituents clearly indicates a seasalt source. The elemental ratios, given in Table V,
confirms this observation.

Table IV. ELEMENTAL CONCENTRATION (//g/cm2) IN LEAF SAMPLES
Element

Washed Leaf

Unwashed leaf

Fresh (washed) leaf
(Control sample)

Br
Ca
CI

0.72
1.90
0.38

1.64
2.04
1.13

.

Mn
Fe
Zn
Pb
Sr

5.14
6.91
1.10
0.21
1.21

5.27
20.36
1.23
0.41
1.64

-

0.59
-

1.28
0.61
-
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Table V. RATIOS OF SOME TYPICAL ELEMENTS (CHARACTERISTIC OF SEA WATER)
IN DUST, SOIL AND AIR PARTICULATES
Failed
Insulator

Surface
Soil

Sea water

Depth
Soil

CI/Br

128

100

292

20

S/Br

25

17

14

170

S/CI

0.2

0.16

0.05

8.5

Cl/Na

1.41

-

1.80

The source of excessive sea salt was traced to a nearby (~ 100 metre distance)
cooling tower (HPCL refineries) which uses sea water as coolant. The Zn deposited on the
failed metallic couplings is due to corrosion of galvanised couplings of the insulator due to
the sea water.
The corrosion will further lead to the formation of Zn salts (mainly
chloride) which will also contribute to the failure of the insulator.
Ambient air concentration and deposition of the water droplets from the cooling
tower were calculated using a double Gaussian dispersion plume model. The various
parameters selected for the prediction were based on the most conservative approach.
The depositions were calculated for different diameters of the water droplet and the
corresponding dry sea salt. The model showed that significant deposition of sea salt spray
occurs during favourable meteorological conditions. The dry salt deposition for a 10 fjm
water droplet will be around 450 g/m 2 in a period of 3 months, which is sufficient enough
to produce corrosion on the metal parts.

4.

PLANS FOR FUTURE WORK

Collection of fresh samples of air particulates is being started as part of this CRP. It
is planned to analyse by the nuclear and related techniques some other filter samples that
may be made available to us either from an on-going pollution monitoring work or from the
BAPMON network. During the first year it is proposed to collect air samples at t w o sites
in Bombay and analyse for various contaminants and carry out the source identification.
The profiles for the different sources are proposed to be evolved and source apportionment
attempted. Calculation of the dry deposition flux as well as the dilution potential will be
attempted.
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THE DEVELOPMENT OF AIR POLLUTION STUDIES IN JAMAICA
G. C. LALOR, H. ROBOTHAM, M. DAVIS, A. JOHNSON, J . PRESTON,
G. HO-YORCK-KRUI
Centre for Nuclear Sciences
University of the West Indies, Mona Campus
Mona, Kingston 7, Jamaica
Abstract
Prior to 1990, the Jamaican environment had never been studied comprehensively. Studies that
had been undertaken were limited to small areas of special interest. There was, therefore, no detailed
knowledge of the current status of the atmospheric environment. The Centre for Nuclear Sciences, in
collaboration with the Environmental Control Division of the Ministry of Health, started a survey of the
Jamaican environment in 1991 to determine typical and acceptable background levels and to pinpoint
polluted areas for further studies. To date, 23 sites have been sampled and over 400 samples have been
collected and analysed for elemental content by instrumental neutron activation analysis (INAA) and energy
dispersive X-ray fluorescence (EDXRF) analysis. Results obtained from the two analytical techniques are
comparable.

1.

SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

In Jamaica, air pollution problems are located mainly in densely populated areas
such as Kingston and Spanish Town and at scattered rural locations [1]. In urban areas,
air pollution is cause J mainly by effluent from oil refineries, power stations, automobile
emissions, incineration of garbage, and heavy industries, while in rural areas, it is
associated mainly with the burning of sugar cane, bauxite processing, and various food
processing plants.
Studies on the quality of the Jamaican atmospheric environment have been done
mainly in localized areas. Several studies were undertaken in the late 1970's in response
to concern regarding the emissions from bauxite processing plants [2], and from industries
in and around Spanish Town [3,4]. They were aimed at characterising total suspended
particulate levels [1-4], S0 2 concentrations [1,2], rates of sulfate deposition, and the
concentrations of a number of elements. Trends of periodically high S0 2 and particulate
levels were observed around the Alcan Bauxite Plant located in Ewarton and the Caribbean
Steel factory in Spanish Town was correlated to the emissions from the factory stacks [3].
Studies in Kingston have shown particularly high TSP concentration in the industrial
Rockfort area and in close proximity to the municipal city dump at Riverton City [5]. In
1969, a large portion (65 -99%) of suspended particulates in Kingston was shown to be
cement dust [6]. More recently, the deposition rates, atmospheric concentrations, and
elemental content of atmospheric particulates in the Kingston have been studied [7].
The Centre for Nuclear Sciences at the University of the West Indies in collaboration
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of the Jamaican Environment. The survey is being carried out in rural, agricultural, coastal,
industrial and urban areas across the island in order t o define typical and acceptable
background levels and to pinpoint polluted areas for further studies.

1.1

Air pollution studies
Air pollution studies currently involve collecting samples of air particulate matter on

W h a t m a n filter paper at various sites throughout the island, determining the amount of
suspended particulate matter (//g m'3) and analysing the air filter samples for elemental
concentrations

using

instrumental

neutron

activation

analysis

(INAA)

and

X-ray

fluorescence analysis (XRF).

1.2

Sampling sites
Sampling sites are chosen so that several types of areas are monitored. These

include urban residential, urban industrial, urban area of high traffic density, rural, coastal,
interior and rural area w i t h industry. The sampling period is 2 4 hours and samples are
usually collected within a one (1) month period at any one site. To date 23 sites have
been sampled and more than 4 0 0 samples have been collected. A graph showing the
frequency distribution of TSP material obtained f r o m all sites is given in Figure 1 .
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Figure 1 . Frequency distribution of TSP material from sampling sites
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1.3

Available air samplers
Samplers currently available are :
two (2) Wedding & Associates Critical Flow high volume samplers with two
PM10 heads as well as two retro-fitted gabled roofs forTSP sampling.
three (3) General Metal Works high volume samplers.

2.

METHODS
Techniques available at the Centre for Nuclear Sciences for analysis of air filters are:
An AECL SLOWPOKE-II reactor of maximum flux of 1 x 10 12 n cm' 2 s"', with
three (3) high purity Ge detector and spectrometry systems used for neutron
activation analysis. A full description of the system is given by Lalor et al [8].
An energy dispersive X-ray fluorescence analysis system including a Siemens
FK 60-04 X-Ray tube with a moiybdenum anode, Kristalloflex high voltage
generator, an Ortec SLP 10180 Si(Li) detector.
A Dionex 4500i ion chromatograph with two detector systems and the required
columns to carry out the determination of cations such as calcium, potassium
sodium, zinc, copper, lead, cadmium, and anions such as sulfate, chloride and
nitrate.

2.1

NEUTRON ACTIVATION ANALYSIS METHODS

The samples are irradiated for 6 minutes at 5 x 1011 n cm' 2 s ' \ allowed to decay
for 10 minutes and then counted for 10 minutes. The elements thus analysed are given
in Table I. The analytical method for longer-lived nuclides is being developed.
Among the elements to be analysed are As, Fe, and Sb.

2.2

X-RAY FLUORESCENCE ANALYSIS

The filters are irradiated for 180Os and the resulting energy spectrum stored on an
IBM 386 computer. Deconvolution and analyses of the spectra are carried out with the
program AXIL (Analysis of X-ray Spectra by Iterative Least-squares Fitting) provided by the
International Atomic Energy Agency (IAEA). The elements of interest are given in Table
II.
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Table I. ELEMENTS AND THEIR CORRESPONDING NUCLIDES FOR NEUTRON
ACTIVATION ANALYSIS
Nuclide

Element

Analytical

Detectic

K-rays

[fig nr 3 )

(keV)
Aluminium

28

Barium

,39

Calcium

49

Chlorine

1779

0.04

165

0.02

3084

0.05

38C|

1642

0.02

Dysprosium

165

94.5

0.0001

Europium

152s

121

0.0002

Iodine

128|

442

0.0006

Magnesium

"Mg

1014

0.4

Manganese

56

1811

0.0002

1524

1

Potassium

AI
Ba

Ca

Dy
Eu

Mn

«K

Titanium

51TJ

320

0.1

Sodium

24

1368

0.01

Vanadium

52V

1434

0.002

Na

Table II. ANALYTICAL LINES AND ENERGIES FOR ELEMENTS ANALYSED IN AIR
FILTERS

Element

Analytical Line

Energy (keV)

K

Ka

3.3

Ca

Ka

3.7

Ti

Ka

4.5

V

Ka

5.0

Fe

Ka

6.4

Cu

Ka

8.0

Zn

Ka

8.6

Br

Ka

11.9

Pb

La

12.6

2.3

QUALITY CONTROL

The accuracy of the analytical method is assessed by the use of certified reference
materials. N1ST reference material 1648 (air particulate matter) and 1633 (Coal Fly Ash)
are the main ones used to validate the values obtained by neutron activation analysis.
These are analysed in a similar matter as the samples. A plot of observed vs certified
values obtained for Al by INAA is given in Figure 2, as an example.
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Figure 2. Plot of observed vs. certified values for Al in SRM's

Suitable standards were not available for XRF at this stage. However comparison
of data from INAA and XRF wherever possible show good agreement, as shown in Table
III.
The precision of the analytical methods (both INAA and XRF) is determined by the
use of in-house standards prepared by pippetting aqueous standards unto filter paper and
allowing this to dry. In-house standards are analysed with each batch of samples.
Quality control charts for Zn by XRF and Al and V by INAA are given in Figures 3
and 4.
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Table III. COMPARISON OF CALCIUM AND TITANIUM CONCENTRATIONS BY XRF
AND INAA FOR THE HALF-WAY-TREE AND SHORTWOOD AIR MONITORING
STATIONS

Calcium

(/ignV3)

Titanium

ifjg rrV3)

XRF

INAA

XRF

INAA

HWT10/7

5.1

6.2

0.31

0.25

HWT11/7

6.0

6.1

0.31

0.33

HWT15/7

5.3

6.2

0.45

0.29

HWT16/7

4.1

4.0

0.32

0.20

HWT17/7

5.0

5.4

0.31

0.19

HWT22/7

5.9

5.9

0.43

0.36

HWT30/7

4.7

4.9

0.24

0.18

HWT31/7

3.7

4.7

0.22

0.17

HWT1/8

3.4

3.3

0.20

0.16

SH10/7

1.9

2.4

0.12

0.13

SH13/8

2.9

3.2

0.20

0.19

SHI 4/8

3.4

4.5

0.20

0.21

SH15/8

4.4

5.4

0.24

0.22

SH21/8

1.3

1.5

0.16

0.08

SH22/8

1.2

1.0

0.07

<0.05

SH27/8

1.4

1.5

0.11

0.10

SH28/8

1.6

1.9

0.09

O.05

SH29/8

0.97

1.2

0.06

<0.05

SH5/9

1.9

2.3

0.08

0.09

SH10/9

1.2

1.5

0.07

<0.06

SH11 /9

1.5

1.5

0.10

0.04

SH12/9

1.4

1.5

0.12

0.09

Sample

<
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Quality Control Chan for
for the analysis of Al (INAA) in air filters
for the period April to November 1992
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Figure 3. Quality control charts for Al and V by INAA.
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Quality Control Chart for
for the analysis of Zn (XRF) in air filters
for the period December 1991 to July 1992
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4. FUTURE PLANS
The development of air quality monitoring programmes is being discussed with
government agencies (primarily the National Resources Conservation authority (NRCA) and
the Environmental Control Division (ECD) of the Ministry of Health) with the mandate for
the protection of the environment. Programmes are being developed based on the
immediate needs of the country.
More detailed investigations in selected areas of relatively high pollution is being
nlannpd. The measurements taken will be expanded to include size fractionation studies
of suspended particulates. The measurement of the atmospheric concentration of the
gases (CO, S0 2 and NOx) in industrial areas are also being considered.
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Abstract
This work will look into PM-10 particulate matter collected from Nairobi City, Kenya (metropolitan
city) and the remote forest on Mount Kenya (Timau Hills 3,875 m) for background monitoring. Previous
work was done along the roadside, where total suspended particulate matter was collected and zinc, lead,
and bromine were identified as highly enriched elements. The nine main elements analyzed by EDXRF were
found to account for 20% of the total mass. In this work we hope to account for more mass by including
AAS and ion chromatography in the analytical methods. Indoor (industrial) samples will also be collected
using Personal Samplers with a PM-10 Cyclone Head. Receptor modelling will be done taking into account
the indoor data. Variations of the data with seasons and changes in weather will be analyzed. The
background data will be used to assess long-range transfer of particulates.

1.

SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

In the last half of the 20th century air pollution has become a very important aspect
in human health. Several pathogenic bacteria are transmitted in the air we breath. It is
also a fact that some viruses have substantial lifetimes in air; a good example is the
common cold virus that is transmitted in the fine saliva droplets. Pollutant gasses have
been on the increase since the industrial revolution. These likewise are known to affect
human health, such as carbon monoxide, which combines and destroys haemoglobin in the
blood. Some gases in the air are poisonous or are a nuisance because of their smell, such
as acidic gasses, sulphates, nitrates, etc., which are corrosive to the lungs.
Aerosols found in the air are very important; these include liquid droplets and solid
particles or a combination of both. Apart from their capability to have pathogenic bacteria,
viruses, corrosive gasses, and poisonous gasses, they also contain metallic elements. All
these pollutants, when they reach the lung, are deposited there and some affect the wall
lining of the lung's alveoli, which can result in an inflammation of the lungs. Some get
absorbed through into the blood system, which can lead to blood poisoning.
Aerosols in the air scatter light, causing fog and smog conditions. These reduce
visibility and have been responsible for a number of accidents on the roads, airports, and
harbours. Aerosols are known to affect plants, because fine particles get inside the
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stomata of the leaves and interfere with the plant perspiration. Corrosive aerosols can
scotch the leaves, while dust layers on the leaves reduce photosynthesis. Aerosols are
known to damage materials, e.g. furniture by wear and tear with constant dusting, and
corrosive aerosols also damage paints, metallic items, and even wooden furniture.
The most important fraction of aerosols with respect to human health is the
respirable fraction which has particles less than 10 //m in diameter. This fraction has
further been divided into course and fine particles at 2.5 //m. More work is going on
heading for the ideal situation i.e. to have a complete separation between particles and
gasses.
Much of the environmental pollution studies done in Kenya are in water, soil, and
vegetation, but very little has been done on air/precipitation pollution. Research has been
done on suspended particulates in the three stone open fire smoke and improved jiko
smoke. This work looked at the carcinogenic compounds (to be submitted as MSc. thesis)
[1]. Another one looked at suspended particulate in the kitchens in a rural area (Maragua).
Residential wood combustion is the major source of pollutants in the rural areas, where
wood energy is used for cooking [2]. The emissions from wood burning are higher than
from oil or gas [3]. A relationship between the particulate matter and Acute Respiratory
Infection (ARI) in children (under five years) was not established [2]. The other research
was a pilot study on S0 2 gas in open environment [4], In 1982-83 the Ministry of Health
was running t w o High Volume Samplers and collected data on Total Suspended Particulate
matter (TSP) and Sulphates. This was part of the global Environmental Monitoring System
(GEMS) and the samplers were donated by WHO [5].
From August 1990 to April 1 9 9 1 , we undertook research to measure Total
Suspended Particulate (TSP) in Nairobi city. The samples were collected at a distance of
20 meters from the road curb and 1.5 meters high (pedestrians' breathing height). A total
of eleven stations were covered in the City Centre, Industrial Area, and one Residential
Estate. We found that the nine elements (K, Ca, Ti, Mn, Fe, Zn, Br, Zr, and Pb) analyzed
by the X-ray fluorescence (XRF) method constitute about 20% of the TSP [6]. We intend
to use other analytical methods to analyze the rest of the suspended particulate matter
collected in this proposal. Indoor samples will be collected from possible pollutant sources;
mainly from industries in the Industrial Area of Nairobi City.
Nairobi is the capital city of Kenya, with an estimated population of t w o million
people. It is found at 1.19° south and 36.49° east, the temperature throughout the year
varies between 15° and 2 5 ° Centigrade, and the annual rainfall is 800-900 mm [7]. There
are t w o major rainy seasons --the short rains, October to December and the long rains,
March to May. Most of the industries found in Nairobi's Industrial Area are of medium size
and fall in the following categories:
-Iron and steel.
-Engineering.
-Vehicles.
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-Chemical/fertilizers.
-Cement.
-Textiles/clothing.
-Foods and drinks.
-Tobacco processing.
-Paper/pulp/wood products.
-Power plants.
Low pollution areas will be covered with samples taken from rural areas and/or
forests. Cr.c of the !cw pollution areas to be covered is Mount Kenya (5199 meters) where
samples will be collected at the highest possible site (Timau Hill 3,875 m) [81. This will be
a collaborative work between Kenya Medical Research Institute, University of Nairobi, and
Kenya Meteorological Department. The principal investigator has attended training on
"Application of nuclear analytical techniques to air pollution, research fellowship at Illinois
State water Survey (Atmospheric Science Division) and Harvard School of Public Health.
The other investigators are the Coordinator, Centre for Nuclear Science Techniques,
University of Nairobi, and the Assistant Director, Kenya Meteorological Department.

2. METHODOLOGY AND DESIGN.
2.1 Sampling area.
The present work will be done in the city of Nairobi, Kenya. Two major sampling
sites, shown in Figure 1 . , will be:
1.)
University of Nairobi, Engineering department. This will be on top of a four story
building with a flat roof and has meteorological instruments on it. This site is on the
northern edge of the city centre.
2.)
Kenya Medical Research Institute. This site is situated south west of the City centre
5 km from the city centre and also 5 km west of the Industrial Area.
Personal Samplers will be used to assess indoor pollution in the factories. The
signals recorded from these indoor samples will be used in chemical mass balance.
Background sampling will be done on the slopes of mount Kenya. As mentioned above,
this will be in conjunction with the Kenya Meteorological Department, who are building a
station on Timau Hill, 3,875 m above sea level [8].
2.2 Sampling.
The t w o major sites will be sampled using a High Volume Sampler with a PM-10
Head. While the International Atomic Energy Agency (IAEA) is providing one High Volume
Sampler with a PM-10 Head, there is a possibility of borrowing another one from the
Ministry of Health [51. If this is so, we shall order an extra PM-10 Head to attach on it.
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Indoor sampling at the Industrial Area will be done using Personal Samplers with a
PM-10 Cyclone Head attachment. There are three available personal samplers at Kenya
Medical Research Institute. The Department of Factory Inspectorate will give us
introduction letters to facilitate express permission to sample within the industries.

Figure 1. Proposed sampling sites.
2.3 Laboratory analysis.
Samples collected both by the High Volume Sampler and the Personal Samplers will
be analyzed using Energy Dispersive X-Ray Fluorescence (EDXRF) method for elemental
composition. Acid digestion will be done on a fraction of the filters and Atomic Absorption
Spectrometer (AAS) used to analyze elements with low atomic weight. It will also be used
as quality control by analyzing some of the elements analyzed with EDXRF. As EDXRF is
a non-destructive technique, a quarter of the samples will be analyzed twice in a blind
method for quality control [9]. Standard Reference Materials (SRM) and Inter-laboratory
comparison work will be done routinely as a quality assurance measure.
Organic extraction will also be done on a fraction of the filters and chromatography
used to determine organic compounds extracted. Laboratory analysis will be done both at
Kenya Medical Research Institute and University of Nairobi.
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3, RESULTS - DATA ANALYSIS
Data handling will be done in t w o ways, the whole data and data divided into four
seasons. Kenya is on the equator and Nairobi is 1.19° south of equator, with the four
seasons being two rainy seasons and two dry seasons. Basic statistics will be done on the
data, this includes means and standard deviations. Enrichment factors will be calculated
on all elements. The weather data which will have been collected simultaneously with the
samples will include, temperature, rainfall, relative humidity, wind speed and wind
direction. Correlation between the weather data and elemental concentration will be
^!-!?,yzer| Correction between elements will be analyzed, principal component analysis will
be used to maximize the correlation. This will give possible pollutants sources, after which
Chemical Mass Balance (CMB) [10-12] will be done on the data, industry emission signals
from literature and the indoor sample signals will be used.

4 . FUTURE PLANS
First year:
-setup two stations in Nairobi --sample all the year round.
-collect weather data at the two stations.
-Use Personal Samplers to sample inside industries.
-Analyze samples by EDXRF, AAS, and Chromatography.
-Setup receptor modelling model and statistical packages like STATGRAPHICS for
factor analysis and Chemical Mass Balance (CMB).
Second-Fourth year:
-Set up the Mount Kenya station.
-Collect weather data at the mountain.
-Continue to periodically collect samples in the City.
-Analysis of samples by EDXRF, AAS, and Chromatography.
-There is a possibility of using Cascade Impactor to analyze the size distribution of
the particulate matter.
-Analysis of data and report publication.
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STUDIES OF ATMOSPHERIC POLLUTION: CONCENTRATION OF SELECTED
ELEMENTS IN THE LOWER ATMOSPHERE USING NUCLEAR-RELATED
ANALYTICAL TECHNIQUES

Z.V. Dl'AZ, V. GONZALEZ, J . CABELLO
Comision Nacional de Energfa Atomica
C.C.: 3023
Asuncion - Paraguay

Abstract
The main objective of this research is to study the elemental composition (mainly sulphur and
heavy metals) of the lower atmosphere of San Lorenzo. This is a university city located at about 10 km
from Asuncion. We will use X-ray fluorescence (XRF) techniques to make a multielemental analysis of the
components in air samples taken in San Lorenzo. Then, we will compare these results with samples we
take from a rural community.
We have selected San Lorenzo because it is a town with a relatively large population and also has
a relatively high industrial activity. At the Municipality of San Lorenzo, there is a growing interest in the
monitoring and control of airborne pollution arising from industrial processes and transportation effects.
Two rural stations were selected; one, in the Oriental Region "Jhere Company" that is located 200
km from Asuncion and far from urban centres, and the other, at the western Region, Chaco, which has
characteristics different from the first one and it is about 400 km from Asuncion.
The objective of this research is to get results to establish a baseline for comparison. We intend
to get: a) Preliminary information from rural stations that could give us the baseline, b) Information about
the situation of airborne pollution in San Lorenzo city.

1.

SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT
We have a contract with the Municipalidad de Asuncion Environmental Pollution at

"peak hours" related to the automobile contamination.
X-ray fluorescence analysis (XRF) using energy dispersive spectrometer systems (EDS)
is a powerful analytical tool for qualitative and quantitative analysis of major, minor and
trace elements in a sample. With standard detectors, such as Si(Li), Ge(Li) or HP(Ge) the
rapid and simultaneous determination of elements from (Z = 12) upwards is possible. The
range of detectable concentrations is routinely at the ppm level or that of ng in respect to
absolute mass. This is sufficient for many applications, but for environmental problems
in particular these detection levels are too high. To reduce this, w e use the total reflection
X-ray fluorescence analysis (TRXRF), with which we are able t o detect ultra traces of
almost all elements of the periodic table. If the proper sampling and sample preparation
techniques are chosen, TRXRF is well suited for environmental investigation because of
its sensitivity and the LLD achievable, and also because of the rapid and simultaneous
acquisition of information on the elements present.
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1.1

Selected stations for sampling:

SL1: Surroundings of popular grocery markets.
SL2: Highway of heavy traffic.
SL3: Residential headquarters.

PARAGUAY

ropuiftiion
4 . 4 MILLION
ftREft (Sq MI)
157,046

Map of Paraguay * i t h
sampling p l a c e s .

Figure 1. Map of Paraguay with sampling places.
2.

METHODS

Aerosol sampling and analysis by the method of characteristic X-ray detection has
received great attention in recent years. Sampling is usually done by collecting air particles
using a low total volume suspended particulate sampler.
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Samples were collected on filters or by cascade impactors, w i t h a Series 110, 120
Constant Flow Air Samplers of 10 l/min (LPM). Millipore filter of type HA, 45 pm were
used.
For analyzing the samples we used X-ray fluorescence analysis (XRF) using energy
dispersive spectrometer systems, excited by the X-ray tube w i t h Mo as secondary target.
Instruments used
* Andersen cascade.
* Laminar flow hoods.
* Reagents of high purity.
* Nitric acid distillation device
* Fonta Vapour.
* M.W for sample preparation.

Conditions for measurement:
Si (Li) Detector: 180 eV for resolution
Intensity
: 30 mA.
Voltage
: 30 kV.
Time

:

3,000 s

Canberra S-100 Card - Computers - Axil Program.

3.

RESULTS:

Table I shows the results of the analysis with the sensitivity correction factor (0.83).
We also include the results of the "blank" (see Figure 2 , and Tables II and III).
Looking at both results, the sample itself and the blank, w e assume that it has many
impurities and that there is a great contamination. We need a very clean lab to get good
results.
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Table I. AIR SAMPLES - LOWER ATMOSPHERE

Concentration: //g/m 3
Detector: Si(Li)
Intensity: 30 mA
Voltage: 30 kV
Place: SL3

Muestras

Fe

Cu

Aire 1

0.58

0.34

0.13

0.10 0.64

1.009

0.065 0.22

0.13 0.06

Aire 2

0.54

0.39

0.016

0.13 0.63

1.289

0.062 0.28

0.14 0.052 0.24 0.043 0.034 0.00

Aire 3

0.72

0.35

0.16

0.21 0.63

1.00

0.094 0.25

0.16 0.051

Promedio 0.61

0.36

0.15

0.15 0.66

1.09

0.07

0.25

0.14 0.054 0.22 0.035 0.034 0.05

0.09

0.02

0.01

0.05 0.06

0.16

0.01

0.03

0.01 0.005 0.03 0.011

Zn

Pb

Br

Rb

Ti
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Ni

As

Ca

SD

Cr

Mr.

K

0.18 0.04

Sr

0.035 0.04

0.25 0.022 0.033 0.04

0.001 0.02
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Figure 2. Spectrum of filter paper in SL3. (Operating conditions: Mo anode, 30 kV, 30
mA, 3000 s).

Table If. PEAK AREAS OF FILTER PAPER
IMMMMMMMMMMMMMMMMMMMMMMMMMMMMM^

: AXIL IBM-PC V3.00
: Spectrum: AIRO.SPE

12-28-1992

14:20:44 :
3000s :

HMMMMMMMMMMMMMMlfflMMMMMMMMMMMM^
IMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM^

: F i t t i n g Region:

Channels

35 - 639;

ChiSgr =

1.2 :

LMMMMMMMKMfflfflMMMMMMMMMKMMMMMMM^

Line : Ener.
K -Ka :
Ca-Ka
Ti-Ka :
Cr-Ka :
Mn-Ka :
Fe-Ka :
Ni-Ka :
Cu-Ka :
Zn-Ka :
Ge-Ka :
As-Ka :
Br-Ka :
Rb-Ka :
Sr-Ka :
Pb-La :

(KeV)
3.313
3.691
4.509
5.412
5.895
6.399
7.472
8.041
8.631
9.875
10.532
11.908
13.375
14.142
10.542

:
:

:
:
:
:
:
:
:
:
:
:
:

Peak area
3. q
10. q
21. q
38. q
131. q
237. q
26. q
121. q
79. q
31. q
-79. q
79. q
61. q
23. q
101. q

st.dev.
4.
5.
6.
8.
12,
15.
11.
14.
15.
17.
18.
19.
20.
20.
14.

