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CO-ORDINATED RESEARCH PROGRAMME ON
THE USE OF NUCLEAR AND NUCLEAR-RELATED TECHNIQUES IN

THE STUDY OF ENVIRONMENTAL POLLUTION ASSOCIATED WITH
SOLID WASTES

Report on the Second Research Co-ordination Meeting
Jakarta, Indonesia, 20-24 November 1989

SUMMARY

A co-ordinated research programme on the use of nuclear and nuclear-related
techniques in the study of environmental pollution associated with solid wastes was started
by the Agency in December 1987 and now comprises twenty-three participants from twenty-
one countries. Topics of interest in this programme include studies of atmospheric aerosols,
coal fly ash, incinerator ash, sewage sludge and a variety of other environmental specimens
contaminated with solid wastes. The analytical techniques being used in this programme
include neutron activation analysis (NAA), particle induced X-ray emission (PIXE) and
energy-dispersive X-ray fluorescence (ED-XRF). This reports summarizes the discussions
that took place during ihe second research co-ordination meeting for the programme held in
Jakarta, Indonesia from 20-24 November 1989. Working papers presented by the participants
are included as annexes.

I. INTRODUCTION

Nuclear-related techniques such as neutron
activation analysis (NAA), photon activation
analysis (PAA), particle-induced X-ray emission
(PJXE), energy-dispersive X-ray fluorescence
(ED-XRF) and radioisotopes tracer methods have
important applications in the study of
environmental pollution arising from solid waste
products, and in assessing then" possible health
effects. Topics of current intérêts (on a
worldwide basis) include: environmental impact
assessment of individual pollution sources (e.g.
coal-fired power stations, mining and metal
refining industries, municipal incinerators,
sewage sludge and fertilizers); assessment of
different methods for the disposal of solid wastes;
studies of leaching of toxic elements from solid
waste depositories; identification of pollution

sources based upon the analysis of atmospheric
aerosols; studies of the long range atmospheric
transport of toxic heavy metals.

A co-ordinated research programme (CRP)
on this subject was initiated by the Agency in
December 1987. The CRP has since then
expanded to include 22 participants from 20
countries.

The first research co-ordination meeting
(RCM) for the participants in the CRP was
convened in Bled, Yugoslavia, from 3-7 October
1988. The second such RCM, which is the
subject of the present report, was held
concurrently with the Regional Seminar for Asia
and the Pacific on Nuclear Research Centres in
the Service of Environmental Research: Service-
Client-Sponsor Relationships, which was
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organized in co-operation with the National
Atomic Energy Agency of Indonesia (BATAN)
and held in Jakarta from 20-24 November 1989.
The foil programme of this Seminar is
reproduced in Annex 1 and the list of RCM
participants in Annex 2.

IL WORKINGPAPERS

Page H shows a list of the progress reports
of the CRP participants presented at the meeting.
These progress reports are reproduced in
Annexes 3-22. Also included is the progress
report of the USSR participant who, although
unabie to attend 'i.e RCM, had prepared a
working paper.

m. DISCUSSION

The following is a summary of the main
points arising out of the discussions during the
sessions.

1. Core programme

It was agreed to continue with the "core
programme" as specified in the first RCM report
(Bled, 1988), according to which "all participants
are recommended (according to their possibilities)
to include one or more of the following topics in
their research programmes: (1) aerosol
composition, including studies of samples
collected in (i) a low pollution area (rural), and
(ii) a high pollution area (e.g. city centre), (2) fly
ash composition (last stage of electrostatic
precipitator), and (3) leaching studies with fly
ash".

2. Aerosol composition studies

Recommended procedures for collecting
aerosol samples remain as stated in the first RCM

report. The only additional advice is that the
sampler should be situated so as not to be directly
influenced by traffic pollution (generally this
means that it should be no closer than about 30- '
SO metres to any main road).

Data from this study (the core programme)
should be submitted to Mr. Landsberger for
compilation and for a preliminary evaluation.
The results required are evaluated data, e.g.
median values and their 10-90 percentile ranges
during the period of study. Appropriate
descriptive data (i.e. description of the site(s),
information on relevant meteorological conditions
including temperature and barometric pressure,
dates of collection and number of samples
analysed) should also be provided. Mr.
Landsberger will later provide a more detailed
protocol for the submission of this data.
Participants should await the outcome of the first
QC exercise (see section 6.1, QC samples from
Mr. Sadasivan) before sending in their data.
Concentration data for airborne particuiate matter
should be reported as weight (fig) per ambient
m3, i.e. without normalization to standard
temperature and pressure.

The following participants are expecting to
be able to provide data of this kind: Messrs.
Bamford, Jaksic, Jervis, Khan, Kouimtzis,
Kucera, Li, Lumu, Maenhaut, Munita, Sadasivan
(for an urban high pollution area only),
Somboon, Stegnar. Tran Van, Tuncel and Wang
(see also Table 1).

3. FIv ash composition studies

Studies of the elemental composition of fly
ash collected from the last stage electrostatic
precipitator of a coal fired power station continue
to be recommended as a component of the core
programme. Similar fly ash samples should also
be used for the leaching studies specified in the
following section. Quality control should be
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applied as outlined in section 6.2. Measurements
of natural radioactivity in coal fly ash remain an
optional activity, which is not considered to be
part of the core programme.

The following participants are expecting to
be able to report data on fly ash composition at
the next RCM: Messrs. Dybczynski, Jaksic,
lervis, Khan, Kouimtzis, Kucera, L1JmU, Rausch,
Sadasivan, Somboon, Stegnar and Yatim (see also
Table 1).

4. Leaching studies

Leaching studies on local coal fly ash
samples (last stage electrostatic precipitator), and
on a control sample (see 6.2) are recommended
as part of the core programme. Two types of
leaching experiment are recommended (both of
which are to be done), as follows:

a. Column leaching The procedures
described in Mr. Dybezynski's working paper
should be used (annex 14, page 4). The
experiments should be done both with plain water
(pH 7.0) and with dilute H2SO4 (pH 2.5).

b. Batch studies A cascade shake test is
recommended of the kind described in section
2.2.4 (page 15) of the draft guidelines prepared
by Mr. Das. The Agency will check again with
Mr. Das and ask him to provide a more detailed
protocol, should he think that this is necessary.

Both kinds of experiments may be done
either with neutron irradiated material (the
activity of which may then be measured directly)
or with inactive material (which then needs a
separate analytical step, using any suitable
technique, such as NAA or AAS).

The following participants are expecting to
do work of this kind during the next year:

Messrs. Bamford (on mine tailing rather than
coal fly ash), Dybczynski, Jaksic, Jervis (also on
incinerator ash), Kouimtzis, Kucera, Rausch,
Sadasivan, Somboon, Stegnar and Yatim (see also -
Table i). The results are to be reported at the
next RCM.

Participants are also encouraged to do
additional leaching experiments on other types of
solid wastes. The techniques used need not
necessarily be the same as those just described
above.

5. Elements to be studied

The list of priority elements was extended
(as compared with the first RCM report) and now
includes the following: As, Cd, Cr, Cu, Hg, In,
Mn, Mo, Ni, Pb, Sb, Se, Sn, Tl, V and Zn.

For studies of solid wastes, attention may be
restricted to these priority elements, or even to a
smaller sub-set sf them if only a few are
considered to be of toxicological significance in
the particular study that is being carried out. For
studies of airborne paniculate matter, however,
it may be advantageous to have data for a larger
number of elements (particularly if multivariate
statistical techniques are to be used). In such
cases, as many as possible of the priority
elements should be determined together with any
other elements for which results are readily
obtainable by the analytical technique(s) being
used. Wind speed and direction should also be
recorded for use as additional statistical variables.

6. Reference materials and analytical quality
control

All participants accepted the need for
analytical quality control and agreed to continue
giving high priority to this topic. In future, all
progress reports and working papers submitted to
the Agency should contain a section on analytical
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quality control.

6.1. Aerosol composition studies

None of the existing QC materials available
from national and international suppliers (e.g.
NIST and BCR) is completely suitable for use in
this CRP. Accordingly, it was agreed to focus
attention on some "special" QC samples as
follows. [All of them are to be regarded as
"blind" samples, i.e. no information is provided
on the expected elemental concentrations.]

OC samples from Mr. Sadasivan (India)
These are two samples of Bombay airborne
paniculate matter which have been collected on
Whatman 41 filters, and sealed in a polyethylene
envelope together with a blank filter. These
samples (which were distributed to interested
participants during the meeting) are mainly
intended for study by NAA, but can also be
analysed by XRF and PDfE. [For NAA it is
recommended to analyse them without removing
them from their polyethylene envelopes.]

The following participants agreed to analyse
these samples: Messrs. Bamford, Jaksic, Jervis,
Khan, Kouimtzis, Kucera, Lumu, Maenhaut,
Munita, Rausch, Sadasivan, Somboon, Stegnar,
Tran Van, Tuncel, and Yatim (see also Table 1).
The results are to be sent to Mr. Sadasivan as
soon as possible, but in any case by 31 May
1990. Mr. Sadasivan will evaluate the data and
prepare a short report.

OC samples from Mr. Landsberger (USA)
Mr. Landsberger can provide QC samples that
are almost identical to "real" samples of airborne
paniculate matter on filter material. They are
made by suspending a suitable certified reference
material (e.g. Canadian reference soil, SO-I) in
a special chamber and then depositing the
material onto a suitable filter (e.g. Nuclepore or
Teflon). Separate QC samples can be made

comprising a fine fraction ( < 2 . 5 /on) and a
coarse fraction (2.5 - 10 ftm). They are suitable
for analysis by all the nuclear-related analytical
techniques that are being used in this CRP (NAA,
XRF and PlXE).

It was agreed that such samples would be
very useful for quality control in this CRP. The
Agency was therefore asked to make
arrangements with Mr. Landsbetger for preparing
and distributing a set of samples to each
participant who requested them.

There was some discussion about the most
suitable starting material to use for preparing
these samples. Although the Canadian reference
soil sample mentioned above would be suitable,
there may be better materials (e.g. from BCR,
Belgium or NIES, Japan). Mr. Landsberger will
investigate the situation further before reaching a
final decision.

The following participants agreed to analyse
these samples as soon as they become available:
Messrs. Bamford, Jaksic, Jervis, Khan,
Kouimtzis, Kucera, Li, Lumu, Maenhaut,
Munita, Rausch, Sadasivan, Somboon, Stegnar,
Tran Van, Tuncel, Wang and Yatim (see also
Table 1). The results are to be sent to Mr.
Landsberger as soon as possible, but in any case
within 6 months of receiving the samples. Mr.
Landsberger will evaluate the data and prepare a
short report.

6.2. Fly ash composition and leaching
studies

For fly ash composition studies, the Agency
will send to each participant a vial of
Czechoslovakian fly ash reference material (EOP
or ENO), together with a copy of the relevant
certificate of analysis. This material should be
used to validate the analytical methods being
used. Results should be reported at the



RCM, Jakarta, November 1989 Page 5

next RCM.

As a control sample for leaching studies on
coal fly ash (see section 4), the same techniques
should be applied to a sample of Czechoslovakian
fly ash reference material ECH, which will be
provided by the Agency. Results should be
reported at the next RCM.

7. Information exchange

It was agreed that information exchange is
an important component of this CRP. For its
part, Ae Agency will continue to provide copies
of relevant abstracts selected from the INIS
database, and other information that may be of
interest.

Participants will also contribute to the
process of information exchange by providing
copies of any relevant papers that they publish.
Contrary to the practice followed up to now,
these reprints should henceforth be sent directiv
to all the other CRP participants and not just to
the Agency alone.

A bibliography of such publications will be
compiled by the Agency. The list should be
restricted to papers published by participants in
this CRP since the beginning of 1987 (which is
the year when the CRP started). Contributions
should be prepared according to the format
proposed by the Agency (please refer to the
information on this that was distributed during
the RCM). These contributions are requested on
floppy disks or by electronic mail, and, if
possible, they should be sent to the Agency by 31
March 1990.

8. Work plans for the next year

Table 1 summarizes the contributions that
participants are expecting to make during the next
year to the core programme (aerosol and fly ash

composition, leaching studies) and analytical
quality control exercises. The following
additional work is also foreseen during this
period.

Bamford: Continuation of studies of the impact
of gold mining on the environment including
analyses of air pollutants, river sediment, fauna
and flora from gold mining areas, and leaching
studies on mine tailings.

Dybczynski Continuation of NAA studies on the
trace element composition of fly ashes from
Polish coals; leaching studies on fly ash using
other (than previously) solutions simulating acid
rain, i.e. HNO3 and HNO3/HjSO4; final
evaluation of the results of the intercomparison
on Polish fine fly ash.

Jaksic: Final evaluation of the environmental
impact of a coal fired power station;
measurements of emitted radioactivity (from the
high uranium content of the coal); farther
research on bio-indicators of pollution.

Jetvis: Continued studies of the environmental
impact of incinerators; use of dichotomous filter
samplers near incinerators to clearly establish a
"chemical factor" grouping of trace elements;
comparison of CMB and principal components
analysis applied to the same data sets; leaching
studies on incinerator ash (mainly by the EPA-
recommended procedure); consideration of the
particular toxicity of Cd and Al from such
environmental sources; studies of the
solubilization of airborne paniculate matter by
atmospheric acidic components acting either in
the atmosphere and/or on filters.

Khan: Generation of baseline data for
Bangladesh on heavy element levels in airborne
paniculate matter and effluents from various
industries; the techniques to be used include
PIXE, XRF, ET-AAS, DPASV and NAA; target
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industries for study include the paper and
chemical industries, power plants and steel mills.

Kouimtzis: Continuation of the study of toxic
elements in airborne paniculate matter collected ̂
in urban and rural areas; interpretation of the
results in relation to other pollution parameters
(SO2, CO, etc.) and meteorological data.

Kucera: Continuation of the determination of
toxic and other elements in industrially
contaminated soils, sewage sludges and coal fly
ash using NAÀ and AAS; leaching studies on the
same kinds of samples; collection and analysis of
airborne paniculate matter (mainly by NAA) with
special reference to areas of low pollution.

Li: Continuation of PDOE analyses of airborne
paniculate matter collected from high pollution
areas (smeltery working places and the centre of
Shanghai City) and low pollution areas; study of
trace elements in hair and blood samples
collected from people exposed to high levels of
atmospheric contamination.

Lumu: Extension of the present study to
additional sites in Kinshasa and Lubumbashi (a
mining region); panicle size fractionation studies
using a stacked cascade impactor; multivariate
statistical evaluation of the data (including data
on wind speed and direction).

Maenhaut: Continuation of the sampling of
airborne paniculate matter in Kinshasa and
analysis by PIXE (in Gent) and NAA (mainly in
Kinshasa, but to some extent also in Gent); the
total aerosol sampling will be complemented by
the use of stacked filter units and a cascade
impactor; the data sets obtained will be used to
obtain information on the spatial variability of the
levels of potentially toxic elements and to
examine the aerosol sources and source processes
in Kinshasa more closely.

Munita: Continuation of the study of airborne
paniculate matter collected in Sao Paulo (using
INAA); characterization of the sources using
factor analysis.

Rausch: Continuation of the study of differences
in the composition of fly ash paniculate matter in
relation to the panicle size; verification that the
increased toxicity of the finer fly ash fraction is
the result of a sorption process between the
vaporized toxic compounds and the fly ash
participates in the hot flue gas.

Sadasivan: Continuation of the ED-XRF analysis
of fresh coal, bottom ash and fly ash samples;
identification of crystalline matter in fly ash and
leaching studies to estimate the total amounts of
toxic elements leached into ground water;
collection and analysis of airborne paniculate
matter and dry deposition at a thermal power
station and comparison with theoretical models.

Somboon: Continuation of the study of fly ash
composition and of the leaching of toxic elements
from fly ash into ground water; monitoring of
toxic elements in water (surface, rain and ground
water) and sediment samples collected in the
vicinity of a coal-fired power station.

Stegnar: Continuation of the study of airborne
paniculate matter originating from lignite and
coal fly ash deposits and from the stacks of coal
fired power plants; further work on the K0

standardization method for NAA, and its
application to the study of environmental
pollution; further work on the composition of fly
ash.

Tran Van: Further validation of the analytical
techniques (INAA and RNAA) using reference
materials; collection of airborne paniculate matter
samples in Ho Chi Minn City and Da Lat and
their subsequent analysis; pilot studies on bio-
indicators of environmental pollution.
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Tuncel: Continuation of the study of industrial
and other sources contributing to airborne
paniculate matter in Ankara with emphasis on
completing the analyses (by INAA and possibly
by XREO and evaluation of the data (by factor
analysis and chemical mass balance calculations).

Wans: Continuation of the study of airborne
paniculate matter collected in the vicinities of a
zinc smelter and of a coal fired power station,
using PIXE; improvement in sample collection
procedures using a streaker.

Yatim: Continuation of the study of toxic
elements and natural radioactivity in coal,
including leaching studies and analyses of
environmental samples collected in the vicinity of
the coal waste disposal area.

9. Next meeting

The next Research Co-ordination Meeting
(RCM) is planned to be held during 1991. AU
contracts that are due to expire shortly before that

date will automatically be extended (at no extra
cost to the Agency). No decision has yet been
taken on the exact timing or place of the meeting.
However, various options were discussed, and it
was agreed that it would be beneficial to try to
combine the RCM with an international
symposium on a relevant topic. All participants
would be willing to meet for RCM sessions
during the weekend prior to the symposium, if
that would facilitate Ae arrangements.
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Table 1: Participation in the core programme and in analytical quality control exercises during the next
year ( + means yes; blank means no)

Participant

Bamford
Dybczynski
Jaksic
Jervis
Khan
Kouimtzis
Kucera
Li
Lumu
Maenhaut
Munita
Rausch
Sadasivan
Somboon
Stegnar
TranVan
Tuncel
Wang
Yatim

Core programme Analytical Quality Control
APM1 Fly Astf Leaching3 Sadasivan* Landsberper5

1. Study of airborne particulate matter collected in low (rural) and high (e.g. city centre) pollution areas
in the participant's country.

2 . Study of fly ash composition from a local coal-fired power station (collected from the last stage
electrostatic precipitator).

3 . Leaching studies on fly ash from a local coal-fired power station (collected from the last stage
electrostatic precipitator).

4 . Analytical quality control of air filter samples: 2 samples and one blank provided by Mr. Sadasivan.