:
:
:
:
:
•

:
:
:

Chi sq
1.93
1.04
1.91
1.18
62
1.00
1.18
1.22
1.80
93
1.17
1.62
54
1.34
1.13

HMMMMMMMJMMMMMMMMMMKMMJMMMMMMMMM^^
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Table III. CONCENTRATION OF TRACE ELEMENTS IN FILTER PAPER

SAMPLE: a i r O

EL

E [KEV]

CL
K
CA
TI
CR
MN
FE
NI
CU
ZN
GE
AS
PB
BR
RB
SR

2.622
3.312
3.690
4.508
5.411
5.895
6.400
7.472
8.041
8.631
9.876
10.532
10.540
11.907
13.375
14.142

MATRIX:

[A0(RES)= 2922]

INT [C/S]
0.003
0.006
0. 004
0.007
0.013
0.044
0.081
0.009
0.040
0.027
0.011
0.013
0.034
0.025
0.021
0.017

S

T

5.15E+03
1.81E+04
3„09E-*-04
6.37E+04
1.21E+05
1.60E+05
2.03E+05
2.75E+05
3.69E+05
4.29E+05
5.73E+05
6.50E+05
3.02E+05
8.98E+05
9.92E+05
1.22E+06

Spectrum AIB9.SPE

WEIGHT [ G / C M ~ 2 ] :

CONC [FRAC]

0.7865
0.8799
0.909O
0.9462
0.9668
0.9735
0.9786
0.9857
0.9881
0.9900
0.9928
0.9938
0.9938
0.9952
0.9962
0.9966

Iteration

4.38E-04
1.92E-04
B-13E-05
6.45E-05
6.01E-05
1.56E-04
2.25E-04
1.88E-05
6.04E-05
3.49E-05
1.06E-05
1.10E-05
6.22E-05
1.57E-05
1.18E-05
7.89E-06

3: ChiSquare =

O.OOIBO

ERRO
- LDL - LDL - LDL 1.89E-05
1.32E-05
1.65E-05
2.02E-05
- LDL 8.11E-06
6.51E-06
- LDL - LDL 9.52E-06
3.87E-06
3.64E-06
- LDL -

1.4; Dif =

c
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Figure 3: Spectrum of air sample lower atmosphere in SL3 (operating conditions: Mo
anode, 30 kV; 30 mA; 3000s)
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Table IV: CONCENTRATION OF TRACE ELEMENTS IN AIR SAMPLES TAKEN AT SL3
* * * RESULTS * * *
SAMPLE:

air9

EL

E [KEV]

CL
K
CA
XI
CR
MN
FE
NI
CU
ZN
GE
AS
PB
BR
RB
SR

2.622
3.312
3.690
4.50G
5.411
5.895
6.400
7.472
8.041
8.631
9.876
10.532
10.540
11.907
13.375
14.142

MATRIX: AEROSOLES [THIN]
INT [C/S]
0.004
0.005
0.006
0.007
0.013
0.051
0.103
0.011
0.046
0.036
0.014
0.017
0.040
0.040
0.017
0.036

S
5.15E+03
1.81E+04
3.09E+04
6.37E+04
1.21E+05
1.60E+05
2.03E+05
2.75E+05
3.69E+05
4.29E+05
5.73E+05
6.50E+05
3.02E+05
8.98E+05
9.92E+05
1.22E+06

T

VOLUME-AIR [ M ~ 3 ] :
CONC

1.0000
1.0000
1.0000
1.0000
0.9668
1.0000
1.0000
1.0000
1.0000
1.0000
0.9928
1.0000
1.0000
1.0000
1.0000
1.0000

ERRO:

[g/m"3]

1.23E-06
4.51E-07
2.95E-07
1.71E-07
1.80E-07
5.25E-07
8.30E-07
6.55E-08
2.05E-07
1.37E-07
4.09E-08
4.25E-08
2.15E-07
7.35E-08
2.82E-08
4.85E-08

4.9

- LDL - LDL - LDL 6.JOE-08
4.66E-08
5.86E-08
7.05E-08
- LDL 2.71E-08
2.22E-08
1.71E-08
- LDL 3.37E-08
1.42E-08
- LDL 1.08E 08

Results not corrected for sample absorption1
( Thin sample a p p r o x i m a t i o n )

SAMPLE: a i r 6

MATRIX: AEROSOLES [THIN]

E [KEV]

CL
K
CA
TI
MN
FE
CO

2.622
3.312
3.690
4.508
5.895
6.400
6.925

0.002
0.002
0.002
0.002
0.030
0.056
0.005

5.15E+03
1.81E+04
3.09E+04
6.37E+04
1.60E+05
2.03E+05
2.51E+05

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

1.13E-06
3.04E-07
8.40E-07
6.02E-07
1.29E-07
2.65E-07
5.55E-08

- LDL - LDL - LDL - LDL 4 .49E-08
5 .90E-08
- LDL -

NI

7.472
8.041
8.631
10.532
10.540
11.907
13.375
14.142

0.004
0.022
0.025
0.005
0.011
0.011
0.011
0.013

2.75E+05
3.69E+05
4.29E+05
6.50E+05
3.02E+05
8.98E+05
9.92E+05
1.22E+06

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

3.94E-08
1.66E-07
1.61E-07
2.34E-08
1.05E-07
3.42E-08
3.19E-08
2.98E-08

- LDL 1.86E-08
1.84E-08
- LDL 1.97E-08
8.58E-09
9.61E-09
7.89E 09

ZN
AS
PB
BR
RB
SR

S

T

CONC [ g / m * 3 ]

2.9

EL

CU

INT [ C / S ]

VOLUME-AIR [ M * 3 ] :

ERROR

R e s u l t s n o t c o r r e c t e d f o r sample a b s o r p t i o n !
( Thin sample approximation )

1

Table V: CONCENTRATION OF TRACE ELEMENTS IN AN AIR SAMPLE TAKEN AT SL3
* * * RESULTS * * *
SAMPLE: a i r 7
EL

E [KEV]

CL
K
CA
T±
MN
FE
CO
NI
CU
ZN
AS
PB
BR
RB
SR

2.622
3.312
3.690
4.508
5.895
6.400
6.925
7.472
8.041
8.631
10.532
10.540
11.907
13.375
14.142

MATRIX: AEROSOLES [THIN]
INT [ C / S ]
0.003
0.003
0.004
0.004
0.029
0.046
0.008
0.009
0.010
0.022
0.017
0.014
0.032
0.042
0.016

S

VOLUME-AIR [ M ~ 3 ] :

T

5.15E+03
1.81E+04
3.09E+04
6.37E+G4
1.60E+05
2.03E+05
2.51E+05
2.75E+05
3.69E+05
4.29E+05
6.50E+05
3.02E+05
8.98E+05
9.92E+05
1.22E+06

CONC [ g / m * 3 ]

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

1.88E-06
4.78E-07
3.31E-07
1.70E-07
5.05E-07
6.27E-07
8.64E-08
8.66E-08
7.81E-08
1.41E-07
7.36E-08
1.33E-07
9.84E-08
1.19E-07
3.57E-08

2.9
ERROR

- LDL - LDL - LDL - LDL 7.18E-08
7.21E-08
- LDL - LDL 3.O6E-08
3.17E-08
- LDL - LDL 2.17E-08
2.12E-08
- LDL -

R e s u l t s n o t c o r r e c t e d f o r sample a b s o r p t i o n 1
( Thin sample approximation )
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Figure 4 . 1 . Spectrum of mulitelemental air sample with 10 ppm of Ga in a mixture of
distilled water and nitric acid (TXRF module: Mo; 40 kV; 20 mA; 200s) collected in
Pozo Colorado (Chaco) stage " 1 " of Andersen equipment.
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Figure 4.2: Spectrum of mulitelemental air sample with 10 ppm of Ga in a mixture of
distilled water and nitric acid (TXRF module: Mo; 40 kV; 20 mA; 200s) collected in
Pozo Colorado (Chaco) stage " 2 " of Andersen equipment.
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Figure 4.3: Spectrum of mulitelemental air sample with 10 ppm of Ga in a mixture of
distilled water and nitric acid (TXRF module: Mo; 40 kV; 20 mA; 200s) collected in
Pozo Colorado (Chaco) stage " 4 " of Andersen equipment.
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Figure 4.4: Spectrum of mulitelemental air sample with 10 ppm of Ga in a mixture of
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Abstract
With this project, a biomonitoring survey will be carried out with epiphytic lichens. The lichens
Parmelia sulcata (or caperata) will be collected from olive trees about 1-2 m above the ground, using a
10x10 km grid (or 50x50 km grid (cf. Fig.1). In total, about 300 sampling sites will be set up. Within one
sampling site, variations in elemental concentrations of lichen material taken from several trees of the
same species will be analyzed to obtain the local variation for each element (made in 10% of the grid). In
addition some typical soil samples will be collected so that the contribution of soil suspended in air
particulate matter can be recognised. The samples will be analyzed for - 5 0 elements by NAA and PIXE.
The expected results will be integrated data sets, which will be used in the next step for application of a
statistical procedure to identify particular pollution sources. The project also consists of exposure
experiments with lichen transplant samples at several sampling sites, which are representative for the
regions under study (cf. Fig.2). In addition at each sampling site air particulate matter and total deposition
will be collected monthly, during 1 year. The aim isto establish a quantitative relationship between results
obtained with the lichen transplant samples and with air particulate matter and total deposition.

1.

SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

The industrial development of Portugal is increasing. Thus, an environmental study
concerning determination of air pollutants from industrial emissions and identification of
the polluting sources should be pertinent. The cooperation between INETI, through this
project, and the national authorities for the environment will lead (i) to a better knowledge
of the state of air pollution in Portugal; and (ii) to the undertaking of decisions for
environmental control. This is consistent with the priorities set by the programme of the
Portuguese government.
On successful completion of the project, (i) a reference integrated
environment obtained by nuclear techniques will be available: (ii) the
atmospheric pollution produced by industry can be accomplished
determination of integrated databases; (iii) the nuclear techniques will
applied; and, (iv) cooperation research work between INETI and similar
among different groups of INETI will be experienced.

database in the
'Survey of the
by systematic
be increasingly
institutions and
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INETI has acquired experience and capacity in nuclear techniques namely INAA and
PIXE. The relevant list of publications is on a separate page [1-12]. In INAA, (i) relatively
standardized methods are being applied since 1979; (ii) implementation of the
^-standardization method to high energy Ge detectors was accomplished (1988), and (iii)
extension of this method to low energy Ge detectors was made (1991). INAA has been
applied to geological, environmental and biological samples. PIXE was implemented in
1988 and it has been applied to biological and environmental samples using the thick
target PIXE.
Projects have been developed, namely, (i) the preparation of a lichen reference
material for the IAEA, and (ii) the evaluation of trace element air pollution in the
neighbourhood of coal power stations for the Electricity of Portugal, where epiphytic
lichens, plants, underground waters, effluents and aerosols were analyzed.
The Radiochemistry Department of the Interfaculty Reactor Institute (IRI), University
Delft has over fifteen years experience in environmental studies, especially with respect
to the application of instrumental neutron activation analysis (INAA) as analytical technique
for the determination of trace elements in environmental samples. During the last ten
years continuous research has been carried out in the field of biomonitoring trace element
air pollution, with special attention for methodology and development of factor analysis
techniques, the latter leading to the possibility of identification and localization of pollution
sources. In 1968, IRI started exposure experiments, similar to the ones in the proposed
project, aimed at gaining more insight in i) the applicability of epiphytic lichens as
quantitative biomonitors, and ii) uptake mechanisms, responsible for the element
concentrations determined in the lichen samples. One of the aims of-the Radiochemistry
Department of IRI is the development and application of physical instrumental and
mathematical methods for radiochemical studies of trace elements in the environment.
INAA is extensively used for multielement analysis in a large variety of samples.
Mathematical methods are specifically applied to unlock large datasets. The above shows
that the proposed project is totally consistent with IRI strategies.

2. METHODS
2.1 Core Programme
In the first year, the air sampler given by Dr. Maenhaut of the Gent University, will
be installed at the urban site of Lisbon (see Fig. 2). At this site, results on S0 2 , NO and
NOx, are available and also meteorological data can be obtained. The aerosol filters (0.4
um and 8 um) will be collected each week 8h/weekend day and 8h/mid-week day: the 8h
will be spread in 20 minutes in each of the 24 h (20 min x 24 = 4 8 0 min = 8h) - The sampling period ranges from September 1993 to August 1994.
Analytical quality control will be made before the start of the "routine" analysis. The
techniques used are INAA and PIXE to determine about 50 elements. Sample mass will
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be obtained; no "black carbon" will be made since there are some other determined
elements which are suitable for identification of coal-fired combustion pollution source.
Blank samples and reference materials will be analyzed after each set of 15 "actual"
samples for analysis control.
In the second year, the air sampler will be placed at the rural site of Abrantes (see
Fig. 2) and a similar sampling procedure will be followed. The sampling period foreseen
ranges from March 1994 to February 1995.
The data evaluation will be done in cooperation with the Deift University, fnterfaculty
Reactor Institute.
2.2 Supplementary Programme
The supplementary programme concerns the contents of the technical cooperation
IAEA/INETI for the Contract POR/8/006, which consists of two parts: the Survey and the
Quantification.
Concerning the survey, Parmelia sulcata and P. caperata are being collected on olive
trees in July and August 1993 following the grids shown in Fig. 1.
Concerning the quantification, total deposition per month during one year will be
collected (start in March) at the Lisbon site, as well as 12 sets of lichen transplants (2xl2
nylon bags) which will be exposed 1 month, 2 months,...up to 12 months during one year.
The lichen is Parmelia caperata in its natural bark of Quercus suber. The same will be done
at the rural site of Abrantes from March 1994 on and at the other six sites shown in Fig.
2. In all the 8 sites (see Fig. 2). aerosol filters will be collected one weekend day and three
weekdays per month during one year. For the quantification, two filters will be used: one
which will collect up to 0.4//m particulates and other collecting particulates greater than
0.4 fjrr\.
The techniques used are INAA and PIXE as well. The total deposition will be preconcentrated prior to analysis and Cd separation in lichens will be made after nuclear
reactor irradiation whenever necessary. Again, blank samples and reference materials will
be analyzed after each set of 15 "actual" samples for analysis control. The data evaluation
will be done in cooperation with the Delft University, Interfaculty Reactor Institute.
2.2.1 Instrumental Neutron Activation Analysis (INAA)
Pellets (diameter: 1.3 cm; height: 0.3 cm) of 500 mg each will be made for each
material using a pressure of 6 t/cm 2 and put into polyethylene containers for irradiation.
k0-method - The short irradiations (1 min. irradiation time) will be carried out in the
pneumatic system of the INETI's Portuguese Research Reactor (RPI) at a thermal neutron
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Figure 1 . Selected area for qualitative monitoring
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Figure 2. Selected locations for quantitative monitoring
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flux of 2 . 7 x 1 0 1 2 c r r v V ; the long irradiations (7 h) will be carried out in the core grid of the
RPI at a thermal neutron flux of 3.6x10 1 2 or 2.2x10 1 3 c m ' V 1 . Wires of 0 . 1 % Au-AI of
1 m m diameter (CBNM) and of Mo 1 2 5 ^ m diameter (Goodfellow) will be co-irradiated as
comparators.

All measurements will be carried out w i t h a HPGe and a LEPD. The spectra

will be processed using SEQAL computer code. The calculations will be made by using the
k 0 -standardization method's computer codes SOLANG and SINGCOMP. The Gent k0factors will be used.
Compzrath"3

methnrl-

Standard?; will be employed as reference samples. After oven-

drying for 2 4 h at 110°C they will be diluted in cellulose (also oven-dried at the same
conditions); pellets similar t o the samples will be thus made. The irradiations will be done
in the core grid of RPI at a thermal neutron flux of 3.2x10 1 2 c m ' 2 s ' \ All measurements will
be carried out w i t h a Ge(Li) and a LEPD. The spectra will be processed using t h e programs
GELI and DAISY [GELIAN and OLIVE program adaptations].

2 . 2 . 2 Proton -Induced X-ray Emission (PIXE)
Thick target - Pellets will be made out of each sample using a pressure of 6 t o n / c m 2 .
The TTPIXE analyses will be carried out at INETI's Van de Graaff accelerator. Samples will
be irradiated in vacuum ( 1 0 5 Torr) with a 1.9 MeV proton beam (20 m m 2 cross section)
and 7 5 0 n A / c m 2 maximum current density. Total irradiation time will be 3 0 min. per pellet.
A 2 0 0 eV resolution Si(Li) detector is placed at 90° relative to proton direction. Spectra
analysis will be performed w i t h AXIL Computer CODE V 3 . 0 . Quantitative analysis will be
made w i t h DATTPIXE. The values reported will be corrected for radiation damage effects
during irradiation.

3.

RESULTS
Table I shows the results obtained by INAA and PIXE in INETI for the lichen reference

material (IAEA-336) prepared and certified by INETI for the IAEA [ 9 , 1 1 1 . Table II s h o w s
some results obtained for epiphytic lichens, soils and air filters collected in the
neighbourhood of coal-fired power stations (C.T. Sines and C.T. Pego [10]).

4.

PLANS FOR FUTURE WORK

- Collection of the lichens from trees using a 10x10 km grid or 5 0 x 5 0 k m (Fig.1),
during 2 months on July and August 1 9 9 3 . Also in that period, collection of soils on each
geological region of the country.

The collection is assisted by an expert of the Delft

University.
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TABLE I. CONCENTRATION DATA FOR IAEA-336 REFERENCE MATERIAL (IN mg/g).
THE UNCERTAINTIES ARE STANDARD ERRORS.

Croup 1
INAA
komahod
ng/g

ng/g

Omit? ?
INAA
comp. mcth.

1rmrr> ^

Group 1
INAA
kg method

WXE
thick target

Ag

29.3+2.0

-

-

Al

631+20

-

-

Aa

568±16

Ba

6.82+0.18

5.92±0.18

Br

15.49+0.32

12.90+0.11

Ca

3375±1S5

Ce

1.269+0.035

Group 2
INAA
comp. melh.

Group 3
TOE
thick target

Na

361.8±6.1

389.7±2.9

-

Nd

490±26

543 + 16

-

-

Ni

-

-

-

-

P

-

--

675±45

3.40+0.24

Pb

-

-

7.08±0.39

-

2888.3+8.7

Rb

1.926+0.034

1.634±0.019

1.97+0.27

1.146+0.022

--

S

-

-

836+28

-

2165+.22

ng/g

Sb

89.9±2.0

78.6±5.3

-

636.7+6.2

ng/g

CI

1696+31

Co

332.6±3.5

292.2+5.2

--

ng/g

Sc

205.1 ±2.0

170.0±1.7

••

Cr

1.338+0.012

1.0911+0.0075

-

ng/g

Se

261.0+7.2

268.9±8.4

••

Cs

140.0+6.6

Cu

-

-

Eu

18.75+0.50

24.00+0.47

-

Fe

494.1+4.6

441.4+3.6

418+15

ng/g

Gd

891+29

-

ng/g

Hf

58.72+0.82

ng/g

Hg

ng/g

-

Si

-

Sm

101.4±9.2

111.2±3.3

Sr

11.20+0.70

8.58+0.18

7.47+0.38

ng/g

Ta

15.25+0.34

16.44+0.47

-•

-

ng/g

Tb

15.03+0.76

15.26±0.66

-

58.56±0.58

--

ng/g

Th

166.1+2.0

144.4±2.4

-

247.7+6.4

192+11

-

Ti

56.8 ±4.2

-

51.67±0.99

K

1859±33

1793+10

2005±11

ng/g

Tm

5.75±0.65

-

-

ng/g

La

650±35

620.0+8.5

-

ng/g

U

47.68±0.45

~

--

ng/g

Lu

7.26+0.75

6.77±0.14

-

V

1.436±0.072

-

-

Mg

585+49

-

-

Yb

23.8+1.0

45.22±0.32

-

Mn

53.1+1.6

61.44+0.47

63.2+1.6

Zn

36.14±0.35

28.10+0.23

31.83±0.70

ng/g

ng/g
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U3.3±1.7

3.83+0.46

ng/g

ng/g

-

1897+134

-

Table II. CONCENTRATION DATA FOR SOME EPIPHYTIC LICHENS COLLECTED IN THE
NEIGHBOURHOOD OF COAL-FIRED POWER STATIONS. THE UNCERTAINTIES ARE 1s.

LICHENS
April 1991
Parmelia sulcata
LEPD
East

LEPD

HPGe
West

-

Parmelia caperata

-

West

East

East

HPGe
West

-

-

West

East

3.1(5.4)

4.2(4.0)

1.600(0.5)

3.13(0.4)

Ce

7.2(2.3)

9.4(2.0)

7.8(8.4)

9.8(6.1)

3.2(3.3)

6.0(3.7)

3.9(5.7)

7.5(4.3)

Nd

3.1(3.6)

4.0(3.6)

3.2(19)

4.1(12)

1.20(6.6)

2.1(14)

1.9(11)

2.8(16)

Sm

0.654(0.6)

0.850(0.4)

0.63(2.5)

0.82(3.9)

0.31(3.4)

-

0.293(0.4)

0.583(0.3)

Eu

0.107(6.8)

0.138(4.5)

0.110(3.5)

0.125(1.6)

0.049(4.6)

0.0754(1.0)

0.048(8.4)

0.095(2.8)

Gd

0.54(18)

0.65(16)

Tb

0.075(2.7)

0.113(2.2)

Tm

0.023(10)

0.043(18)

Yb

0.15(7-6)

0.219(2.8)

Lu

0.025(24)

0.037(13)

La

0.074(2.9)

-

-

0.023(12)

-

0.24(12)

0.080(3.6)

0.132(2.3)

0.078(8.7)

0.0098(11)

0.020(16)

-

Evernia irunastri
LE PD
East
La
Ce

2.16(4.0)

4.0(22)

East

0.16(9.0)

-

Parmelia sw cata (south)
HI»Gc

West

0.065(2.6)

0.39(13)
0.068(2.5)

0.16(9.0)

0.034(6.8)

0.24(15)
0.036(12)

0.095(1.9)

Octob :r 1990
West

LEPD

HPGe

-

3.72(0.7)

5.2(13)

6.61(0.7)

8.4(7.9)

0.988(0.4)

2.02(1.0)

2.3(6.1)

April 1991
LEPD

3.8(7.0)

HPGe
1.84(1.9)
4.4(8.9)

Nd

1.01(5.7)

1.9(24)

1.0(22)

2.1(14)

2.8(4.7)

3.5(9.8)

1.4(7.4)

1.4(31)

Sm

0.222(4.4)

0.398(0.4)

0.209(2.9)

0.406(1.9)

0.616(0.5)

0.634(0.5)

0.36(4.9)

0.370(2.5)

Eu

0.038(3.9)

0.07(22)

0.042(4.1)

0.080(2.8)

0.120(1.0)

0.143(5.0)

0.072(13)

0.063(9.6)

Gd

0.20(12)

0.32(11)

-

-

Tb

0.027(11)

0.046(2.2)

0.026(8.3)

0.048(3.5)

Tm

0.007(26)

0.018(9.9)

-

-

Yb

0.034(26)

0.088(7.4)

0.029(24)

0.090(25)

0.197(4.1)

Lu

0.004(29)

0.010(12)

-

-

0.035(16)

0.58(17)
0.091(2.7)

-

-

0.32(29)

-

0.106(5.6)

0.053(11)

0.048(3.5)

-

0.22(19)

0.20(8.3)

-

0.112(6.7)
0.019(28)

0.13(12)

-
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Table II. (cont.)

SOIL
NORTH

SOUTH

0-10 cm

0-10 cm

10-20 cm

Oct. 1990

April 1991

La

38.4(0.7)

38.4(0.7)

34.3(0.7)

34.7(0.7)

36.4(0.7)

Ce

74.3(0.8)

76.9(0.8)

67.3(0.8)

68.2(0.8)

71.7(0.8)

67.7(0.8)

Nd

36(3.2)

35(3.1)

31(3.3)

30(3.3)

31(3.1)

Sm
Eu

6.93(0.5)

7.08(0.5)

5.68(0.5)

5.73(0.5)

33(3.2)
6.08(0.5)
1.07(1.7)

1.17(1.6)

Tb
Yb
Lu

Oct. 1990

April 1991

Oct. 1990

April 1991
35.0(0.7)

5.80(0.5)

1.47(1.5)
0.83(4.5)
2.8(4.1)

1.37(1.5)

1.00(1.8)

0.98(1.8)

0.93(4.0)
2.6(4.2)

0.80(4.4)

0.77(4.4)

0.82(4.4)

0.91(4.0)

2.1(5.2)

0.43(2.8)

3.0(3.9)
0.46(2.4)

2.4(4.2)

0.41(2.9)

2.6(4.4)
0.42(2.5)

0.41(2.6)

0.46(2.5)

SOIL
APRIL 1991
0-10 cm
East

10-20 cm
West

East

West

La

78.2(0.6)

114.0(0.5)

Ce

155.0(0.5)

230(0.5)

83.8(0.5)
180.0(0.5)

105.0(0.5)
223(0.5)

Nd

74(2.4)

106(2.3)

98(2.2)

100(2.3)

Sm
Eu

13.80(0.4)

20.60(0.4)

14.80(0.4)

19.50(0.4)

1.17(1.5)

1.37(1.4)
1.59(2.9)

1.27(1.5)
2.09(2.7)

Tb

1.53(2.9)

1.40(1.4)
2.14(2.6)

Yb

5.3(2.6)

7.6(2.3)

5.4(2.7)

7.2(2.4)

Lu

0.85(1.7)

1.18(1.8)

0.87(2.0)

1.16(1.9)

AEROSOLS
OCTOBER 1990
North

North

South

South

La

0.97(1.2)

0.76(1.2)

1.30(1.8)

1.78(0.9)

Ce

1.57(1.5)

1.03(1.5)

2.39(1.5)

2.60(1.4)

Nd
Sm
Eu

0.848(5.0)
0.132(1.0)

1.17(5.0)
0.178(1.6)

0.030(4.7)

0.659(5.0)
0.0710(1.0)
0.018(4.7)

Tb

0.0120(7-0)

0.0080(7.0)

Yb

0.040(13)
0.0070(6.5)

Lu

0.0050(6.5)

1.30(5.0)

0.040(4.5)

0.228(0.8)
0.045(3.9)

0.021(6.5)

0.032(12)

0.058(10)

0.109(8.1)

0.0110(6.0)

0.019(4.5)

- Preparation of the collected lichens for analysis: removal of contaminating species,
washing, freeze-drying, grinding, and peptization. Preparation of the collected soils for
analysis: separation of fraction, grinding, and drying (Sept. 1993-March 1994).
- Analysis of the lichens and soils (Sept. 1993- March 1994).
- Installation of one air sampler at the urban site of Lisbon. Collection of air filters
(Sept. 1993-August 1994).
- Installation of one air sampler at the rural site of Abrantes. Collection of air filters,
total deposition and transplanted lichens (March 1994 - February 1995).
- Installation of 7 air samplers at the sites Viana do Castelo, Porto, Estarreja,
Coimbra, Lisboa, Barreiro and Sines. Collection of air filters, total deposition and
transplanted lichens (March 1994-February 1995). The installation will be assisted by an
expert of the Delft University.
- Following a training at Delft University, application of radiochemistry to lichens and
preconcentration to total deposition will be continued at INETI.
- Analysis of the transplanted lichens, total deposition and air filters by INAA and
PIXE (October 1993-December 1995).
- Interpretation of the results (April 1994: survey; 1994/1995: core programme and
quantification) to be made at Delft University (training) and by experts of this University
at INETI.
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Abstract
In the past, only a few investigations have been performed in Slovenia concerning trace elements,
toxic elements, heavy metals and radionuclides in the atmosphere. During recent years, several projects
were initiated, involving health-related studies connected to air pollution in highly exposed areas, mapping
the status of air pollution in the whole country using biomonitors, as well as some specific research, i.e.
involving studies of mercury speciation in the atmosphere around a mercury mine or concentration levels
of radionuclides in biomonitors around a uranium mine. Since all these projects were or are of a preliminary
nature, in this report, the emphasis is mainly on the methodology and analytical development (neutron
activation analysis and X-ray spectrometry), and to a lesser extent on the results obtained up to now.
Efforts are being put into co-ordination of all the presently running projects in order to complement the
results and to make an unified database for their later evaluation and statistical interpretation.