5. Analytical quality control of air filter samples: 2 samples and one blank to be provided by Mr.
Landsbcrger (expected to become available during the first half of 1990).
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SEMINAR PROGRAMME

MONDAY, 20 NOVEMBER 1989, MORNING SESSION

08:30 - 09:00 REGISTRATION

09:00 - 09:30 OPENING

Mr. Djali Ahimsa
Director General, BATAN

Mr. R.M. Parr, IAEA

Mr. Nabiel Makarim
Deputy Minister for Environment and Population Affairs

09:30-09:50 COFFEE BREAK

09:50 - 12:05 FIRST TECHNICAL SESSION

Chairman: S. Yatim, Indonesia

General environmental applications and techniques

09:50 - 10:35 Analytical requirements of current environmental studies and the complementary
use of nuclear and non-nuclear methods
P..E. Jervis, Canada

10:35 - 10:55 Application of nuclear techniques in environmental research and monitoring
programmes in Indonesia
H. Thayib, Indonesia

10:55 - 11:15 Application of nuclear techniques in agro-environmental science and protection in
China
Sun Laiyan, China

11:15 -11:45 Application of nuclear techniques to the study of pollutant processes and
fundamental environmental mechanisms in Australia
D.R. Davy, Australia

11:45 - 12:05 Environmental research and monitoring programmes at the Office of Atomic
Energy for Peace, Thailand
P. Yamkate, Thailand

Presentations relating directly to the subject of the RCM are indicated by an asterisk
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MONDAY, 20 NOVEMBER 1989, AFTERNOON SESSION

Chairman: M. de Bruin, The Netherlands

13:30 - 15:30 Air pollution studies - 1

13:30 - 14:10 * Analytical chemistry at the Institute for Nuclear Sciences of the University of
Gent, Belgium. Selected examples of applications of nuclear and nuclear-related
analytical techniques to atmospheric aerosol research
W. Maenhaut, Belgium

14:10 - 14:30 * Application of nuclear analysis techniques in the study of environmental pollution
in the vicinity of Shanghai
Li Minqian, China

14:30 - 14:50 * Toxic elements in air participate matter in the area of Thesssloniki, Greece
T. Kouimtzis, Greece

14:50 - 15:10 * Application of NAA to the study of trace elements in environmental aerosol
samples in Sao Paulo, Brazil
C. Sepulveda Munita, Brazil

15:10 - 15:30 * Elemental characterisation of atmospheric aerosols in Bombay, India, by INAA
and EDXRF
S. Sadasivan, India

REFRESHMENTS

16:00 - 18:00 Research Co-ordination Meeting OElCM)

General discussions

TUESDAY, 21 NOVEMBER 1989, MORNING SESSION

Chairman: P. Stegnar, Yugoslavia

08:30 - 12:00 Food and drinking water

08:30 - 08:50 Neutron activation analysis of toxic elements in meat and farinaceous food in
Argentina
S.M. Resnizky, Argentina

08:50 - 09:10 Application of neutron activation analysis and inductively coupled plasma mass
spectrometry to the determination of toxic and essential elements in Australian
foods
JJ. Fardy, Australia

Presentations relating directly to the subject of the RCM are indicated by an asterisk
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09:10 - 09:30 Application of neutron activation analysis to the monitoring of trace elements in
Brazilian foodstuffs
M.B.A. Vasconcellos, Brazil

09:30 - 09:50 Application of nuclear techniques for determining toxic elements in Chinese
foodstuffs
Sun Laiyan, China

09:50 - 10:10 Determination of toxic elements in foodstuffs from local markets in Jakarta
S. Surtipanti, Indonesia

10:10 - 10:30 Toxic and trace elements in foodstuffs in Japan (3)
Y. Muramatsu, Japan

REFRESHMENTS

11:00 - 11:20 Applicationof NAA to the determination of toxic elements in Malaysian foodstuffs
Z. Hamzah, Malaysia

11:20- 11:40 Application of NAA to the determination of toxic elements in Pakistani foodstuffs
I.H Qureshi, Pakistan (presented by Ms. F. Ismat)

11:40 - 12:00 Analysis for toxic elements in food and drinking water by means of neutron
activation analysis
M. Punnachaiya, Thailand

TUESDAY, 21 NOVEMBER 1989, AFTERNOON SESSION

Chairman: J. Kucera, Czechoslovakia

13:30 - 15:30 Solid wastes - 1

13:30 -14:10 * Leaching of industrial solid waste with special reference to the use of
radioanalytical techniques
H.A. Das, The Netherlands

14:10 - 14:30 * Potentialities in multielement analysis of fly ash by NAA
H. Rausch, Hungary

14:30 - 14:50 * The use of neutron activation analysis for the study of environmental risks
associated with the fly ash from burning Polish coals
R. Dybczynski, Poland

14:50 - 15:10 * Environmental impact assessment of coal-fired thermal power stations
S. Sadasivan, India

Presentations relating directly to the subject of the RCM are indicated by an asterisk
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15:10 - 15:30 * The environmental implications of lignite ash on water qualities
W. Somboon, Thailand

REFRESHMENTS

16:00 -18:00 Research Co-ordination Meeting (RCM)

WEDNESDAY, 22 NOVEMBER 1989

Scientific visit to the Nuclear Research Centre at Seroor.g

THURSDAY, 23 NOVEMBER 1989, MORNING SESSION

Chairman: R. Dybczynski, Poland

08:30 - 12:00 Air pollution studies - 2

08:30 - 09:15 * Sampling and analytical methodologies for instrumental neutron activation analysis
of airborne paniculate matter
S. Landsberger, USA

09:15 - 09:35 * Trace element concentrations in atmospheric aerosols in the vicinity of Beijing,
China
Wang Xinfii, China

09:35 - 09:55 * Determination of atmospheric trace elements in Ankara, Turkey, by INAA; an
application of receptor modelling
Q. Tuncel, Turkey

09:55 - 10:15 * Environmental pollution studies in Vietnam based on analysis of atmospheric
aerosols and sediments by NAA and AAS
Tran Van Luyen, Vietnam

REFRESHMENTS

10:45 - 11:05 * Study of the atmospheric aerosol composition in Zaire using nuclear and nuclear-
related techniques
W. Maenhaut, Belgium

11:05 - 11:20 * The study of atmospheric aerosols in Zaire by nuclear analytical techniques
B.M. Lumu, Zaire

Presentations relating directly to the subjea of the RCM are indicated by an asterisk
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Solid wastes - 2

11:20 -11:40 * Chemical factor patterns and teachability of incinerator and industrial stack solids
R.E. Jervis, Canada

11:40 -12:00 * Appli(ationofX-rayemissionspectroscopymevaluatingtheenvironmentalimpact
of a coal burning power plant
M. Jaksic, Yugoslavia

THURSDAY, 23 NOVEMBER 1989, AFTERNOON SESSION

Chairman: R.E. Jervis, Canada

13:30 - 15:30 PANEL DISCUSSION

"Nuclear research centres in the service of environmental research and monitoring;
service-client-sponsor relationships".

Panel members: H. A. Das (Netherlands), M. de Bruin (Netherlands), R.E. Jervis
(Canada), S. Landsberger (USA), W. Maenhaut (Belgium), B. Santoso (Indonesia)

REFRESHMENTS

16:00 - 18:00 Research Co-ordination Meeting (RCM)

FRIDAY, 24 NOVEMBER 1989, MORNING SESSION

Chairman: S. Landsberger, USA

08:30 - 11:30 Biological and miscellaneous studies

08:30 - 09:15 The use of biological monitors for heavy metal air pollution
M. de Bruin, The Netherlands

09:15 - 09:35 Biological monitoring of mercury and its speciation in indicator tissues
P. Stegnar, Yugoslavia

09:35 - 09:55 PIXE analysis of fetal tissues in relation to environmental conditions
Li Minqian, China

09:55 - 10:15 Speciation of arsenic in water samples
H.A. Das, The Netherlands

Presentations relating directly to the subject of the RCM are indicated by an asterisk
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REFRESHMENTS

10:40 -11:10 NAA and/or ICP-MS for the determination of trace elements in biological
materials?
J.J. Fardy, Australia

11:10 -11:30 Removal of radioiodine and other radionuclides from vegetables, rice and milk
Y. Muramatsu, Japan

FRIDAY, 24 NOVEMBER 1989, AFTERNOON SESSION

Chairman: J. Fardy, Australia

14:00-16:00 Solid wastes - 3

14:00 - 14:20 * Use of nuclear techniques to assess the environmental impact of toxic elements
leached from the ash disposal area of a coal-fired power plant
S. Yatim, Indonesia

14:20 - 14:40 * Neutron activation studies of toxic and other elements in Czechoslovakian solid
waste products
J. Kucera, Czechoslovakia

14:40 - 15:00 * Study of the behaviour and distribution of toxic elements in fly ash particulates
H. Rausch, Hungary

15:00 - 15:20 * Some NAA studies of solid wastes and other environmental materials in Slovenia,
Yugoslavia
P. Stegnar, Yugoslavia

15:20 - 15:40 * Assessment of heavy metal pollution in Ghana by nuclear-related techniques
C. Biney, Ghana

15:40 - 16:00 * Monitoring of heavy metals from industrial emissions and effluents
A.H. Khan, Bangladesh

CLOSING OF THE SEMINAR

REFRESHMENTS

16:30 - 18:00 Research Co-ordination Meeting (RCM)

CLOSING OF THE RESEARCH CO-ORDINATION MEETING

* Presenutions relating directly to the subject of the RCM are indicated by an asterisk
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MONITORING OF HEAVY POLLUTANTS FROM INDUSTRIAL
EMISSIONS AND EFFLUENTS

A.E. Khan*
Trace Analysis Laboratory
Chemistry Division
Atomic Energy Centre
P.O. Box 164
Dhaka, Bangladesh

'Chief scientific Investigator

ABSTRACT

Experimental facilities of internal beam PIXB, tube-excited ED-XRF,
NAA, electrothermal AAS and DPASV have been established. The
development of analytical procedures baaed on these principles is in
progress for multielement trace analysis in different matrices
including solid and liquid wastes. An intercomparison study of trace
and minor element analysis in IAEA Soil and lake sediment standards was
performed with source-excited ED-XRF method and good agreements were
observed. Using the existing standard analytical techniques of
source-excited ED-XRF and flame AAS, 34 effluent samples from paper,
tannery and fertilizer industries were analyzed for about 15 elements
with Z > 19 to obtain baseline information. Future studies will be
directed to industrial emissions and effluents from fertilizer
factories, paper mills, chemical industries, power plants and steel
mills.

1. INXRODUCXIOH

The pollution cf the living
environment with increasing release
and dispersion of heavy metals and
other toxic chemicals and pathogenic
substances is a serious human concern
of the present time because of their
deleterious effects on human and
other living species. To assess the
impact of these toxic substances on
human health and to introduce
legislative controls on their release
into the different environmental
compartments (soil, water, air) it is
necessary as a primary step to make
an accurate inventory of different
pollutants from different
anthropogenic sources.

In view of the above, the
Bangladesh Atomic Energy Commission
(BAEC) has initiated a programme on
the monitoring of different groups of
chemical pollutants in the living
environment originating from
different sources and for this

purpose, a Trace Analytical
Laboratory with assistance from the
IAEA has been recently setup. The
laboratory is engaged to develop a
comprehensive research programme on
the analysis of air particulates,
soil, drinking water, surface water,
food items, biological specimens,
industrial effluents, etc. for both
inorganic and organic contaminants so
that an accurate database can be
generated in the country for
environmental impact assessment. Such
information are always needed to
advise the Govt. on different
environmental issues.

Under the framework of the
current Coordinated Research
Programme (CRP) of the IAEA on the
"Use of Nuclear and Nuclear-related
Techniques in the Study of
Environmental Pollution associated
with Solid Wastes", the purpose of
the present research is to develop
competent analytical capabilities and
to use them for monitoring of heavy
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metals (HM) from industrial emissions
and effluents. The global Concern in
such inventory studies [1] of HH is
due to the fact that these metals
ultimately reach the human body
through the food chain and beyond
certain limits, they entail health
risks for all generations.

' The Department of Environment is
collaborating in effluent sampling
through its field stations. The
University students are admitted for
their M.Sc. research in Analytical
and Environmental Chemistry. The
laboratories are now equipped with
both nuclear and chemical research
facilities for a wide range of
chemical analysis of inorganic and
organic substances.

This report covers some if the
laboratory developments and field
works relevant to the present CRP,
completed during the last one year
and an outline of the future plan of
work under the scope this CRP.

2. EXPERIMENTAL DEVELOPMENTS

Several experimental development
programmes were completed to upgrade
the overall analytical capability for
trace element analysis with technical
assistance from the IAEA as well as
special financial grants from the
BAEC. These include the following:

Incorporation of vacuum chamber
in the PIXE analytical system was
completed to facilitate the
internal beam measurements,
particularly for light elements
such as Al, Si, S, etc. and it
retains the original external
beam facility which can now be
used both for PIXE and PIGE
analyses. The overall setup is
illustrated in Fig. 1. The
chamber was designed and
constructed by the Nuclear
Research Centre, Debrecen,
Hungary. Thirteen targets either
thin or thick can be incorporated
into the chamber at a time and it
has an electron gun provision for
spraying non-conducting targets.

Both in-vacuum and out-vacuum
provisions are present to put the
X-ray detector" 90" with respect to
the beam. Some of its analytical
characteristics for thick and
thin target analysis are
demonstrated in Figs. 2-3.

The developmental work based on
the Tube-excited X-ray~
fluorescence spectrometer was
completed where - primarily the
fundamental parameter approach
was worked out for different
types of samples including
biological materials. All data
reduction procedures are done by
using the QXAS software provided
by the IAEA. The original
software for this quantitative
X-ray analysis system is the AXIL
programme, developed in Belgium.
The generator has a Mo X-ray tube
with secondary fluorescer
systems; 55 kv and 30 mA
capacities.

For high sensitivity analytical
work, particularly for refractory
elements such as Co, Cr, Ni, Mo,
etc. an electrothermal atomizer,
HGA 400 (Perkin-Elmer), has been
installed in the existing atomic
absorption spectrophotometer, PE
AAS 560.

A high resolution gamma
spectrometer based on - an
Intertechnique.. HPGe detector
having the resolution of 1.89 keV
at 1.33 MeV and 18% efficiency,
with proper shielding, has been
setup for NAA and PIGE work. The
software SPAN provided by the
Agency for gamma spectral
analysis has been installed in
the DEC 380 Professional Computer
with P/OS version 3.2.

A d i f f e r e n t i a l p u l s e
polarographic analyzer, PAR Model
174A with the PAR SMDE 303 with
the provision of differential
pulse stripping analysis has been
setup. The electroanalytical
system would satisfy the need for
chemical speciation studies as
well as highly sensitive analysis
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of electroactive species such as
Pb, Cd, Cu, Zn, etc. An
illustration of Pb and Cd
analysis in water at ppb level is
shown in Figs. 4 and 5, using the
methodology of differential pulse
anodic stripping voltammetry
(DPASV). The system has further
been standardized by analyzing
these elements in biological
specimens.

3 . AIIAIIYXICAI 1 MEASUREMENTS

During the last one year, the
accelerator facilities were mostly
under overhauling conditions. As a
result, whatever beam time was
available was used for PIXE
developmental work as mentioned
before. The measurement strategy was,
therefore redefined for industrial
effluent analysis only, using
source-excited X-ray fluorescence and
flame a t o m i c a b s o r p t i o n
spectrophotometric methods. The NAA
programme is in the early stage of
planning. Ai i—sampling and PIXE
measurements have just started. The
results presented here are from
effluent analysis only.

3.1. X—ray fluorescence analysis

3.1.1 Sampling and sample preparation

Industrial effluents were
collected from different industries
located in different parts of the
country. Sample volumes were mostly
in the range of one litre collected
from the effluent drainage point in
each industry. The sample containers
were surface conditioned (HNO, + H2O2)
polyethylene bottles. At the time of
collection, each sample was acidified
with 1.5 ml of cone. HNO3 (Suprapure)
per litre. Samples were stored in the
laboratory at 40G until further
processing. The storage time did not
exceed one week.

Different effluent samples
contained different amounts of
suspensions. They were so processed
whole without phase separation. For
X-ray analysis, 250 ml portions of
the homogeneous sample obtained after

vigorous shaking was evaporated in a
pyrex beaker to a small volume (20
ml), which was then transferred to a
porcelain crucible and to
this,portion, a small amount of
cellulose powder (150-200 mg)
(Whatman, Chromatographic) was added.

The whole mixture after
completely drying on water bath, was
finally dried under infrared lamp for
about 5 hours. The residue thus
obtained was further homogenized in
an agate mortar. From the powdered
material, 100 mg pellets with 1 cm
diameter and 1 mm thickness were made
with a perspex pellet maker for x—ray
excitation and they were preserved in
a clean desiccator. Standards with
the same cellulose powder after
doping with the elementr of interest
were prepared following the
procedures reported elsewhere [2].
The cellulose blank pellets were
prepared in the same way.

3.1.2 Method of analysis and data
processing

In XRF analysis, a 20 mci lO9Cd
annular X-ray source with close
sample-source-detector geometry was
used for characteristic X-ray
excitation under open atmosphere
conditions. The excitation time was
2000 s. The characteristic X-rays
were detected with a 30 mm Si(Li)
(Ortec) detector with the resolution
of -170 ev at 5.9 keV. An X-ray
spectrum obtained under these
conditions is shown in Fig.6. The
data collection and processing were
done with a Canberra Sr-35 Plus MCA
and a DEC 380 PC with P7OS 3.2
operating system. All spectral
analyses were done with the AXIL
software (QXAS). All concentrations
were calculated by comparison with
the standard with cellulose matrix
after blank correction.

3 .2 Atomic Absorption
spectrophotometric analysis

3.2.1 Sample preparation

In acomic a b s o r p t i o n
spectrophotometric measurement, only
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Cd was analyzed after solvent
extraction separation of the elements
from the effluent samples.

A sample volume of 500 ml without
any suspension was used for each
solvent extraction separation
following the procedure reported
earlier [3J. Briefly, the extraction
was carried out at pH 10.5 with
chloroform after complexing the
element of interest with DDTC. Prior
to chloroform extraction, 2.5 g
tartaric acid was added to the sample
to suppress interference from other
elements. The chloroform extract of
the sample was destroyed with HClO4
and the final residue was taken up
with water and a few drops of HCl and
made up to 10 ml for AAS measurement
with a Ferkin-Elmer 560 AAS. A single
element hollow cathode lamp of Cd was
used as the light source.
Spectroscopically pure cadmium
standard (Johnson-Matthey) was used
for concentration calibration.

4. RESULTS AND DISCUSSION

The field sampling schedule for
effluents was started from September,
1988 and up to August 1989, 34
samples were analyzed. Three
categories of industries such as News
Print and White Print Paper Mills,
Tannery and Urea Fertilizer
Industries located in different parts
of Bangladesh. Up to the maximum of
16 elements were analyzed in
different samples.

As mentioned before, except Cd,
all the elements were analyzed by
source-excited XRF method using a -20
mCi Cd annular X—ray source. For a
2000 s period of excitation the
detection limit of the method in
cellulose matrix for different
elements was determined. The results
are given in Table 1. Table 2
contains the analytical results for
different effluents originating from
different industries. Some aspects of
these results are discussed below.

4.1 Concentration calibration

In the X-ray analysis, a
cellulose matrix doped with different
elements was used as the calibration
standard. The use of a cellulose
matrix Btandard for effluent residue
analysis was justified on the ground
that such residues mostly contain
carbonates, bicarbonates, organic
matters, etc. Since these
constituents largely represent a
light element matrix like cellulose
having H, C and O, the systematic
deviation in the results due to
matrix variability is estimated to be
not more than 10%.

4.2 Minimum detection limit (HDL) in
cellulose matrix

The minimum detection limit of
the method was determined for an
excitation period of 2000 S. The HDL
is defined here as the amount of an
element in ppm which will yield an X-
ray intensity equal to 3 of the
background under the peak in an
interval equal to the FWHM of the
peak. The results in Table 1 are
given for the cellulose matrix. For
the samples (Table 2), the results
are expressed in ug/ml and these are
obtained by multiplying with a
conversion factor for the residue
obtained per unit volume of the
effluent.

Under the conditions of X-ray
excitation as discussed above, about
15 elements were found in different
samples above the detection limit of
the method.

4.3 Trace element composition of
effluents

News Print Paper Mills: Seven
samplings were done in the Khulna
News Print Mills during September
1988 to August 1989. No Cr was
detected in any of the samples while
the Fe content was in the range of
2.10 to 16.7 ug/ml.

Except one sample. As was
observed in all the samples with the
range 0.04-0.85 ug/ml; Mo was
measured in two Bamples but the
variation in the contents was very
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high (0.02 ± 0.01 and 1.02 ug/ml).
Lead was found only in one sample
with the content of 1.04 ± 0.03 ppm.
The lead content in pure water is
from trace to about 30 ug/L and in
polluted water, it is of the order of
500 ppb. Compared to these levels of
Pb in waters, the level of about 1000
ppb in one sample appears to be high
before dispersion, particularly when
other samples did not contain Pb.

All the samples except one
contained Cd in the range of 0.05 to
4.25 ppb. In a recent study [4] for
Cd in surface waters around the Dhaka
city, the range was found to be
1.03-1.55 ppb in 25 samples. The
permissible level of Cd in drinking
water is 10 ppb.

White Print Mills Ï in the White
Print Paper Hills out of six samples,
one contained 2.20 ± 0.04 ppm of Cr;
Ho was observed in 2 samples (0.02
and 0.04 ppm). The content of Fe had
almost similar range (0.10-35.3 ppm)
as in the case of Hews Print Paper
Hills. The As range in this case was
found to be lower (0.03-0.07 ppm) in
3 samples. The Ca content in both the
groups of effluents were similar,
10.4-34.3 ppm for News Prints and
8.00-35.6 ppm for White Prints.

The Cd level in all the samples
was significantly lower (0.40-0.63
ppb) than what was observed in the
New Print Paper Mills (0.05-4.25
ppb). Lead was found in 2 samples
with the content of 0.80 and 0.03
ppm. Compared to these findings, the
heavy metal loads in the effluents
from the White Print Paper Mills in
Chittagong were much lees for all the
elements measured (Table 2).

4.3.1 Tannery effluents

During the last one year, 8
samples of tannery effluents were
analyzed for trace metals. In
contrast to all other effluents,
these samples, with the exception of
two, contained Cr in the range of
1-03 to 80.0 ppm. From the wide
variation of Cr contents in these
effluents, it can be noted that it is

perhaps possible to control the
discharge level within the same
system of leather processing. The
range of toxic elements such as As
(0.02-0.33 ppm), Cd (0.77, 1.60 ppb)
and Pb (0.05, 0.35 ppm) was
relatively lower. Manganese and Iron
were found in all the 8 samples with
the range of 0.06-3.00 ppm and 0.22-
22.7 ppm respectively. All these
effluents except one contained Cu
with the range of 0.09-0.25 ppm. This
is comparable with those in the paper
mills.

4.3.2 Urea fertilizer

In total 9 samples were analyzed
from urea fertilizer industries, 3 in
Ghorshal and 6 in Ashuganj. In these
results, it is interesting to note
that 2 samples from Ashuganj
contained unusually high levels of K,
Ca, Cr. Mn, Fe and Ni compared to
other samples from this group of
industries. The reason for this large
deviation could be due to defectB in
the manufacturing process or in the
control mechanism of the effluent
discharge. It is interesting to note
higher contents of Ti (21.5 and 2.00
ppm) in the same samples. The As
level in these effluents has the
range of 0.02 to 1.83 ppm. This is
due to the fact that these industries
do not use As for CO2 removal. The
highest content of 1.83 ppm of As was
observed in one sample from Ghorshal
collected in August 1989.
incidentally, the sample contained
much higher level of all the other
elements measured (K, Ca, Mn, Fe, Cu,
Zn, Cd and Pb) compared to other
samples. In view of the fact that
urea industries at Ghorshal use As
(III) and As (V) in solution for C02
removal, the discharge level of this
element may be significantly higher.
The Pb and Cd levels were, however,
lower in these effluents.

Further studies on effluents for
heavy metals would continue including
more industries as outlined later.
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5. Quality Control in Analysis

Two standard analytical
procedures, XRF and AAS, were used in
this study. The drying of waste water
on cellulose either by freeze drying
[4] or evaporation [2] for XRF,
measurement has the advantage that
the matrix itself adsorbs the
elements on the surface thereby
suppressing the adsorption on the
surface of the evaporating dish. The
recovery of this process was studied
by using 90Sr radiotracer and it was
found to be 96%. The mortar and the
cellulose blanks were separately
measured for appropriate corrections
and these did not exceed 5% of the
measured values. As the XRF
measurements were under open
conditions, the air blank for 2000 s
of excitation was measured and it was
found negligible.

For overlapping peaks, the
correction due to the contribution of
a particular K0 line to the Ka line of
the next higher element was made from
the Ka/Ko ratios measured separately
in cellulose matrix for each element
of interest. In the case of As and Pb
measurements, both having 10.54 keV
X-ray lines, the presence of Pb was
ascertained by the PbL4 line without
any interference from SeK0 as this
element was absent in all the
measurements.

Cadmium was analyzed in the
effluents by flame AAS after solvent
extraction of the element in aqueous
media into chloroform. The detection
limit of this procedure was 1.00 ug/L
of the effluent with respect to 3 of
the blank prepared under similar
conditions. The recovery of the
procedure was studied in presence of
diverse ions for natural water [5]
and it was found to be 95-96%.

Two procedures were tested in
this analysis: (i) complete
destruction of suspended matter with
acids, if there is any and (ii) after
separation of any suspended matter
and then solvent extraction. Results
from these two procedures did not

vary more than 6%. In all subsequent
analyses, the solvent extraction
procedure was followed. A radiotracer
study using 109Cd is necessary to check
the procedure for practical samples.
IntercalibrationB of different
procedures such as PIXE, XRF and AAS
are established in this laboratory
and the scatters are observed within
8-10%.

6. INTERCOMPARISON STUDIES

Recently, this laboratory
participated in an Intercomparison
Study Programme of the IAEA under the
project TC INT/1/039 on Nuclear
Measurement Techniques. In this
programme, the accuracy of the
source-excited XRF method was studied
by analyzing IAEA standards of soil
and sediment. The concentration
calibration was performed using the
US geological standards AGV-I, GSP-I
and IAEA reference SD-N-1/2. The
results of the sediment analysis for
an excitation period of 3000 s are
shown in Table 3 along with the
reference values. The results were
verified by analyzing some of the
elements (Mn, Cu, Zn and Pb) by AAS.
Good agreements between the two sets
of the results were obtained.

The general agreements between
the IAEA and this laboratory results
would illustrate the degree of
accuracy obtainable from the
methodologies applied in the present
investigation.

7. FUTURE PLAN OF HORK

Under the scope of the CRP, the
following work plan is expected to be
implemented in the coming year for
different target industries:

— Both aerosols and effluents from
target industries will be
sampled. In the aerosol sampling,
both size-fractionation and total
aerosols procedures will be
followed.

— Four sampling schedules are
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planned for the year.

— The neutron activation analysis
method would be developed to the
extent required.

- In specific cases '.: of analysis
such as S, Cr, Ni, Se, Cd, Fb,
Hg, etc. specific methodologies
would be applied. For example, Pb
and Cd by AAS and differential
pulse stripping analysis (DPSA),
for S and Se, PIXE and DPSA, and
for Hg, HAA are planned. Both
PIXE . and XRF methods would be
applied in all cases of analyses.
Nickel and Cr would be analyzed
by the electrothermal AAS method.

The target industries would be:
chemical industries, steel mills,
pulp and paper industries, power
plants and tanneries.
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Table 1: Minimum detection limit (MDL) of the XRF in

cellulose matrix for an excitation of ZOOOs.

Element MDL (/ig/g)

K

Ca-

Ti

Cr

Hn

Fe

Ki

Cu

Zn

As

Sr

Kb

Sr

Mo

191.00

119.00

47.75

26.10

17.33

13.00

8.12

6.65

5.36

3.35

2.55

2.00

1.73

1.37

10.87
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Table Z: Heavy ieUl contents in soie Industrial effluents in Bangladesh »11 results are «pressed

In pg/«l «copt the C M O of cadilua «here (bo results are given In pg/L.

Saip'-Ug Type of Saipllng

Tlic Suples Code

EIeiental Coiposltloo of Effluents

Tl Cr Ho Fe Il CD Za As Ib Ho CD" Fb

SEP 68 Ien Print [1 41.61 28.Ot - 3.231 14.71 - 0.711 1.441 0.2Oi O.OSi - 3.Mi 1.04!

Paper(Inali») 1.1 0.7 0.10 0.1 0.02 0.03 0.01 0.004 0.36 0.03

SEP 88

JAI 89

HA! 89

JDI 89

ABC 89

AOC 89

-do-

-do-

-dc-

-do-

-do-

-da-

U .

593

275A

330

136

360

1.78!

0.56

.

4.15!

1.64

-

-

29.3!

0.7

34.31

0.66

10.4!

1.2

16.6!

1.3-

12.3!

3.4

H.I!

0.06

-

-

1.10!

0.30

-

-

o.su

0.14

0.14!

0.04

0.07!

0.03

-

-

5.00!

0.60

-

Z.57! 0.05!

0.06 0.01

2.16! -

0.05

16.2! -

0.16

3.64! -

0.16

9.53! -

0.50

2.10

0.60

1.45!

0.03

1.141

0.02

-

0.88!

0.06

1.00!

0.14

0.17!

0.01

0.39!

0.01

-

0.46!

0.04

3.16!

0.20

0.04!

0.003

-

0.15!

0.010

0.10!

0.02

0.33!

0.10

0.02!

0.001

0.01!

0.C31

0.41!

0.03

0.16!

0.03

0.6.0! 0.131 0.85! -

0.03 0.02 0.01

-

-

0.02!

0.01

1.02!

0.20

4.25! -

0.36

0.Oi! -

0.016

1.77! -

0.14

3.31! -

0.25

-

0.SOi -

0.06

• H e error Is tbe standard deviation due to counting statistics.

" Tbe error is tbe standard deviation of .tbree absorption ieasoreients by AtS.
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Taule 2 CoM-liwe:

SaipUng Tyoe al Saipllog

f l u Sarplîs Code

Eleaeotal Co«pos:tloa ol Effluents

Ca « Cr «n Fc II Co In i s I» Ho C« Pb

SCP SS Paper Hills 539 5.5,3! 35.6Í 0.70! - a.lOi 13.01 - 0.10* 0.20t 0.031 0.10Ì - 0.631 0.80!

(PaUbey) D.li 0.56 0.0S 0.03 0.10 0.01 0.01 0.001 0.001 0.06 0.01

JAI 89 -Í0- 617 CIS! 3.601 -

0.01 0.03

0.031 O.lOt -

0.001 0.001

0.011 - O.60

o.ot

2S1 l.lOi 16.li

0.31 0.4

4.231 0.35! 0.16! S.31! 0.0'H O.OS! 0.02! O.SS!

0.07 0.01 0.01 0.06 0.02 0.003 0.001 0.0<

JDI 69 -da-

ADC 89 -Co

A0C 89 -do-

320 7.6Ï« 15.2! 2.65:

C.tt O.SS 0.2C

13i

0 .42! 35 .3! - 0.231 0.22! 0.07! 0.50! 0.01! 0.62!

O.05 0.23 0.C2 0 .0! 0.01 0.01 0.351 0.05

8.064 - 2.201 0 .10! 0.601 - 0 .03! 0.06!

C.Z2- 0.04 0.02 0.02 0.003 0.001

10.7* 0.31'. - 0 .33! 1.70! - 0.04Î 0.10! - 0.02! - «.10! 0.03!

0.27 O.OS 0.02 0.04 0.01 0.01 9.001 0.04 0.002

0.70! -

0.05
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able 2 continue:

Kipling

rue

JAK 69

«IH9

HAI 89

AJC 89

JAI 89

HAI 89

Type of

Sasples

Paper Hills

(CnltUgong)

-Hr

-do-

-do-

Tannery

(Hazarlnag)

-40-

Soplita

CoJi

7.11

Z42

365

SM

236

I Ci Tl

4.30! -

4.Jt

1.01 • 'i.SK -

0.20 0.26

5.17! -

G.iô

I .a* 0.73!

1.5 0.12

71.4! -

2.4

10.9! -

2.2

ElennUl Composition of Effluents

Cr *n

O.lli

0.02

0.0«

0.04

O.«3!

0.01

-

- J.Hi

0.13

72.5; 2.01!

0.8 0.25

Fe Il

1.65! 0.03!

0.03 0.001

2.15 -

0.02

1.05! -

0.04

2.01 -

0.01

3.50! -

0.16

22.5! -

0.71

Ca

_

0.02!

0.001

0.02!

0.001

-

0.31!

0.02

0.40!

0.05

Zn

1.40!

0.02

1.20!

0.01

4.63!

0.02

1.30!

0.03

0.3S!

0.Oi

1.55«

0.06

0.04!

0.004

-

5.77!

O.OS

0.20!

0.02

.

Ib

0.03!

0.001

0.03!

0.002

0.05!

0.001

0.11!

0.01

0.21!

0.02

Uo

0.02!

0.002

0.01!

0.001

-

-

Cd

0.60!

0.04

0.77!

O.06

0.55!

0.04

0.50!

0.05

1.60!

0.13

0.77!

0.06

FU

0.20!

0.01

0.02!

0.001

-

-

0.35!

0.05

JUI 69 Tannery 351 3.45! 4.07! - 3.241 0.0M 0.40!

IBaUl 0.26 0.20 0.01 0.02 0.02

0.09! 6.11! 0.02i 0.09!

0.004 COf 0.001 0.003

Jilt »9 -do- JW 0.87! 5.71! - 1.09! 0.06! 0.22!

0.17 0.1S 0.42 0.01 0.002

0.68! - 0.23! 0.02! - 0.05!

0.006 0.002 0.001 0.002
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Table 2 cootlnae:

Saipllng

TUe

«DC 89

»0G89

ABC 89

ÍÜG69

HAI 89

JDI 89

«C 69

Type of

Sanples

Tannery

(Eararlbag)

-4o-

-ÍO-

SJipllng

Coda

119

ISO

m

m

Urea Fertll lter 216

(Chorasbal

-< to -

-ta-

;

286

532

I

-

-

-

0.331

0.08

-

n.3i
2.9

Ci Ti

IH.« -

5

1361 -

4.5

e.ooí -
1.00

63.31 -

2.0

5.5S! -

0.12

4.711 -

153i -

1

Cr

2S.M

l.ú

30-Oi

1.3

.

Zi. 3*

O.S

-

-

Eleeectal Ctepojltloa of EfflaenU

Ka Fe H

Z.O1 22.« -

CU I

3.00t

0.32

-

0.60!

0.21

0.011

0.001

-

2.12Í

0.21

.5

16.0» -
0.1

l.tít -
0.16

2.46i -

0.13

I.73i -

0.02

1.13* -

0.01

56.31 -

0.42

Co

0.851

- 0.10

0.631

. 0.10

0.291

0.03

0.20!

0.04

-

-

1.00!

0.03

Zo

1.S3!

0.10

1.101

0.10

-

0.301

0.03

0.23!

0.002

0.18!

0.031

2.00!

0.01

( 5

O.Zii

0.02

0.33!

0.01

-

0.101

0.02

o.ou

0.001

0.01!

0.003

1.831

CM

Ib Ho

0.22! -

0.01

0.20! -

0.02

-

0.05! -

0.01

0.01!

o.aoi

0.01! -

0.001

0.261 -

0.02

-

Cd Fil

_

-

-

-

0.101 -

0.01

0.38! -

0.03 _

0.75! 1.01!

0.06 0-01
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Table I continue:

Sampling Type of

Tlie Saople;

Elemental Coipojitloo of Effluents

I Ca II Cr Ha Fe «1 Cn Zo As Ri « -Pi

MAT 89 Orea Fertilizer 255 0.3ti 0.351

(AshugonJ)

JOI69 -do-

AUG 89 -do-

AUG89

0.01 0.04

301

351

O.ZOi -

O.00S

O.OSi O.OZt - 0.02!

0.00} 0.002 0.00«

o.ozi o.ozi - o.ou -

O.D01 0.003 0.001

2.20Í

0.21

22. ! i

0.33

0.201 -

o.t:

-

-

O.lOt

0.01

0.53 -

0.03

4.011 -

0.01

O.Ci

cost

C.003

I.72Í.