1.

SCIENTIFIC B A C K G R O U N D A N D S C O P E O F T H E PROJECT

In various countries in the world much effort is devoted to the air pollution studies
connected with environmental impact and human health-related studies. In this respect,
an important part of such research is devoted to the application of natural materials
(mosses, lichens, grasses, ferns, tree rings, feathers, hair, etc.) as indicators/monitors of
trace-element air pollution. Many studies are concerned with changes in species
abundance, morphology and/or the physiology of the relevant organisms, all, however,
without the ability to apportion these changes to any particular atmospheric pollution
component.
In other studies the elemental content of the organism/material are measured,
mostly aimed at the determination of relative changes observed with respect to variations
in distances to a priori known pollution sources (highways, industrial complexes, etc.),
without obtaining any quantitative information about the actual levels of the pollutants in
the atmosphere. Much attention is paid to interspecies and intersubstratum calibrations,
all resulting from problems arising from gaps in the abundance of the organisms/materials,
due to their degree of sensitivity to total air pollution and/or other effects.
So far insight into the uptake mechanisms of atmospheric pollution components in
natural materials is still lacking, and consequently little is known of the quantitative
relationships between element concentrations in the monitor and those in the atmosphere.
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Air pollution problems which have arisen during the last twenty years led to an
increased interest in epiphytic lichens, which are regarded as suitable tools for monitoring
levels of atmospheric pollution. Unlike higher plants, they have neither roots, a waxy
cuticle nor stomata; hence for mineral nutrition they are largely dependent on wet and dry
deposition from the atmosphere. Moreover, lichens are perennial and can accumulate
elements originating from both natural and anthropogenic sources over long periods of
time. As lichens accumulate air pollutants over long time scales, their use in these zones
seems a valuable adjunct to direct methods, which usually furnish data for relatively short
peiious of time and Tor ralner small volumes of air.
Between 1975 and 1979 the Panslovenian Youth Research Programme mapped the
whole area of Slovenia, considering the distribution of different epiphytic lichen growth
forms. A simple lichen map was constructed. Interest in lichens as air quality indicators
again increased in connection with forest decline studies. Methods using air quality by
bioindicators were applied to forest damage inventory plots. Systematic monitoring of
forest decline based on a 16 km x 16 km bioindication grid has been followed since 1985
by the Institute for Forestry and Wood Economy. But until now, only a few investigations
concerning trace elements in lichens were performed on some local areas. There have been
some pilot investigations [1-11] using transplanted or in situ growing lichens in order to
observe injuries of thalii, destruction of chlorophyll and accumulation of certain air
pollutants (S0 2 , fluorine, radionuclides, and selected heavy metals).
The general scope of the project is the gathering of information about actual air
pollution levels in Slovenia and about the general applicability of biomonitors. Particular
research objectives are:
1.

The application of epiphytic lichens as indicators of toxic heavy metal air
pollution in Slovenia in order to get information about the geographical
gradients for particular pollutants.

2.

To improve and further develop analytical techniques for multielement
characterization of these materials, including speciation of some particular
pollutants (e.g. Hg).

3.

To gain more information about the general applicability of biomonitors by
comparing quantitative relationships between concentrations in the monitor
and in the atmosphere.

4.

To study in more detail some highly polluted areas {e.g. surroundings of a
coal-fired power plant) by applying a more dense monitoring network and
possibly studying health effects, caused by the plant on the population living
nearby.

Close collaboration has been established with the Biotechnical Faculty (Department
of Agronomy) of the University of Ljubljana, and the Institute of Forestry and Wood
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Economy in Ljubljana concerning identification of lichen species and sampling. Cooperation
is also established with the Hydrometeorlogical Institute for provision of meteorological
data. Staff from ERICo is giving us assistance in collecting and analysing aerosols around
a coal-fired power plant. Collaboration is also established with the Interfacuity Reactor
Institute of Delft University of Technology, The Netherlands, (sampling, sample
preparation, data interpretation), the Institute for Nuclear Sciences of the State University
of Gent, Belgium (quality of analytical data) and with the Forschungscentrum Julich,
Germany (sampling, quality of analytical data).

2.

METHODS

Aerosols are collected by means of an in-house constructed single jet facility, with
a cut-off point of ~ 2.5 yt/m. The fraction ~ 2.5 to 10 //m is collected on a Nuclepore
polycarbonate membrane filter (pore size 0.45 pm). with free air flow reduced to a
diameter of 13 mm in order to achieve a higher concentration of coarse particles in the
central part of the filter. The particulate fraction finer than ~ 2.5 pn\ is collected on a
Nuclepore polycarbonate membrane filter (pore size 0.45 //m). Both filters are held in the
original Nuclepore holders. The air flow rate through the separator and both filters is
regulated by a critical orifice between the filters and a GAST oil-less diaphragm vacuum
pump (type DOA). The flow rate is not constant and it decreases by up to 50% from the
beginning to the end of the sampling period. The arithmetic median value of the flow rate
is about 300 L-h' 1 , representing approximately one third of the rate of human breathing.
The flow rate is measured by a rotameter at the beginning of sampling, checked every
second day and finally at the end of the sampling period. Sampling times vary, depending
on the minimal flow rate necessary for successful operation of the separator and
determination of the content of air particulates, being from 2 to 7 days.
The collection system for bulk precipitation consists of a polyethylene funnel
(diameter 20 cm and vertical board 10 cm) and a polyethylene bottle (5 L). The funnelbottle system is mounted inside a stainless steel cylinder placed on a concrete plate,
keeping the upper edge of the funnel 1.5 m above ground level. The opening of the funnel
is protected by a coarse filter mash made of polyethylene (with hole diameter 2 mm) and
a nylon net (pore size 250//m) in order to prevent inlet of coarse particles (e.g. leaves) and
insects- Before each sampling period (1 month), 10 ml cone. HN0 3 (suprapure) is added
to the bottle to preserve the precipitation collected. Afterwards the samples are filtered
through Nuclepore polycarbonate 0.45 fjm membrane filters, leading to the separate
analysis of water and filtrate.
The lichen species Hypogymnia physodes (LJ Nyl. with adhering substratum is
collected about 1.5-2 m above ground in order to minimize soil contamination. In the
laboratory, the lichens are carefully removed from the substrate, dried at room temperature
to constant weight, ground and homogenised with addition of liquid nitrogen.

175

For analysis of collected materials, mainly multielement techniques such as
instrumental neutron activation analysis (INAA) and Energy dispersive X-ray spectrometry
(EDXRF) are used.
INAA (using the k0 standardization method) is used for analysis of air particulate
matter (APM), precipitation samples and lichens. A detailed description of the methodology
and procedures are given elsewhere [12-17].
Tiie EDXRF mei-Wod is used for the analysis of APM [13] and lichen samples. 55Fc,
Cd and 241Am radioactive excitation sources are used. For light elements a 55Fe source
and a Ge detector are applied. Elements from S to Mo are measured with 109Cd and a Si(Li)
detector, while heavy elements are determined with 241Am and a Ge detector. The X-ray
spectrometry system consist of two separate units, consisting of two multichannel
analyzers connected to a Si(Li) detector and the other to a Ge detector, and both equipped
with automatic sample changers. Spectra obtained on both systems are processed by AXIL
and QAES (Quantitative analysis of Environmental Samples) software. The analytical
system was calibrated by National Institute of Standards and Technology (NIST) Standard
Reference Materials (SRMs) 1832 and 1833 Thin Glass Films on Polycarbonate for X-Ray
Fluorescence Spectrometry.
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In addition, electrothermal atomic absorption spectrometry (ETAAS) is used for
analysis of Cd, Cu and Pb in precipitation samples. Total gaseous mercury in air is
determined by double amalgamation cold vapour atomic absorption spectrometry (CVAAS),
after sampling on a gold trap [11]. Total mercury in lichen samples is determined by gold
amalgamation CVAAS after acid decomposition under pressure [19, 20]. For the
determination of methylmercury, ion-exchange separation followed by CVAAS is used [ 2 1 ,
22].
Quality assurance of the results obtained by above methods was obtained by
analysis of NIST SRMs. Besides, we are also participating in the intercomparison of trace
and minor elements in IAEA lichen research material (336), organised by the LNETI,
Portugal. The following SRMs were analysed: NIST SRM 1643c Trace Elements in Water
(INAA, ETAAS), NIST SRM 1571 Orchard Leaves, NIST SRM 1572 Citrus Leaves, NIST
SRM 1573 Tomato Leaves, NIST SRM 1515 Apple Leaves, NIST SRM 1547 Peach Leaves,
NIST SRM 1633a Coal Fly Ash (all by INAA), NIST SRM 3087 Metals on Filter Media (ED
XRF) and BCR (Community Bureau of Reference) CRM (Certified Reference Material) 38
Minor and Trace Elements in Fly Ash from Pulverised Coal (ED XRF).

3.

RESULTS

In Fig. 1 and Table I some indicative results of our previous work relating to this
CRP are presented. In Fig. 1, the uranium content in lichens at 5 sampling points around
Zirovski vrh, where a uranium mine, mill and processing plant are located, are presented
18]. These facilities are situated in a narrow valley formed by two streams with few open
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places in the vicinity, but surrounded by a mixed forest which acts as a filter for pollutants.
The valley of the BrebovScica stream is open in the north-south direction, which is also the
dominant wind direction. Uranium levels presented for in-situ growing epiphytic lichens are
average values of different lichen species (Hypogymnia physodes (LJ Nyl., Parmelia
caperata (L.) Ach., Parmelia sulcata Th. Tayl.). As is evident from the figure, the uranium
concentrations in lichens are in good agreement with uranium levels in air particulates. The
highest values were found in in-situ and transplanted lichen samples in the immediate
vicinity of the processing plant (sampling point 4) and in the valley of the BrebovSCica
stream \sampling point 5). Since transplanted H. physodes was exposed only for 3
months, the values are lower in comparison with values of in-situ growing lichens, but the
distribution pattern closely follows the shape of the in-situ ones.

3J_
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Figure 1. Correlation between uranium content in in-situ lichens, transplanted lichens
(dry mass) and in air particulate matter.
In Table I, results for mercury and methylmercury in lichens, and mercury in air at
the various sampling areas are presented [11 ]. The principal source of total mercury in air
is the smelter of the Idrija mercury mine, situated near the river Idrijca close to the town
centre. The valley of the Idrijca runs in a south-north direction, which is also the
predominant wind direction, hence, fairly high mercury concentrations in lichens were
found near the smelter (115-188 //g-g' 1 of Hg), and lower concentrations in the centre of
Idrija (17-48/yg-g'1 of Hg) and areas surrounding Idrija (2-7 //g-g'1). The lowest
concentration of mercury was found at the control site in a mountain area (0.4//g-g' 1 ). A
good correlation between total mercury in air and in lichens was found. Mercury and
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methylmercury levels in lichens are in good statistical correlation (r = 0.88), although it
is clear that the fraction of mercury present as methylmercury falls at sites with heavy
inorganic contamination. Methylmercury levels varied from 23 to 106 ng-g'1 in the mercury
mining area and from 5 to 13 ng-g"1 in other unpolluted areas. It is difficult to compare and
interpret these results as, to the best of our knowledge, no other studies on methylmercury
in lichens have been published.
TABLE I.

TOTAL MERCURY AND METHYLMERCURY IN LICHENS (DRY MASS) AND
TOTAL MERCURY IN AiR
Air

Lichens
Sampling point

Total Hg
//g-g"

4.

1

Me-Hg
ng-g-1

Me-Hg
(%)

Total Hg
ng-m"3

1

188.2

106

0.06

550

2

139.0

90

0.07

135

3

115.2

79

0.07

-

4

47.9

88

0.18

-

5

46.2

56

0.12

53

6

25.1

47

0.19

7

17.5

38

0.21

-

8

7.6

23

0.30

11

9

2.3

13

0.21

-

10

0.40

5

3.7

4

1

'

PLANS FOR FUTURE WORK

During first year, a sampling campaign will be organised, where epiphytic lichens
(species Hypogymnia physodes (Li Nyl.) from approximately 90 sampling sites, evenly
distributed all over the Slovenia, will be collected. The samples will be carefully prepared
for the analysis of minor and toxic heavy metals, using INAA and EDXRF. It is also
expected that first analyses will be performed.
In addition, CVAAS will be applied for the analysis of mercury. We shall try to make
some preliminary experiments on speciation of various volatile Hg compounds in air using
selective adsorption. Mercury compounds will be thermically desorbed or wet digested and
concentrated on a gold trap, and determined by a cold vapour atomic fluorescence
detector, which is much more sensitive than AAS. For higher Hg concentrations in air, also
iodated charcoal traps followed by NAA could be used.
178

A t some typical sampling sites, collectors for airborne particulates and total
deposition will be mounted in order t o study quantitative relationships between elemental
concentrations in the monitor and in the atmosphere.
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Abstract
The methods of neutron activation, both instrumental and radiochemical, and atomic absorption
spectrophotometry are used in a study of the concentrations of Al, As, Br, Cd, CI, Co, Cr, Cu, Fe, Hg, Mn,
Sb, Sc, Se, Si, V, Zn and Pb in airborne particulate matter collected from 7 permanent and 9 temporary air
quality monitoring stations. The location of the stations are urban residential, suburban residential, mixed
(commercial and residential}, commercial and industrial areas and near major roads in Bangkok Metropolitan
areas. Air sampling is performed once a month for 24 hours continuously using the high volume air sampler
(GMW 2000 H) and for 5 , 1 0 , and 15 days continuously using an Anderson Air Sampler (SIBATA AN-200).
The elements As, Cd and Cu are determined destructively using ion exchange chromatography while Hg
and Se are determined by the dry combustion technique.
The determination of Pb was done by atomic absorption spectrophotometry. The results of Pb
concentrations in airborne particulate matters, collected during 1987 to 1 9 9 1 , were reported by the Office
of the National Environment Board. Levels of Pb content were found to be lower than the National Ambient
Air Quality Standards.

1 . SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT
Currently there is widespread interest in the problem of toxic environmental
conditions. This problem has been studied and researched by many Thai technical
institutes from various different points of view, to use the information thus obtained to
improve environmental conditions for the sake of the continuing health and hygiene of the
Thai people.
It is well-known that environmental pollution is capable of spreading via air, water
and soil of these transport media. It is also clear that air transport results in far-reaching
and extensive environmental pollution problems. The principal sources of air pollution are
the burning of fuels used by industrial plants, the release of waste from some types of
industrial plants, the emission of waste from motor vehicle exhausts and soil erosion.
These various emissions are in the form of gases or suspended particulate matter causing
aggravation or danger to the health of humans, flora and fauna and also leading to
acceleration of the natural deterioration of various things. Therefore, in order to protect
and improve the environment and to rectify environmental damage it is extremely apt that
we investigate all the various factors leading to environmental pollution.
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In Thailand at present the majority of the investigations of the air's various
characteristics are studies concerned with determining and measuring the presence of
carbon monoxide, nitrogen dioxide, sulphur dioxide, suspended particulate matter and lead,
for example. Other characteristics which we should be checking are the trace toxic
elements such as Arsenic (As), Bromine (Br), Cadmium (Cd), Cobalt (Co), Chromium (Cr),
Copper (Cu), Iron (Fe), Mercury (Hg), Manganese (Mn), Antimony (Sb), Scandium (Sc),
Selenium (Se) and Zinc (Zn). The Environmental Pollution Studies Section of the Chemistry
Divisicr. of the Office of Atomic Energy for Pcc.cc has experience in the use of nuclear
technology in the research and analysis of the quantities of trace toxic elements in
environmental samples and the Office of Atomic Energy for Peace has given it the
responsibility for work in this area. Consequently a project has been established to be
jointly conducted by the Air Quality Control Section of the Environmental Quality
Standards Division of the Office of the National Environment Board and the Environmental
Pollution Studies Section of the Chemistry Division of the Office of Atomic Energy for
Peace. The project is to investigate and analyze trace toxic elements such as As, Br, Cd,
Co, Cr, Cu, Fe, Hg, Mn, Sb, Se, Zn and Pb in air particulate matter collected from urban
residential, suburban residential, mixed (commercial and residential), industrial and
commercial areas and areas of heavy traffic flow. The analysis is to be performed using
nuclear technology, particularly neutron activation analysis, and other technologies to
assess the severity of air pollution in order to mitigate its effects and to evaluate
environmental quality in the sampling area.

2.

METHODS

2.1 Sampling and sample collection
Airborne particulate matter is collected from 7 permanent air quality monitoring
stations in Bangkok and 9 temporary air quality monitoring stations near major roads in
Bangkok Metropolitan areas as indicated in Table I and Table II. Air particulate matter is
collected by using two air samplers as follows :
(a) High Volume Air Sampler (GMW 2000H) is operated once a month for twenty-four
hours continuously. Total particulate matter is collected on membrane and cellulose filters.
(b) An Andersen Air Sampler (SIBATA AN-20O) is operated for 5, 10, and 15 days
continuously. Particle size fractionation is collected on membrane filter and glass plate.
2.2 Analytical technique
The method of instrumental neutron activation used for the investigation of Al, Br,
CI, Co, Cr, Cu, Fe, Mn, Sb, Sc, V, and Zn. The direct combustion technique recommended
by Muramatsu et al. [1 ] and the ion-exchange technique described by Morrison and Potter
[2] were modified and employed for the investigation of Hg, Se; As, Cd, Cu respectively.
The determination of Pb was done by atomic absorption spectrophotometer.
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3.

RESULTS

The analytical results of lead concentration in airborne particulate matter, collected
during 1987 to 1 9 9 1 , are summarized in Table III and Table IV.
The 24 hours average concentrations of lead in airborne particulate matter in all
stations were lower than the Ambient Air Quality Standards of Thailand (24 hours average
value = 10 //g/m 3 ). In addition, due to the campaign of using unleaded gasoline in order
to reduce air pollution, the tendency of lead concentration in particulate matter was
decreased in 1 9 9 1 .
Table I. PERMANENT AIR QUALITY MONITORING STATIONS IN BANGKOK
Sampling Station
1. Office of the National Environment
Board (ONEB)
2. Chankasem Teacners'College
3. Ban Somdet Teachers'College
4. Rat Burana Post Office
5. Queen Saovabha Memorial
6. The Meteorological Department
Sukhumwit
7. Bangna Meteorological Office

Land use Classification
Urban Residential
Suburban Residential
Mixed, Commercial and
Residential
Industrial
Commercial
Urban Residential
Industrial

Table II. TEMPORARY AIR QUALITY MONITORING STATIONS IN
BANGKOKrROADSIDE
1.
2.
3.
4.
5.
6.
7.
8.
9.

Pratunam, Rajprarob Rd.
Yaowaraj Rd.
The National Statistical Office, Lan Luang Rd.
Bamrungmuang Rd.
Meteorological Department, Sukhumvit Rd.
Pra-su-meru Rd.
Paholyothin Rd.
Silom Rd.
Si-phra-ya Rd.
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Table III. RESULTS OF LEAD CONCENTRATION IN PARTICULATE MATTER
IN BANGKOK DURING 1987-1991 .[3]

24 hrs. averages of lead in //g/m 3

Station

ONEB
Chankasem
Bansomdej
Sukhumvit
Saowabha
Ratburana
Bangna

1987

1988

1989

1990

1991

0.4789
0.4570
0.3650
0.5636
0.5473
0.3413
0.4598

0.3475
0.3475
0.3211
0.4576
0.4776
0.3305
0.3578

0.3926
0.4078
0.3315
0.4799
0.5272
0.3097
0.3496

0.4200
0.3600
0.3800
0.7200
0.4100
0.30O0
0.8600

0.3000
0.3400
0.2500
0.3700
0.3900
0.2600
0.1800

Table IV. RESULTS OF LEAD CONCENTRATION IN PARTICULATE MATTER NEAR
MAJOR ROADS IN BANGKOK DURING 1987-1991
Station

24

hrs.

1987
Pratunam,
1.68
Rachprarob Rd.
2.29
Yaowarach Rd.
The National
Statistical Office,
0.97
Lan Luang Rd.
Bamrungmuang Rd. 1.99
Meteorological
Department,
1.29
Sukhumvit Rd.
1.53
Pra-su-meru Rd.
0.84
Pahonyothin Rd.
Silom Rd.
1.72
Si-pra-ya Rd.

averages

of

lead

in

//g/m 3

1988

1989

1990

1991

1.75

1.97

2.06

1.76

3.01

2.33

2.21

2.34

1.38
2.29

1.85
3.34

4.19
5.09

0.94
1.92

1.06
0.91
0.72
1.92
0.95

1.71
1.15
1.18
3.14
2.81

-

1.06
1.11
0.62
1.90
1.39

1.31
0.86
2.73
1.25

Ambient Air Quality Standards of Thailand : 24 hrs. average value = 10 /jg/m3
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4. PLANS FOR FUTURE WORK
Under the scope of the CRP, the following work plan is expected to be implemented
in the next year:
- Analysis for those elements in precipitation (including both soluble and insoluble
components)
- Expanding the sampling station to the other major cities and development area
such as Chiengmai, Haad Yai, Mukdahan, Khonkaen, Udornthanee, Ubolrajthanee, Koraj
and the Eastern Sea-Board Development region at Rayong and Cholburi as well.
- Study and research on some flora characteristics which is suitable for represent
as biomonitor of air pollution in Thailand.
- Obtaining comparative data on pollution levels in areas of high pollution, and low
pollution.
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Abstract
A permanent station has been established in the Eastern Mediterranean coast of Turkey for
continuous monitoring of aerosols and precipitation. The station is a part of the MED-POL programme
which includes all countries that have coasts in the Mediterranean Sea and attempts to determine the role
of the atmospheric fluxes of pollutants on the pollution of the Mediterranean Sea. Aerosol and deposition
samples have been collected since early 1992. Concentrations of SO«, N03, CI, Li, Pb, K, Ca, Al, As, Cd,
Cr, Cu, Se, Zn and Na were determined by ion chromatography and atomic absorption spectrometry. Daily
samples will be screened to select the ones which correspond to transport from Europe and will be analyzed
for a larger number of parameters using INAA. Method development took most of the time in 1992, and
analysis are still in progress. Available data have shown that concentrations of anthropogenic elements
are smaller in the Eastern Mediterranean atmosphere compared to other rural sites in the Europe.

1.

SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT
The long-range transport of pollutants and subsequent influence in regions far from

source areas have been extensively documented in the literature. Acidification of lakes in
the Europe and North America and the deterioration of forests in Europe are attributed to
such long range transport of especially acid forming ions from industrial regions to rural
areas d o w n w i n d from emissions [1-6].
Europe, w i t h its industrialized countries, is a strong source of

anthropogenic

emissions and is expected to influence areas surrounding the continent.

Effects of

emissions from Europe have been detected in areas such as the North and Baltic seas
[ 7 , 8 ] , the Western Mediterranean region [ 9 - 1 1 ] , the Black Sea [12] and even in the Arctic
[13].
Although westerly, northerly and southerly transport of anthropogenic emissions from
industrialized areas in Europe have been extensively studied, very little w o r k has been done
on the transport of pollutants to the east and southeast of the continent. However, there
are several lines of evidence which suggest that transport of pollutants to the east and
southeast of Europe do occur and ecosystems in receptor areas lying to the east and
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southeast of the continent should be affected by such transport. The evidence is outlined
in the following paragraphs.
The temporal and spatial variations in the meteorological conditions of the region
favour easterly air mass transport. During winter, the Mediterranean region is under the
influence of a low pressure system over Europe and a high pressure system over Siberia.
During summer, the region is affected by high pressure systems over North Africa and
Basra lows. These systems generate a general easterly flow in the region, which favours
transport of pollutants from Europe throughout the year
Another line of evidence which suggests a significant transport of pollutants from
Europe to the Eastern Mediterranean is the existence of such transport to the western
Mediterranean region. A French research group has conducted extensive research on the
transport of the pollutants to the western Mediterranean region through ship-borne
sampling [9] and has also collected samples from a permanent station established on
Corsica island [10]. Their work has clearly demonstrated that the dominating source of
the anthropogenic elements in the western Mediterranean is transport from Europe. When
this finding is coupled with a general easterly air-low in the region, one should expect the
transport from Europe to the Eastern Mediterranean region as well.
Similarly, our group has studied the transport of pollutants to the Black Sea
atmosphere [12,14]. The results have shown that the sources in the Eastern Europe can
account for up to 80% of the atmospheric concentrations of major and minor elements.
However, our work does not present as conclusive evidence the work done in the western
Mediterranean, because the Black Sea is under the influence of Eastern European countries,
where emission controls are not effective. Transport from Eastern European countries to
the Mediterranean is yet to be known.
Work done in Israel have shown that concentrations of ions measured in the
Mediterranean coast of Israel can not be explained by local sources. Authors have
explained observed concentrations by a transport from Europe [151.
Katsolius and Whelpdale [16] have studied the sources and sinks of pollutants in the
grid covering a majority of Europe and a part of the Eastern Mediterranean. Results have
indicated a deficiency of approximately 1.4 tg S in their mass balance calculations which
authors believe are being transported to the Eastern Mediterranean basin.
Although all these studies point to the possibility of transport of pollutants from
industrialized European countries to the Eastern Mediterranean, no work had been done to
quantify the transport. However, if such transport does exist, one important consequence
would be the role of European sources on the pollution of the Mediterranean sea, through
fluxes of pollutants from atmosphere to the sea.
Since the Mediterranean sea is more or less a closed sea, it can be easily polluted by
discharges from land-based sources and atmospheric fluxes of pollutants. High levels of
1S8

pollution in the Mediterranean sea cannot be tolerated, because the economies of
surrounding countries depend on the Mediterranean sea through tourism and other marinerelated activities. Because of such a fragile nature of the Mediterranean sea, a joint
monitoring programme which studies the levels and sources of pollutants in the
Mediterranean sea are underway since mid-seventies. The programme is being coordinated by the UNEP and called MED-POL. It was initiated to monitor the levels of the
pollutants in all parts of the Mediterranean sea with the participation of all countries
surrounding the Mediterranean Sea. This pure monitoring component produced long-term
data on the pollutant concentrations and helped to identify coastal regions which are
heavily polluted. In the 1980's, two new components, aimed at identifying sources of
pollution and the remedial action needed to improve the pollution levels, were also added
to the MED-POL programme.
Until very recently, the monitoring programme was exclusively to study the pollution
of the Mediterranean Sea through riverine and direct discharges. However, recently, fluxes
of pollutants from atmosphere to sea have been identified as a potential sources of
pollution of the marine environment [17,18]. In 1989 a new component aimed at
identifying the role of atmospheric fluxes of pollutants relative to riverine sources was
added to the programme. The atmospheric component of the MED-POL programme is
being co-ordinated by the World Meteorological Organization (WMO).
Within the atmospheric monitoring programme, every country having a coast on the
Mediterranean Sea was asked to establish a reference monitoring station, which should
include instrumentation for aerosol and rainwater sampling. Recommendations on the
selection of sampling sites and parameters to be measured in the monitoring programme
were prepared by the two workshops held in 1989 and 1991 through the participation of
countries involved in the programme.
We have established the reference station in the Eastern Mediterranean coast of
Turkey in 1992 as a part of the national MED-POL programme. Samples have been
continuously collected since then. The discussion given in the following sections includes
data from the Turkish MED-POL station.
Our work in the Eastern Mediterranean has four different purposes:
1.