0.03

1.541

O.OZ

0.671 -

0.02

C.'.Ol -

O.C03

0.28!

0.02

0.311

0.03

0.301

C.J3

IÌ.40Ì

0.03

-

o.osi

0.002

0.12

0.002

Ö.1S1

0.01

AUG B9 -ta- 4C9 4311 545! 21.5! 9.1! S.OO! 62.01 0 .5a 16.0! 4.51 0.10!

3 3 0.4 0.20 0.12 0.25 0.02 0.10 O.Ot 0.004

AÍSB9 -da- ¡'.-3 53.1! Mió 2.00! U l i 1.121 13.4! 0.111 - 0.771 -

0.40 0.02 0.02 0.02 0.04 0.002 0.01

O.W!

0.05
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feble 3 : Intercoooarlson studies •..' Trace sod Hlnor Elotenta In IAEA Soil Suple t ; «if tettai ( cutter

of leasareieots, = 3 ) .

Eleeeac

Ca

Tl

Ha

Fe

Co

Za

As

Br

Ib

Sr

Ï

Zr

n

Ub. '[can

i «rror

Mil t 0 ag/g

2.94 1 O.t ig/g

60« 1 7 0 frg/g

24.610.2 lg/g

12.7 10.6 pg/g

:iz • ü rg/î

H.I i 3.5 K/g

6.35 i ¿.15 gg/g

53.9 12.1 (ig/g

109 i : pg/g

72.2 ! 2.8 ffm

lei i 5 (ig/g

65.t 1 9.7 (¡g/g

Sliierslorf

¡aines

IW - 163 -

' Z.« - 3.0 -

601-631 -

25.2 - 25.7 -

9 - 1 1 -

101 - IM -

IZ.5 - 13.< -

• 5 - 7 -

47 - 51 •

l « - joa •

iS 7.1

180 - 185 •

5 5 - 6 0

174

3.7

650

26.3

13

1!3

14.2

10

56

• in

?.7

•201

• 71

tUlt ol

detection

0.52 «g/9

0.08 ig/g

55 M / g

O.OS ig/g

7.5 fg/g

13.0 pg/o

3.6 (ig/g

3.1 ?g.'g

2.3 pg/g

2.1 Jig/g

1.2 rifa

1.6 pg/g

1-3 pg/g

Standard

deflation ( t 1

2

5

2

6

Z.3

8.5

7

3.6

4.9

10

2.6

6



Annex 3, page 15

Figure Caption

Fig. 1 : PIXE chamber for internal and external beam

measurements-

PiQ. 2 : Thick target internal beam PIXE with and without

electron gun.

Thin target internal beam PIXE spectrum of air

particulates.

Fig. 4 : Differential pulse stripping analysis (DPSA) of

Cd and Pb.

Fig. 5 : Concentration calibratlonin DPSA for Cd and Pb.

I-"l<j. G : Source-excided X-ray spectrum of an er fluent

residue.
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Epsctrtm 0010LVEC Input no:!ul SWS1HH From CIIi 0 ta Cil» 10Z3
BOI frai CHI 0 l a CI» 1023

O.JL

G.-

5 . -

4 . -

3 . .

2 . -

1 . -

.OG COUNTS

f: : yv

O.

:'• fi :'.

' Vw ;

2 0 0 .

CftLWRAIE ROI

400. 600 . QOO. 1000 .
CHANNEL NUMBER

ELEMENT FIT STOP

Speclrtai 0020LEG Tr^ut nvdal B1JW1WJ Fran CMS O to Cltë 1023
RlH froi» CH8 0 to Cllfi 10Z3

7 T

6.-

5 . -

2 .

1.

O.-L

OG COUNTS

0.

DISPLAY

S : • -:=

V -i ;

^ Ï W ^ - r ..̂ -
200 . 400. 600 .

R(H ELEMENT FIT SIOP

800 . 1000.
CHANNEL
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Spectrui 005O1UeC Input twdel SUAPAN FnA CHt 0 to CHl 10Z3
ROI from CH* 0 to CHt 1023

7.

E.
T

5. 1

2 . - -

1 . - -

O.-L
0.

.0G COUNTS

J

2 0 0 . 4 0 0 . GOO.

DISPLAY CAUBRATE ROI ELEMENT FIT STOP

BOO. 1 0 0 0 .
CHANNEL

Spectrum OiBAP Iremt node! SUAPAN From CHS 0 to CHS 1023
ROI from CHS 0 to CHIt 1023

~l-c

E . - -

5 . - -

4 . - -

1 . - -

0 . 1

.OG COUNTS

0. 2 0 0 . 4 0 0 . 6 0 0 . BOO. 1 0 0 0 .
CHANNEL NUMBER

OKPLAV CALIBHATEROI ELEMENT FIT STOP

/ft. 3
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Shipping Ahatyatà of Tap Wotelr
tjjStfîOS, Ëf *S0*,8Ra2.OftW/û

HKOi. •

-1.0 -0-8 0.6 -0.4 -0.2
E(V)vsAg/AgCl

0.5 pPASA of Pb and Cd tn
t a p Wcitar

25
Cone, in ppb

100
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£p=i:truffl E S Input rcdri KSFA From CHJ 0 to CHS 1023
ROI froa CHS -100 to CHD -45

4 . -

j.i.
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STUDY OF THE ATMOSPHERIC AEROSOL COMPOSITION IN
ZAIRE USING NUCLEAR AND NUCLEAR RELATED
TECHNIQUES

H. Haenhaut*+, F. COmIlIe+, J. Cafmeyer+, B.H. I/umuof H.D.
Tshiashala*, K. Hatamba*, K. Akilimali', H.O. Andreae'
+Instituut voor Nucléaire Wetenschappen
Rijksuniversiteit Gent
Proeftuinstraat 86
B-9000 Gent, Belgium
'Centre Regional d'Etudes Nucléaires de Kinshasa (CREN-K)
B.P. 868, Kinshasa XI, Zaire
"Hax-Plank-Institut fur Chemie
Abteilung Biogeochemie
Postfach 3060, D-6500 Hainz, Federal Republic of Germany

"Chief Scientific Investigator

A small Nuclepore filter sampler collecting the total aerosol is
being operated in Kinshasa, Zaire, since the beginning of 1985. Thus
far, about 190 samples have been analyzed for black carbon (with a
light reflection technique) and for up to 20 elements (by PIXE).
The data set obtained was examined by absolute principal components
analysis (APCA). This technique revealed the existence of 6 sources
(components), i.e. soil dust, biomass burning, automotive emissions,
a Cu-Zn source, a phosphate component and a mixed Mg/dust component.
The extracted source profiles of the soil dust, biomass burning and
automotive components compared well with those expected on the basis
of literature data, at least for the important elements within each
profile. The AFCA further showed that the soil dust and the mixed
Mg/dust components were responsible for most of the Mg, Al, Si, Ca, Ti,
Hn1 Fe and Sr. Black carbon, S, K and Rb originated mainly from biomass
burning, and Pb and Br were almost exclusively attributed to the
automotive emissions.

1. INTRODUCTION.

The study of atmospheric aerosols
is important for several reasons. Of
global significance are the impact of
aerosols on weather and climate and
their role in the biogeochemical
cycles of the elements. On a more
regional or local scale, aerosols may
have an effect on visibility, on
ecosystems and on human and animal
health. As several of the effects of
aerosols depend on their bulk
chemical composition and/or on the
chemical composition as a function of
particle size, many studies of
aerosol chemistry have been
undertaken in the past two decades.

However, most research has been
carried out in the industrialized
countries of the Northern Hemisphere.
The aerosol in large areas of the
globe, including tropical and
equatorial Africa, is far less
characterized. Detailed studies of
the aerosol chemistry in such areas
are therefore urgently needed. It is
particularly important to assess to
what extent the aerosol burden and
composition at present are influenced
by various anthropogenic sources and
to establish what interactions
between airborne pollutants and
natural species are taking place.
Furthermore, because of the
increasing industrialization and the
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explosive growth of various
developing countries, significant
changes in both atmospheric aerosol
burden and aerosol composition may be
expected in the next few years, so
that it is very important to set
baseline values for future
investigations.

For these reasons, an aerosol
investigation was started in Zaire in
early 1985. Up to now, our study
involved aerosol sampling in
Kinshasa, the capital of Zaire, and
the collections were done with a
simple total filter unit. About 250
samples were collected, and most of
these were analyzed for black carbon
and for up to 20 elements. Black
carbon was measured by a light
reflection technique and the elements
by particle-induced X-ray emission
analysis (PIXE). Two different
instruments were used for the carbon
measurements and the results were
intercompared. The short- and
long-term reproducibility of the PIXE
analysis and the eventual losses
during storage of the samples and
during analysis were examined by
reanalysing certain samples
immediately after the first analysis
or with an interval of almost two
years. Furthermore, the multielement,
multisample data set obtained was
examined with a receptor model, i.e.
absolute principal components
analysis (APCA), in order to assess
the dominant aerosol sources (or
source processes) and to apportion
the concentrations of the various
elements to those sources. The
results of the APCA are presented and
discussed in some detail.

2. EXPERIMENTAI.

2.1. Sampling.

Since the beginning of 1985,
aerosol collections are carried out
at the "Centre Regional d' Etudes
Nucléaires de Kinshasa" (CREN-K).
This research institute is situated
on a hill (470 m above sea level) at
about 20 km to the south of the
centre of Kinshasa. The aerosol

sampler is set up on the roof of the
institute. It consists of a small
modified Delrin 25 mm filter holder
(Gelman Sciences Ltd., Brackmills,
Northampton, UK), and uses a 0.4 urn
Nuclepore filter of 1 cm2 effective
area as collection substrate. As of
Nov. 1, 1988, a total of about 250
samples have been collected. The
sampling duration was typically 12
hours, but some 24 hour (or longer)
collections also took place. The 12
hour collections began between 6 and
9 a.m. (daytime collections) or
between 4 and 6 p.m. (night
collections); the 24 hour collections
normally started between 6 and 9
a.m.. The flow rate through the
filter holder was monitored at
regular intervals with a rotameter.
It was typically around 3 litres per
min, so that an air volume of 2 m3
was sampled in a 12 hour collection.
After collection, all samples were
sent to Gent for analysis. An
overview of the various samples, date
and duration of collection, and
analyses performed is given in Table
1. In this paper, only those samples
will be further discussed which were
analyzed by both the light reflection
technique and PIXE and for which, in
addition, the required volume data
were available. The number of samples
falling in this category equals 181.
The results for the first 36 samples
(i.e. nos. 1 to 39), which were only
analyzed by PIXE, have been presented
and discussed elsewhere (Maenhaut and
Akilimali, 1986, 1987).

2.2. Black carbon measurements

From sample No. 41 on, all
samples were analyzed for black
carbon by a light reflection
technique. For most of these
analyses, a self assembled instrument
was used. Details of this instrument
and its calibration can be found in
Andreae (1983) and Andreae et al.
(1984). For the last 27 samples, i.e.
691 to 719, the light reflectance
measurements were performed using a
commercial smoke stain reflectometer
(Diffusion Systems Ltd., London, UK,
model 43). Samples 541 through 689,
for which the black carbon content
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was obtained by the self-assembled
instrument, were used as standards
with the smoke stain reflectometer.
The calibration curve of reflection
absorbance [-log(reflection intensity
of sample/reflection intensity of
blank filter)] versus black carbon
loading (in ug/cm2 of filter)
exhibited excellent linearity. The
correlation coefficient was 0.984 and
the standard deviation about the
regression line corresponded to a
black carbon concentration of about
0.1 ug/m3.

2.3. Multielement analysis by PIZB.

The PIXE analysis of the
Nuclepore filter samples and of
appropriate blank Nuclepore filters
was carried out with the PIXE set up
of the University of Gent. Full
details about this set up, its
calibration, and the analytical
procedures used have been given
elsewhere (Maenhaut et al., 1981a,
1981b; Maenhaut and Kaemdonck, 1984;
Maenhaut and Vandenhaute, 1986). All
PIXE bombardments were done with a
proton beam of 2.4 MeV, the beam area
at the specimen was 0.5 cm2, the beam
current typically 100 nA, and the
preset charge 40 uC. Twenty-three
elements (i.e. Na, Mg, Al, Si, P, S,
Cl, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu,
Zn, Ga, Br, Rb, Sr, Zr, and Pb) were
looked for in the PIXE spectra, but 6
of these elements (i.e. Na, V, Cr,
Ni, Ga, and Zr) were above the 3s
detection limit in less than one
third of the samples considered in
this paper, and will therefore not be
discussed. For 36 samples, the PIXE
analysis was carried out twice, with
the second proton bombardment either
occurring immediately after the first
one (for sample nos. 541 to 559) or
after an interval of 22 months (for
sample nos. 521 to 539).

2.4. Receptor modelling by absolute
principal components analysis
(APCA).

The receptor model used in this
work was a multivariate model
involving absolute principal
components analysis (APCA). It is a

modification of the APCA model of
Thurston and Spengler (1985), and was
derived from the procedures described
by these authors and by Keiding et
al. (1986).A detailed description of
it is given elsewhere (Maenhaut and
Cafmeyer, 1987). In summary, an
ordinary principal components
analysis, using the correlation
matrix of elemental concentrations,
is first carried out, and is followed
by a VARIMAX rotation. The rotated
component loadings are then converted
into source profiles (in relative
concentration units) by multiplying
the loadings of each element by its
standard deviation over the data set.
Rotated "absolute" principal
component scores are subsequently
calculated, after which the relative
contribution of each source to the
concentration of each element in each
sample is obtained.

3. RESULTS AND DISCUSSION

3.1. Comparison of the results from
duplicate PIXE analyses of the
same samples.

As indicated above (see section
2.3), 36 samples were analyzed twice
by PIXE. The results of the two
separate PIXE analyses were compared
in terms of concentration ratio;:
(second analysis/first analysis).
Average concentration ratios and
associated standard deviations (x*s)
were calculated, and this was done
separately for the samples which were
immediately reanalysed and for those
which were reanalysed after an
interval of 22 months. The results of
these calculations are reported in
Table 2. Also given in the table are
the standard deviations sc as
expected from counting statistics.
These sc values are mean values,
obtained by averaging the individual
se data on the concentration ratio
for each element. It is clear from
Table 2 that the reanalysis of the
samples immediately after the first
analysis provides the same results,
except perhaps for Br. All average
concentration ratios (second
analysis/first analysis) are very
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close to one, and the associated
standard deviations are not larger
than those expected on the basis of
counting atatietics alone. This
indicates that the short-time
reproducibility of the PIXE analysis
is excellent and that there are no
losses as a result of the first
analysis, except perhaps a 6% loss
for Br. The average ratios (second
analysis/first analysis) for the case
of the two years delay between the
two PIXE analyses deviate somewhat
more from one than for the case of
immediate rebombardment, but,
overall, they are quite satisfactory.
This indicates that there were
essentially no systematic differences
between the two analyses. The
standard deviations associated with
the average ratios are again of the
same order as those from counting
statistics alone, which indicates
that the long-term precision is very
good. The somewhat low average ratio
obtained for Br may indicate that
there was some loss of this element
from the samples during the two year
storage time between the two
analyses. As about 6% of the Br loss
may already have occurred during the
first analysis, the additional loss
due to storage remains limited to
about 5%. For the other halogen
determined (i.e. Cl), the reanalysis
provides essentially the same
concentration as in the first PIXE
analysis.

3.2. M e d i a n a t m o s p h e r i c
concentrations and enrichment
factors

Using the data set for the 181
samples, retained for this paper,
medians and 25 and 75 percentile
values for the atmospheric
concentrations of black carbon and 17
particulate trace elements were
calculated. The results are listed in
Table 3. When comparing these with
the values reported at the first
Research Co-ordination Meeting (RCM)
of this Co-ordinated Research
Programme (Maenhaut, 1988), and which
applied to a 54 sample subset of the
present data set, it appears that
they are rather similar. Black

carbon, S and Black carbon, S and K
exhibit s l i g h t l y larger
concentrations in the present data
set, wheras the crustal elements, and
particularly Br and Pb show somewhat
lower levels. Medians of the air-
crust enrichment factor (EF) values,
relative to Mason's crustal rock
(Mason, 1966) and using Fe as
reference element, were also
calculated and are presented in Table
4. This table indicates that the
atmospheric concentrations of several
elements (i.e. of Mg, Al, Si, Ca, Ti,
Mn, and Sr) can be attributed to
crustal dust dispersal, which
definitely includes road dust
dispersal and perhaps also dust
dispersal from construction
activities. Other elements, on the
other hand, i.e. S, Br, Pb, and C,
are highly enriched, and these
elements undoubtedly originate from
various combustion sources.
Interestingly, also Rb and K are
somewhat enriched and probably also
have to be attributed to combustion
to some extent. A more detailed
discussion about the origin of the
various elements will be given below,
when the results from the absolute
principal components analysis will be
presented. Despite the high
enrichments observed for S, Br, Pb
and C, the atmospheric concentrâtioNs
of these elements are not exceedingly
high. In fact, they are about one
order of magnitude lower than those
presently observed in urbaN areas in
Belgium.