To determine the concentrations of pollutants in aerosols and rain which
have not been measured before. The long-term data which will be
generated in the programme will be relayed to the MED-POL co-ordination
unit by Turkish Ministry of Environment.

2.

The most important aim of the sampling programme, for our interest, is to
study the long-range transport of pollutants to the Eastern Mediterranean
region. A multielement data set which will appear in the programme will
allow us to apply statistical methods, which, together with back-trajectory
information, will provide information on the source regions, <ind
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contributions of each source region on the aerosol mass sampled. We are
now co-operating with Greek and Israeli researchers through an EEC
contract to do aircraft sampling and to measure reactive species, which will
provide us information on the chemistry occurring during the transport, and
to model the transport mechanism.

2.

3.

To characterize the Saharan dust component of the Mediterranean aerosols.
The Saharan dust fiux to the Eastern Mediterranean region is not well
known. One of the purposes of the study will be to obtain a chemical
signature for the Saharan Dust component. Also interesting is the study of
how composition of the Saharan Dust changes as it crosses Industrialized
areas. We are now setting up two additional stations at different locations
in Turkey. Trajectory information will be used to select cases where
Saharan dust is intercepted by two of the stations. Chemical analysis of
aerosol samples corresponding to those cases will provide information on
the chemical composition of the dust before it enters Turkey and after it is
transported approximately 1,000 km on the land.

4.

To assess the role of atmospheric flux of pollutants on the pollution of
Mediterranean Sea. Considerable data have been accumulated on
riverine discharge of pollutants to the Mediterranean Sea. Through
sampling of the aerosols and rainwater, information will be obtained on
atmospheric fluxes of similar pollutants.

the
the
the
the

METHODS

2 . 1 . Selection of Sampling Site
Since the samples will be evaluated for long range transport, the sampling site should
not be under the influence of any local point and area sources, to be able to detect low
levels of pollutants which are being advected from upper atmosphere. However, three
additional requirements were dictated by the logistics of the sampling. (1) The station
must be located at a site where power is available, (2) The station must on the grounds
of a government property, so that it can be protected against a potential vandalism and
(3) there must be some capable people around to change samples (our laboratory is some
600 km away from the Mediterranean coast).
One additional difficulty was the extensive domestic and foreign tourism in the region.
Most of the Mediterranean coast is covered by either holiday resorts or summer houses.
Finding a place far from all activities was proved difficult.
Finally, a rest area which belongs to the Ministry of Forestry and which is
approximately 20 km from the city of Antalya was selected as the site where the station
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Figure 1: Location of Station
was to be established. The area was under protection throughout the year and power was
available. The nearest population centre was the city of Antalya which is roughly 20 km
away. There were no point sources which can affect the station site. The location of the
station is shown in Figure 1.
A platform was built on the rock structure by the sea, which was approximately 20 m
from sea level. A container, used to change and store samples, was put at approximately
50 m from the platform. The interior of the container was designed to act as a centre to
change samples and control the power to the equipment on the platform.
2.2. Equipment Used for Sampling
Two rain samplers and one PM-10 Hi-VOL aerosol sampler and one HI-VOL cascade
impactor were installed on the platform. The platform together with the sampling
equipment is shown in Figure 2.
An ANDERSEN PM-10 HI-VOL sampler is being used to collect particles less than 10
//m in diameter. The sampler is a standard HI-VOL sampler with a air flow rate of
approximately 70 m ' - h r 1 (the flow rate is about 45 m3«hr'1 with a filter on the sampler)
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eauipped with a PM-10 head which is a kind of pre-impaction stage to remove particles
with diameter larger than 10 //m. The PM-10 sampler is shown in Figure 3.
The impactor is a six-stage SIERRA irnpactor installed on a standard ANDERSEN HlVOL sampler. The cut off diameters of the impactor given by the manufacturer are 10.2
//m, 4.2//m, 2.1 //m, 1.4//m, 0.73 //m and 0.41 //m for stages 1 through 6, respectively.
There is a back-up filter behind all stages to collect particle less than 0.41 //m.
One of the rain samplers is used to collect rain samples for the analysis of metals and
the other one is being used to collect samples for the analysis of ions. Both of the
samplers used have a rain-sensor which opens the lid when rain starts and closes it when
rain stops. Consequently, in both samplers the rain samples collected are wet-only
samples.
The one used for metal analysis is manufactured by Karlbe Co. especially for metal
analysis. All of the components that come in touch with rain are made up of either high
density polyethylene or teflon. The sampler also has a mechanism to collect seven daily
rain samples automatically. However, we bypassed the auto-sampling mechanism due to
frequent malfunctions when power-cuts are experienced. This was not a serious problem,
because our technicians visit the site everyday to change aerosol filters. The samples are
being collected in polyethylene bottles, which are shipped to the laboratory without the
need for transfer to other vessels. This equipment is distributed by the MED-POL coordination unit to all of the laboratories involved in the atmospheric monitoring. The rain
sampler used for metal analysis are shown in Figure 4.
The second rain sampler which is used to collect samples for ion analysis is a
modified ANDERSEN "acid rain sampler" and is shown in Figure 5. The standard
ANDERSEN "acid rain sampler" contains two buckets, one for collection of rain samples
and the other one for collection of dry deposition samples. A lid which is activated by a
rain sensor closes the rain bucket and in the process opens the dry deposition
compartment when it does not rain. When the rain starts, the sensor activates the lid such
that, it opens the rain sampling bucket and closes the dry deposition compartment. In its
standard operation, dry and wet deposition samples are simultaneously collected. There
are two good features of the particular rain sampler; (1) its lid system is very rugged. It
has not had any operational problems in the several years we have used it. (2) the price
of the sampler is much cheaper compared to the prices of wet-only rain samplers designed
for collection of contamination-free rain samples to be used for metal analysis.
On the other hand, the sampler has some unfavourable features as well. The most
important drawback of the sampler is the large buckets in which samples are being
collected. The few hundred millilitres of rain sample collected in a five litre volume bucket
has to be transferred to a small polyethylene bottle. Such a transfer may be a source of
contamination. A large number of similar samplers have been used in the NAPAP
deposition network in the North America. Various tests have shown that collection of
samples with ANDERSEN acid rain sampler is prone to contamination if sufficient care is
194

Figure 4. Rain sampler used in metal analysis
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Figure 5. Modifications made on Andersen precipitation sampler
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not spent. The main source of contamination appears to be the lid of the buckets used
during the transport buckets back and forth between laboratory and the station. Another
problem with the samples collected is the fact that rain is collected without being filtered.
This may not be a problem to collect samples for ion analysis, because most of the acid
forming ions are soluble and stay with the solution whether samples are filtered or not, but
it renders the sampler unusable for trace metal analysis, because composition of the liquid
phase may change as unfiltered sample stays in the sampler, or when it is stored until
analysis.
We have modified the standard ANDERSEN acid-rain sampler t o reduce its blank
characteristics and also t o investigate the possibility of using it for metal analysis. A
funnel is placed in the rain bucket and it is connected with a polyethylene tubing to a
polyethylene filter which has a reservoir capacity of 250 ml. The polyethylene filter holder
is connected, again with a polyethylene tubing to a 1 L capacity high-density polyethylene
bottle. The schematic diagrams of the standard and modified samplers are given in Figure
5. Following improvements were accomplished with these modifications. (1) Samples
are being collected directly in polyethylene bottles which eliminates the need for sample
transfer from buckets to bottles. (2) Samples are now being filtered before passing to the
collection bottle. This eliminated the possibility of composition change during storage. (3)
All the components of the sampler is made of polyethylene which allows us to use the
sampler for metal analysis. (4) We are using the lid system of the sampler which w e feel
is one of the best lids available.
We are currently testing blank characteristics of the modified sampler and hoping to
obtain low enough metal blanks, so that we can use it for sampling of rain water for metal
analysis.
2.3. Sampling
The equipment described in the previous section was installed in December 1 9 9 1 .
Sampling was started in February 1992 and has continued without interruption since then.
High volume aerosol samples are collected daily on Whatman-41 filters. The flow
rate through the filter was between 45 - 50 m 3 *h' 1 . The sampler is stopped at around
10:00 am every day to change filter. When the sampler is stopped, the filter cassette on
the sampler is covered by a cover, placed in a polyethylene bag and carried to the
container. In the container, the filter is removed from the cassette under High efficiency
particulate (HEPA)-filtered air and placed in an acid-washed polyethylene bag which is heat
sealed, tagged and placed in another polyethylene bag. The second bag is also heat-sealed
and the sample is stored in a refrigerator in the container until it is shipped to our
laboratory in Ankara. A fresh Whatman-41 filter is placed in the cassette, cassette is
carried to the platform in a polyethylene bag, placed on the sampler and its cover is
removed. The air flow through the filter is determined from the calibration of the pressure
drop across the filter and indicated on a chart recorder. In addition t o this standard
method for HI-VOL samplers, we also measure the total air sampled by installing a high
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capacity dry gas meter behind the pump. The difference between the t w o methods is
always less than 5 % . One blank filter is prepared every t w o weeks. Blank filters are
loaded and unloaded to the sampler exactly like sample filters, but air is passed through
for only one minute.
The impactor samples are collected weekly on specially slotted Whatman-41
substrates. We did not apply any sticky surfacing agent to avoid bounce-off of large
particles t o smaller stages. The flow rate was kept constant at 25 m 3 * ^ 1 to be able t o
use manufacturer's cut-off diameters.
Rain samples for metal analysis are collected in 1 L capacity high density polyethylene
bottles. Bottles are loaded directiy to the sampler and after every day w i t h rain, they are
removed from the cap in the sampler, recapped and placed in a polyethylene bag. The bag
is heat sealed and stored in the refrigerator until they are shipped to the laboratory.
Bottles used t o collect rain samples for metal analysis are acid washed and 10 mL 3 0 %
supra pure HN0 3 was added to each bottle before they are sent to the station. The volume
of rain is determined from both a standard rain-gauge and also using calibrated bottles of
the same type in the laboratory. The filters through which the rain water is passed during
sampling are weighed in the laboratory before being sent t o the stations. After sampling,
the filter containing the insoluble fraction is placed in a petri-dish and sent t o the laboratory
where it is re-weighed to determine the mass of the insoluble fraction.
The rainwater for ion analysis is also collected in polyethylene bottles. The
procedures used t o load and unload bottles to the sampler is the same w i t h corresponding
procedures in the first rain sampler. However, bottles used for ion analysis are washed
only with distilled deionized water and no acid is added in the laboratory prior to sending
them to the station.
2.4. Sample Treatment
The samples and substrates in/on which samples are collected are handled in the
Middle East Technical University, Department of Environmental Engineering laboratories
w h i c h a;e located in Ankara, more or less at the centre of the Anatolia. Since the
laboratories in which samples are handled is approximately 600 km away from the station,
filters and bottles are being sent back and forth between the University and the station.
Most of the samples are handled in the clean area. The clean area is built in a
basement room without any windows. There are 5 HEPA filters in the room. One of the
HEPA filters pulls air from outside of the room and delivers it to the room after filtration.
Four smaller HEPA filters recycle the room air which is once HEPA filtered. Most of the
sample handling is done under twice HEPA filtered air. The picture and the layout of the
clean area are given in Figure 6. Since the room has no inlets for non-filtered air, the air
which is pulled into the room leaks out from the door. Due to this positive pressure of the
room relative to the outside, particles cannot enter the clean area from under the door etc.
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Our particle measurements have indicated that particle concentration in the room is
approximately 50 times smaller than the particle concentrations outside the room.
Filters and impactor substrates are weighed and then heat-sealed in acid-washed
polyethylene bags before they are sent to the station. Aerosol and rain samples collected
in the station are returned to the laboratory at every 15 days.
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Figure 6. Layout of the clean area

When samples are returned from station to the laboratory, filters from both impactor
and PM-10 samplers are weighed and then cut into four quarters. Each of the quarter
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pieces are re-weighed to determine the volume of air. One of the pieces is used for ion
chromatography analysis. The second one is used for atomic absorption measurements,
one is saved for future INAA and last quarter is saved in an archive for any future use.
The rain water samples collected for metal analysis are sent to the AAS group
without any treatment. The rainwater samples collected for ion measurements are first
filtered through 0.2//m membrane filter and the filtrate is sent to the ion chromatography
group.
2.5. Analysis of Samples
Tiie instrumental neutron activation analysis (1MAA) ol samples was performed using
the procedure developed by Germani et al. [18].
The filter samples allocated for AAS measurement are digested in a mixture of HN0 3 HF (both suprapure) in a high pressure digestion bomb, at 150°C for 90 minutes, then
diluted to 25 ml and analyzed for Na, Al, K, Ca, Pb, As, Cd, Cr, Se, Zn and Li using a PyeUnicam PU9200 atomic absorption spectrophotometer. The instrumental parameters used
in AAS analysis are given in Table I.
For measurements of S 0 4 = , N03" and CI" on filters, ions on the quarter filte." is
extracted by distilled-deionized water in an ultrasonic bath for approximately 30 min.
Solution is filtered through 0.2/ym membrane filter and filtrate is injected in a Varian Model
2010 ion chromatograph. The NH 4 + is determined spectrophometrically.
Analytical procedures used in analysis of rainwater and dry deposition samples were
identical with procedures used in analysis of filters.

3.

RESULTS and DISCUSSION

The work involves evaluation of the results of INAA analysis of selected samples
collected within the monitoring programme, to obtain information on the long-range
transport of pollutants from Europe to the Eastern Mediterranean basin. Approximately
700 aerosol, wet and dry deposition samples are being collected from the station every
year. To perform INAA on all of the samples is not practical. Consequently, certain
samples will be selected. The approach used in selection of samples involves analyzing
all samples for a number of trace elements by AAS and selection of samples will be based
on the AAS results and back-trajectory information. We now have samples collected from
the station over one year. The AAS and ion chromatographic analyses of the samples will
be completed in 1993, together with trajectory calculations. Selected samples will be
analyzed by INAA in 1994 and data interpretation will be carried out in the last year of the
project. This report includes method development for correct collection of samples and
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Table I. PARAMETERS USED IN AAS ANALYSIS
Al_

As

Cd

Cr

Cu

Pb

Se

V

Zn

a

b

b

b

c

b

e

b

c

309.3

193.7

228.8

357.9

324.8

283.3

196

318.5

213.9

Spectral band width (nm)

0.7

0.5

0.5

0.5

0.7

0.5

0.5

0.2

0.5

Lamp current (mA)

25

9.5

7.0

9.0

15

9.0

9.5

11.2

7.5

Background correction

No

Yes

Yes

No

No

Yes

Yes

No

Yes

Cont.

30.0

3.0

10.0

Cont.

10

1800

20

Cont.

Technique
Wavelength (nm)

Sampling volume (//I)

a: N20-C2H2 flame, b: Graphite furnace, c: Air-C2H2 Flame, d: Hydride generation

routine AAS and ion chromatographic analysis.
included.

A limited data interpretation is also

3 . 1 . Method Development
The station became operational in early 1992. Most of the time in 1992 was spent
in standardizing the methods for both sampling and analysis. Collection and transport of
samples between our laboratory and the station is now quite problem-free. We frequently
have equipment malfunctions, which result in the short-term interruption of sampling.
These problems were solved by our technicians and did not result in any long-term
interruption in any of the sampling programmes. Other than these minor problems, the
sampling pari of the monitoring work is progressing quite satisfactorily.
Most of the time was spent to optimize the methods foi sample handling and analysis
in the laboratory. Ion chromatographic analysis of rain and aerosol samples is quite
straight-forward. We had sufficient experience with icn analysis from our previous studies,
and analysis is now going on without any significant delay.
Analysis of approximately 10 trace elements by AAS in so many rain and aerosol
samples is not a standard procedure. The development of sample treatment and analysis
procedures took most of our time in 1992.
Various acid digestion procedures were tried, and two proved to be equally effective
in complete dissolution of samples, including the cellulose matrix. One of the mixtures
included HN0 3 and HF, and the other one included HN0 3 , HF and HCI0 4 . Five filters were
dissolved by both mixtures and analyzed for the 10 elements used in this work. The t-test
applied to the results have indicated that with 95% confidence level both mixtures
produced similar results. We have adopted the mixture of HN0 3 and HF to be used in this
work.
Detection limits of ail parameters are determined and compared with observed
concentrations. The data used in comparison are given in Table II. The table also includes
a column corresponding to the sample-to-blank ratios. The detection limits used in the
table is based on twice the standard deviation of 5 replicate analysis in the blank level.
The table shows that blanks will not be a problem for any of the elements with the
exception of Cr. The high Cr blank is mostly due to filter matrix rather than suprapure acid
used in the digestion. We also do not detect any of the anions in the blank samples.
For most of the elements median concentrations are significantly higher than
detection limits. Observed concentrations in a sample should be approximately an order
of magnitude higher than the detection limit of that element to be able to measure them
with relatively small errors. When the difference gets smaller, the peak smears out and
integration or peak height determination becomes prone to errors. However, minimum
concentrations we have measured are usually comparable with detection limit
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Table II.

DETECTION LIMITS AND OBSERVED CONCENTRATION RANGE
OF ELEMENTS AND IONS IN AEROSOL SAMPLES
Observed concentration
Detection limit
(ng/m3)

Median
(ng/m3)

Maximum
(ng/m3)

Minimum
(ng/m3)

so 4 -

100

4210

16000

470

N0 3 -

30

1115

5400

150

NH 4 +

24

880

5100

40

CI

10

1200

31900

50

Na

8

980

23000

90

K

11

120

830

60

Ca

48

310

3200

80

Pb

0.09

6.09

35

2.7

Al

30

310

600

170

As

0.2

2.2

6.6

0.36

Cd

0.026

0.07

0.47

0.03

Cr

0.16

1.6

39

0.3

Se

0.04

0.14

1.32

0.08

Zn

0.3

7.0

41

0.3

20
30
40
AAS results (ng/in3)

Figure 7. Comparison of AAS results with INAA
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concentrations. Comparison of median and minimum observed concentrations with
detection limits suggests that the elements listed in the table will be detected in most but
not all of the aerosol samples.
Calculation of detection limits and blanks provides information on the overall quality
of the data, but cannot give information on the accuracy of the results. We routinely run
standard reference material (SRM) analyses together with samples in our laboratory to
check the accuracy of analytical procedures. But, analyses of SRM's do not include
digestion step, because of they are of a different matrix. To test the accuracy of the
complete procedure, 10 samples collected from the Black Sea atmosphere and analyzed
by INAA were also analyzed by AAS using the procedures developed for this study. The
results are shown in Figure 7. The agreement between the two methods is within 20%,
with the exception of Cu where AAS measurements were much higher than INAA results.
3.2. Average Concentrations of Elements and Ions
Average concentrations of elements measured in the Eastern Mediterranean
atmosphere are compared with data measured in other rural areas in Europe. The data
included in the comparison are given in Table III. The elements can be compared in three
groups. (1) Elements associated with sea salt (Na, CI and some fractions of Ca and K),
(2) crustal elements (Ca, K, Li, Al) and (3) anthropogenic elements (Pb, As, Cd, Cr, Se,
Zn, S0 4 = ,NO 3 -).
Concentrations of Na and CI are usually at the high end of the spectrum.
Concentrations of elements associated with sea salt depends on factors such as distance
of the station to the sea and surface wind speed. Relatively high Na and CI concentrations
in the Eastern Mediterranean is due to close proximity of the station to the shore and high
surface winds recorded in the Antalya region in 1992.
The concentrations of crustal elements in the Eastern Mediterranean are comparable
to the concentrations measured in other European rural stations. Concentrations of
anthropogenic elements are smaller than concentrations measured in other rural stations
which are closer to the strong emission sources in Europe. The only exception to this is
the Cu which has much higher concentrations in the Eastern Black Sea. However, Cu
measured in our samples is probably from the Cu particles from motor brushing. Contrary
to other anthropogenic elements, concentrations of S0 4 ° and N0 3 " are comparable to the
concentrations measured in other parts of Europe.
3.3. Marine vs Crustal Fractions
The two natural components of the aerosols are the sea salt and alumina-silicate
particles due to airborne crustal material. We have calculated crustal and marine
enrichment factors of elements using the following relations.

205

v

(~< I sample

EF=
c

&
( • ^ ) cxusfc
'Al

v

BF-=

(~i '
'Ma

sample

(-2*)
v

/o

' sea

Where EFC is the crustal enrichment factor of element X, EFm is the marine enrichment
factor of the same element, (Cx/CA,)sample is the ratio of the concentration of element X to
that of Al in the sample and (CJCM)au%i is the corresponding ratio in average crustal
material. In the relation for marine enrichment factor calculations, EFm is the marine
enrichment factor of element X, (Cx/CNa)sarnpi, is the ratio of the concentration of element
X to that of Na in the sample and (Cx/CNa)saa is the corresponding ratio in seawater. The
Al and Na are used as reference elements for crustal material and sea salt, respectively.
Masons' crustal compilation[20], and Goldberg's [22] sea water composition are used in
the calculations.
The crustal and marine enrichment factors for elements are given in Figure 8. The
Na, Zn, Cd, Pb, As, S0 4 , Se, and CI are enriched relative to the crustal material. The
enrichments of Na and CI are due to sea salt. However, enrichments of other elements are
due to anthropogenic sources.
Small EFm values of CI, Ca, K and S0 4 indicate that some fraction of these elements
are due to sea salt. The high marine enrichment factor for Al is due to crustal material.
But, high marine enrichments of the remaining elements probably indicate the existence
of anthropogenic sources.
Marine and crustal fractions of the elements measured are given in Table IV. The
marine and crustal fractions are calculated assuming all of the Na measured is associated
with sea salt particles and all Al is crustal, using Mason's and Goldberg's average
concentrations for crustal material and sea water.
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Figure 8. Crustal and Marine enrichment factors of elements
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Table III. COMPARISON OF ELEMENTAL CONCENTRATIONS WITH LITERATURE VALUES
This
Work
Avg
(ng/m 3 )

This
Work
STD
(ng/m3)

Western
Black Sea
(ng/m3)

Eastern
Black Sea
(ng/m3)

Western
Medit.
(ng/m3)

Hungary
Rural
Area
(ng/m3)

Norway
Rural
Area
{ng/m3}

Norway
Arctic
(ng/m3)

Baltic
Sea
(ng/m3)

11

3

34

230

28

234

360

36

329

Li

0.36

0.51

Pb

9.48

7.27

K

150

150

300

Ca

410

420

800

Al

340

340

500

As

2.65

1.53

1

Cd

0.14

0.12

Cr

3.19

6.96

9

Cu

410

310

100

Na

2,920

471

1400

3900

Se

0.23

0.25

1

1

2

Zn

8.82

8.92

46

26

36

SOAm

4,710

2,620

9100

4300

N0 3 -

1,340

900

3100

2100

Cl

4,160

2,430

1400

3800

NH4+

1,120

850

39
100

300

320

35

290

73

49

4

1

1

2
8

1
\2

1

8

2

1900

350

192

15

4

41

3480

2970

5223
6820

17

380

30

.4581

Table IV. MARINE AND CRUSTAL FRACTIONS OF ELEMENTS
Observed
(ng/m3)

Marine
(ng/m3)

Crustal
(ng/m3}

% Marine

% Crustal

Li

0.94

0.009

0.93

1.2

98.8

Pb

9.4

0

0.03

0

0.28

K

147

105

82

36

64

Ca

408

110

371

18.4

82

Al

342

0

342

0

100

• sos

4856

738

2.3

15

0.08

As

2.6

0

0.004

0

0.17

Cd

0.13

0

0.0004

0.1

0.54

Cr

3.2

0

0.25

0

17

Cu

405

0

0.16

0

0.06

Se

0.23

0

0

0.49

0.06

2n

12.8

0

0.20

0

2.1

Na

2920

2920

0

100

0

415

416

0

100

0

CI
+

1120

N03-

1340

NH 4

Marine and crustal components together accounts for almost all of Li, K, Ca, Al, Na
and CI but the remaining elements cannot be accounted for by these natural components.
The table also shows that, although K and Ca are predominantly crustal elements, sea salt
also accounts for a significant fractions of these elements. Also, 15% of the observed
S0 4 = ion concentration originates from the sea.
3.4. Atmospheric Fluxes of Elements
One of the important outcomes of the sampling programme we are conducting in the
Eastern Mediterranean region will be the estimates of atmospheric deposition fluxes of
elements to the Eastern Mediterranean Sea. Wc have estimated atmospheric fluxes of
elements and ions from the available data. However, results presented in this section are
preliminary, because data is not yet complete.
Atmospheric fluxes are calculated using two different procedures. The dry and wet
deposition fluxes are first being calculated from analysis of rainwater and dry deposition
samples collected in 1992. Although this is the direct and most accurate way of
determining deposition fluxes, we were not able to calculate fluxes of trace elements
because the measurements of trace elements in rainwater are not complete at this point.
Wet and dry deposition fluxes were also calculated using aerosol data together with
scavenging ratios and dry deposition velocities from the literature.
Since rain incorporates particles either from clouds or during its fall, concentrations
of elements in rain water should be related with atmospheric concentrations. This relation
is given by the scavenging ratio:

aerosol

Where SR is the scavenging ratio for an element, Crain is the concentration of that particular
element in rain water, CMr0SO| is the atmospheric concentration of the element and air is the
density of air. We have used aerosol concentration and scavenging ratio of elements to
estimate the concentration in rain water. Fluxes are calculated from yearly rainfall data
obtained from Turkish Meteorological Organization. In the same way, dry deposition fluxes
are calculated using aerosol concentrations and dry deposition velocities of elements found
from the literature. The dry and wet deposition fluxes of elements calculated from the
aerosol data are an order of magnitude estimates, because both includes several poorly
known assumptions.
The dry and wet deposition fluxes of elements calculated and measured are given in
Table V. These are compared with atmospheric fluxes calculated in other parts of the
world in Table V I . Theoretical wet and dry deposition values are generally smaller than
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Table V.

THEORETICAL AND EXPERIMENTAL FLUXES OF ELEMENTS FROM THE
ATMOSPHERE TO THE MEDITERRANEAN SEA
Wet deposition
(mg'm^il1)

N

Dry Deposition
(ing-m'tyl1)

Total Deposition
(mg'nrtyr1)

From aerosol
(Theoretical)

From Rain
(Experimental)

From Aerosol
(Theoretical)

Experimental

Therotical

Experimental

CI

751

2180

131

1073

882

3253

N03

121

479

42

57

163

536

S0 4 =

852

697

148

229

1000

926

Na

528

1417

91

311

619

1728

K

13

86

5

18

18

104

Ca

73

447

128

106

201

553

NH 4 +

50

119

35

10

85

129

Table V I . COMPARISON OF ATMOSPHERIC FLUXES WITH LITERATURE DATA (ng»m ! «y')

Eastern Mediterranean
Western
B. Sea

Eastern
B. Sea

104

290

97

447

553

740

108

62

170

515

As

0.08

0.22

0.3

0.21

Cd

0.003

0.008

0.01

Cr

0.10

0.28

0.38

8.6

Cu

13

37

49

27

Na

311

1417

1,728

1340

Se

0.067

0.038

0.11

0.7

Zn

0.2

0.7

0.9

8.8

S0 4

229

697

926

1740

820

N0 3

57

479

536

1480

1000

1073

2180

3,253

1340

2810

10

119

129

Li

0.42

0.24

0.7

Pb

0.30

0.43

0.7

12

7

Dry
Dep

Wet

Total

Dep

Dep

K

18

86

Ca

106

AI

CI
NIL.

315

Western
Medit.

North Sea

Noth Sea

Baltic Sea

970

38

150

1

0.2

1.1

0.5

4.2

1

4.4

2.9

34

0.5

2.3

1.1

29

4

23

2.4

8

3720

experimentally determined values. However,, if one considers calculated values as an
order-of-magnitude approximation, then they are in reasonable agreement with measured
values. Atmospheric fluxes of elements to the Eastern Mediterranean are lower than
corresponding fluxes in the western Black Sea and Western Mediterranean and comparable
to the fluxes to the Eastern Black Sea and Baltic Sea.

4. PLANS FOR FUTURE WORK
The future work in the station will include collection and analysis of samples in the
Ankara atmosphere and subsequent analysis of selected aerosol samples from the Antalya
station by INAA. Currently samples have not been collected in the Ankara atmosphere,
but samplers will be located on the roof of the METU department of Environmental
Engineering department for collection of size-separated aerosol samples for approximately
three months. This covers both the season when heating systems are operational and the
summer when residential heating is turned off. Collected aerosol samples will be analyzed
for a host of elements using INAA and ions using ion chromatography. The analysis of
Ankara samples is expected to be completed by the end of 1993. The results will then be
interpreted for apportionment of sources.
The collection of samples in the Antalya station and analysis of all collected samples
by AAS will continue. However, certain number of samples (approximately 100) will be
selected based on their AAS results and back-trajectory calculations. The samples will be
selected to included certain Saharan dust transport episodes, episodes which correspond
to transport from Europe and samples with significant local influence. Selected samples
will be analyzed by INAA to obtain information on the relative importance of these sources
on the aerosol collected in the Eastern Mediterranean Basin.
In the near future substantial time and effort will be allocated for the routine
computation of back-trajectories. Necessary arrangements with our national Meterological
organization to acquire upper atmospheric data from Europe, Africa and Asia is now
underway.
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Abstract
A major problem facing air quality management personnel is the identification of sources of
airborne particles and the quantitative apportionment of the aerosol mass to those sources. The ability to
collect particle samples and analyze these samples for a suite of elements by such techniques as neutron
activation analysis or x-ray fluorescence provides the data for the problem of resolving a series of complex
mixtures into its components based on the profiles of the elements emitted by the various sources in the
airshed. If all of the sources and their composition profiles are known, then the mass balance model
becomes a multiple regression problem. If a series of samples have been analyzed without substantial
information being available on the sources, factor analysis methods can be employed. In both situations,
there are limits to the identification of specific sources or the location of the sources. Thus, other methods
that combine chemical with meteorological data have been developed to assist in spatial identification of
pollutant sources. There are also limitations to the ability of any statistical method to resolve sources in
real world problems. The physical and statistical basis of these methods and their application to
representative problems are reviewed in this report.

1.

INTRODUCTION

In the United States of America, the advent of a national ambient air quality
standard for total suspended particles (TSP) in the early 1970's created the need to
identify particle sources so that effective control strategies could be designed and
implemented. The initial efforts at identification of particle sources focused on dispersion
models of point sources. These are models that model the transport of pollutants from a
source to the surrounding area based on the characteristics of the source (stack height,
temperature of plume, initial vertical momentum, emission rate) and meterological data
(wind speed and direction, atmospheric stability, etc.). In most cases, the application of
these models resulted in substantial reductions in TSP levels. However, as the increment
of additional control needed to reach standard levels became smaller, the model
uncertainties lead to difficulties in identifying the actual sources of continuing problems.
In addition, fugitive and other non-ducted emissions are generally not treated or are poorly
handled in these models. Thus, additional methods were required to identify and
quantitatively apportion particle mass to sources. These new methods are called receptor
models. In them, the measured properties of the collected ambient samples are used to
infer the contributions of the sources to the ambient pollutant concentration. These
methods require that samples be obtained at locations of interest, receptor sites and that
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the samples so collected be analyzed for the properties that are characteristic of the
pollutant sources.
These requirements arose at the time when new analytical methods were developed
that permitted multielemental analysis of large numbers of airborne particle samples. Thus,
large data bases on the composition of airborne particles are available for use in these
receptor models. It then becomes possible to quantitatively apportion the observed
airborne concentrations such as airborne lead among the various source types.
This paper outlines several of the applicable models, provide examples of their use
in apportioning materials in a number of airsheds, and demonstrate how they can identify
the influence of emissions on the overall airborne particle concentrations.

2.

PRINCIPLE OF MASS CONSERVATION

All of the currently used receptor models are based on the assumption of mass
conservation and the use of a mass balance analysis. For example, let us assume that the
total airborne particulate lead concentration (ng/m3) measured at a site can be considered
to be the sum of contributions from independent source types such as motor vehicles,
incinerators, smelters, etc.
PbT = Pbauto

+ Pbincingiat:oT

+ Pbmlt„

+ Pbsol]

+ ...

(1)

However, a motor vehicle burning leaded gasoline emits particles containing materials other
than lead. Therefore, the atmospheric concentration of lead from automobiles in ng/m 3 ,
Pbaut0/ can be considered to be the product of t w o cofactors; the gravimetric concentration
(ng/mg) of lead in automotive particulate emissions, a ^ ^ o , and the mass concentration
(mg/m3) of automotive particles in the atmosphere, f^,,,.
•PAiueo

=

a

Fb.auto' 2-auco

(2)

The normal approach to obtaining a data set for receptor modelling is to determine a large
number of chemical constituents such as elemental concentrations in a number of samples.
The mass balance equation can thus be extended to account for all m elements in the n
samples as contributions from p independent sources

where x^ is the ith elemental concentration measured in the jth sample, aik is the
gravimetric concentration of the ith element in material from the kth source, and f^ is the
airborne mass concentration of material from the kth source contributing to the jth sample.
There are several different approaches to receptor model analysis that have been
successfully applied including chemical mass balance (CMB) and multivariate receptor
models including principal components analysis and target transformation factor analysis
(TTFA). These models can be applied to both particulate and gaseous species. The basis
for each of these methods will be presented in subsequent sections of this paper along
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with examples of their application to the identification of pollution sources in the
atmosphere.

3.

CHEMICAL MASS BALANCE

3.1 Introduction
The chemical mass balance (CMB) sometimes called the chemical element balance
solves equation 3 directly for each sample by assuming that the number of sources and
their compositions at the receptor site are known. This approach was first independently
suggested by Winchester and Nifong [1] and by Miller et al. 12]. The composition of an
ambient sample is then used in a multiple linear regression against suurce compositions to
derive the mass contribution of each source to that particular sample. Miller, Friedlander,
and Hidy modified equation 3 to explicitly include changes in composition of the source
material while in transit to the receptor
p

x

ij

=

5T aikaii:fkj

(4)

JC-l

where olk is the coefficient of fractionation so that if a,\ were the composition of the
particles as emitted by the source, aik is the composition of the particles at the receptor
site (aik = crlValk). In practice, it is generally impossible to determine the alk values and they
are assumed to be unity (aik = a/*).
3.2 Previous Applications
In the early applications of this approach to urban aerosol mass apportionment, the
quality of available source compositions severely limited the precision to which the ambient
compositions could be reproduced. Several major research efforts subsequently resulted
in substantially better source data. The source emission studies led to much improved
resolution of the particle sources in Washington, D.C. [3,4]. In one of these studies,
Kowalczyk et a\. [3] used a weighted least-squares regression analysis to fit six sources
with eight elements for ten ambient samples. In these analyses, the ambient elemental
concentrations are weighted by the inverse of the square of the analytical uncertainty in
that measurement.
Subsequently, Kowalczyk era/. [4] examined 130 samples using 7 sources with 28
elements included in the fit. Although 28 elements were used in the fitting process, the
fit did not change appreciably with varying numbers of elements included with the
exception of some of the key tracer elements such as Na, Pb, and V. Cheng and Hopke
examined these data using a variety of regression diagnostics [5]. They found that these
"marker" elements can be clearly identified and their influence on the quality of the fit to
the ambient data and the source mass contributions can be quantitatively estimated.
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The elemental balance sheet allows the identification of the major sources of metals
in the air. For example, vanadium and nickel primarily arise from oil-fired power plant
emissions; 23 of 25 ng/m 3 for V and 4.0 of 17 ng/m 3 for Ni with most of the nickel
unexplained. Subsequent studies have shown that Kowalczyk et at. used an unusually low
Ni/V ratio for the oil power plant profile which led to the underprediction of Ni. Zinc is
mainly released by incinerator sources but also comes from motor vehicles (51 ng/m 3 from
refuse incinerations and 7.3 ng/m 3 from motor vehicles). The reverse is true for lead with
motor vehicles as the primary source and refuse incineration as a lesser but important
source; 428 ng/m 3 from motor vehicles and 34 ng/m 3 from incineration. In this way
sources of both particulate mass and specific elements can be identified.
In 1979, Watson [6] and Dunker [7] independently suggested a mathematical
formalism called effective variance weighting that included the uncertainty in the
measurement of the source composition profiles as well as the uncertainties in the ambient
concentrations. As part of this analysis, a method was also developed to permit the
calculation of the uncertainties in the mass contributions. Effective-variance least squares
has been incorporated into the standard personal computer software developed by the U.S.
EPA for receptor modelling. The most extensive use of effective-variance fitting has been
made by Watson and colleagues in their work on data from Portland, OR [6,8]. Since
that study, a number of other applications of this approach have been made in which the
method works well. It must be made clear, however, that the CMB analysis works well
in these examples because both the source and ambient samples were collected and
analyzed during the same time period. Much less detailed resolutions of sources were
possible in other locations when on-site samples could not be obtained. In an
intercomparison study organized by the U.S. Environmental Protection Agency [9] to
examine receptor models, a set of ambient particulate elemental compositional data sets
were analyzed by a number of investigators using similar CMB methods. The compositions
of particles from sources in Houston were not available and were not measured during this
program so that source composition profiles had to be obtained from literature sources.
The lack of source data immediately raised problems in the use of the mass balance
methods and comparison of results from different investigators. It is not always certain
exactly which sources should be included in the analysis. Although emission inventories
may be available for the region, it may be that the measured source composition for a coalfired power plant in Maryland burning eastern bituminous coal is not a particularly good
representation for a lignite-burning plant in Texas.
An additional problem for receptor modelling is that the motor vehicle profile in the
United States is undergoing rapid changes in lead and bromine concentrations with time
as the new, catalyst-equipped cars, diesel cars and trucks replace the remaining leaded-fuel
burning vehicles. An interesting solution to the problem of the changing lead concentration
in motor vehicle emissions was recently provided by Dzubay et at. [10]. They obtained
particle samples in the summer of 1982 in Philadelphia, Pennsylvania and vicinity in the
size ranges of < 2 . 5 jjm and 2.5 to 10 //m using a dichotomous sampler. The samples
were analyzed using ion chromatography for sulphate and nitrate, XRF and INAA for
elemental composition and a thermo-optical method for organic and elemental carbon.
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Because there is also a non-ferrous metal smelter in the airshed, lead in the air comes from
incinerators, the smelter, and tailpipe emissions. Using the other measured species in the
data set, they derived the amounts of lead that could be attributed to all sources other
than motor vehicles. They then used a second multiple regression analysis to relate the
amount of unaccounted lead, total lead minus all sources other than vehicles, to the motor
vehicle source and obtained a lead value of 6% lead in motor vehicle emissions. It appears
that as long as sufficient leaded fuel is still in use, it will be possible to employ an
approach such as this one to obtain the current fleet-weighted average. With leaded fuel
having been phased out entirely, the lead and bromine are no longer useful tracers for
motor vehicles. A similar trend is in progress in Europe and other locations as lead
concentrations in gasoline are reduced. Since motor vehicles are an important source of
particles, it is helpful to know that there may be other tracers appearing for automobiles.
There are alternative approaches to solving equation 3. For example, it can be
restated as a linear programming problem. Cheng and Hopke [11] have examined the
use of the L, norm and linear programming approaches. They found that a weighted,
constrained l^-norm approach was much more stable that either ordinary weighted leastsquares or effective-variance weighted least-squares methods at least for the set of three
data sets created for the EPA Receptor Model Intercomparison Workshop. These data sets
are described in detail by Currie et al. [12].
These same EPA data sets have also been reanalysed using non-negative, weighted
least-squares methods [13]. In these studies, Wang and Hopke concluded that these
methods do provide valuable analysis of the rank of the source profile matrix and physically
meaningful non-negative mass contributions. However, they suggest that the methods
might lead to incorrect results if the proper source profiles are not used in the fitting
process. Thus, there are statistical methods that are useful for extracting estimates of the
mass contributions when both the source profiles and the ambient concentrations are
known. However, it is often the case that the measured profiles are too similar to one
another to be successfully resolved. Thus, other methods are needed to increase the
amount of information available about the source and ambient particles.
This other method is computer-controlled scanning electron microscopy (CCSEM).
The analysis of microscopic features of individual particles, such as their chemical
compositions, will provide much more information from each sample than can be obtained
from bulk analysis. Therefore, the ability to perform microscopic analyses on a number of
samples permits the use of CCSEM techniques in receptor models. The ability of the
scanning electron microscope equipped with X-ray detection capabilities (SEM/XRF system)
to provide size, shape, and elemental constitution data extends the utility of microscopic
examinations. CCSEM can provide an important additional method in the area of receptor
modelling. Hopke and Casuccio [14] have surveyed the applications of CCSEM in the
particle elemental investigation and its ability of identifying particle sources in the receptor
model studies.
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3.3 Illustrative Example of CMB Analysis
To illustrate the use of the Chemical Mass Balance method, an example will be
taken from the study of Glover et al. [15] of the sources of airborne particulate matter
in Granite City, Illinois. With the promulgation of the new National Ambient Air Quality
Standards for Particulate Matter --10//m (PM10), it has been necessary to review the State
Implementation Plan (SIP) in each state for those areas most likely to be out of compliance
with the new standard. In Illinois, one such area is Granite City, an industrial city
northeast of St. Louis, Missouri, that has a history of total suspended particulate and
airborne lead non-attainment.
As a part of the studies necessary to prepare an effective and efficient SIP, receptor
modelling has been applied to elemental compositional data for 24 hour airborne particle
samples taken in Granite City by the Illinois State Water Survey using an automated
dichotomous sampler. This sampler collects particles with an inlet that excludes large
particles by having a 5 0 % transmission efficiency for 10 //m particles. The particles that
penetrate into the sampler are separated into 2 aerodynamic size fractions; < 2.5 //m (fine)
and 2.5 to 10 /vm (coarse). The particles are collected on Teflon filters which are then
available for chemical analysis.
The particle samples were subjected to both x-ray fluorescence (XRF) and
instrumental neutron activation analysis (NAA) in order to provide the input data for
receptor modelling. Forty-eight sample pairs (fine and coarse) were thus analyzed for
thirty-three elements. Each of these samples were then subjected to two CMB analyses.
For the first analysis, the source profiles were taken from libraries available in the
literature. The results of this analysis were not satisfactory in that too small a percentage
of the airborne particle mass could be accounted for.
To supplement the source profiles available in the literature, twelve dust samples
were collected in and around Granite City. These were aerosolized, sampled, and analyzed
by XRF and NAA to provide site specific source profiles for the second CMB analysis.
Details of these procedures are given by Glover eta/. [15]. Also, in an attempt to account
for more of the mass on each ambient filter, total carbon was measured seven times during
the ambient sampling period. A Sierra PM10 sampler equipped with quartz fiber filters was
collocated with the dichotomous sampler for this purpose. Each quartz filter was analyzed
for total PM 10 mass and total carbon mass. After the PM10 mass of each filter was
determined, the filter was treated with HCI to remove any carbonate. Each filter was then
oxidized at 800 *C, converting the elemental and organic carbon to C0 2 . The amount of
C0 2 released was measured with a Dohrmann carbon analyzer. A linear regression was
used to relate the mass of total carbon to the total PM10 mass of each quartz filter. This
regression is represented by
TC = 0 . 0 7 4 -PM10 + 3 . 1 2 9

where TC and PM10 are both measured in //g/m 3 .
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(5)

Computer controlled scanning electron microscopy (CCSEM) was used to partition
the total carbon measurements between the fine and coarse fractions. The first and last
quartz filters collected were analyzed by CCSEM. The number distribution, physical mass
distribution, and aerodynamic mass distribution of the particles on each filter were
determined along with an elemental analysis of the particles. The CCSEM measurements
determined that the total carbon was apportioned between the fine and coarse fractions
by
TCflDO
TCcoax3g

= 0 . 919 'TC
= 0.082 T C

* '

Tins Fiv"i10 mass on each of the quartz filters was scaled to the PM10 mass collected on the
Teflon disks. The mass of each pair of fine and coarse Teflon disks was added to find the
total PM10 mass on the Teflon disks. TC,^ and TCeoa,,a for the Teflon disks were found by
multiplying the scaling factor for each sample with equations 2 and 3, respectively.
By including the local dust samples among the potential source profiles in the
second CMB analysis, a marked improvement in the quality of the predicted results was
achieved. The reanalysis did not change the types of sources identified by the CMB
analysis. However, the apportionment between sources varied enough to cause the
relative importance of sources to change. An improvement in the results was observed
in which the average value of the adjusted R2 increased for both fractions. (The
adjustment in the R2 values was made to account for the number of different sources that
were identified for each sample.) This increase was especially apparent for the coarse
fraction. The predicted fine fraction mass became closer to the observed mass with only
a slight increase in error. (The error in the initial predicted results was influenced by the
use of an artificial sulphur component, a source containing only sulphur, which caused the
initial error to be fairly low.) The predicted coarse fraction mass increased while the
associated error decreased. The predicted mass of the fine fraction fitting elements
changed from an average over-prediction to an average under-prediction. Similar results
were obtained for the coarse fraction samples. Under-prediction is the more desirable error
since during the fitting process it is more difficult to explain mass that was not observed
than to not explain all of the mass that had been observed. There are always other
unidentified sources that might explain the unaccounted for mass. To illustrate the quality
of the fit for the individual elements, the ratio of the predicted to measured concentration
values are shown in Figure 1. For all of the elements except for P, the predicted to
observed ratios were generally close to 1 indicating that this set of source profiles explain
the observed elements quite well.
By measuring ambient filters by both XRF and NAA, a relatively complete set of
elemental measurements was obtained. The usefulness of this data was limited by the
current unavailability of source profiles including these elements. The lack of data on
carbon was a speciai problem in the present study since the limited ambient information
did identify carbon as being an important part of the fine mass. The inclusion of site
specific profiles in a receptor oriented source apportionment program improved the overall
quality of the source apportionment results from those using only literature profiles. While
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not identifying new sources, the site specific profiles significantly improved the R2 of the
coarse fraction. It also decreased the coarse fraction's predicted results error values.
Considering that the initial fine fraction CMB required a unique sulphur factor to achieve
the best fit, the fine fraction results are also an indication that the better receptor
modelling results are achieved by using site specific profiles for fugitive emissions. The
collection and analysis of site specific fugitive dust profiles should be collected, if possible,
during the course of future studies employing receptor models.

Fine Fraction, Granite City, IL, March 25,1986
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Figure 1. Fraction of the Observed Elemental Concentration Predicted by the CMB
Analysis for Fine Fraction Sample of March 25, 1986 Sample in Granite City, IL.

In many situations, locally measured source profiles are not available or there may
have been significant changes in the particle producing activities in the airshed since profile
were measured. Thus, it is helpful to have methods that can extract information from the
ambient data alone as to the number, nature, and mass contributions of the particle
sources in an area. These methods use multivariate statistical methods tc obtain the
receptor modelling information required.
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4.

MULTIVARIATE RECEPTOR MODELS

4.1 Introduction
Alternative approaches have been developed for identifying and quantitatively
apportioning sources of airborne particles using multivariate statistical analysis.
Eigenvector analysis has been the principal method that has been applied t o airborne
particle composition data. An eigenvector analysis tries to simplify the description of a
system by determining the minimum number of new variables necessary to reproduce the
measured attributes of the system. The mathematical basis of these methods has been
described by Henry [16].
Principal components and factor analysis are names given to several of the variety
of forms of eigenvector analysis. It was originally developed and used in psychology to
provide mathematical models of psychological theories of human ability and behaviour.
However, eigenvector analysis has found wide application throughout the physical and life
sciences. Unfortunately, a great deal of confusion exists in the literature in regard to the
terminology of eigenvector analysis. Various changes in the way the method is applied has
resulted in it being called factor analysis, principal components analysis, principal
components factor analysis, empirical orthogonal function analysis, Karhunen-Loeve
transform, etc., depending on the way the data are scaled before analysis or how the
resulting vectors are treated after the eigenvector analysis is completed. All of the
methods have the same basic objective; the compression of data into fewer dimensions
and the identification of the structure of interrelationships that exist between the variables
measured or the cases studied.
The first step in the eigenvector analysis is the calculation of a dispersion matrix,
the matrix that contains quantitative information on the relative variation of pairs of
variables or pairs of samples (cases). There are two basic types of dispersion matrices.
They are covariance matrices and correlation matrices. For a correlation matrix, the data
are scaled such that each variable or each case has an equal weight. The data are not
scaled before calculating covariance. In both instances, the data may be centered by
subtracting a mean value before scaling and the calculation of the matrix elements. The
choice of dispersion matrix depends on the nature of the data set to be analyzed. For
many types of chemical spectroscopic data, the covariance matrix is the choice because
each variable has the same measurement scale. For many geochemical problems, the
dif*srence in scale between major, minor, and trace components requires scaling to avoid
domination of the analysis by the major components [17].
The dispersion matrix is then decomposed into a series of orthogonal vectors. If
there were no errors in the data, the number of non-zero eigenvalues would be the
dimensionality of the problem called the rank of the matrix. The rank for the original data
matrix is the same as that for the dispersion matrix. However, experimental error generally
results in a number of small but non-zero eigenvalues. The determination of the number
of vectors containing significant information relative to those dominated by noise is often
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a difficult one. The lack of universally applicable criteria for determining the dimensionality
of the data is a major problem in the application of factor analysis.
In the most commonly used approach to calculating the eigenvectors, the maximum
amount of variance is packed into the first eigenvalue. The maximum possible amount of
the remaining variance goes into the second and so forth. This compression of the
information into a few components permits much of the variation in the data set to be
displayed in a t w o or three dimensional plot. For many classification problems, the first
few factors are able to reproduce most of the data structure and to remove some of the
nnisq. The objects can then be plotted using the components axes and thus display the
features of high dimensional data in a few dimensions.
The compression of variance into the first factors will improve the ease with which
the number of factors can be determined. However, their nature has now been mixed by
the calculational method. Thus, once the number of factors has been determined, it is
often useful to rotate the axes in order to provide a more interpretable structure. The axis
rotation can retain the orthogonality of the eigenvectors or cause them to be oblique.
Depending on the initial data treatment, the axes rotations may be in the scaled and/or
centered space or in the original variable scale space. The latter approach has proved quite
useful in a number of environmental systems as described by Hopke [17].
4.2 Previous Applications
The first receptor modelling applications of classical factor analysis were by Prinz
and Stratmann [18] and Blifford and Meeker [19]. Prinz and Stratmann examined
both the aromatic hydrocarbon content of the air in 12 West German cities and data on
the air quality of Detroit. In both cases they found three factor solutions and used an
orthogonal varimax rotation to give more readily interpretable results. Blifford and Meeker
used a principal component analysis with both varimax and a non-orthogonal rotation to
examine particle composition data collected by the National Air Sampling Network (NASN)
during 1957-61 in 30 U.S. cities. They were generally not able to extract much
interpretable information from their data. Since there are a very wide variety of particle
sources among these 30 cities and only 13 elements were measured, it is not surprising
that they were not able to provide much specificity to their factors.
The factor analysis approach was then reintroduced by Hopke et al. [20] and
Gaarenstroom et al. [21] for their analysis of particle composition data from Boston, MA
and Tucson, AZ, respectively. In the Boston data for 90 samples at a variety of sites, six
common factors were identified that were interpreted as soil, sea salt, oil-fired power
plants, motor vehicles, refuse incineration and an unknown manganese-selenium source.
The six factors accounted for about 78% of the system variance. There was also a high
unique factor for bromine that was interpreted to be fresh automobile exhaust. Since lead
was not determined, these motor vehicle related factor loading assignments remain
uncertain. Large unique factors for antimony and selenium were found. These factors
represent emissions of species whose concentrations do not covary with other elements.
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Subsequent studies where other elements including sulphur and lead were measured
showed a similar result. They found that the selenium was strongly correlated with
sulphur for the warm season (May 6 to Nov. 5). This result is in agreement with the
Whiteface Mountain, NY results and suggests that selenium is an indicator of long range
transport of coal-fired power plant effluents to the northeastern U.S. They found lead to
be strongly correlated with bromine and readily interpreted as motor vehicle emissions.
In the study of Tucson [21 ] , whole filter data were analyzed separately at each site.
They find factors that are identified as soil, automotive, several secondary aerosols such
as (NH,)2SO,, and several unknown factors. They also discovered a factor that represented
the variation of elemental composition in their aliquots of their neutron activation standard
containing l\Ja, Ca, K, Fe, Zn, And Mg. This finding illustrates one of the important uses
of factor analysis; screening the data for noisy variables or analytical artifacts.
One of the valuable uses of this type of analysis is in screening large data sets to
identify errors [17]. With the use of atomic and nuclear methods to analyze environmental
samples for a multitude of elements, very large data sets have been generated. Because
of the ease in obtaining these results with computerized systems, the elemental data
acquired are not always as thoroughly checked as they should be, leading to some, if not
many, bad data points. It is advantageous to have an efficient and effective method to
identify problems with a data set before it is used for further studies. Principal component
factor analysis can provide useful insight into several possible problems that may exist in
a data set including incorrect single values and some typos of systematic errors.
Gatz [22] used a principal components analysis of aerosol composition and
meteorological data for St. Louis, MO. In this study, nearly 400 filters collected at 12
sites were analyzed for up to 20 elements by ion-induced x-ray fluorescence. Gatz used
additional parameters in his analysis including day of the week, mean wind speed, percent
of time with the wind from NE, SE, SW, or NW quadrants or variable, ventilation rate, rain
amount and duration. At several sites the inclusion of wind data permitted the extraction
of additional factors that allowed identification of motor vehicle emissions in the presence
of specific point sources of lead such as a secondary copper smelter. An important
advantage of this form of factor analysis is the ability to include parameters such as wind
speed and direction or particle size in the analysis.
In the early applications of factor analysis to particulate compositional data, it was
generally easy to identify a fine particle mode lead/bromine factor that could be assigned
as motor vehicle emissions. In many cases, a calcium factor sometimes associated with
lead could be found in the coarse mode analysis and could be assigned as road dust.
However, the problem of diminishing lead concentrations in gasoline discussed earlier for
the CMB analysis also applies here. As the lead and related bromine concentrations
diminish, the clearly distinguishable covariance of these two elements is disappearing. In
a study of particle sources in southeast Chicago based on samples from 1985 and 1986,
much lower lead levels are observed and the lead/bromine correlation is quite weak [23].
Thus, the identification of highway emissions through factor analysis based on lead or lead
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and bromine is becoming more and more difficult and other tracer species are going to be
needed in the future.
A problem that exists with these forms of factor analysis is that they do not permit
quantitative source apportionment of particle mass or of specific elemental concentrations.
In an effort to find an alternative method that would provide information on source
contributions when only the ambient particulate analytical results are available, Hopke [17]
have developed target transformation factor analysis (TTFA) in which uncentered but
standardized data are analyzed. In this analysis, resolution similar to that obtained from
a CMB analysis can be obtained. However, a CMB analysis can be made on a single
sample if the source data is known while TTFA requires a series of samples with varying
impacts by the same sources, but does not require a priori knowledge of the source
characteristics. The objectives of TTFA are 1) to determine the number of independent
sources that contribute to the system, 2) to identify the elemental source profiles, and 3)
to calculate the contribution of each source to each sample.
One of the principal advantages of TTFA is that it can identify the source
composition profiles as they exist at the receptor site. There can be changes in the
composition of the particles in transit from the source to the receptor and approaches that
provide these modified source profiles should improve the receptor model results. Chang
et al. [24] have applied TTFA to an extensive set of data from St. Louis, MO, to develop
source composition profiles based on a subset selection process developed by Rheingrover
and Gordon [25]. They select samples from a data base that were heavily influenced
by major sources of each element. These samples were identified according to the
following criteria:
1.