3.3. Receptor modelling by APCA.

Three samples (i.e. 44, 57, and
506) were removed from the data set
before performing the receptor
modelling by APCA. Sample 57
exhibited extremely high Mg and P
levels; sample 506 was high in Cu and
Zn, and sample 44 was high in Cu.
Furthermore, Cl was left out from the
analysis, so that the data set used
contained concentrations of 17
variables (i.e. black carbon and 16
particulate elements) in 178 samples.
The eigenanalysis of the elemental
correlation matrix resulted in values
for the first 8 eigenvalues of 8.46,
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2.97, 2.07, 0.83, 0.68, 0.62, 0.39,
and 0.33. Retaining 6 components
which explain 92% of the variance in
the data set, and performing a
VARIHAX rotation on the 6-component
loadings matrix, the results of Table
5 were obtained. As seen in this
table, each of the 6 rotated
components explains one unit of
variance or more. Furthermore, the
cesariunsiities are high for all
variables, except Rb. Table 5 also
includes for each element the
standard deviation of the loadings,
as calculated using an equation given
by Heidam (1982). Moreover, loadings
of less than 3 standard deviations
are placed in parentheses. The
interpretation of the components in
terms of aerosol sources (or
combinations of sources) is readily
done for the first three components.
Component 1 has high loadings for the
elements Al, Si, Ca, Ti, Mn, Fe, and
Sr, and definitely represents earth
crust related sources, most likely a
combination of soil and road dust
dispersal. Black carbon, S, and the
plant related elements K and Rb are
highly correlated with component 2,
which clearly represents the
combustion of charcoal and other
biomass (e.g. for cooking purposes).
The third component has high loadings
for Pb and Zr, and definitely
represents automotive emissions from
the use of leaded gasoline. Cu is the
only element which is highly loaded
on component 4, but also Zn is
somewhat associated with it. This
component will therefore be termed
Cu-Zn. Component 5 is mainly loaded
with P, and of the other elements,
only Ca, Zn and Sr have loadings
greater than 0.3. It is tentatively
attributed to phosphate emissions.
The last component is only highly
loaded with Mg, and Is entirely due
to the inclusion of this element in
our principal components analysis.
Indeed, when Mg was left out, only
five components were required to
explain over 90% of the variance in
the data set. Interestingly,
components 2 to 5 of this 5-component
analysis had virtually identical
VARIMAX rotated loadings as in the
6-component analysis presented here.

but for component 1, there was a
slight increase in the loadings of
the crustal elements, and
particularly for Ca and Sr. Table 5
shows that the latter two elements
are slightly' correlated with
component 6 in our 6-component
analysis. It thus appears that the
inclusion of Mg gives rise to a
separate crustal dust related
component. Therefore, component 6 is
termed Mg/dust. The sources (or
source processes) of the last three
components are not very clear, but
below some arguments will be
presented to attribute them to human
activities.

The source profiles, derived from
the rotated loadings, are presented
in Table 6. The relative
concentrations within each source
profile were scaled, so that the
value for an element, which can serve
as a good tracer for that source,
becomes equal to 100. The standard
deviations associated with the
elemental concentrations were derived
on the basis of the standard
deviations of the loadings, listed in
Table 5, and concentration values of
less than 3 standard deviations are
excluded from Table 6. The relative
source profiles of Table 6 can be
compared with profiles for the
attributed sources, as deduced from
literature data. It should be
indicated, though, that VARIMAX
rotated APCA tends to result in some
spillover from the strong to the weak
sources for the various elements, BO
that the concentrations of minor
elements (or, more accurately, of
elements that exhibit only weak
loadings) may be overestimated in the
source profiles (Maenhaut and
Cafmeyer, 1982; Lowenthal et al.,
1987). Consequently, good agreement
of the source profiles of Table 6
with literature profiles should only
be expected for the major elements
(i.e. for elements with high
loadings). The profiles for
components 1 and 6 were compared with
Mason's average crurtal rock
composition, and this was done in
terms of enrichment factors, using Fe
as reference element. The EF values
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of selected elements in component 1
were 0.2 (Mg), 1,0 (Al), 0.6 (Si),
1.0 (P), 0.5 (K), 1.0 (Ca), 1.6 (Ti),
0.8 (Hn), 0.9 (Cu), and 0.7 (Sr), so
that it is beyond doubt that this
component represents a combination of
soil dust, road dust and perhaps some
other Bource materials with similar
composition. For component 6, the EF
values were 4.4 (Mg), 0.9 (Al), 0.9
(Si), 2.7 (Ca), 1.4 (Ti), 0.8 (Mn),
and 3.1 (Sr). Thus, also this
component clearly exhibits a
cruBtal-like composition, but the
alkaline earth elements are somewhat
enriched in it. It is tentatively
suggested here that the Mg/dust
component is related to the
construction of buildings, or at
least to anthropogenic activities
with materials of crustal-like
composition. Some arguments for such
assignment will be given below. The
source profile of component 2 is
fully consistent with its ottribution
to biomass burning. The ratio of K to
black carbon is of the same order as
that observed in atmospheric
aerosols, impacted by such source
process (Andreae, 1983; Andreae et
al., 1984). Furthermore, the Rb/K
ratio and even the Mn/K ratio are
comparable to those in several
vascular plants (Bowen, 1979) and to
those observed in a study in Rwanda,
where the impact of biomass burning
was quite substantial (Maenhaut and
Akilimali, 1986, 1987). As to the
automotive emission profile
(component 3), its Br/Pb ratio is
similar to the Br/Pb ratios typically
observed in urban areas (Harrison and
Sturges, 1983).

The relative contributions from
each source to the atmospheric
elemental concentrations were
calculated as percentages of the
observed average concentrations, and
are listed in Table 7. Similarly as
in Table 6, contributions
corresponding to component loadings
of less than 3 standard deviations
are excluded. Table 7 also gives the
sum of all retained contributions for
each element. These sums are
generally close to 100%, which
indicates that our 6-component

solution reproduces the experimental
data quite well. Several elements
have only one dominant source. Black
carbon, S, K, and Rb are mainly or
virtually exclusively attributed to
the biomass burning, whereas the
automotive component is essentially
the only source for Br and Pb. The
contribution from component 1
prevails for most of the typical soil
elements, and combined with the other
crustal-like component (component 6),
component 1 is responsible for most
of the Mg, Al, Si, Ca, Ti, Mn, Fe and
Sr. The contributions from the
remaining two components are least
pronounced. Although P is highly
correlated with component 5, only one
third of its modelled concentration
is on the average apportioned to this
source. And, somewhat unexpected, the
Cu-Zn component contributes even less
to the concentrations of the elements
which are mainly associated with it.

In order to understand the latter
phenomenon, the individual "absolute"
rotated principal component (PC)
scores, which are a measure for the
strength of the components in each
sample, were looked at closely. It
appeared that the Cu-Zn component was
only present in about 20% of the
samples. Furthermore, these samples
often occurred in small groups of
consecutive samples, indicating that
the Cu-Zn source had an intermittent
and episodic character and was most
likely anthropogenic. As most of the
samples were collected during either
daytime or night, also day/night
differences in source strengths could
be looked at. For each component,
separate median PC scores were
calculated for the daytime and night
samples, and the ratio between the
two was taken. The ratios (median
daytime PC score)/(median night PC
score) were 0.95, 0. 79, 0.88, 1.32,
and 1.39 for components 1, 2, 3, 5,
and 6, respectively. The lower than
one ratio for the combustion
component likely results from the
fact that combustion of biomass is
most intense just before and after
working hours, but the difference in
meteorological conditions between day
and night may also have contributed.
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The latter difference is probably the
main cause of the 0.88 ratio for the
automotive emissions. For the
phosphate component, and even more
for the Hg/dust component, the
day/night ratios are clearly greater
than one. This indicates that these
components represent sources (or
source proceBBes) which are more
important during working hours, and
thus very likely anthropogenic.
Interestingly, the fact that the
Hg/dust component is stronger during
day than during night is consistent
with our observations for the set of
36 samples, which were collected in
January-March 1985 (Maenhaut and
Akilimali, 1986, 1982). In our first
publication on the Kinshasa aerosol,
we reported that Mg, Ca, and Sr were
less enriched in samples resulting
from 24- hour collections than in
samples from 12 hour daytime
collections, and it was suggested
that this may be due to differences
in source processes.
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Table 1. Overview of aerosol samples collected at the CREN-K in
Kinshasa, Zaire, as of Nov. 1, 1988.

Sample
nos. a

Date of
collection

Sampling
duration15

Analyzed
by

1-19
21-39
Al-59
501-589
591-619
621-636
637-639
641-649
651-659
661-719

Jan.-Feb.
Feb.-March

March-Apr.
Oct. 1986-Feb.

May-June
June-July

July
July-Aug.

August
Aug.-Oct.

1985
1985
1985
1987
1987
1987
1988
1988
1988
1988

12
24
24
12
12
12
12
12
12
12

hr.
hr.
hr.
hr.
hr.
hr.
hr.
hr.
hr.
hr.

(D)

(D
(D
(D
(D
(D
(D
(D

or
or
or
or
or
or
or

N)
N)
N)
N)
N)
N)
N)

PIXE
PIXE

light refl
light refl
light refl

light
light

light refl
light

light refl

., PIXE

., PIXE

., PIXE
refl.
refl.
., PIXE
refl.
. , PIXE

Filter numbers which were multiples of 10 were blanks, except for 510
which was a real sample; also, numbers 61 to 500 do not exist.
The D (or N) in this column indicates that the collection took place
during the daytime (or night).
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Table 2. Comparison of results from two different PIXE analyses of the-
same samples, with the second analysis either immediately
after the first one or two years later. The comparison is
done in terms of the ratio (second analysis/first analysis) .

Elem.

Mg
Al
Si
P
S
Cl
K
Ca
Ti
Mn
Fe
Cu
Zn
Br
Sr
Pb

Average

Second PIXE analysis
immediately after

first <

Ï ± sa

(n=18)

1.02 ± 0.29
0.99 ± 0.03
1.00 ± 0.02
1.00 + 0.15
0.99 + 0.02

1.00 + 0.01
1.00 + 0.02
1.02 ± 0.04
1.02 ± 0.13
1.01 ± 0.01
1.05 ± 0.16
1.02 ± 0.07
0.94 ± 0.16

1.02 + 0.06

1.01

3ne

[ sc ]
b

[0.30]
[0.04]
[0.02]
[0.21]
[0.04]

[0.01]
[0.03]
[0.04]
[0.15]
[0.01]
[0.44]
[0.09]
[0.21]

[0.08]

Second PIXE ianalysis
done two years after

first one

x ± s
(n=18)

1.12 ± 0.25
1.08 + 0.13
1.03 ± 0.03
1.24 ± 0.16
1.05 ± 0.05
0.98 ± 0.29
1.00 + 0.02
0.99 ± 0.01
0.97 ± 0.05
1.07 ± 0.16
0.96 ± 0.01
0.96 ± 0.21
0.99 ± 0.07
0.89 ± 0.10
1.04 ± 0.34
0.97 ± 0.05

1.02

[ sc ]

[0.37]
[0.06]
[0.03]
[0.17]
[0.04]
[0.45]
[0.01]
[0.02]
[0.04]
[0.19]
[0.01]
[0.36]
[0.06]
[0.12]
[0.43]
[0.05]

a Values listed are average ratios and associated standard deviations
based on the reanalysis of n samples.
sc represents the standard d~viation on the ratio as expected from
counting statistics.
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Table 3. Median concentrations and 25 and 75 percentile values
for black carbon and 17 elements in 181 Kinshasa samples.
All concentrations are in ng/m .

EIe.

Black C
Mg
Al
Si
P
S
Cl
K
Ca
Ti
Mn
Fe
Cu
Zn
Br
Rb
Sr
Pb

25 perc.

1200.
17.
72.
160.
9.9

190.

IAO.
53.
6.7
0.97
51.
<0.4
2.4
1.6

4.1

median

1700.
34:

130.
280.
15.

290.
<14.
220.
85.
12.
1.7
94.
0.50
3.6
2.4

<0.85
<0.85
6.7

75 perc.

:2300. :~
- 48.
250.
500.
20.

400.
16.

330.
130.
22.
2.6

160.
0.80
5.3
3.3
0.91
1.1
12.

Table h. Summary of median air-crust enrichment factor (EF) values
for 17 elements in 181 Kinshasa samples.

EF range

0.5 •
1 •

2
3 •

10
200

• 1

• 2

- 3
- 10
- 40
- 600

> 2000

Elements

Mg
Ca
Rb
K,
Cl
S,
C

, Al, Si, Mn,
. Ti

P, Cu
. Zn
Br, Pb

Sr
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Table

Bl. Ca

Mg
Al
Si
P
S
K
Ca
Ti
Mn
Fe
Cu
Zn
Br
Rb
Sr
Pb

Var.

5. VARIMAX rotated loadings for
data

Comp.1
dust

0.19
0.45
0.97
0.97
0.24
0.10
0.16
0.74
0.95
0.92
0.96
0.14
0.39
0.20
(0.03)
0.70
0.15

6.17

set (17

Comp.2
comb.

0.81
0.20
0.09
0.04
0.28
0.86
0.94
(0.04)
0.11
0.26
0.12
0.20
0.50
0.09
0.86
(0.09)
-0.14

3.58

variables, 17 8

Loadings

Comp.3
auto

0.38
0.07
0.10
0.11
0.29

(-0.08)
-0.07
0.23
0.14
0.11
0.11
0.16
0.44
0.92

(-0.05)
0.20
0.92

2.33

Comp.4
Cu/Zn

0.19
(0.00)
0.04
(0.01)
0.09
0.13
0.11
0.34
0.10
0.06
0.08
0.92
0.42
0.08

(-0.04)
0.24
0.12

1.32

the PCA solution of the Kinshasa
samples,

Comp.5
phos.

0.09
(0.02)
0.10
(0.02)
0.83

(-0.01)
0.12
0.38
0.18

(-0.02)
0.09
0.09
0.37
0.09
0.13
0.42
0.18

1.28

, 6 components retained).

Comp.6
Mg/dust

(-0.07)
0.85
0.08
0.13

(-0.01)
0.24
(0.03)
0.20
0.07
0.09
0.09
(0.01)
(-0.02)
0.07
(0.04)
0.29
(0.01)

0.96

Commun.

0.89
0.97
0.98
0.98
0.92
0.82
0.95
0.90
0.98
0.94
0.98
0.94
0.91
0.92
0.77
0.85
0.93

3b a

0.026:
0:014
0.010
0.010
0.022
0.032
0.017
0.024
0.010
0.019
0.011
0.018
0.023
0.021
0.037
0.029
0.020

sjj designates the standard deviation of the loadings; loadings
which are less than 3 * Sj3 are placed in parentheses.
Bl.C indicates black carbon.



Table 6. Source pro£ilesa (in relative concentration units and associated
standard deviations) for the Kinshasa data set as obtained by APCA.

Coop, 1
dust

CoTnp • 2
combustion

comp. 3
auto

Comp. 4
Cu/Zn

Comp. 5
phosphate

Bl.C
Mg
M
Si
P
S
K
Ca
Ti
Mn
Fe
Cu
Zn
Br
Rb
Sr
Pb

163. ±22.
a.8 ±0.3

156. ±2.
323. ±3.

2.21+0.JO
16.5 ±5.5
27.7 ±2.9
67. ±2.2
14.3 ±0.2
1.45+0.03

100. ±1.
0.10+0.01
1.23+0.07
0.35+0.04

0.49+0.02
1.30+0.17

100. ±3.
0.57 ±0.04.
2.21 ±0.24
2.10 ±0.50
0.37 ±0.03

21.3 ±0.8
23,7 +0.4

0.252+0.023
0.060+0.004
1.B7 ±0.17
0,0a0±0.002
0.229+0.011
0.024+0.006
O.074±O.OO3

-O.17O±O.O24

4100
16

209
4S0
33

-159
269
28
2

142
1
IB
21

1
100

. ±300

.7±3.6

. ±21.

. ±44.

. +3.

. ±36.

. ±28.

.0+2.0

.2+0.4

. ±1B.

.4+0.2

.1+0.9

.0+0.5

.8+0.3

. ±2.

25700.±3500.

940.±270.

134.±32.
3600.±900.
3200.±500.
4900.±400.
243.±26.
15.±S.

1310.±190.
100.±2.
216.+12.
23.±6.

2B.±3.
169.±27.

990. ±290.

21B. ±22.

100. ±3.

2B7. ±38.
460. ±30.
37. ±2.

122. ±15.
0.8±0.2
15.6+1.0
2.2±0.5
1.0±0.3
4.0+0.3
20.7±2.2

Comp. 6
Mg/dust

100. ±2.
81. ±10.

2S9. ±21.

248. ±33.

107. ±13.
6.5±1.0
0.8+0.2
55. ±7.

0.7±0.2

1.3±0.1

a Elemental concentrations of less than 3 standard deviations are not
included in the table.

I
S-1
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Table

EIe.

Bl.C
Mg
Al
Si
P
S
K
Ca
Ti
Mn
Fe
Cu
Zn
Br
Rb
Sr
Pb

7 . Average contributions3 from
elemental concentrations in

Corap.1
dust

5.
13.
53.
53.
8.
3.
7.
37.
52.
42.
49.
9.

17.
8.

34.
9.

Comp.2
comb.

62.
16.
14.
6.
25.
76.
104.

17.
32.
17.
33.
59.
9.

104.

-21.

Comp.3
auto

21.
4.
11.
12.
19.

-6.
23.
16.
10.
11.
19.
39.
71.

19.
104.

Comp.4
Cu/Zn

1.

0.4

0.5
0.8
0.8
3.
1.
0.5
0.7
10.
3.
0.5

2.
1.

the various sources to the
the Kinshasa data

Comp.5
phos.

2.

5.

27.

5.
19.
10.

4.
5.
16.
4.
6.

20.
10.

Comp.6
Mg/dust

62.
11.
17.

20.

25.
10.
10.
11.

6.

36.

set.

Sum of listed
contrib.

91.
95.
94.
88.
78.
100.
111.
107.
106.
95.
93.
76.
134.
99.
110.
111.
103.

a The source contributions are expressed as percentages of the average
observed concentrations. Contributions are not listed when the
elemental concentration was excluded from the profile in Table 6.
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IHTRODUCTION

In the lasted years air pollution
has became a critical problem with
effects on atmospheric properties,
human health, soil, water,
vegetation, animals and ecosystem.

To protect the environment against
the pollution it is necessary to
have techniques that not only
monitor the air pollution but also
clarify its origin. INAA is useful
for this purpose because of its high
sensitivity and its ability to make
in a single measurement, qualitative
and quantitative analyses of
numerous elements in a sample [1-3].

The aerosols in urban and
industrialized areas are clearly
mutagenic. Most probably traffic and
certain industrial sources
contribute to this occurrence [4].

The purpose of this investigation
is to obtain information about the
aerosol in the city of Sao Paulo and
perform, by mean of the trace
element results obtained by INAA, a
preliminary identification of the
main sources of the atmospheric
aerosol based on enrichment factor
(Ef) and correlation coefficient (r)
results.

Quantitative analyses of fly ash
candidate reference material,
CTA-FFA-I, were also made.

EXPERIMENTAI.

Air sampling

All the air particulate samples
used in this study were collected
using a sierra Instrument model 244
Dichotomous Sampler (Virtual
Impactor) that fractionates
suspended particles into two sized
fractions, 2.5 to 10 microns and
less than 2.5 microns. The two
particle fractions were collected
uniformly on two 37 mm teflon
membrane filters. The virtual
impactor head has a single stage
design with a cut point of 2.5
microns and flow rate of 1 m3/h. The
sampling site was on the western
periphery of the city. The time of
collection was 24 h.