Concentration of the element in question X > X + 2 cr where X is the
average concentration of that particular element for each station and size
fraction (coarse or fine particle size fraction), Zcr is typically set at about
three for most elements, and is the standard deviation of the concentration
of that element.

2.

The standard deviation of the 6 or 12 hourly average wind directions for
most samples, or minute averages for 2-hour samples, taken during
intensive periods is less than 20 degrees.

Samples that are strongly affected by emissions from a source were identified
through observation of clustering of mean wind directions for the sampling periods
selected with angles pointing toward the source.
A number of studies of multivariate receptor models have used the data base from
the Regional Air Pollution Study (RAPS) of St. Louis, MO. In the RAPS program,
automated dichotomous samplers were operated over a two year period at ten sites in the
St. Louis metropolitan area. Ambient aerosol samples were collected in fine, <
2Ajjm,
and coarse, 2.4 to 20 //m, fractions. Samples were analyzed at the Lawrence Berkeley
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Laboratory for total mass by beta-gauge measurements and for twenty-seven elements by
x-ray fluorescence. The RAPS data base contains results for almost 35,000 samples.
Rheingrover and Gordon [25] screened the RAPS data base according to the criteria
stated above. With wind trajectory analysis, specific emission sources could be identified
even in cases where the sources were located very close together. A compilation of the
selected impacted samples was made so that target transformation factor analysis could
be employed to obtain elemental profiles for these sources at the various receptor sites
[24].
Thus, TTFA may be very useful in determining the concentration of lead in motor
vehicle emission as the mix of leaded fuel continues to change. Multivariate methods can
thus provide considerable information regarding the sources of particles including highway
emissions from only the ambient data matrix. The TTFA method represents a useful
approach when source information for the area is lacking or suspect and if there is
uncertainty as to the identification of all of the sources contributing to the measured
concentrations at the receptor site.
Further efforts have recently been made by Henry [16] on extending eigenvector
analysis methods. He has been examining ways to incorporate the explicit physical
constraints that are inherent in the mixture resolution problem into the analysis. Through
the use of linear programming methods, he is better able to define the feasible region in
which the solution must lie. There exists a limited region in the solution space because
the elements of the source profiles must all be greater than or equal to zero (non-negative
source profiles) and the mass contributions of the identified sources must also be greater
than or equal to zero. Although there has only been limited applications of this expanded
method, it offers an important additional tool to apply to those systems where a priori
source profile data are not available. These methods provide a useful parallel analysis with
CMB to help insure that the profiles used are reasonable representations of the sources
contributing to a given set of samples.
4.3 Illustrative Example
In order to demonstrate the rise of target transformation factor analysis for the
resolution of sources of urban aerosols, TTFA will be applied to a compositional data set
obtained from aerosol samples collected during the RAPS program in St. Louis, Missouri.
The data for the samples collected during July and August 1976 from station 112 were
selected for the TTFA process. Station 112 was located near Francis Field, the football
stadium on the campus of Washington University, west of downtown St. Louis.
During the sixty-two days of July and August, filters were changed at twelve hour
intervals, producing a total of 124 samples in each the fine and coarse fractions. Data
were missing for 24 pairs of samples leaving a total of 100 pairs of coarse and fine
fraction samples. Of the twenty-seven elements determined for each sample, a majority
of the determinations of ten elements had values below the detection limits. Since a
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complete and accurate data set is required to perform a factor analysis, these ten elements
were eliminated from the analysis. For example, arsenic was excluded because almost all
of the values were below the detection limits. Arsenic determinations by x-ray
fluorescence are often unreliable because of an interference between the arsenic K x-ray
and the lead L x-ray. A neutron activation analysis of these samples would produce better
arsenic determinations. Reliable data for arsenic may be important to the differentiation
of coal fly ash and crustal material; t w o materials with very similar source profiles. The
low percentage of measured elements can lead to distortions in the scaling factors
produced by the multiple regression analysis. The remaining mass consists primarily of
hydrogen, oxygen, nitrogen, and carbon. Although no measurements of carbon are
included in the RAPS data, that portion of the sample mass must still be accounted for by
the resolved sources. In order to produce the best possible source resolutions, it is vital
to have accurate measurements of the mass of total suspended particles (TSP) as well as
determinations for as many elements as possible.
The fine and the coarse samples were analyzed separately and only the fine fraction
results will be reported here. In this target transformation analysis, a set of potential
source profiles was assembled from the literature to use as initial test vectors. In addition
the set of unique vectors was also tested. The eigenvector analysis provided the results
presented in Table I. Examination of the eigenvectors suggests the presence of 4 major
sources, possibly 2 weak sources, and noise. To begin the analysis, a 4 vector solution
was obtained.
Table I. RESULTS OF EIGENVECTOR ANALYSIS OF
JULY AND AUGUST 1976 FINE FRACTION DATA
AT SITE 112 IN ST. LOUIS, MISSOURI
Factor

1
2
3
4
5
6
7
8
9

Eigenvalue

90.
5.0
1.7
1.3
0.16
0.09
0.03
0.02
0.02

Chi Square

210
156
65
63
55
26
24
24
15

Exner

% Error

.324
.214
.141
.064
.047
.034
.027
.021
.016

204
164
129
93
72
68
67
58
49

The iteratively refined source profiles are given in Table II. The first three vectors
can be easily identified as motor vehicles (Pb, Br), regional sulphate, and soil/fly ash (Si,
AD based on their apparent elemental composition. However, the fourth vector showed
high K, Zn, Ba, and Sr and was not initially obvious as to its origin. The resulting mass
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Table II. REFINED SOURCE PROFILES FOR
THE 4 SOURCE SOLUTION AT RAPS SITE 112,
JULY-AUGUST 1976

Element
Al
Si
S
CI
K
Ca
Ti
Mn
Fe
Ni
Cu
Zn
Se
Br
Sr
Ba
Pb

Motor
Vehicle
3.
0.0
0.0
5.2
0.0
12.
2.8
1.5
5.8
0.2
1.9
9.8
0.1
26.
0.0
1.45
105.

Sulfate
0.9
2.8
232.
1.6
0.06
0.006
1.8
0.1
3.8
0.06
0.2
1.4
0.1
0.0
0.0
0.3
8.

Flyash/
Soil
62.
140.
14.
0.31
43.
17.
2.3
0.8
38.
0.05
0.03
0.0
0.0
2.7
0.9
0.8
3.8

Fireworks
60.
0.0
26.
19.
580.
0.27
0.0
3.6
9.
0.3
4.6
24.
0.01
2.
12.
15.
0.0

loadings were then calculated and the only significant values were for the sampling periods
of noon t o midnight on July 4 and midnight to noon on July 5. This was July 4 , 1 9 7 6 and
there was a bicentennial fireworks display at this location. Thus, these t w o highly
influenced samples change the whole analysis.
To illustrate this further, Table III gives the average values of the elemental
composition of the fine fraction samples for the samples with and without the July 4 and
5 samples included. It can be seen that these t w o samples from July 4 and 5 from 100
sample set have changed the average value of K by a factor of 2 and the average Sr by
a factor of 5. Thus, TTFA can find strong, unusual events in a large complex data set.
After dropping the samples from July 4 and 5, the analysis was repeated and the results
are presented in Table IV. Now there are 3 strong factors, 2 weaker ones, and a more
continuum. Thus, a 5 factor solution was sought. These results are presented in Table
V.
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Table III. COMPARISON OF DATA WITH AND WITHOUT SAMPLES FROM JULY 4TH
AND 5TH (NG/M3) RAPS STATION 112, JULY AND AUGUST 1976, FINE FRACTION

Element

With
July 4th & 5th
Mean

Al
220 ± 30
440 ± 60
Si
S 4370 ± 3 1 0
CI
90 ± 10
K
320 ± 130
Ca
110 ± 10
Ti
63 ± 13
Mn
17 ± 3
Fe
220 ± 20
2.3 ± 0.2
Ni
Cu
16 ± 3
Zn
78 ± 8
Se
2.7 ± 0.2
Br
140 ± 9
Sr
5 ± 4
Ba
19 ± 5
Pb
730 ± 50

Without
July 4th & 5th
Mean 0
200 ± 30
450 ± 60
4360 ± 320
80 ± 9
150 ± 9
110 ± 10
64 ± 13
17 ± 3
220 ± 20
2.3 ± 0.2
15 ± 3
75 ± 8
2.7 ± 0.2
130 ± 8
1.1 ± 0.1
15 ± 4
720 ± 50

"Mean value and standard deviation of the mean.

Table IV. RESULTS OF EIGENVECTOR ANALYSIS OF JULY AND AUGUST 1976
FINE FRACTION DATA AT SITE 112 IN S. LOUIS, MISSOURI
EXCLUDING JULY 4TH AND 5TH DATA

Factor
1
2
3
4
5
6
7
8
9
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Eigenvalue
87.
4.9
2.0
0.2
0.1
0.1
0.02
0.02
0.01

Chi Square

Exner

210
152
57
42
26
25
26
17
16

.304
.304
.070
.050
.037
.029
.023
.019
.015

Average
% Error
197
197
123
98
73
69
69
67
53

Table V. REFINED SOURCE PROFILES, (mg/g)
RAPS STATION 112, JULY AND AUGUST 1976
FINE FRACTION WITHOUT JULY 4TH AND 5TH

Element
Al
Si
S
CI
K
Ca
Ti
Mn
Fe
Ni
Cu
Zn
Se
Br
Sr
Ba
Pb

Vehicle
5.
0.0
0.2
2.4
1.4
11.
0.0
0.0
0.0
0.08
0.6
0.8
0.1
30.
0.09
0.7
107.

Motor
Sulfate
1.1
1.9
240.
1.1
1.6
0.0
0.7
0.0
1.1
0.04
0.01
0.0
0.1
0.3
0.01
0.035
6.5

Soil/
Flyash
53.
130.
19.
0.0
15.
16.
2.5
0.7
36.
0.042
0.0
0.0
0.001
2.5
0.15
0.07
5.

Paint
0.0
0.0
6.
4.6
5.7
34.
110.
4.8
90.
0.011
0.0
3.7
0.2
0.0
0.1
28.
0.0

Refuse
0.0
7.
0.0
22.
48.
1.2
0.0
8.6
36.
0.7
8.7
65.
0.2
0.05
0.001
0.5
46.

The target transformation analysis for the fine fraction without July 4th and 5th
indicated the presence of a motor vehicle source, a sulphate source, a soil or fly ash
source, a paint-pigment source, and a refuse source. The presence of the sulphate, paintpigment, and refuse factors was determined by the uniqueness test for the elements
sulphur, titanium, and zinc respectively. In the paint-pigment factor, titanium was found
t o be associated with the elements sulphur, calcium, iron, and barium. This plant used iron
titanate as its input material and the profile obtained in this analysis appears to be realistic.
The zinc factor, associated with the elements chlorine, potassium, iron, and lead, is
attributed to refuse-incinerator emissions. This factor might also represent particles from
zinc and/or lead smelters. However, assignment to refuse incineration is preferred since
a high chlorine concentration is usually associated with particles from refuse incinerators.
The results of this analysis provide quite reasonable fits to the elemental
concentration and to the fine mass concentrations for this system. Thus, the TTFA
provided a resolution of source types and concentrations that appear plausible although
specific sources are not identified and quantitatively apportioned. From other studies with
other data sets, it appears TTFA is typically able to identify 5 to 7 source types as long
as they are reasonably distinct from one another.
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5.

COMBINING METEOROLOGY WITH COMPOSITION DATA

The methods described above depend on the different patterns of elemental
compositions that are emitted by different source types. Thus, individual sources can be
distinguished only if their patterns are sufficiently different from other sources emitting
contaminants into the airshed. Generally the methods apportion the pollutant contributions
to classes of sources (coal-fired power plants, incinerators, etc) rather than specific
sources at specific locations. There is clearly a need t o identify the spatial locations of
sources requiring alternative approaches.
Over the past several years, new models have been developed that combine
meteorology with the measured chemical compositions so that the probable locations of
emission sources can be found. These methods depend on estimating the motion of the
air backward in time from the sampling location. These air parcel back-trajectories are
calculated using models of air motion using wind speed and directional data as well as
temperature and barometric pressure obtained at various heights in the atmosphere.
Examples of these new methodologies include Residence Time Analysis [26],
Quantitative Transport Bias Analysis [27], and Potential Source Contributions Function
Analysis (PSCF) [28,29]. Residence time analysis develops contour plots of the
estimated length of time air parcels reside in an area when they arrive at the receptor site
carrying high levels of contaminants. In Quantitative Transport Bias Analysis, estimates
are made of wet and dry deposition are made for each of the transport periods. It, thus,
has the possibilities of taking into account several of the critical removal mechanisms, but
with a considerable increase in the amount of input meteorology, particularly the need for
precipitation data over the region being modeled. Our studies have focused on PSCF
analysis, a relatively simple approach that can be performed with limited computer power
if the back trajectories are provided and yet yields conditional probabilities that given areas
contain sources that contribute significantly to the measured pollutant concentrations.
Zeng and Hopke [28] found good correspondence between known areas of
emissions of acidic gases (NOx and S0 2 ) and the high potential source regions for
contributions of N O ; and SO4 to precipitation collected in southern Ontario. To further
investigate the utility of this method, PSCF analysis has been applied to several different
problems at quite different distant scales [30]. They describe the application t o locating
the sources of sulphur species measured in the Los Angeles area, in southern Ontario, and
transported to the high Arctic. To illustrate the results of PSCF analyses, the results from
Los Angeles and Dorset will be given.
5.1

Theory of PSCF Analysis - Single Layer Analysis

Air parcel back trajectories are related t o the composition of collected material by
matching the time of arrival of each trajectory at the receptor site to sampling time interval
for a filter or precipitation sample. The value of PSCF for a single grid cell is calculated by
counting each trajectory segment endpoint that terminates within that grid cell. Suppose
N represent the total number of trajectory segment endpoints for the whole study period.
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T. If the number of endpoints that fall in the ij-th cell is rijj, the probability of an event at
the receptor site is related to that cell, Aij# over entire study period T is given by
PUy]

= ^

(7)

If, for the same cell, there are m,j endpoints whose times of arrival of air parcels
correspond to events with pollutant concentrations higher than an arbitrarily given value,
the probability of this "matched" event, B;i, is given by
<8>

*!*«] = ^
The PSCF for the ij-th cell is then defined as:

»»«- KS£ • IS
The PSCF value can be interpreted as the conditional probability that concentrations larger
than a given criterion value are related t o the passage of air parcels through the ij-th cell
during transport to the receptor site.
Cells for which high PSCF values are calculated result from the arrival of air parcels
at a receptor site with pollutant concentration higher than a given value observed at the
site. These cells are indication of areas of "high potential" contributions to the pollution
at a receptor site. It is important to note that the exact location of the source(s) within
the high-potential areas is unknown in the present analysis because of (1) the fundamental
limitation of the PSCF methodology that cells must be large enough to have a reasonable
number of counts in them, and (2) the uncertainty involved in calculating the backward air
parcel trajectories.
5.2 Theory of PSCF Analysis - Multiple Layer Analysis
In many cases, back trajectories are calculated at several heights (actually pressure
levels) in the atmosphere. Suppose A 1 , A 2 , A 3 , ..., A M constitute a set of mutually
exclusive and nearly exhaustive events for the M different pressure layers. Since air parcel
segments end at a grid cell through one layer, they cannot be simultaneously through the
other t w o layers. Let B denote the subset of events of A i , i = 1,2,...,M that are identified
as polluted events. In order to gain an overall picture of how pollutants were transported
to the sampling station through the atmospheric pressure layers, the total probability of
elevated concentration events is calculated as
P[B]

= P[B\A1]

P[A1]

+ P[B\A2]

P[A2]

+ ...

+ P [B\ AM] P [AM]

(10)

where P[B] is the total probability of the occurrence of the high concentration event B,
P[B|Ai, i = 1,2,...,M] is the conditional probability of the occurrence of the event B as the
individual event Ai occurs, and P[Ai, i = 1,2,...,M] is the probability of the occurrence of
the event Ai. The conditional probability of a single layer is the PSCF presented in the
previous section. A new probability field called Total PSCF (TPSCF) is defined to integrate
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the three PSCF fields obtained through the M single layer analyses. The field of TPSCF for
a grid ceil (ij) is computed as follows:

P[B]

TPSCF=

S

P[B\Ai]P[Ai]
(11)
PlAil

P[Ai]

The left-hand side of Equation (11) represents the value of Total Potential Source
Contribution Function for the cell ij. The TPSCF falls within a numeric range of 0 and 1.
A grid cell of probability value of 0 is unlikely to be a source region where a value of 1 is
likely to be a source region. This 2-dimensiona! probability field, TPSCF, therefore
integrates the single layer PSCF probability fields.

6.

Descriptions of Air Quality Problems

6.1 SCAQS Study of Los Angeles
For the Los Angeles basin, a large study of the air quality was performed during the
summer and fall of 1987 [31]. At each site, a specially designed sampler was used to
measure the concentrations of several gas phase species (S0 2 , NH 3 , HN0 3 , ...) and to
collect particle samples for subsequent chemical analysis. In the present discussion, only
the S 0 2 and SO4 concentrations will be considered. Lagrangian air parcel backward

.000- .010

Figure 2.
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1987 S 0 2 emissions inventory map of the SCAQS study area.

trajectories ending at each of the three receptor sites were calculated using the model
develop the Russell et a/. [32]. This model has been developed specifically for the
South Coast Air Basin in that it follows the terrain at 100 meters above ground and has
a 5 km x 5 km horizontal resolution. Thus, detailed local topography is built into this
model and it is only applicable to this airshed. Complete details of the formulation of the
transport part of the model are given by McRae et at. [33]. The trajectories were
computed for each hour for a 24-hour period backward in time. For each of the 17
intensive study days, 24 1-hour trajectories were calculated and they can be associated
with each of the sampling periods. Each 4 , 5, or 7 hour sample thus has 96, 120, or 168
segment endpoints, respectively, associated with it. The 1987 emissions inventory
including sources of S0 2 was provided to us 134) for each 5 km by 5 km grid cell within
the modeled area of the air basin. The emissions inventory map is presented in Figure 2.
6.2 APIOS Study of Ontario
Airborne particles and precipitation samples have been continuously collected at
Dorset in the province of Ontario, Canada since the 1980. Chemical composition of the
particles collected on the filters were analyzed by leaching the filters and using ion
chromatography. Measured particulate sulfate (PS0 4 ) concentrations are in units of /vg
S 0 4 = m' 3 . The measurements used here were from January 1984 to December 1986. In
order to examine the effects of seascr.ality on the PSCF analysis, the PS0 4 data were
divided into t w o sub-sets. The first set is from the first of May to the thirty-first of
October and designated as the summer set, and the rest of the months of the year were
designated as the winter set. The choice of dates to split the data set, although it is
subjective, is not critical in the PSCF analysis. April-May is generally the time of the year
when the synoptic flow pattern across the North America continent changes from the
combination of Polar and Pacific air masses to the warm and moist winds from the south.
A more detailed description of the data are given by Cheng et al. [35]. Figure 3 shows
a map of S0 2 emission from anthropogenic sources. The data were taken from the global
S0 2 emission inventory data base from 1980 that consists of sulphur dioxide emission
from 1 ° latitude by 1 ° longitude size grid cell [36].
The Atmospheric Environment Service of Canada trajectory model (AES-3D) [37]
was used in this study. This is a more general Lagrangian long-range transport model.
The air parcels were treated as moving from the Dorset site (latitude 4 5 ° 1 3 ' 2 6 " N,
longitude of 7 8 ° 5 5 ' 5 2 " W, and elevation 320 meter) backwards (upwind) in time in terms
of trajectory segment endpoints defined by three coordinates; i.e. latitude, longitude, and
height of the endpoint. The model uses objectively-analyzed wind fields. Height and
temperature fields are required to compute vertical motion at the upper levels. Mountain
and friction-induced vertical motions are computed at the lowest level. Input wind fields
are available every six hours and quadratic interpolation is used to obtain the winds at
intermediate hours. Cubic interpolation is used to obtain winds at intermediate levels in
the vertical and bilinear interpolation between grid points in the horizontal. The
computations are performed on the standard Canadian Meteorological Centre grid of 381
km [38], with the capability of operating on sub-grid scales down to 95 km. Trajectory
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Figure 3.

1980 S 0 2 emissions inventory map for North America using data taken
from Dignon (1992).

segment endpoints are determined for each time-step by forward time-differencing using
an iterative technique on the three dimensional wind field until horizontal and vertical
convergence criteria are reached. The motion of up to 1024 points, either on the ground
and/or above ground, can be followed backward (receptors) or forward (sources) in time.
The trajectories were calculated for the time period from 00 UTC, 1 January 1984
to 18 UTC, 31 December 1986. It is important t o note that the pressure levels are the
heights directly above the sampling site. Vertical motions diagnosed by the AES-3D model
often results in cross-isobaric transport. Thus, transport in the model does not necessarily
take place at the original pressure level for the duration of the trajectory. The trajectories
calculated by the model are thus neither isobaric nor isentropic by definition. Each
trajectory was computed 4 times a day ( 0 0 , 0 6 , 1 2 , 1 8 UTC) at S-hour intervals backward
to 5 days. The uncertainty associated with a trajectory endpoint can become excessively
large after about 120-hour travelling time [39].
7.

Results

7.1 Los Angeles
The complete PSCF results for all three sites in the Los Angeles basin are given by
Gao eta/. [40]. To illustrate the PSCF analysis at the sub-regional scale, the conditional
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probability maps for S0 2 and SO4 are shown in Figures 4 and 5. The potential S 0 2 marine
source areas (Figure 4) can be associated with the shipping lanes indicated in the S0 2
ground level emission map (Figure 2). Some high and medium potential cells are shown
at the off-shore area in the PSCF map of non-marine SO4 (Figure 5) suggesting that a
portion of the SO4 observed at this site is a product of emission sources. Some of this
SO; could be an oxidation product of the S0 2 released by the oil-fired boilers on the large
ships in the shipping lanes. Another portion of this SO^ may be a product of
dimethylsulphide that is released from surface sediments off shore. Potential source areas
distributed off-shore of Ventura and Santa Monica are also identified in the gaseous NH3
and pditicuiaie Ni-1'4 results [40]. Thcco grid cells are 2t the locations where off-shore
ocean dumping of organic nitrogen-rich municipal sewage sludge from the Ventura county
and metropolitan Los Angeles area has occurred. The anaerobic digestion of this organic
matter in the surface sediments could lead to the release of dimethylsulphide (DMS) and
dimethyl disulphide (DMDS). Reaction of DMS and DMDS in the atmosphere with oxidizing
free radicals in the Los Angeles atmosphere could produce the S0 2 that was identified as
coming from the marine areas. Yin et al. [41] have outlined a detailed photooxidation
mechanism for DMS and DMDS. These reduced organosulphur compounds are the
precursors of atmospheric sulfate production in a natural environment. DMS was found
to be the major species (more than 8 0 % relative abundance) among various sulphur
emitted from ocean surface in North Sea [42].

Figure 4 .

PSCF map of particulate SO4 with aerodynamic diameter < 2.5 //m
collected at Claremont, CA.
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Figure 5.
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PSCF map of gaseous S0 2 measured at Claremont, CA.