Analytical procedure

A non-destructive neutron
activation analytical procedure was
established. For the analyses of
elements that give rise to
short-lived radionuclides, samples
and standards were irradiated for 5
minutes using a pneumatic rabbit
station with swimming pool type
research reactor whose flux is about
1012 n.cm"2.s"'. For the analyses of
long-lived radionuclides, samples
were irradiated for 24 h on a
neutron flux of 1013 n.cm'2.s''. Some
experimental conditions and the
elements analyzed are summarized in
Table 1.

Standards were prepared by
pipeting suitable aliquots of
standard solutions obtained by
dissolution of high degree purity
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elemental metals or oxides on pieces
of Whatman No. 41 filter paper and
dried under an infrared lamp.

The measurements were carried out
after suitable cooling times with a
Ge(Li) detector Ortec Model
8OO1-1022V, resolution of 2.6 KeV at
the 1332 KeV gamma peak of 60Co
coupled to a 4096 channel gamma
spectrometer Ortec model 6240B.

RESULTS AHD DISCUSSION

Analysis of fly ash

Quantitative analyses of fly ash
candidate reference material,
CTA-FFA-I, were made. The analytical
procedure adopted was the same that
was used for the filters and is
indicated in Table 1.

In all, 19 elements were
determined and the results are
presented in Table 2, together with
their relative standard deviations,
SD(rel;%, and estimated lower limits
of detection.

As can be seen from Table 2, 14
elements could be determined with
precision less than 5%. For the
other elements, the precision was
around 10%.

The detection limit achieved was
considered equal three times the
standard deviation of the background
counts for a given interval of time
[5].

lim

Analysis of aerosols

The described analytical
procedures were applied to the
analysis of aerosols collected on 24
filters (fine and coarse
particulate. Twenty two elements
could be determined by INRA: Na, Al,
Cl, K, Sc, V, Cr, Mn, Fe, Co, As,
Se, Br, Rb, Mo, Sb, Ba, La, Ce, Sm,
W and Th.

Geometric means, geometric
standard deviation and median of
elemental concentration obtained and
the number of data used for
calculation of the means (n) are
given in Table 3.

In order to obtain information
about aerosol sources, correlation
coefficient and enrichment factor
were calculated.

The number of significant
correlations is higher in the coarse
particle fractions as compared to
the fine fractions. For the coarse
fraction elements Al, Sc, Fe, Rb, La
and Ce are clearly associated. In
the fine particle fraction the
elements most frequently associated
are Br, Co, As and Cl.

To evaluate the contribution of
anthropogenic aerosol sourceB for
each element identified, the
enrichment factor, Ef, was evaluated
using
[EQUATION]
where Cn, C1, are the concentrations
of element X in the atmosphere and
the earth's dust, respectively.

The reference element utilized in
this Btudy was Fe, since it is
considered to be the most
significant indicator of the earth's
crust 16].

The elemental concentrations in
the earth's crust according to data
given by Mason and Moore [7] were
used as a basis for calculating the
respective enrichment factors as
shown in Table 4.

Following the criterion
established by Rahn [6], elements
with Ef < 7 are of natural origin
and those elements with Ef > 10 are
anthropogenic.

Sodium, Al, K, Sc, Fe, Co, La, Ce,
Sm and Th are typical elements of
natural origin. Bromine, arsenic and
chlorine are representative of
anthropogenic combustion sources
with the expected predominance of
small particles.
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Vanadium and Mn are typical
elements produced from both physical
( l a r g e p a r t i c l e ) and
combustion/condensation (fine
particle) processes. Both have
anthropogenic sources.

Considering that the aerosol of
Sao Paulo is one of the most complex
of the world because it includes
about 150,000 industries of all
types and sizes, 14 million people
if we consider the surrounding
zones, and 4.5 million vehicles 80%
of which use gasoline blended with
20% ethanol and the other 20% pure
alcohol fuel. For these reasons
characterizing Sao Paulo's aerosol
is very difficult.

FUTURE WORK

The next year we will continue the
aerosol analysis initiated. We will
concentrate our efforts on the
characterization of the aerosol in
Sao Paulo using factor analysis.
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Table 2. Results obtained for fly ash CTA-FFA-I

Results of individual determinations (ppm)

EIeri

As
Ba
Ce
Co
Cr
Eu
Hf
La
Mn
Nd
Rb
Sb
Sc
Se
Sm
Ta
Th
V
Yb

i I

67.8
845.7
105.9
40.0

137.4
2.4
5.9

60.6
1041.5

57.2
165.8

16.7
23.6

6.2
11.3

1.9
28.2

262.8
4.0

2

7O.5
880.7
113.1
40.4

143.0
2.3
5.7

60.0
1061.6

59.6
169.8

17.9
24.2
7.5

12.5
1.8

28.8
225.4

3.9

3

86.8
853.0
103.9
39.6

136.6
2.4
5.5

62.1
1039.1

50.9
158.6
16.3
23.1
6.3

12.0
1.9

28.4
275.6

4.0

4

65.3
941.1
112.1
39.4

145.0
2.3
6.0

60.3
1112.9

52.2
172.9
18.6
24.3
6.0

13.4
1.8

27.1
287.6

5

86.2

111.8
38.5

142.4
2.3
5.5

61.1
1169.5

51.0
170.7
18.3
24.4

11.0
1.9

27.4
274.0

6

116.8
39.2

148.3
2.4
5.9

1112.9
56.8

176.6
18.5
25.2

1.9
28.9

235.0

Mean ± SD
(ppm)

75.32 ± 10.37
880.13 ±43.35
110.60 ± 4.80
39.51 ± 0.65

142.12 ± 4.47
2.35 ± 0.055
5.75 ± 0.22

60.82 ± 0.82
1089.58 ±51.22

54.62 ± 3.72
169.07 ± 6.24
17.72 ± 0.98
24.13 ± 0.72
6.5 ± 0.68

12.04 ± 0.96
1.87 ± 0.052

28.13 ± 0.74
260.07 ±24.62

3.97 ± 0.0058

SD(rel)
%

13.8
4.9
4.3
1.6
3.1
2.3
3.8
1.3
4.7
6.8
3.7
5.5
3.0

10.5
8.0
2.8
2.6
9.5
1.5

Det. limit
(ppm)

10
200

1
0.5
2.5
0.1
0.2

10
20
25
2O

1.5
0.1
1.5
1
0.3
0.3

30
0.7
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T A B X E 3 - CEO(CTRIC ICAMS. CEOMIMC STjB)DAMI DEVIATIOM AMD « P I A N .

FBOM IMM AHALYSIS, IN pg/m3 , !«LESS INDICATED.

Element

Na (ng/m 3 )

Al ( n g / n 3 )

Cl (og /m 3 )

K (vr./m3)

Sc

V (ng/m3)

Cr (ng/m3)

»i (ng/m3)

Fe (ng/m3)

Co

As

Se

Br

Rb

Mo

Sb

Ba (ng/m3)

La

Ce

Sm

W

Th

Fine-Particles

n

12

11

10

9

8

12

9

12

9

3

8

8

8

6

7

9

7

9

8

9

9

8

GEOMETRIC

MEANS *_ SD

305 .7 % Î . 9

154.6 J 1.8

«7.2 * 9.6

476.6 i 2.7

12 ?. 2

15.0 I 1.6

5.3 1.3.8

36.5 4 3,6

171.5 Î 2.6

265 J 3

2480 f 2

1718 Î 3

8852 £ 2

3779 ? 2

1033 5 2

4018 * 2

13.2 Î 1.3

259 Î 2

255 Ï 4

51 I 2

493 Î 2

60 * 2

fCBIAN

296.5

179.0

90.5

593.0

12

17.3

12.3

23,3

251.0

221

1975

1482

9147

4209

952

4872

12.6

279

342

- 48

409

54

n

12

12

11

9

9

12

9

12

9

9

4

8

7

6

6

9

7

9

9

9

9

9

Coarse ^Particles

CEOlCTRIC

IEANS • SD

245.0 * 2.4

1480.0 f 1.8

351.4 S 1.8

340.4 % 2.7

183 £ 2

6.4 i 1.6

9.1 I 2.1

38.1 S 2.4

947.2 % 2.3

• 207 % 4

388 Î 2

357 î 2

1010 t 3

2236 % 2

1332 ? 2

1848 % 2

42.0 i 1.8

1021 1 2

2429 i 2

157 t 2

755 5 3

200 % 2

ICDIAN

237.0

1642.0

314.0

475.0

252

6.4

11.8

29.6

1211.0

220

367

391

1289

2300

1200

1600

42.3

1300

3175

172

840

246
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T A B L E £

ENBICKIEMT FACIOSS OF THE ElEWNTS IN FINE AND COARSE FRACTIONS

REFERENCE ElEHENT: Fe

Eleraent

Ha

Al

Cl

K

Sc

V

Cr

Hl

Fe

Co

As

Se

Br

Rb

Mo

Sb

Ba

La

Ce

Sm

U

Th

Ef "

Fine Coarse

3.2

0.6

105.9 '

5.4

0 .2

32.4

15.5

11.2 .

1

3 .1

402.0

10017.5

1032.3

12.2

200.8

5857.0

9.1

2.5

1.2

2.5

96.0

2.4

0.5

1.0

142.7

0.7

0.4

2.5

4 . 8

2.1

1

0.4

U . 4

377.0

21.3

1..3

• • 46.9

488.0

5.2

l . S

2.1

1.4

26.6

1.5
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ANNEX 6

CHEMICAL FACTOR PATTERNS AND LEACHABILITY OF
INCINERATOR AND INDUSTRIAL STACK SOLIDS

R.E. Jervis"*, and S.S. Kriahnan"
+Department of chemicpl Engineering and Applied Chemistry
and Institute of Environmental Studies
University of Toronto, Canada
*Hedical Physics Laboratory
Toronto General Hospital

"Chief Scientific Investigator

The research being done under the IAEA Solid Wastes CRP is one part
of a research program which is directed to study the environmental
behaviour of selected inorganic components, their accumulation in the
human body and environmental health assessment.

Specimens selected for study include solid waste residues from
industry, from municipal garbage, sewage and hospital incinerators
nearby contaminated soil and surface deposits, water and sedimentB,
atmospheric wet deposition, airborne particulate matter and emission
stack fly ash, laboratory animal tissues, wild life specimens, and
human scalp hair. The overall objectives include: (i) characterization
of pollution sources through trace elements concentration patterns (or
'factors'), (ii) identification of toxic elements which are
concentrated in solid wastes, aerosols or human tissues (iii) attempts
to estimate pollution source contributions to the general environment,
(iv) consideration of the bioavailability of selected elements of
environmental health significance and (v) selection of suitable
bioindicators of environmental pollution. (For the purpose of this
solid wastes RCM only those experiments concerned with wastes and
aerosols are presented.)

1. INTRODUCTION

Particularly in industrialized
countries, the proliferation of solid
wastes and decisions about how to
dispose of them are increasingly of
concern. While many solid wastes are
deposited ii dry landfill basins,
some are i icinerated as a means of
mass and volume reductions so that
only ash residue needs be disposed.

Certain types of organic and
biological domestic and institutional
wastes or food wastes, paper and
plastics are incinerated, not only
for reduction in mass/volume but also
to render them free of bacteria and
pathogens. However, waste
incinerators emit fumes and particles

which may cause air pollution
problems [1,2]. Some municipal sewage
or agricultural wastes can be a
valuable source of soil nutrients and
are spread on fields. Sewage slurries
or incinerator ash particularly from
industrialized regions can
concentrate and contain unacceptable
levels of metals, PAH's or PCB's and
may not be disposed of on
agricultural land. Therefore, various
means for the disposal or
incineration of solid wastes can pose
serious air, water or soil pollution
problems.

In related recent studies in this
laboratory of ambient air-borne
particulate matter [1], contributions
of a certain grouping of elements
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Buch as As, I, Sb, Se have been
identified as arising from
incinerators. It was of particular
interest to this CRP Solid Wastes
program to fully assess environmental
emissions from several types of waste
incinerators: general refuse
(garbage) incinerators, sewage
incinerators and hospital
incinerators — three quite distinct
operations that are commonly found in
North American cities. This has been
approached by obtaining air
particulate samples near incinerators
and by studying residual ash and fly
ash samples from the incinerator
emission stacks.

Some environmental sampling has
been done through cooperation with an
environmental agency, the local
harbour commission, and a hospital.
Multi-elemental trace analyses for
30-40 elements — not all of which
are environmentally significant —
has been done by a set of nuclear and
non-nuclear analytical methods
(described briefly below), and some
of the concentration data compiled
has been subjected to multivariate
statistical correlation analysis. The
results obtained to date have yielded
some valuable information on Canadian
environmental problems.

2. Methodology

Materials to be studied (of the
types cited above) were taken at
Bites where elemental concentrations
might be elevated, as well as at
control sites. Some samples were
taken by and in cooperation with the
Ministry of Environment and Toronto
Harbour Commission.

Nuclear analytical methods used
for this study were: (i) INAA at the
University,s SLOWPOKE Reactor at
2.5-10 x 10" H(V for irradiation
times of 5-30 mins, with some done
overnight (16 h) for medium and
long-lived radionuclides. Owing to
the reproducibility of the reactor
flux (±2%) it was only necessary to
irradiate standards infrequently. In
some samples, a total of 25-35
elements was determined by SLOWPOKE

INAA; (ii) ENAA (epithermal NAA) was
used especially for trace Cd in
animal tissues and bone at the high
flux (2 x 10") McMaater Reactor;
(ill) PNAA, photonuclear activation,
was done using the NRC (Ottawa)
electron linear accelerator for 1-3 h
bombardment at about 35 MeV since
this technique permitted instrumental
determination of Pb, Ni, Cd, As plus
several other elements.

Both for the purpose of accuracy
comparison and for extending the
total range of elements determined in
thiB study, use was made also of (iv)
atomic absorption especially for Cd
and Al, (v) XRF, for aerosols and
stack solids and (vi) ICP/AES for
accuracy comparisons. For some
elements it was possible to obtain
concentration values by two
independent analytical methods to
check accuracy which varied widely
from <5% in some cases to >50%
differences for several elements
being measured near the detection
limit of one or other of the methods.
In all of the measurements made by
the complementary use of these
analytical methods frequent use was
made of standard reference materials
such as those available from IAEA,
the NIST (formerly NBS), Japan NIES.
It is considered essential to provide
evidence of the accuracy of
analytical results whenever they are
reported, such as be independently
determining concentrations in
certified SRM's.

Multivariate statistical factor
analysis was done with a PC system
mainly by means of the SAS Software,
and recently StatgraphicB (version 3)
has been compared with SAS using the
same aerosol concentration data bank.

3. RESULTS

3.1 Incinerator studies

As an input into aerosol receptor
modelling calculations it was of
interest to obtain typical
concentration patterns of incinerator
emissions. Since trace element
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profiles were the main interest,
incinerator ash was studied rather
than stack samples. In Table 1 are
given results for Toronto refuse and
Bewage incinerators compared to a
U.S. refuse incinerator [3].
Particularly significant are the high
concentration of As, Br, Cd, Cl, Cr,
Mn, Sb, Ti and Zn in the incinerator
ash wastes, a group which includes
those elements found on air filters
and attributed to incinerators
(above). The E.F. (enrichment factor)
values for these elements are more
significant than their absolute
concentrations [1,3] and these range
from values of about 5 to 10 for As,
Fe, Ti to values >500-1500 for Se,
Sb, Pb.

In Table 2 are the aerosol
concentrations downwind from a large
Toronto hospital incinerator, shown
as mean concentrations (ng/m') and
rangeB over several weeks sampling
with 'hi-vol' units. Those elements
marked (•) may be considered as
potential 'incinerator marker
elements' both because of their
enrichment in air particulates
sampled downwind from the hospital
incinerators and also in the
incinerator stack fly ash (Table 3).
More definitive identification of
incinerator 'marker elements' will be
obtained in the near future when
multivariate statistical factor
analysis is completed on the aerosol
concentration data set, thus yielding
the incinerator 'chemical factor".

However, of particular interest
from the solid waste disposal point
of view are the marked enrichments of
As, Cd, Cl, Cr, Sb, and Zn in the
hospital incinerator ash, several of
which might be attributable to
disposal hospital plastic ware and
medical items.

In Table 4 are listed some recent
results for plastics, a material
commonly incinerated and which has
recently been reported by De Bruin
[2] ;o produce high inorganic
contamination of incinerator ash.
Orange and yellow plastics seem
especially high in some metals.

including Cd.

The air filter measurements at
tl._ hospital site (Table 2) have been
done using Hi-vol, single stage air
samplers with Whatman 41 cellulose
filters (of low trace element 'blank'
content). Because of the complexity
of some air-sheds near industrial
emission sources, it proved
necessary, in order to distinguish
emission sources, to do size-sorting
air sampling with a 5 stage impactor.
Many current air pollution Btudies
are conducted using 2 stage or
dichotomous samples. At the present
time, results from the Hi-vol and
2-stage samples are being compared at
the hospital site to ascertain if
factor analysis and source
apportionment can be done without the
added effort of the 5-stage impactor
sampling.

3.2 Other Aerosol Studies

Table 5 gives the results of
aerosol studies in the Toronto urban
area done over a period of 15 years.
Receptor modelling near the Toronto
refuse and the sewage incinerators
[3] using 5-stage Sierra hi-vol
impactors have yielded additional
information on incinerator
contributions to air pollution. The
multivariate factor analysis
identified a sewage incinerator
contribution of very small, submicron
particles of As (0.64-0.8), I
(0.6-0.8), Pb (0.61-0.93), Sb
(0.77-0.97) and Se (0.6-0.8) where ()
gives their factor loadings, the
fraction of the variance contributed
by that element in an sewage
incinerator 'chemical factor'.
Similar loadings of As, Cd, Pb, Sb,
Se and Zn were attributed to the
Toronto main refuse incinerator.
Source contributions at the
industrial site downwind but not
close to the incinerators were found
by the receptor modelling
computations to be 2.2% from
incinerator, (compared to 79% from
dust and constructional activity, 14%
from cement production and other
small contributions from industry and
motor vehicles) .
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A direct comparison was made of
INAA, XRF and PNAA analyses for the
same filters from dichotomous
sampling done by the Ontario Ministry
of Environment in two industrial
(iron and steel) cities [4]. About 30
elements were determined by INAA, 10
by PNAA and 20 were determined by XRF
with varying .. sensitivities ;
comparison of the concentration
results showed agreement within 0-20%
for 10 of the elements determined by
XRF and INAA but differences up to
89% for As, K, V and Zn. ICP analyses
were also done for some dissolved air
filters and stack solids for Al, B,
Ba, Ca, Cd, Co, Cr, Cu, Fe, Mg, Mn,
P, Pb, S, Si, Ti, V, Zn. Comparison
with prior INAA on the same filters
showed agreement between these
methods of from 2 to 36% for 12
elements: much better agreement than
with XRF and INAA.

3.3 Landfill with
Municipal Wastes

Industrial/

Another solid waste disposal
practice is the creation of new land
by placing solid wastes off-shore and
in harbours. Much U.S. incinerator
ash and sewage sludge has been moved
off-shore by barge and dumped in
coastal waters. When such solid waste
material includes industrial spoils
and dredgings of contaminated
sediments, the resulting new land may
prove not to be suitable for human
occupancy and the adjacent waters may
become contaminated by the leaching
of metals from the materials
deposited at the edges of such
landfill 'spits'.

Samples were taken from a long (5
km) artificial strip of land
enclosing the Toronto outer harbour
which has been constructed by
progressively depositing dredgeate,
soil and construction waste into the
lake. Some contaminated dredgeate was
also deposited directly into lagoons.
With the assistance of the Toronto
Harbour Commission, lake-filling
material and dredge spoils were
sampled together with some water
samples. These have been analyzed for
about 35 trace and minor elements

[5]. For INAA of lake and lagoon
water samplep, suspended particulate
matter was separated and the water
freeze-dried. Increased levels were
found especially of Ag, As, Cr, Sb,
Se and Zn. Floating algae material
near the spit showed marked
enrichments of the same elements,
most of which are judged to be of
anthropogenic origin.

3.4 Bioavailability of Solid Waste
Components

Experiments are currently in
progress to measure the leachability
of selected trace components from
incinerator fly ash and some special
soils. Homogeneity studies have shown
that a minimum of 200 mg of fly ash
are required for analysis of the
fraction of element removed by
contact (i) with simulated natural
surface waters adjusted to pH 5 and
(ii) with organic extractant:
octanol. While 12 elements (Ag, As,
Au, Ba, Cd, Cr, Fe, Hg, Mn, Sb, Se,
U, Zn) are being measured and the
fraction extracted ranges from 0 to
15%, measurements of Al are receiving
priority at present.

Soil samples to be studies have
been obtained from regions exhibiting
increased occurrence of Alzheimer'B
disease and from control areas.

3.5 Cadmium Xoxicity

Cd from environmental sources,
such as incinerator emissions and ash
residues, have been studied in
relation to their toxicity to humans
and animals. Quite elevated
concentrations in sewage sludges,
municipal and refuse and in certain
plastics were shown in Tables 1 to 4
(above).

The fate of ingested Cd has been
studied in laboratory animals given
both natural Cd and Cd-109 tracer in
their drinking water. Elevated tissue
Cd concentrations in organs and bone
have been measured both by AAS and by
epithermal NAA. The results reveal
some new direct evidence that Cd can
directly enter bone and that bone
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disorders in mammals mey be primary
rather than secondary consequences of
Cd intake.
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Table 1

Comparison Between the Elemental Concentrationa
of the Incinerator Ash samples in Toronto and

in Alexandria, USA [54]
(ppm)

Element

Ag
Al
As
Br
Ca
Cd
Ce
Cl
Co
Cr
Fe
I
K
La
Hn
Ha
Sb
Se
Ti
V
H
Zn

Refuse Incin.

70 ± 3.6
56000 ± 1500
130 ± 2.2
390 ± 1.6
56800 ± 4150
430 ± 8.2
28 ± 0.7
42200 ± 390
19 ± 0.5
710 ± 19
90400 ± 1200
2.7 ± 1.9
53000 ± 7000
15 ± 0.35
1100 ± 22
50800 ± 140
740 ± 0.67
22 ± 1.7
5800 ± 780
47 ± 10
7.2 ± 2
17000 ± 700

Sewage Incin.

56 ± 0.16
47000 ± 680
14.4 ± 0.29
___
67000 ± 3000
33 ± 3.9
76 ± 2.2

39 ± 0.28
2240 ±6.93
196000 ± 608

7500 ± 26
27 ± 0.18
630 ± 13
5300 ± 10
21 ± 0.12
2.0 ± 0.79
8100 ± 400
52 ± 4.1
20 ± 0.4
3900 ± 14

Alexandria
Municipal
Incinerator
Greenberg

85
10900
40
120
43000
42
78
8000
35
1330
52000
25
_
34
4300
14500
270
3.4
32000
135
16
10800
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Table 2

Aerosol Concentrationa at Toronto hospital site
(ng/m3)

Element Mean Concentration Range

Ag
Al*
As
Br
Ca
Cd*
Ce
Cl*
Co
Cr*
Cs
Cu
Eu
Fe*
Hf
I
K*
La
Mg
Mn*
Ha
Sb
Se
Ti*
V
W
Zn*

6.3
1560
4.4
27
3905
1.05
1.8
3000
1.12
12.0
0.18
1360
0.04
1640
0.23
1.4
550
1.6
755
115
625
4.3
2.2
150
16.8
0.75
134

2.7-9.8
320-2800
1.8-6.9
15-39
810-7000
0.2-1.9
0.7-2.9
1100-4900
0.34-1.9
5.6-18.5
0.11-0.24
620-2100
0.02-0.06
580-2700
0.19-0.26
0.5-2.2
120-980
0.21-3.0
210-1300
29-200
360-890
1.3-7.2
0.63-3.9
59-240
2.3-29
0.30-1.2
7.8-260

* (incinerator marker elements)
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Table 3

Concentrations in Fly ash from Hospital Incinerator
(ppm)

Element Concentration

Ag
Al*
Ae
Br
Ca
Cd*
Cl*
CO
cr*
Cu
Fe*
I
K*
La
Mg
Mn*
Ha
Sb*
Se*
Ti
V
H
Zn*

60 ± 2.6
15200 ± 280
98 ± 65
180 ± 0.7
25500 ±320
380 ± 10
29000 ± 98
18 ± 1.2
422 ± 15
2.2 ± 0.06
96000 ± 1900
6.8 ± 2.3
42000 ± 3100
13 ± 0.68
2460 ± 98
1260 ± 22
18200 ± 130
860 ± 2.8
66 ± 1.8
21000 ± 690
15.4 ± 23
12.4 ± 2.3
31000 ± 890

(incinerator marker elements)
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Table 4

Concentrations of Impurities in Commercial Plastics
(ppm)

Element

Al

Ca

Cd

Cl

Cu

I

Mg

Mn

Na

Ti

V

Zn

Colourless

316 ± 2.89

97 ± 4.85

17 ± 0.34

0.104 ± 0.001

9.04 ± 0.72

0.16 ± 0.001

57.6 ± 0.52

1.69 ± 0.51

0.02 ± 0.008

Yellow

571 ± 3

94 ± 3.

3.2 ± 0

22.9 ±

0.45 ±

20.8 ±

0.22 ±

62.5 ±

84.8 ±

0.84 ±

.91

6

.67

1.0

0.004

1.2

0.001

0.63

22.1

0.09

(De Bruin
Dutch
Plastics)

2.0

2.4

10.5

Note: Yellow sample with elevated Cd, V, Ti, Al.
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Table 5

Elemental Concentrations In Toronto Area Aerosols (1973-88)
(ng/m3)

Element

Ag
Al
AB
Br
Ca
Cd
Cl
Co
Cr
Cu
Fe
I
K
La
Mg
Mn
Na
Ni
Pb
Sb
Sc
Se
Ti
V
W
Zn

Commissioners St.
(1988)

>0.7
3400 (1800-8700)
2.5 (1.1-4.6)
18 (12-27)
9600 (3700-20000)
>2.3
860 (600-1240)
2.2 (1.0-5.6)
22 (9.0-51)
130 (60-260)
4300 (1700-10000)
0.73 (0.33-1.5)
1100 (390-2800)
2.5 (1.0-6.6)
1900 (970-3600)
110 (52-220)
950 (400-1800)
10.7 (3.4-20)
160 (47-330)
2.6 (1.0-4.5)
0.57 (0.27-1.5)
2.7 (0.35-7.0)
290 (150-630)
8.2 (4.0-23)
960 (390-2600)
270 (86-830)

Ind.
71986)

1580
6.5
73.7
6100

4400
0.8
15
110
2100
>20
500
1.2

72
990

1310
14.4
0.3
>1.7
140
5.5
>0.6
470

Queen's Park
(1987)

2.3
1450
1.5
28
5700

1600
0.57
7.3
1300
1400
1.5
480
0.8
580
63
610
6.3
110
1.7
0.23
1.4
170
5.7
>0.36
100

Suburban
(1985)

0.56
600
5.3
70
2150

2340
0.45
7.5
740
640
3.2
—__
1.5
____
34
1520
6.9
300
1.4
0.13
3.3
64
5.9
—
108

Tor.
(1973)

2100
12
290
5300
____
1200
1.0
25
---_
2200
<0.4
870
2.4

75
650
_
970
6.9
0.27
____
170
14

320

Note: Ind. S. Riverdale S i te , Pringle
suburban Port Credit, Pringle
Tor. Downtown Toronto, Paciga
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I. INTRODUCTION

Environmental protection has
become a problem of major concern in
most parts of the world today. Like
what has happened to many
industrialized countries, a great
challenge of protecting the air, the
lands and the waters from industrial
pollutants is now faced to China, as
she is speeding up her economic
developments. The situation is even
more serious in some of China's
industrial centres, such as Shanghai
and the neighbouring cities, i.e. the
Shanghai Economic Zone.

In the past years, big campaigns
have been launched to tackle
environmental pollution in Shanghai
and the other cities as well.
However, greater efforts have to be
made to control industrial
contaminations caused by, especially,
acidic gases and heavy metal
elements, and to assess their social
and economic impact. We will have
still more to do in dealing with
environmental problems in some rural
area, where people establish small
industrial businesses with little
attention paid on protecting their
environments .

Under the IAEA Co-ordinated
Research Programme on the Use of
Nuclear and Nuclear-Related
Techniques in the Study of
Environmental Pollution Associated
with Solid Hastes, the Shanghai
Institute of Nuclear Research,
Academia Sinica (SINR) has undertaken
the project of Application of Nuclear
Analysis Techniques in the Study of
Environmental Pollution in the

Vicinity of Shanghai. Programmes of
the project involve technical
improvement of the PIXE ayBtera,
collection and analysis of
representative aerosol samples from
contaminated and non-contaminated
areas and application of appropriate
quality control procedures. The
project was contracted in August,
1988, however, detailed working
programmes were worked out after the
Research Co-ordination Meeting, Bled,
Yugoslavia, 3-7 October, 1988. And
this is the first progress report of
the project.

II. RESEARCH PROGRAMMES

According to the Core Programme
decided at the Bled RCH [1], we
decide to concentrate ourselves on
the following topics, while working
on improving the PIXE analysis system
[2].

1. Elemental composition of
aerosol samples from i) the north
part of Shanghai, ii) SINR, and
iii) a lead-zinc smeltery and its
surroundings areas.

2. Trace elements studies with
human hair samples collected from
people exposed to heavy metal
atmospheric contaminations.

The north section of Shanghai is
quite typical in terms of urban
atmospheric contamination. There are
hundreds of factories, big or small,
scattered in residential quarters in
the area. Some measures have been
adopted to remove fly ashes, though,
considerable amount of gaseous
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pollutants are still emitted every
day from the industries. Meanwhile,
traffic in the area keeps busy in
most hours of the day. There is the
railway system linking the city to
the rest parts of China. There are
endless flows of buses and lorries,
transporting workers, raw materials
and products for the industries. To
monitor the environmental pollution
and to seek ways of solving the
problems in the area will be of great
significance to the whole city.

On the other hand, the
surrounding environment of the
Institute of Nuclear Research is
quiet and beautiful. It IB situated
about 40 kilometres from the city
centre, surrounded by farming lands
and a few small villages. Most parts
of the Institute are covered with
trees and other plantations. One
observes fewer traffic on the road
nearby. Aerosol samples collected at
such a site shall be typical
non-contaminated. And it will be
convenient for us to carry out the
atmospheric monitoring in any
duration and at any time of the year.

The site chosen for working
condition and environment monitoring
is located in a hilly area named
Guichi, which is some 200 kilometres
northwest to Shanghai. Lead-zinc ores
are mined and metallurgically treated
in a smeltery close Io the mines.
These industrial activities began
about 10 years ago. The ore contains
substantial amount of sulphur. This
makes the metallurgical process very
easy. It is started by simply
igniting the ore with some straws put
in the bottom of a furnace.

The metallurgical process lasts
about four hours. However. the
equipment to protect the surrounding
environment and the workers is as
indigenous as the production process.
Fundamental improvement of the
situation must be done as soon as
possible. The work to be conducted on
this purpose is collaborated with the
Shanghai Institute of Labour
Protection and Industrial Hygiene- It

includes aerosol and hair sample
collections and analysis. At the last
stage of the programme, a proposal
will be presented by both the
institutes.

III. EZPERIHEHTAL PROCEDURES AHD
RESULTS

Aerosol sampling began in March,
1989. Stacked filter samplers
(BSDP-0.5, Chinese made) were used.
The aerosol sampler is configured
with two Nuclepore filters in series.
The first IB 30 mm in diameter and 5
microns of pore size. The second is
correspondingly 10 mm and 0.45
micron. The samplers were deployed at
a height of about 10 metres above the
ground level, except collections
inside the workshops, in which the
samplers were placed at about 1.5
metre above the floor. An integrated
volume meter was connected to the
sampler. The collecting rate and time
varied from 1 to 11 litres per minute
and 1 to 10 hours, respectively,
depending on the cleanness of the air
at the sampling site. The samples
were kept in lucite capsules before
PIXE analysis.

Due to some reasons, the final
work of improving the PIXE/PIGE
analysis system was postponed.
However, we were able to do some of
the PIXE measurement in Fudan
University on a 2.5 MeV Van de
Graaff. Sixty-five aerosol samples
collected in March, 1989, at SINR and
the smeltery were analyzed.

The sampling at the lead-zinc
smeltery took place on March 12-17 at
four different sites, i.e, the
furnace workshop, the furnace burden
place, open places of the factory and
a village (Qinfeng) about 500 metres
southwest to the factory. And the
aerosol samples of SINR were
collected at the northwest part of
the institute. Only the fine
particulate (the second filter) were
analyzed. .

A 2.0 MeV proton beam was
collimated to 3 x 3 mm, hitting the
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target with a beam current of 20-30
nA. The target chamber maintained in
low vacuums (10~2 to 10J torr) to avoid
charge building-up effect. Every 300
seconds PIXE spectra of an aerosol
sample were accumulated in an S-80
HCA. Data handling was performed on a
PDP 11/34 computer with an AXIL code.
Elemental compositions of the samples
were determined by comparing the
spectra with those derived from
bombarding a set of MicroMatter
films.

Al, Si, P, S, Cl, K, Ca, Ti, V,
Cr, Mn, Fe, Cu, Zn and Pb were
detected in most of the aerosol
samples. Average concentrations of
the aerosol contents are reported in
Table 1.

In Figure 1 is the PIXE spectra
of one of the aerosol samples
collected in March at SINR.
Analytical results of the samples are
given in the first column of Table 1.
He can see from the analysis that the
atmospheric environment of SIHR is
quite representative of a
non—contaminated area. Aerosol
contents in early spring at the
institute were dominated by crustal
and ocean elements, due to the fact
that early spring in Shanghai area is
still quite windy, either from the
north or the east (the Pacific) .

As was expected, the working
conditions of the lead-zinc ore
smelting plant was seriously
deteriorated by tremendous amount of
Al, Si, P, S, Cl, Zn and Pb
particulate created continuously
during the metallurgical process. The
problem was the worst at the furnace
workshop, which is placed in the
second floor of a building. In this
place, the average Pb concentration
exceeded 1.500 ug/m3 and the Zn came
close to 140 ug/m3. At the furnace
burden area, which is located in the
first floor of the building, the
average amounts of the suspended
particulate were approximately one to
two orders of magnitude lower than in
the second floor.

At outside of the building and

the surrounding areas of the plant,
one observes apparent S, Zn and Pb
pollution. The atmospheric S contents
came from the SO2 and sulphate
emission of the furnaces. The Pb
particulate were originated from the
same source. The Zn contents,
however, might have some other
sources and will be further
investigated by even more sampling
and analysis.

In order to make an effective
control of the gaseous and heavy
metal pollutants, we measured aerosol
compositions of the samples collected
nearby the furnaces in the successive
hours of the smelting process. Table
2 reports the results derived from
sampling during a typical four-hours
smelting period. The Al, Si, P, S,
Cl, Zn and Pb concentrations were the
lowest in the first hour, when the
furnaces were ignited and the ore was
heated to the melting temperatures of
the metal elements (Pb, 327°C, Zn,
419°C). The aerosol concentrations
became the highest in the second hour
and increased rapidly in the later
hours. There were slight changes in
the Pb/Zn ratio. This may be
explained by their different melting
points.

The preliminary results suggest
an immediate need of improving the
ventilation and precipitation
systems. We are to work together with
the Institute of Labour Protection
and industrial Hygiene and other
administrational agencies, to control
the severe atmospheric contamination
of the gaseous and heavy metal
pollutants. As a next step, the heath
impact of these environment pollution
will be soon investigated by
organizing groups of the workers and
inhabitants for hair sampling and
analysis.

REFERENCED

[1] IAEA Report on the First Research
Co-ordination Meeting, Bled,
Yugoslavia, 3-7 October, 1988.

[2] Li Minqian et al.. Progress of
Environmental Studies at the



Annex 7, page 4

Shanghai Institute of Nuclear
Research, Academia Sinica, Annex
7, IAEA Report on the First
Research Co-ordination Meeting,
Bled, Yugoslavia, 3—7 October,
1988.



Annex 7, page 5

Table 1. Average concentrations (ng/m3) of the elements detected in aeroBol
samples collected at SINR and al the Guichi Lead-Zinc Smeltery.