Refineries are important sources of both SOx and NOx. The high potential source
area near the coastline identified by the S0 2 PSCF map is located at the same location as
the high SOx emission source area ( > 0 . 2 5 ton/hour of S0 2 ) shown in the emission
inventory map. In addition, high potential grid cells widely spread in the SO4 PSCF map
could have resulted from oxidation of the S0 2 released from a number of refineries and
power plants near the coast. A high potential S0 2 (Figure 4) source area very close to
Claremont may be due to the Etiwanda power plant that emits gaseous S0 2 (Figure 2).
Because of its close proximity to the sampling site, it makes only small contributions to the
SO4 concentrations. A cluster of refineries in Orange County also are notable potential
S0 2 sources in the PSCF map.
7.2 Dorset, Ontario
The particulate SO; PSCF maps for Dorset, in which the lower t w o pressure layers
(1000 and 925 mb) are combined, are shown in Figures 6 and 7 for the winter and
summer months, respectively. Cheng et al. 135] have shown that incorporation of the 850
mb level overestimates the long range transport. Combining the tower t w o layers appears
necessary since the PSCF function at 925 mb level determines most of the potential au as
shown in these figures. The locations of high potential grid cells coincide with those foi id
for the 925 mb PSCF analysis (11). The Ohio River basin area is the exception because
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its source potential appears to be reduced to the range of 0.6-0.8 when the 1000 and 925
mb functions were integrated. The 1000 mb analysis alone appeared to overemphasize
sources within a few hundred kilometers of the sampling site whereas the 925 mb analysis
appeared to identify elevated sources particularly in the area of the Ohio River. From the
emissions map, it appears that the 2 layer combined map does provide a relatively good
representation of the emissions contributing particulate SO^ to southern Ontario.

8.

DISCUSSION AND CONCLUSIONS

From the results presented in the previous sections, it can be seen that the PSCF
analysis has been relatively effective in identifying known source regions of emissions.
There are clearly some areas identified as contributing to the existence of elevated
concentration events that cannot be directly associated with known emission sources
although in most cases, plausible explanations can be provided for the identified high
potential regions. In all cases, the accuracy of the analysis is clearly directly linked to the
accuracy of the calculated back trajectories. On the sub-regional scale in Los Angeles
where calculations were performed on a relatively small grid cell size (5 km x 5 km), it was
possible to identify what appear to be individual sources that dominate particular cells that
are found to have high potential. On the regional scale analysis, the grid cell size (1° x 1°)
is probably too small since the uncertainty in the location of the endpoints of 5-day back
trajectories are uncertain by distances larger than the grid cell size. It may, therefore, be
useful to examine a variable grid cell size for the analysis for the regional scale problem
(Dorset). The uncertainty in the endpoint locations may be partially compensated if
enough endpoints are available and the trajectory calculation is not biased. If there are
random errors in the location calculation, then over enough samples with enough endpoint,
the results will converge to the correct locations. However, we do not yet know enough
abut these calculated trajectories to know if they are or are not unbiased. Further studies
based on emission of unique tracers are in progress and it is hoped to have a greater
understanding of this problem in the near future.
In the current analyses, wet and dry removal processes have not been considered
and thus, the results are only qualitative; they suggest areas that are likely to contribute
to the high concentration events. However, since the method is relatively simple to use
once the trajectories have been calculated, it appears to provide a useful tool to suggest
likely locations of emission sources and particularly at the local level, can apparently
provide identification of specific point sources. It is certainly a methodology that deserves
further study.

9.

SUMMARY

In this paper, several of the active areas of receptor modelling have been
introduced. Their ability to determine the sources of particles in the air can be very useful
in developing air quality management strategies and can potentially become enforcement
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tools as well. Since receptor models must of necessity be retrospective in nature, another
important use can be in the calibration and testing of the prognostic dispersion models so
that prediction of changes in air quality can serve as a more reliable basis for management
decisions. The field of receptor modelling has grown and developed rapidly during the last
several years and can be expected to continue to do so as methods are improved and new
applications discovered.
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department of Nuclear Engineering
University of Illinois
103 South Goodwin Ave.
Urbana, Illinois 61801
Illinois State Water Survey
2204 Griffith Drive
Champaign, Illinois 61820

Abstract
The objective of this proposed research is to provide IAEA with a set of 50 fine and coarse •fraction
PM-10 filter standards for their use in evaluating IAEA laboratories. National Institute of Standards and
Technology (NIST) Reference Soil is proposed for suspension in a chamber designed in-house. Particles
will be sampled by a dichotomous sampler for deposit onto Nuclepore filters. To assure a reliable filter
standard, and to give IAEA an indication of elemental composition, limited NAA and XRF analysis is
proposed for a subset of the prepared filters.

1.

SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

The continuing evaluation of analytical techniques and individual laboratory
performances is critical to maintaining a known quality of chemical data and to maintaining
the confidence of researchers. In choosing a laboratory and analytical technique, the
researcher must know the capability of each. Probably more important is whether a
particular laboratory is producing results with the precision and accuracy generally
acknowledged for that technique, or even with the precision and accuracy they claim for
themselves.
As a result of the previous interlaboratory comparison of filters prepared on our
facilities, it was evident that several laboratories suffered from poor results. From
discussions of the last coordinated research program (CRP) held in September, 1 9 9 1 , it has
been decided to change the filter substrate to accommodate PIXE techniques. As well,
the number of sets are to be increased from one to t w o with an increase of blank filters
from one to three. This was a recommendation from our final report to IAEA by Vermette

eta/. [1].
A commercially available PM-10 filter standard is not available for the elemental
evaluation of filter loadings by different nuclear techniques. A round robin evaluation by
Vermette and Williams [2] has shown that the suspension, and subsequent PM-10 filter
deposits, of Canadian Reference Soil SO-1 [3] provides an accurate and reliable filter
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standard. This standard was used by Vermette & Williams [4] to evaluate the performance
{accuracy, bias and precision) of neutron activation analysis (IMAA), energy dispersive X-ray
fluorescence (ED-XRF), and proton induced X-ray emission (PIXE). Insights from an
evaluation of suspension chamber designs [4] are incorporated within this proposal. To
provide the International Atomic Energy Agency (IAEA) with PM-10 filter standards for
their use in evaluating participating IAEA laboratories, the preparation and elemental
pre-determination (information value) of a set of 50 filter pairs (fine and coarse PM-10)
have been prepared.

2.

METHODS

The proposed research had the following main objective: To suspend a reference
material soil from National Institute of Standards and Technology (NIST) into fine and
coarse PM-10 fractions for deposit onto Nuclepore filters and to provide 50 filter pairs (fine
and coarse loadings) for use in IAEA laboratory evaluations. To ensure the adhesion of
particles a thin layer of mineral oil will be applied to the deposit side of the Nuclepore
filters. The mineral oil will be applied as an aerosol by means of a particle generator made
by Particle Measuring Systems, Inc., Boulder, CO (PMS Model PG-100) and deposited onto
filters placed in the fine fraction ( < 2.5 //m) side of a dichotomous sampler.
NIST Standard Reference Material soil (SRM 2710) was used as the bulk material
t o be suspended and deposited onto Nuclepore filters. The suspension chamber (Figure
1) consisted of a swirl chamber where the soil was suspended by a continuous supply of
filtered compressed air. The compressed air and suspended dust were forced into a
circular air motion (swirled) about the axis of the chamber where the particles are mixed
and disaggregated. The disaggregation of the particles removes possible elemental
inhomogeneity between filters due to fractionation effects (e.g. coarse particles are truly
coarse particles and not aggregates) and assures true particle sizes for techniques requiring
particle standards and corrections. The flow is exhausted into a 8 ft 3 cardboard box for
dichotomous and PMS sampling. Particle samples will be collected within the chamber
using an automatic dichotomous virtual impactor fitted with a PM-10 inlet made by
Anderson, Inc., Atlanta, GA (Series 245). The sampler was designed to collect particulate
matter with an aerodynamic size cut-off of 10 //m and t o further separate particles into
t w o size fractions, a fine particle fraction ( < 2.5 yum) and a coarse particle fraction (2.5
to 10 //m). The fine and coarse deposits were be collected on 37 mm diameter Nuclepore
filters with a polyethylene support ring (manufactured by Gelman Science, Ann Arbor, Ml).
The similarity in composition of loaded filters will be ensured by the continuous monitoring
of particle size distributions using a PMS laser probe (Model CSAS-100-HV).
To assure a reliable standard and to give the IAEA an indication (information value)
of elemental concentrations on the filter standards, neutron activation analysis (NAA)and
X-ray fluorescence (XRF) analysis will be done along w i t h the other CRP participants.
NAA is now a well-accepted technique capable of determining 30 to 4 0 elements including
many environmentally crucial ones (e.g. A l , V, Zn, Cu, A s , Cr and Se). The determination
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Figui e 1 . Schematic of the suspension chamber
of the elemental concentrations is based on the measurement of induced radioactivity.
The radioactive decay of each element emits a characteristic gamma-ray energy spectrum.
Hence, an individual nuclear "fingerprint" can be measured and quantified.
XRF is another well-known technique and in many ways is very complementary t o
NAA. In fact several groups throughout the world use the combination of these t w o
techniques to get a very detailed profile of aerosol composition. The methods of XRF are
based on atomic excitation of electrons with subsequent emission of characteristic X-rays
when electrons from higher levels fill the void spaces. XRF has the capability of
determining elements which are not attainable by NAA (e.g. S, Pb and Cd). Aerosols will
be analyzed using XRF by a contract laboratory (NEA, Inc., Beaverton, OR). The methods
used have been published by Dzubay [5]. Destruction of the filter's original morphology by
NAA and limited funding precludes the analysis of all the suspended filters. Previous
suspensions and subsequent similarities in filter elemental composition have previously
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been demonstrated by Vermette and Williams [2]. A random subset of four filter pairs will
be taken from the 30 original suspended filter pairs to be analyzed by both NAA and XRF.

3.

RESULTS

Fifty pair of filters have been completed and twenty-five have been handed out at
the first CRP meeting. Additional ones are presently being kept and sent to new
participants.

4.

PLANS FOR FUTURE WORK

We intend to carry out both NAA and XRF analysis on a subset of the filters and
report the results along with the other CRP participants. We will also compile the results
of all the participants and send out any remaining ones available for any one who wishes
to re-analyze the samples. Our other future interests include the analysis of aerosols in a
rural and urban environment and study how they have an impact on the radiative and
optical properties of the atmosphere.
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THE "GENT" STACKED FILTER UNIT (SFUJ SAMPLER FOR THE
COLLECTION OF ATMOSPHERIC AEROSOLS IN TWO SIZE FRACTIONS:
DESCRIPTION AND INSTRUCTIONS FOR INSTALLATION AND USE
W. MAENHAUT, F. FRANCOIS, J. CAFMEYER
Institute for Nuclear Sciences, University of Gent,
Proeftuinstraat 86, B-9000 GENT, Belgium

Abstract
This report contains a description and general instructions for the installation and use of the "Gent"
Stacked Filter Unit (SFU) PM10 sampler. The sampler operates at a flow rate of 16 litres per min. It
collects particulates which have an equivalent aerodynamic diameter (EAD) of less than 10#m in separate
"coarse" (2-10 //m EAD) and "fine" (<2 pm EAD) si2e fractions on two sequential 47 mm diameter
Nuclepore filters. The discrimination against the > 10 /urn EAD particles is accomplished by a PM10 preimpaction stage upstream of the stacked filter cassette. The air is drawn through the sampler by means
of a diaphragm vacuum pump, which is enclosed in a special housing together with a needle valve, vacuum
gauge, flow meter, volume meter, time switch (for interrupted sampling) and hour meter. A list of
manufacturers of the various components of the sampler is also given.

1.

DESCRIPTION OF THE STACKED FILTER UNIT SAMPLING LINE

The Stacked Filter Unit (SFU) sampling line is shown schematically in Fig. 1.
It consists essentially of the following components:
a.
b.

c.

d.

e.

f.
g.
h.
i.

a double (stacked) filter cassette (which should be loaded with t w o different
Nuclepore filters);
a black polyethylene container (which includes a pre-impaction stage for PM10) for
the stacked filter cassette [note: PM10 = particulate matter smaller than 10 /vm
equivalent aerodynamic diameter (EAD)];
an orange-coloured rain protection cover with two grey PVC clamps inside for
mounting the black polyethylene container in the rain protection cover, and also
with t w o steel clamps for holding the POLY-FLO tubing;
a 40-cm long soft transparent tubing with a SWAGELOK nylon connector at one
end and a SWAGELOK brass connector at the other end to connect the stacked
filter cassette to the POLY-FLO tubing;
POLY-FLO tubing (3/8" outer diameter, 1/4" inner diameter) with a SWAGELOK
brass connector mounted at each end to make a connection from the transparent
tubing to the pump setup (the length of this POLY-FLO tubing may vary from 1
meter up to an absolute maximum of 100 meter);
a needle valve (WHITEY) to regulate the flow rate;
a vacuum gauge;
a vacuum pump (GAST diaphragm pump, model no. D0A-P109-FD or DOA-V114FD or equivalent);
a gas flow meter (rotameter DWYER VFB-67-BV);
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k.

a precision gas volume meter (SCHLUMBERGER G 1,6);
a time switch and an hour meter (both operating at 220 Volt, 50 Hz).

wooden pole 1 N O T provided, should be
wooden board J
obtained locally
nylon connector
transparent tubing (short)
brass connector
steel clamps
plastic clamps
Tain protection cover (orange)
plastic container (black)
with stacked filter cassette (SFU) inside
flexible POLY-FLO tubing (long)
brass connector
pump setup

Figure 1. Schematic diagram of the SFU sampling line.
The needle valve, the vacuum gauge, the vacuum pump, the rotameter, the volume
meter and the timing devices (items f through k) are assembled in a pump setup and
enclosed in a housing (box), which consists of a grey PVC base plate and transparent
polycarbonate material for the sides and top.
All the components of Fig. 1 are provided (except indicated otherwise in the Figure).
Furthermore, the following materials are provided:
I.
one extra stacked filter cassette;
m.
a grey cover lid and a yellow screw cap for each of the 2 stacked filter cassettes;
n.
2 white cylindrical plastic containers, one for each of the 2 stacked filter cassettes;
o.
one box of "coarse" 47-mm diameter Nuclepore polycarbonate filters, pore size 8
jjm, Apiezon coated: Nuclepore series # 1 1 1 1 3 2 ;
p.
one box of "fine" 47-mm diameter Nuclepore polycarbonate filters, pore size 0.4
//m: Nuclepore series # 111130;
q.
t w o spare grey PVC clamps (for inside the orange-coloured rain protection shield);
r.
one special wrench set (consisting of two grey PVC wrenches) to tighten
and unscrew the stacked filter cassette;
s.
one special wrench set (consisting of two brown wrenches) to tighten and unscrew
the nylon connector at the backside of the stacked filter cassette.
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The stacked filter cassette together with the black polyethylene container with a
pre-impaction stage for PM10 form a complete stacked filter unit (SFU). The stacked filter
cassette itself is a double NILU type "open face" 47-mm diameter filter holder. The first
filter holder of the cassette (i.e., the holder that faces the air intake) should be loaded with
a "coarse" filter; the second filter holder of the cassette should be loaded with a "fine"
filter. Both the "coarse" and "fine" filter should have their shiny side up (thus, facing the
air intake). The filter area that is exposed to the air flow during sampling is 12.88 cm 2 (for
both the coarse and fine filter). After loading, the stacked filter cassette should be properly
tinhtoned with the special wrench set (item r). During the sampling, the stacked filter
cassette is placed inside the black polyethylene container. A blown-up view of the black
polyethylene container with a stacked filter cassette inside is shown in Fig. 2. The
dimensions of the cylindrical container are approximately as follows: 10 cm diameter by
30 cm long.
The specifications of the GAST DOA-P109-FD diaphragm vacuum pump are as
follows:
- dimensions: 20 cm x 15 cm x 20 cm,
- weight: 14.5 kg,
- power: 1/3 HP ( = 0.25 kW), 220 Volt, 50 or 60 Hz.
The characteristics of the pump, as taken from a GAST catalog, are shown in Fig. 3.
The gas flow rate versus vacuum characteristics of the pump were experimentally
determined for several pumps and the typical dependence (as obtained for t w o different
units) is shown in Fig. 4 . In these and all other experiments the flow rate gauge(s) were
hooked up at the outlet side of the pump. The GAST diaphragm pump is normally leak-free.
The SFU is designed to operate at an average flow rate of about 15 to 16 liters per
min (Ipm). It is at this flow rate that the pre-impaction stage inside the black container
provides a PM10 cut-off point (for 293 K and 101.3 kPa). Also, at this flow rate the
coarse Nuclepore filter has a d 50 value of 2//m equivalent aerodynamic diameter (EAD), so
that the coarse filter then collects the 2 - 1 0 /vm EAD size fraction, whereas the fine filter
collects the particles < 2 //m EAD.
The vacuum reading and the flow rate through the SFU sampling line of Fig. 1 were
determined in the lab in Gent for a variety of experimental conditions. Experiments were
done (a) without and (b) with a preloaded stacked filter cassette connected at the outer
end of the flexible POLY-FLO tubing that is upstream of the fully opened WHITEY valve.
The length of this POLY-FLO tubing was also varied. Finally, the valve was also fully
closed. The results of these experiments are given in Table I.
A first observation from Table I is that the rotameter flow rate is always higher
(typically bv about 10%) than the flow rate derived from the volume meter reading. The
discrepancy is due to the short distance (and the absence of a buffer volume) between
pump outlet and rotameter. This has for effect that the rotameter reading is too high.
Thus, the flow rate derived from the volume meter is the more correct one.
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Fig. 3. Characteristics of the DOA-P109-FD pump, as taken from a GAST catalog.
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Table I. VACUUM READINGS AND FLOW RATES WHEN USING GAST DOA-P109-FD
PUMP, WITHWHITEY VALVE NORMALLY FULLY OPEN AND WITH VARYING
LENGTHS OF FLEXIBLE POLY-FLO TUBING (OUTER DIAMETER 3 / 8 " , INNER
DIAMETER 1/4") UPSTREAM OF THE VALVE.

vacuum
(bar)

rotameter volume meter
flow rate
flow rate
(Ipm)
(Ipm)

a. without NILU stacked filter cassette
WHITEY valve fully open
* <0.5 meter POLY-FLO tubing

-0.1

>25

37

WHITEY valve closed off
* any length of POLY-FLO tubing

-0.80

>25

29
27
23
22
19
19
15
13

b. with NILU stacked filter cassette (loaded
with 8 and 0.4 z/m pore size filters)
WHITEY valve fully open
* 1 meter POLY-FLO tubing
* 5 meter POLY-FLO tubing
* 25 meter POLY-FLO tubing
* 30 meter POLY-FLO tubing
* 50 meter POLY-FLO tubing
* 55 meter POLY-FLO tubing
* 95 meter POLY-FLO tubing
* 145 meter POLY-FLO tubing

0.30
0.32
0.42
0.43
0.48
0.49
0.55
0.60

WHITEY valve closed off
* any length of POLY-FLO tubing

-0.80

20
17
15

(Note: the rotameter flow rate is always higher than that derived from the volume meter.)

Furthermore, Table I shows that the POLY-FLO tubing, which is upstream of the
valve, restricts the flow when the length of this tubing increases. This is due to its rather
small inner diameter of about 1/4". Consequently, in order to have a volume meter flow
rate of 15 - 1 6 Ipm through a loaded stacked filter cassette, the length of this P0LY-FLO
tubing should be shorter than 100 meters. If a longer length is needed, tubing with larger
inner diameter has to be used. Such larger inner diameter tubing will have to be found
locally.
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The purpose of the WHITEY valve in the SFU sampling line is to adjust the flow
rate. Such adjustment will be needed in case a short length of POLY-FLO tubing is used
between stacked filter cassette and pump.
The sample collection is controlled by a programmable 24-hour time switch. This
timing device switches the pump on and off for a number of segments, thus allowing
interrupted sampling. There are 144 segments (on the blue ring) for the full 24-hour period,
so that each segment corresponds with 10 min. When a segment is pushed in (inward,
tnwprHq the center of the ring), the pump is activated; when a segment is pushed out
(outward, towards the edge of the time switch box), the pump is deactivated. The time
switch is installed with all segments in, thus for continuous operation. Please, note that
a minimum of 2 subsequent segments must be pushed out together; for one single
segment out (with at both sides segments in) there is a very serious risk that it breaks off.
The hour meter on the pump setup measures the total time that the pump is running. Thus,
this hour meter is connected in parallel with the pump and is also controlled by the time
switch. One of the reasons for having the time switch in the pump setup is to have the
possibility to avoid foreseen local contamination. Another reason for the time switch is to
reduce the effective collection time if it would turn out that the PM10 particle
concentration in the air is very high, so that the filters would be clogging rather rapidly.
This is explained in more detail below in section 3.

2.

INSTALLATION OF THE SFU SAMPLING LINE

It is recommended to install the SFU sampler on an open area and at some distance
from building walls, trees (or other large vegetation), and all possible sources of very local
airborne particulate matter. Good locations are open grassy areas (or other open areas
without exposed soil) or flat roofs of buildings.
The parts of the SFU sampling line should be assembled as shown in Fig. 1.
The wooden pole (post) and wooden board to which the SFU rain protection cover
(orange-coloured plastic pot) may be hooked up is not provided and has to be obtained
locally. Instead of wood, also plastic materials may be used. As we are looking for trace
metals in the air, any metallic pieces in the close proximity of the SFU air intake should be
avoided as much as possible. Therefore, using a metallic pole is discouraged. However, if
one has to resort to a metallic pole, as may be the case when the sampler is set up on a
meteorological tower or mast, then the metal should be noncorrodable (and preferentially
be stainless steel or aluminum). Another possibility if metal has to be used is to paint that
with nonmetallic paint.
The rain protection cover has to be installed, so that the black polyethylene
container for the stacked filter cassette has its intake facing downwards as shown in Fig.
1. The intake side of the black container should at least be at 1.6 meter above ground.
However, it is preferable to have a larger height, if possible. E.g., when the sampler is set
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up on a meteorological mast, a height above ground of 10 to 20 meters is recommended.
In any case, the idea is to minimize the contribution from nearby windblown (soil) dust as
much as possible.
Insertion of the stacked filter cassette in its black polyethylene container is
explained below in section 3.
Two grey plastic clamps (of different size) have been mounted inside the rain
protection cover to hold the black SFU container. The upper clamp (which is the larger of
the two) should be adjusted just under the wider screw-on part (screw-on lid) of the black
container in order to avoid that the container moves downwards during sampling (see also
Fig.1).
The stacked filter cassette should be connected to the short soft transparent tubing
with the nylon connector, which is at one end of the tubing. Make sure that the white
Teflon washer of the stacked filter cassette (see Fig. 2) is inserted between the nylon
connector and the cassette. Two special brown plastic wrenches (item s of section 1)
should be used to tighten the nylon connector. The brass connector at the other end of the
short transparent tubing should be joint to the brass connector of the long flexible POLYFLO tubing [The length of the POLY-FLO tubing will depend on the actual situation, but
should be shorter than 100 meters, as explained in section 1J. Just below the brass
connector joint, the POLY-FLO tubing should be clamped in the two steel clamps at the
inside of the orange-coloured rain protection cover.
Finally, the brass connector at the pump end of this POLY-FLO tubing is to be linked to the
brass connector at the WHITEY valve.
In tightening the nylon and brass connectors, mentioned above, and all other
SWAGELOK connectors of the sampling line, use first your hands (thus no wrench), and
when you feel a certain resistance you may tighten further with a wrench but at most for
a 1 /4 turn.
The pump setup should be placed at the downwind side of the SFU (to prevent
contamination that may be caused by the pump) and it is advised to have a distance
between the SFU and the pump setup of about 10 to 15 meter.
At installation and during the sampling, attention should be paid to the long flexible
POLY-FLO tubing. Any mechanical deformation of it has to be avoided. Therefore, do not
step on it and do not place anything of weight on it.
It is necessary to make sure that all connections are leak-free. Before actually
collecting samples, it should be checked whether the SFU line up to and including the short
transparent tubing is operating properly, i.e.
a.
Does it give the proper flow rate when the valve is fully open and when no SFU is
connected to the soft transparent tubing ?
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b.

c.

Is it airtight when one closes off that transparent tubing with a rod? The vacuum
should read about -0.8 bar, the rotameter flow rate should be zero, and the volume
meter gauge should not really move.
In case test b fails, check where the leak is. For example, you can easily check
whether a leak is upstream of the WHITEY valve by closing that valve completely.

Note:
The power cord of the pump setup ends in a connector (plug) that can be used in
Germany, France, Belgium and some other European countries. The general power
on/off switch is on this connector. Connectors or adaptors for the local electricity
outlets will have to be obtained locally.

3.

LOADING OF A STACKED FILTER CASSETTE, INSERTION OF THE LOADED
CASSETTE IN THE BLACK CONTAINER, COLLECTION OF SAMPLES, SAMPLING
DURATION, UNLOADING OF A STACKED FILTER CASSETTE.

The loading of the stacked filter cassette with Nuclepore filters should be done in
a space (laboratory, room) and on an area which are clean (dust-free). If possible, do this
in a clean bench with laminar air flow.
Take the stacked filter cassette out of its white cylindrical plastic container. Leave
the grey cover lid and the yellow screw cap on. Open up the top filter holder first (that one
with the grey cover lid). Use the special PVC wrench set (item r of section 1) if needed.
Remove the circular filter retaining ring (made from the same hard plastic material as most
other filter cassette parts). Place a "coarse" Nuclepore filter (see section 1) on the filter
support grid and be sure that the shiny side of the filter is facing up. Place the filter
retaining ring back (with its smooth, flat side facing up). Close the top filter holder. Open
now the bottom filter holder (use the special PVC wrench set if needed). Remove the
circular filter retaining ring, place a "fine" Nuclepore filter (see section 1) with its shiny side
facing up on the filter support grid. Place the filter retaining ring back (smooth, flat size
facing up). Close the bottom filter holder. Tighten both the top and bottom filter holder
with the special PVC wrench set. Place the loaded cassette back in its white cylindrical
plastic container for transport to the site where the SFU sampler is set up.
If it is the aim of the experiment to determine also the airborne particulate mass
concentration (in //g/m3) in the coarse and fine size fraction (which is very strongly
recommended), then each Nuclepore filter should be weighed with a microbalance (with
1 //g sensitivity) before placing it in the stacked filter cassette. The weighing should be
done in a room with rather well stabilized temperature and relative humidity (20 °C and
50% relative humidity are recommended), and the filters should be pre-equilibrated in this
room (for at least 24 hours prior to weighing). Furthermore, during the actual weighing
care should be taken that static electricity on the filter is eliminated. This can be done by
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means of a 210Po radioactive source (available from Costar Corporation, the distributor of
Nuclepore materials).
For manipulating the filters (during weighing and/or during placing them in the
stacked filter cassette), clean stainless steel tweezers can be used. In any case, never
touch a filter with your bare hand!
At the sampling site, take the stacked filter cassette out of its white cylindrical
nNqtic container, remove the grey lid and yellow screw cap (leave these in the white
plastic box) and insert the cassette in the black polyethylene container (see Fig. 2). Make
sure that the white Teflon washer that is between the yellow screw cap and the cassette
remains with the cassette during sampling.
The upper screw-on part of the black container can be manually screwed and
unscrewed (Beware that the black rubber washer ring stays inside the screw-on part).
Make sure that the screw-on part is fully screwed on after the stacked filter cassette has
been inserted in the container.
Connect the SFU to the sampling line and adjust the WHITEY valve (if needed), so
that the flow rate on the rotameter reads 18 liters per minute (Ipm) [It is assumed here that
the rotameter flow rate is indeed about 10% higher than that derived from the volume
meter]. This somewhat high initial value (for each sample) is chosen in order to obtain an
average effective rotameter flow rate of about 1 6 - 1 7 Ipm, bearing in mind the distinct
possibility of decrease in flow rate during sampling. Check also that the vacuum is about
-0.5 bar.
Set the clock on the 24-hour time switch, so that it corresponds with the time of
day. For example, when it is 8:10 a.m., set the clock at 8:10 and make sure that the white
pointer that is outside the blue time segment ring is pointing to a numeric reading of 8 and
not 20. The transparent plastic cover of the square time switch box has to be taken off
before you can do any time setting (Remove it using your finger nail or with a fine
screwdriver). Gross and fine adjustments of the clock can be made by turning the blue
time segment ring clockwise, fine and very fine adjustments can be made by turning the
red knob (center of the clock dial) [Note: both the blue time segment ring and the clock dial
can only be turned clockwise]. Record the starting date and time of the sample collection.
Write also down the hour meter reading, the vacuum gauge reading, the rotameter flow
rate, and the volume meter reading.
At least every 12 hours, the vacuum gauge reading and the rotameter flow rate
should be checked. If it is noticed that the rotameter flow rate has decreased too much
(i.e., has become lower than 16 Ipm), then the WHITEY valve should be opened more, until
again a rotameter flow rate of 18 Ipm is read (or until the valve is fully open). Date and
time should be recorded each time the valve is adjusted, and also the flow rate readings
and vacuum readings just before and just after needle valve adjustment should be written
down.
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A t the end of the collection period, read the hour meter, v a c u u m , rotameter f l o w
rate and volume meter. Record the readings, together with the date and t i m e . Remove the
stacked filter cassette from the black polyethylene container, close it off w i t h its grey lid
and yellow screw cap, and place it back in its original white cylindrical plastic container.
Make sure that the white Teflon washer remains with the filter cassette. [Note: the end
of one sample collection will normally be followed by the start of the collection of the next
sample.]
!f for some reason the collection of an individual SFU sample w a s interrupted,
please write the start and end date and time of the interruption d o w n . When there is a
definite danger of contamination during a sampling period, sampling should be interrupted.
In case the interruption is done manually (either intentionally or by power failure), so that
the clock of the time s w i t c h stops, adjust this clock to the time of day w h e n the power
is back on.
In case the pump was activated and deactivated by the time s w i t c h device, record
the number of time switch segments out, and also the time of day that these were out.
The sampling duration for each individual SFU collection will have t o be decided on
the spot, and should preferentially be one day [By this is meant one day of clock time
(calender time), and not 2 4 hours of effective sampling time; there may be interruptions
in the actual collection, as explained above and also below].
The decision whether t o go for a one-day sampling period or for longer or shorter
periods will have to be made on the basis of the following:
a.

If the PM10 particle mass concentration in the air is typically less than about
1 0 - 1 5 //g/m 3 (sum of coarse and fine size fractions), it may be advisable to go for
two-day sampling periods. Otherwise, the filters may not be enough loaded for the
analysis.
PM10 mass concentrations of less than 10 - 15 //g/m 3 (median on a yearly basis)
are only encountered in remote regions and in rural areas of "clean" countries (e.g.,
in Norway).

b.

If the PM10 particle mass concentration is typically larger than 5 0 //g/m 3 , w i t h 2 0
//g/m 3 or more occurring in the fine size fraction, then it may not be possible t o
maintain a 15 Ipm rotameter flow rate until the end of the 2 4 hour period.
In case you have no idea of the PM10 particle mass concentration, but you notice
in fact for the first few SFU collections that the rotameter f l o w rate (with the
WHITEY valve fully open) is reduced to about 10 Ipm or less after 2 4 hours, then
this means that the effective sampling time should be much shorter than 2 4 hours,
perhaps somewhere between 12 and 18 hours. If this is the case, then the
sampling period may still be one day, but a number of segments should be pulled
out (always at least in pairs as indicated in section 1) at equally spaced distances
on the circle of the time switch device. But record then h o w many sets of
segments have been pulled out, how many segments are within each set (use
maximum 3 consecutive segments within a single set), and record the starting time
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of day that each set is out. By resorting to this interrupted collection scheme, each
collected sample should still be reasonably representative for the full 24-hour
period.
Alternatively, and particulary in places (cities) with very high PM10 concentrations,
you may want to collect 2 samples per day (e.g., separate day and night samples).
Whatever sample duration you finally go for, try to have all sample collections
started and ended at the same time of day, e.g., around 8 or 9 a.m.
All observations for each sample should be properly recorded in a special
LOGBOOK. The following minimum information should be recorded for each sample:
the number of the stacked filter cassette used (each of the two supplied stacked
filter cassettes has a number engraved in it),
start and end date and time,
effective sampling time, i.e. start and end time read from the hour meter,
initial and final air volumes (as read on the volume meter),
rotameter flow rate and vacuum readings at the beginning and end of the sampling,
date and time of each adjustment of the WHITEY needle valve, and rotameter flow
rate and vacuum readings just before and just after each adjustment,
time of day and duration of any interruption (either manual or through the time
switch), if any.
After the sample collection, bring the stacked filter cassette (inside its white
cylindrical plastic container) back to the place where it was loaded with the filters. You can
unload the exposed Nuclepore filters from the stacked filter cassette and at the same time
load the cassette again with unexposed filters as explained at the beginning of this section.
It is recommended to store the exposed filters in 47-mm Millipore Petrislide dishes. After
equilibration during at least 24 hours, each exposed filter can be weighed in the same way
as an unexposed filter. From the weight difference between both, the particle mass
concentration in the air can then be calculated. [In doing that a correction for "blank filter
weight gain" may be needed, though; see below].

Notes:
It is suggested to check whether the rotameter flow rate is indeed about 10%
higher than that derived from the volume meter.
It is strongly recommended to repeat the open flow test and the leakage test (tests
a through c at the end of section 2) from time to time (e.g., once a week).
When the vacuum is too poor or the flow rate too high, an immediate check of the
sampling line is required.
It is advisable to take field blank SFU samples from time to time, for example one
field blank for every 10 real samples. A field blank can be taken by doing all the
same operations as for a real sample, including even drawing air through it for
about one minute.
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If you determine particle mass concentrations in the air by weighing, also weigh the
Nuclepore filters from the field blanks before loading and after unloading. At Gent,
we have experienced that field blanks (in particular the "fine" filters) pick up some
mass, even when no air is drawn through them.

4.

GREASING OF THE PRE-IMPACTION PLATE. CLEANING OF THIS PLATE AND OF
THE WHOLE BLACK POLYETHYLENE CONTAINER. CLEANING OF THE STACKED
FILTER CASSETTES.

Under norma! operation, the front side of the pre-impaction plate should be covered
with a thin layer of Apiezon grease (see Fig. 2) in order to minimize particle bounce-off.
The pre-impaction plate was greased in Gent before shipment, but, please, check upon
arrival if the grease layer is still sufficiently present. If not, apply some grease yourself.
Apiezon vacuum grease type AP101 (or type H) is recommended. Do not use siliconcontaining grease!
Except for this greased pre-impaction plate, all other parts of the sampling line that
are upstream of the stacked filter cassette should be kept clean, so that the filters do not
intercept contamination.
The inner surfaces of the black polyethylene container can be cleaned with water
and ethanol. This was done in Gent before shipping off.
From time to time (e.g*., once every two weeks) the pre-impaction plate and the
inner surfaces of the black container should be cleaned completely with ethanol. If
necessary, the pre-impaction plate can even be taken out. The rods that extend from the
plate to the inner surface of the container are indeed somewhat retractable. Pull one or
two of the rods in the plane that goes through them and in the direction of (towards) the
impaction plate, and you will notice that the rod can then be pulled out from the groove
that is in the inner surface of the container. Be very careful, though, when you do all this,
so that the rods do not break. Make sure that after the cleaning the pre-impaction plate
is greased again.
Also the stacked filter cassettes should be cleaned from time to time (e.g., after
they have been used 5 times). Disassemble the stacked filter cassettes into their various
parts and clean the parts (including O-rings and grey lids and yellow screw caps) first in
a detergent solution. The parts that make immediate contact with the Nuclepore filters
(i.e., the filter support grids and filter retaining rings) should then be cleaned in very dilute
nitric acid (0.001 molar), and subsequently also in distilled or deionized water. The other
parts of the filter cassettes should only receive a cleaning in distilled or deionized water
after the cleaning with the detergent solution. For the final cleaning step, use separate
water solutions for (a) the parts that make direct contact with the Nuclepore filters and (b)
for the other parts. In reassembling the cleaned stacked filter cassettes, make sure that
the filter support grids have their flattest side up (facing the filter). [Each such grid is
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marked with UP at its edge on its flattest side]. The filter cassettes were cleaned before
shipment.

5.
ADDRESSES. PHONE AND FAX AND TELEX NUMBERS OF THE SUPPLIERS OF
VARIOUS PARTS OF THE "GENT" STACKED FILTER UNIT SAMPLER.
Institute for Nuclear Sciences, University of Gent,
Proeftuinstraat 86, B-9000 Gent, Belgium;
contact person: Willy Maenhaut
phone:
+32-9-264.65.96
FAX:
+32-9-264.66.99
E-mail:
MAENHAUT@iNWCHEM.RUG.AC.BE
Telex:
12754 RUGENTB
distributor of Nuclepore materials:
Costar Corporation,
One Alewife Center, Cambridge, MA 02140, U.S.A.
Phone:
+1-617-868-6200 [from inside the U.S.A. also: (800) 492-1110]
FAX:
+1-617-868-2076
Telex:
275174
distributor of NILU stacked filter cassettes:
Norwegian Institute for Air Research (NILU),
P.O. Box 64, N-2001 Lillestrdm, Norway;
contact persons: T.C. Berg, H. Fjeldstad
phone:
+47-63-81.41.70
FAX:
+47-63-81.92.47
Telex:
74854 nilu n
maker of Gast diaphragm pumps:
Gast Manufacturing Corporation,
P.O. Box 97, 2300 Highway M-139, Benton Harbor, Ml 49023-0097, U.S.A.
Phone:
+1-616-926-6171
FAX
+1-616-926-1817
Telex:
211609 GASTBETA
maker of rotameter:
Dwyer Instruments, Inc.,
P.O. Box 373, Michigan City, Indiana 46360, U.S.A.
Phone:
+1-219-879-8000
FAX:
+1-219-872-9057
Telex:
25916
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distributor of Schlumberger volume meter in Belgium:
Contigea-Schlumberger,
Stallestraat 140, B-1180 Brussels, Belgium.
Phone:
+32-2-332.16.16 [or: +32-2-376.60.60]
FAX:
+32-2-376.60.74
distributor of time switch and hour meter:
RS Components Ltd.,
P.O. Box 99, Corby, Norrhants NN17 9RS, United Kingdom.
Phone:
+44-536-20.12.34
FAX:
+44-536-20.15.01

Telex:

342512

distributor of SWAGELOK components:
Crawford Fitting Company,
P.O. Box 39143, 29500 Solon Road. Solon, OH 44139, U.S.A.
Phone:
+1-216-248-4600
International contact address for Millipore Corporation:
Millipore Intertech,
P.O. Box 255, Bedford, MA 01730, U.S.A.
Phone:
+1-617-275-9200
Telex:
443006

BIOLOGICAL MONITORS OF AIR POLLUTION
j . KUCERA
Czech Ecological Institute, NAA Laboratory,
CS-250 68 Rez near Prague, Czech Republic
Abstract
Direct biological monitoring of air pollution was introduced about 30 years ago. Although still
u.iduf development, the zppUcsticn of biologic;;! monitors, o r indicators, may provide important information
on the levels, availability, and pathways of a variety of pollutants including heavy metals and other toxic
trace elements in the air. A survey is given of the most frequently used biomonitors, such as herbaceous
plants, tree leaves or needles, bryophytes, and lichens, with their possible advantages and/or limitations.
In addition to using naturally-occurring biomonitors, a possibility of employing "transplanted" species in the
study areas, for instance grasses grown in special containers in standard soils or lichens transplanted with
their natural substrate to an exposition site, is also mentioned. Several sampling and washing procedures
are reported. The importance of employing nuclear analytical methods, especially instrumental neutron
activation analysis, for multielemental analysis of biomonitors as a pre-requisite for unlocking the
information contained in chemical composition of monitor's tissues, such as apportionment of emission
sources using multivariate statistical procedures, is also outlined.

1.

THE BASIC CONCEPTS OF BIOLOGICAL MONITORING

Biomonitoring, i.e. the use of biological indicators to detect changes in the physical
and chemical properties of the abiotic environment, represents an interesting alternative
to direct measurements of the physical and chemical properties of the environment.
Biological indicators are those organisms (or populations) of which their occurrence, vitality
and responses change under the impact of environmental conditions [1]. Biomonitoring
takes one of t w o approaches:
i)

direct monitoring which is based on measuring the quantity of pollutants in
suitable organisms rather than in samples from the environment;

ii)

indirect monitoring which is based on interpreting of biological signals due
to changes of the environment such as the study of morphological,
physiological and cytological responses of organisms, changes of
abundances of certain species, etc.

Only the former approach will be treated in this report.
Although data provided by physical and chemical monitoring are indispensable for
evaluating the changes of the environment, the application of an (ideal) biomonitor can
show several advantages compared to the use of direct monitoring techniques [1-5].
the concentration of pollutants in the monitor organism are often higher than
in the system to be monitored. This may facilitate accurate sampling and
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analysis, which are very difficult at the low levels occurring in many
compartments of the environment;
sampling of the organism used as a biological monitor is in general easier
than most direct sampling procedures and no long-term use of expensive
sampling equipment is required;
the intricate equilibria existing in many parts of the environment can easily
be distorted by sampi:ng itself, which may iead to erroneous results. When
using biological monitors, this distortion is minimized;
most organism reflect external conditions averaged over a certain time,
depending on e.g. the biological half life of a specific substance in that
organism. This is important when monitoring levels may change rapidly in
time;
concentrations of pollutants in organisms may give insight into the
bioavailability of that pollutant. This information may be as relevant as the
absolute concentration in a certain part of the environment;
biological monitors are already present in the environment and monitoring
continuously.

2.

REQUIREMENTS ON BIOLOGICAL INDICATORS

In direct biomonitoring of atmospheric element pollution, the relevant information
is deduced from concentrations of elements in the monitor tissues. They have to meet
specific requirements which are as follows (6,71:
abundant occurrence in the area of interest, independent of local conditions;
available for sampling in all seasons;
tolerant to pollutants at relevant levels;
response to the quantity to be monitored known and understood;
element uptake independent of local conditions other than the levels of
elements to be monitored;
element uptake not influenced by regulating biological mechanisms or
synergistic effects;
averaging over suitable time period;
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absence of appreciable element uptake from sources other than atmosphere;
low background concentrations;
easy sampling and sample preparation;
element accumulation to concentration levels accessible by routine analytical
techniques.
Many animal and plant species can be used for air pollution monitoring, because
they can meet most of the above requirements. Animal species and/or tissues usually
reflect complex changes of the environment, i.e. air, water, soil pollution, and element
intake from their diet, so that their use for studying only air pollution may be difficult to
interpret. Nevertheless, some of them were very popular in certain periods such as
analysis of human and/or animal hair. Certain plant species appear to be especially suitable
to indicate elemental air pollution and therefore advantages and pitfalls of their possible
use as biomonitors for air pollution studies will be of the main concern of this report.

3.

HERBACEOUS PLANTS

Several naturally occurring plant species seem to be suitable accumulation
indicators of heavy metals. Most ruderal plants can be used for comparative evaluation
of air pollution owing to their high resistance to pollutants and common occurrence.
Different plant organs contain different amounts of elements. The highest quantities of
trace elements can usually be detected in roots and leaves, while stems and fruits (seeds)
contain lower amounts. Composition of leaves indicates both soil pollution (by subsequent
uptake of bioavailable pollutants by roots) and load from the air. The washing of plant
samples is a frequently debated issue. Obviously, in studies aiming at determining
endogenous element contents, the plant samples should be washed to eliminate the
external contamination. For samples to be employed for studying the air pollution load and
in so-called food chain studies, washing should be omitted. In the former case, a
standardized washing procedure (concerning a washing time and a washing agent) should
be employed.
The leaves of Lolium perenne and L. multiflorum have been reported to be suitable
biomonitors for many elements [1] and a positive correlation between the chemical
composition of the leaves of Taraxanum officiate and the local impact for the elements As,
Br, Cd, Co, Cr, Cu, Hg, Mn, Pb, Sb, Se, Zn has also been found [8,9]. Other plants have
been recognized especially suitable to indicate loading with selected elements, for instance
members of the genus Thlaspi for Ni and Zn [1], Solidago canadensis for F and Pb [10],
for vanadium Achilea milleforum, Amaranthus rotroflexus, Artemisia
vulgaris,
Ca/amagrostis epigeios, Conysa canadensis, Echinochloa crus-galli, Plantago lanceolata
[11], while Solidago graminifolia, Trifolium pratense and Zea mayas are accumulation
indicators of organic pollutants, for example PCBs [12].
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If a suitable plant does not occur in an area to be monitored, standardized cultivated
plant species grown in special pots (exposure containers) and standard soils can be
exposed at the site of an experiment for a definite period of time. Lolium multiflorum is
one of the indicators used most frequently for this purpose [1].

4.

TREES

4.1.

Broad-lea^eH trees and .shrubs

Tree leaves absorb elemental pollutants either from the air or from the soil by root
absorption. Thus, the same applies for their washing as for the leaves of herbaceous
plants. The chemical composition of leaves varies with their age. The element content,
especially of heavy metals, is generally higher at the end of summer; therefore this seems
to be the appropriate period for sampling. Many trees of general use for biomonitoring and
trees and shrubs specialized for indicating selected element at trace- and ultratrace levels
have been reported [1]. Two of the recommended trees seem to have found the widest
application as indicators of air pollution, mostly because of their resistance to pollutants
and wide distribution in Europe and almost throughout the world: Populus nigra ssp. italica
(Italian poplar) and Robinia pseudoacacia (the black locust tree) [1,10,13-16].
Sampling is recommended to be carried out in late August and early September
according to the following procedure: eight twigs are cut at a height of 5-8 m and of 2.5-3
m for the former and latter tree, respectively, three one-year-old shoots are cut from each
twig and leaves (preferably sun-leaves) from the middle of each shoot are collected [1].
Various pollutants of organic origin (e.g. PCBs) can also be indicated by the leaves
of Populus tremuloides and Rhus typhina [12].
4.2.

Coniferous trees

Coniferous trees are more sensitive indicators of air pollution than the deciduous
trees, because they are exposed to air pollution over a longer period of time than leaves,
due to a longer life span of needles (3-4 years), except for Larix decidua which sheds all
its needles each year. Thus, most of the coniferous trees can respond to low pollutant
concentrations [ 1 ]. Taxusbaccata, Picea abies,
PinussilvestrisandPseudotsugamenziesii
are the most frequently used indicators of elemental air pollution [1]. PCBs can also be
indicated by chemical analysis of Pinus strobus needles [12].
Similarly as with leaves, the chemical composition of needles of coniferous trees
is influenced by two factors:
i)
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by their nutritional status, i.e. by uptake of nutrients and/or pollutants by
roots from soil;

ii)

by retention of air pollutants on the needle surface.

In the case of spruce needles, aerosol retention is facilitated by the very rugged
structure of epicuticular wax. The loading of spruce needles with solid, filterable aerosol
is about 1-2 mg/g dry needle weight. It can be removed completely from the needle
surface by washing either with CHCI3 or with a mixture of tetrahydrofuran/toluene (1:1,
vol./vol.) without influencing the inherent element concentrations in the needles [17].
Tree bark is also exposed to long-term air pollution and it accumulates certain elements
and sulphur dioxide H I .

5.

BRYOPHYTES

Bryophytes are especially suitable for biological monitoring of air pollution due to
several specific features. They are evergreen and (with a few exceptions) perennial plants,
so that they can be utilized throughout the year. Many species have a wide geographical
distribution and grow in a wide range of habitats, which is beneficial for comparative
studies. Most bryophytes species do not posses a cuticle and, therefore, can take up
water over the entire plant surface. As a consequence, they obtain their nutrients directly
from atmospheric deposition, i.e. dustfall and precipitation. By comparing fresh specimen
with herbarium specimen we can also perform retrospective studies on elemental air
pollution. Retrospective investigations can also be performed by element determination
in peat profiles [18].
Ombrotropic peat bogs proved to be very useful indicators of long range
atmospheric transport of pollutants from Europe to Norway [19]. Their obvious
disadvantage is not very common occurrence.
Especially useful are some moss species that have a layered habit and produce
distinct annual segments. The most frequently used moss species are Hylocomium
splendens and Pleurozium schreberi which have the ability to accumulate many metals in
extremely high concentrations. For instance, in a highly polluted region in the vicinity of
a copper mine, a lead concentration of 17,320 //g/g was found in the moss H.splendens,
while the corresponding values in the Picea and Clinton/a species were 349.5 and 548.5
/yg/g, respectively [20].
Biomonitoring involving annual analyses of Hylocomium splendens and Pleurozium
schreberi has been included into the programme on Long-Range Transboundary Air
Pollution and the following sampling procedure has been recommended: Green (or
brownish green) shoots from the three most recent years are collected, excluding the
half-developed segment from the latest growing period. All dead material and attached
litter should be carefully removed and the samples are then dried at 40 °C to a constant
weight [21].
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6.

LICHENS

Lichens are specialized organisms in which a fungus and an alga form a nutritional
and physiological unit. The autotrophic alga supplies nutrients for both itself and the
heterotrophic fungus. Lichens react to the pollutant emissions. Their high sensitivity to
various air pollutants - in comparison with higher plants - can be ascribed to both
morphological and physiological differences which namely include:
in the absence of a cuticle, pollutants find an easier way into the thallus;
corticolous lichens absorb both water and nutrients directly from the air;
lichens accumulate various materials without selection;
the material once absorbed will accumulate since there is no excretion.
About seventy lichen species have been reported as suitable indicators of elemental
pollution [1 ]. Of these, Hypogymnia physodes (L.) Nyl. and Parmelia sulcata are the most
frequently used species for biomonitoring in Europe. The former species is widespread in
Northern Europe and in mountain regions. It has many advantages which are important
for application as a biomonitoring organism, compared to other lichen species [22]:
it is one of the most tolerant lichen species, especially to S0 2 ;
it can withstand long periods with fairly low levels of humidity in the
atmosphere, hence its metabolic activities, including an active mechanism
for metal uptake, would be less affected by periods of low humidity than
would be the case with moisture-sensitive lichens;
this lichen has no rhizinae and this perhaps accounts for the insignificant
amounts of metals it absorbs from the substrate;
it has a large surface to weight ratio.
The enrichment factors (highest measured element concentration in the lichen from
polluted areas divided by corresponding values from control areas) for individual heavy
metals as measured in the environs of steel and iron works in Denmark showed the
following values [23]: Cd 74, Pb 62, Cu 35, Cr 34, V 3 1 , Fe 28, Mn 28, Zn 26, Ni 9. On
the other hand, Hypogymnia physodes grows on acidic bark substrates, which are less
suitable for monitoring purposes due to possible leaching of metals from the lichen and it
is less frequent in sub-Mediterranean areas. In these areas, as well as the European plains,
Parmelia species are more frequent and investigated [24]. Lichens may also show
interfering element uptake from the substrate, but are more widespread than mosses,
especially in densely populated or industrialized areas. Furthermore, substrate/soil
interferences can be recognized by the application of factor analysis techniques [24-26].
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Removing adhering sand and/or soil from the lichens is also a debated issue. Washing with
distilled water followed by oven drying at 30 °C was used at the beginning of a national
Dutch study [26], but this practice has stopped in a later stage [27].
Another problem of utilizing lichens for monitoring air pollution may be due to stem
flow which may bring to lichens additional nutrients and/or pollutants not necessarily
associated with air pollution as depicted in Fig.1 [21]. This problem can be avoided by
employing lichens in the form of "transplantedncolonies (growing on their natural substrate
pieced or: en exposure plate - Cf. Fig.2) according to the internationally accepted, standard
method [28]. In this way, biomonitoring may be used even in areas where lichens do not
occur. Parmelia (hypogymnia) physodes is most frequently used for this purpose, but the
following species are also suitable for transplantation: Parmelia sulcata, P.caperata,
P.cortea, P.furfuracea, Xanthoria parietina, Evernia prunastri. The transplanted lichens
indicate the level of pollution within a short time (4-15 weeks).

Figure 1. Schematic illustration of fluxes in an ecosystem [21]
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Lichen colony
on a disk of
natural
substrate

Figure 2. Exposition table for lichen species [1]

7.

CONCLUSIONS

The use of biological indicators for air pollution monitoring was introduced about
30 years ago. Since then, a variety of organisms have been proposed for biomonitoring
purposes. Most of them have been enumerated in a recent book [1], however, without
their critical evaluation. The importance of particular biomonitors can be inferred from the
frequency of their use in various national and international programmes. For instance, the
following biomonitors of air pollution are being collected for the German Environmental
Specimen Bank: grass, poplar and beech leaves, spruce and pine shoots [29]. Grasses and
other herbaceous plants may be useful indicators, especially if they are grown on standard
soil in exposure containers (pots) [30]. Mosses have been very popular in both local and
long-term, large-scale studies in Nordic countries since seventies [19,31] and using these
bioindicators have also been included in the LRTAP programme [21]. In the Netherlands,
a national trace-element air pollution monitoring survey using epiphytic lichens has been
started in 1982 [24-26] and continues on international scale until now [27]. In the Dutch
studies [24-26], lichen analysis followed by a specific multivariate statistical procedure
known as " Target Transformation Factor Analysis" has successfully been employed for
apportionment of emission sources inside and outside the country. To obtain the relevant
information of this kind, multielement analysis is required. For this purpose, nuclear
analytical methods, namely instrumental neutron activation analysis, proved to be very
effective tools. On the other hand, for all the biomonitors employed, the mechanisms of
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pollutant uptake and retention are still not sufficiently known due to intricate element and
water fluxes in an ecosystem, as illustrated in Fig.1. Consequently, the quantitative
relationships between the pollutant's concentration in the monitor's tissue and its
concentration in a relevant compartment of the atmosphere are not predictable. Therefore,
without extensive calibration under all relevant conditions, the use of even of one of the
most suitable biomonitor will yield only qualitative information on atmospheric levels as a
function of time or place [ 3 2 ] .
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