Sampling
sites

Al

Si

P

S

Cl

K

Ca

Ti

W

Cr

Mn

Fe

Cu

Zn

Fb

SIHR

<371

1,200

<160

2,000

240

1,300

700

<12

<7

7

12,5

600

14

108

126

Qinfeng
Village

1,810

4,150

<510

17,480

800

6,010

14,130

<50

<35

41

42

2,800

30

980

1,100

Furnace
Workshop

936,500

418,000

1,455,000

165,000

46,700

3,700

<800

255

129

<60

<60

400

104

139,000

1,545,00

Furnace
Burden Place

72,400

<l,500

58,000

20,000

19,400

7,090

<800

844

351

177

144

1,960

100

1,500

14,160

Open places
of the plant

3,100

<l,000

<l,000

12,100

1,270

4,230

4,080

138

<25

<25

68

3,650

<25

820

840
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Table 2. Elemental compositions (ug/m3) of aerosol samples collected during
successive hours of a complete smelting process.

Elem The 1st hour" The 2nd hour The 3rd hour The 4th hour"

Al

Si

P

S

Cl

K

Ti

V

Fe

Cu

Zn

Pb

79

27

144

34

9

5

1.0

0.5

1.6

<0.2

<0.15

150

2,934

1,335

3,950

477

150

<5

<0.4

<0.2

<0.15

<0.2

380

3,840

611

268

1,210

115

28

<5

<0.4

<0.2

<0.15

<0.2

113

1,450

122

43

517

35

<5

<5

<0.4

<0.2

<0.15

0.4

62

740

"Furnace loading and ignition.
"The end of the smelting process.
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OF

ABSZKACT

315 air particulate samples were collected continuously in the
vicinity of zinc smelter in summer and winter of 1988. 415 samples have
been analyzed by PIXE technique (100 samples of them were collected
before). The concentration calibration - for the air particulate
measurements is made with thin micromatter standards (Micromatter
Corp. ). Integrated data processing were made including data of the
coal-fired power station before. Average concentration of elements Zn,
Pb, Cd, As and Cl in atmosphere of - the vicinity of z\nc-smelting
crucible furnaces in three seasons are much higher then comparative
site far from there. Average concentration of Pb is 1.7-22 times higher
as permitted concentration in atmosphere of residential area. The
potential toxic elements Zn, Pb, Cd, As, S, Br, Cl and Cr enriched
mainly in fine mode particles. In addition, correlation coefficients
between elemental concentration were calculated for air particulate
samples from vicinity of coal-fired power station and source of
elements were discussed.

INTRODUCTION

As a participant of Co-ordinated
Research Programme on the T "*e of the
Nuclear and Nuclear-related Techniques
in Study of Environmental Pollution
Associated with Solid Wastes, we
propose the research project entitled
a study on trace element concentration
of atmospheric aerosol in Beijing
city.

According to contract No.
4901/R2/RB, we have carried out
following works:

with 8-stage cascade impactor,
315 air particulate sample were
collected continuously for
successive five days in the
vicinity of a zinc smelter in
summer and winter of 1988. The
sampling duration was usually 2-4
hr/day.

415 samples have been analyzed by
PIXE (100 samples of them were

collected before).

The concentration calibration for
the air particulate measurements
have been made with thin
micromatter standard prepared on
Mylar backing of 3.5 urn thickness
(Micromatter Corp.) and standard
samples prepared on Mylar backing
of 3.5 um thickness and
environmental samples have been
inspected. Integrated data
processing have been carried out
(including data involving
coal-fired power station and Zinc
smelter).

EXPERIMENTAL CONDITIONS

The samples were analyzed with
PIXE technique on 1.7x2 MV tandem
accelerator at Beijing Normal
University.

— Proton energy: 2.4 Mev.
- Ream cur ren t : 20-50 nA.
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1 jjm Al film for defocusing beam.
- Beam spot size on sample: S mm

diameter.

Other experimental conditions and
equipments are the same as last
year.

RESULTS UID DISCUSSION

Part A.

The coal-fired power station has
three generating units with total
capacity of 6000 HW. Coal consumption
is 6000 T/day. Fig. 1 shows location
of the sampling station sites in the
vicinity of the station.

1. Table 1 shows the average
concentrations of TSP for five
sites, which were determined by
weighing. Clearly, for site H it
exceeds the level of third grade
state standard (S00 ug/m'/day).
For site G average TSP is higher
than the level of second grade
(300 ug/mYday). Average cone, for
five sites is 283. 1 ug/m3, which
is lower than second grade.

2. Table 2 shows the concentration
for 19 elements listing minimum,
maximum and average cone, for
five sites and the ratio of
coarse mode to fine mode particle
along with concentration of
Beijing city in winter,
respectively. From Table 2 it was
shown that the elements released
from coal burning As, Pb, Zn and
S [1] are enriched mainly in fine
mode particle. Average
concentrations for 19 elements
within 1 Km region around the
coal-fired power station are as
high as in space heating season.

3. Table 3 shows the percentages of
mass cone, of air particulate
matter with different diameters
collected using 8 stage cascade
impactcr in vicinity of the
station. The results in Table 3
indicate that particles can te
inhaled at least 63.3%. 35.8% of
the particles are able to enter

pulmonary region, a part of which
will deposit in pulmonary
alveoli, causing harmful effects
[4,5]. Respiratory deposition
efficiencies are a function of
the mass median aerodynamic
diameter (HHAD) of size
distribution of inhalable
particulate matter. The smaller
MHAD, the higher the deposition
efficiency of particles in
pulmonary alveoli. Table 4 shows
the HHAD and S1 (geometric
standard deviation) for air
particulate matter and elements
As, Zn, Pb, S in vicinity of the
station. Obviously, potential
toxic element As, Zn, Pb, S in
fine mode deposit almost in
pulmonary alveoli.

4. The correlation coefficients were
calculated by multivariate
statistical method for the 19
elements in fine particle mode
(<2 urn) from 15 sets of samples
collected at five sites in the
vicinity of the station. Then on
basis of the calculated result
the cluster analysis was further
carried out. Table 5 shows only
the correlation coefficients
between elements As, Zn, Pb, Se,
S and Br. The data in Table 5
indicate that the typical element
As in smoke from coal burning has
a close positive correlation with
Pb, Zn and a closer positive
correlation with Se, S, Br. It
shows that these elements are
from coal burning in coal-fired
power station. Fig. 2 shows the
dendrogram of the element
concentrations. It demonstrate
further the thesis. The results
is consistent with one of the
reported literature [6].

CONCLUSION

The fly ashes released by coal
burning at the coal-fired power
station result in surrounding
atmospheric environmental pollution.
Average concentrations for toxic
elements in atmosphere were quite
high. The pollution level of the
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vicinity of the coal-fired power
station is as high as at Beijing city
in space heating season. The impact of
fine particulate of fly ash on human
health is harmful.

Part B.

1. HAGU is a hilly region, which is
rich in Pb-Zn mineral resources.
Over the years local smelting
industry by way of indigenous
methods is growing rapidly. Raw
ore in crucible furnaces was
smelted with the aid of
coal-burning. Serious pollution
on atmospheric environment was
caused by heavy metal elements
such as Zn, As, Pb, Cd, etc.,
released in zinc-smelting action.

The location of the zinc-smelting
furnaces and sampling sites were shown
in Fig. 3. Site No. 1 is surrounded by
390 crucible furnaces. Site No. 2 is
a elementary school, south of which
has more than 80 crucible furnaces.
Site No. 3 is a country town with more
than 20000 inhabitants. Site No. 5 is
a place of administrative department
of zinc-smelting factory.

The sampler were collected for
successive five days in spring, summer
and winter of 1988. Fig. 4 shows that
the daily variation of element
concentration for Zn, Pb, Cd, As, S
are very large. Table 6 shows the
concentrations for 18 elements at four
sites in the three seasons listing
minimum, maximum, average values and
the ratio of coarse mode to fine mode
particles along with concentration of
comparative site No. 6 in winter,
respectively. Data in Table 6 show
that the pollution of the toxic
elements Zn, Pb, Cd, Cl on surrounding
atmosphere is quite serious. The
average concentration of Pb in
atmosphere of the HAGU was 1.7-22
times as large as maximum permitted
concentration (0.7 ug/m3) in
atmosphere for residential area, while
Cl at site No. 1 exceeds maximum
permitted concentrations (30 ug/m3)
yet. The average concentrations for
Zn, Cl, Pb, As, Cd at sampling sites
were 8.4-147, 23-117. 3-38, 1.7-32,

24-930 times as high as that
comparative site No. 6 far from there,
respectively. The ratios of coarse
mode particle to fine mode particle
for Zn, Pb, Cd, As, S, Br, Cl and Cr
are less than 1 in surrounding
atmosphere of the zinc-smelting
furnaces.

2. The content of the element in
different size air particulate
matters is different. Fig. 5.
shows X-ray spectra for Btage 0-7
at site No. 1. The elements Zn,
Pb, Cd concentrate mainly on the
Btage 0-3, i.e. they are mainly
in particles less than 2 urn. Fig.
6 shows clearly the size
distribution for 6 elements at
Bite No. 1.

3. Fig. 7 shows the time-space
distributions of interesting six
element concentrations. The
elemental concentration for Zn,
Pb, Cd were quite high and the
v a r i a t i o n of e l e m e n t
concentrations was very strong.

4. As above six element concentrate
mainly on fine mode, their MMAD
are quite small. Table 7 shows
the results of their HMAD and S1
at site No. 2 in winter, which
were calculated b numeric fitting
method [7].

5. Table 8 shows the correlation
coefficients between above eight
elements in winter of HAGU. Fig.
8 shows the dendrogram of the 18
element concentrations. Obviously
the element Zn has close positive
correlation with Pb, Cd, As, Ni
and has closer positive
correlation with K, Cl, S, while
Zn, Pb, Cd are inter growth
elements in Pb-Zn raw ore. Also
the typical element As from coal
burning has close positive
correlation with elements Pb, Cd,
Zn, K, Ni and has closer positive
correlation with elements Cl, S.
So the atmospheric pollution
caused by above elements is from
raw ore smelting and coal burning
in zinc smelting. Fig. 8 shows
elements As, Pb, Zn, Ni, K, Cu,
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S, Cd, Cl, cluster to be of a
kind. It further supporta above
judgment.

CONCLUSION

The pollution in surrounding
atmosphere caused by zinc smelting is
quite seriouB. In MAGU region the
pollutant level in time-space
distribution IB different and has a
larger variation. The concentration of
main pollutant elements for Zn, Fb,
Cd, As, etc., in sampling sites are
higher than that in comparative site,
for instance, Zn, Pb, Cd, As, Cl are
8-146, 3-39, 24-930, 2-32, 23-117
times high, respectively. The average
concentration of element Fb in
surrounding atmosphere is 1.7-22 times
as high as maximum permitted
concentration for residential area.

The concentration of fine mode
particles is higher than one of coarse
mode particles. The average
concentration of potential toxic
elements are much high in fine mode
particles. The HHAD for Zn, Fb, As,
Cd, are quite small, which has more
harmful effects to human health.

Part C.

Quality control is important in
PIXE analysis. The accurate X-ray
sensitivity curve calibrated with thin
targets is a key of quality control
for PIXE measurement. The
concentration calibration for the air
particulate matter measurement has
been carried out using thin film
calibration standards ( Hicromatter
Co.). Fig. 9 shows the X-ray
sensitivity calibration curve.
According to the sensitivity
calibration curve, a set of element
thin films prepared on Mylar backing
of 3.5 urn thickness were measured by
RBS and PIXE. The results are given in
Table 9.

Data in Table 9 indicate that
calibration curve is reliable. Air
particulate samples were inspected by
PIXE analysis in two conditions:

1. Whole sample is encompassed with
proton beam spot (Fig. 10-A);

2. A part of the sample is
encompassed with beam spot (Fig.
10-B)

Table 10 Bhows the result. The
result indicates that the homogeneity
of the beam is better and measuring
system statue is also better.

REFERENCES

[1] Yang shajin et al., Acta
Scientiae Circurnstantiae (China),
7(4) (1987) 411-423

[2] Natusch, D.F.S., Wallace, J.R.,
Science 136 (1974) 695

[3] Linton, R.W., Loh, A., Natusch,
D.F.S., Science 19 (1976) 852

[4] Page, A.L., Eiseewi, A.A.,
Straughan, I.R., Environmental
Impacts of Fly Ash, Spring
Verlag, New York Inc., (1979) 102

[5] Shouran, C , Environmental
protection (China) 7 (1982) 21

[6] Shaejin, Y. et al.. Environmental
Chemistry (China) 2(2) (1988) 32-
38

[7] Carles, L.S., Celse, B., Orsini,
H.G., Hucl. Inst. Heth. 181 ( )
417-424

[8] The Compilation of the Laws
Regulations for the Environmental
Protection in China, China
Environmental Science Press (1985
128-151



Annex 8, page 5

Table 1. Average TSP for five sites in the vicinity of coal-fired
power station (jig/M )

site S E H W G

av.conc. 137.2 144.8 518.4 290 324.2

Table 2. The minimum, maximum and average elemental
concentration for five sites and the ratio along with
concentration of Beijing city in winter (jig/W)

K
Ca
V
Mn
Fe
Cu
Zn
Si
Cl
Ti
S
Sr
Pb
As
Br
Rb
Ni
Cr
Se

Min.

0.624
2.40
0.017
0.068
3.26
0.005
0.104

18.53
0.313
0.246
2.06
0.050
0.070
0.011
0.026
0.004
0.003
<LoD
0.008

Max.

5.02
15.7
0.255
0.597

27.57
0.772
2.04

122.48
11.32
2.57

14.32
0.594
1.29
0.133
0.212
0.152
0.027
0.152
0.146

Av.

1.99
7.46
0.081
0.233
11.3
0.110
0.796

48.3
1.75
0.851
5.48
0.208
0.417
0.043
0.081
0.052
0.009
0.016
0.047

Coarse
Fine

2.6
10.1
3.9
2.6
6.0
9.4
0.53
7.3
2.1
5.3
0.27
4.1
0.99
0.32
2.3
4.3
2.5

28.2
3.3

Av.in winter
(Beijing)
4.376
18.642
0.064
0.209
9.113
0.100
0.429
19.610
1.41
1.167
9.224
0.190
0.500
0.028
0.038

0.041
0.042
0.017

LoD: Limit of detection

Table 3. The percentages of the average concentration of aerosol
in range of different diameter

size
(jimad)
*

>

23

16

.7

36.

>2.0
16-8

13.0

7

8-4

27.5

4-2

17.3

63.3

<2
<2

18
35

0

.5

.8
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Table 4. The distribution parameter of air particulate matter and
elements

name

particle mass
As
Zn
Pb
S

fine
MMAD
(jim)

0.73
1.45
0.45
0.18

mode

(Jim)

4.7
6.2
3.2
3.5

coarse modes
MMAD
(Jim)
4.3

5.2
4.5

Gg
(Jim)
5.4

3.9
5.9

Table 5. Correlation coefficient matrix among six elements

As
Zn
Pb
Se
S
Br

As
1

Zn
0.96
1

Pb
0.96
0.99
1

Se
0.84
0.76
0.75
1

S
0.80
0.68
0.67
0.88
1

Br
0.73
0.57
0.55
0.66
0.88
1

Table 6. The distribution parameter of air particulate matter and
elements at site No.2 in winter

Name

Particle mass
Zn
Pb
Cd
S
As
Br

Fine modes
MMAD Cg
0«n)
0.44
0.52
0.35
0.43
0.53
0.34
0.32

(»)
2.0
1.6
1.6
1.6
2.45
1.57
1.6

Coarse
MMAD
(Jim)

5.0
3.7
3.6
1.59

node
CTg
(juii)

0.6
2.5
1.9
2.7

3.5 2.7

Table 7. Correlation coefficient matrix among elements in MaGu
area in the winter

Zn
Cd
Pb
As
Ni
K
S
Cl

Zn
1

Cd
0.96
1

Pb
0.96
0.93
1

As
0.96
0.96
0.99
1

0
0
0
0

Ni
.90
.93
.89
.92
1

K
0.89
0.93
0.91
0.95
0.94
1

S
0.78
0.78
0.84
0.85
0.89
0.92
1

Cl
0.84
0.81
0.89
0.89
0.90
0.90
0.96
1
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Table 9. Mass thickness of the standard of films measured by RBS
and PIXE (jig/cm* )

RBS
PIXE
difference^)

Al
21.
21.
-2.

7
2
3

Cr
64.
66.
+2.

9
6
6

Pb
465.7
440
-5.5

Ni
34.0
28.0
-17.6

V
22.
19.
-10

0
7
.5

Fe
59.
55.
-7.

2
0
•»

Table 10. The determination of elemental concentration by
PIXE in two condition (né)

K
Ca
V
Hn
Fe
Cu
Zn
Si
Cl
Ti
S
Pb
Br
Ni
Cr
Al
Se

4
A

0.640
0.350
0.002
0.017
0.330
0.007
0.078
0.771
0.745
0.022
0.619
0.024
0.007
0.009
0.010
<.O34
0.002

B
0.061
0.372
0.002
0.019
0.341
0.006
0.080
1.07
0.877
0.023
0.574
0.022
0.005
0.082
0.009
<.414
<.010

A
0.053
0.058
<0.0007
0.006
0. 100
0.003
0.035
0.079
0.104
0.003
0.572
0.009
0.003
0.0006
0.0035
<0.034
0.001

15
Ï

0.050
0.059

<0.008
0.0059
0.101
0.0023
0.036
0.283
0.154
0.003
0.548
0.009
0.003
<.048
0.0021
<0.414
<0.010

21
A

0.023
0.089

<0.0007
0.003
0.068
0.0025
0.015
0.251
0.063
0.0068
0.356
0.012
0.002
<0.0004
0.002
<0.034
<0.0008

B
0.025
0.098
<0.00S
0.0035
0.067
0.002
0.015
0.313
0.057
0.007
0.346
0.011
0.002
<0.048
0.001
<0.414
<0.01û

35
A

0.084
0.503
0.0036
0.034
0.608
0.013
0.108
1.39
0.322
0.035
0.992
0.043
0.0106
0.0075
0.021
0.110
0.0044

' B
0.089
0.539
0.0036
0.036
0.672
0.012
0.105
1.58
0.955
0.036
1.00
0.037
0.008
0.075
0.022
<0.414
0.003

A: Beam s ize larger than sample area.
B: Beam s ize smaller than sample area.
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Fig. 1. The locations of the sampling

• 6ites in the vicinity of the

coal-fired power station

Cl U Zn Fb Tl Sl Si T' Hi Sl U I St 1 : I h S C» Cr

Fig. 2. Dendrogram of concentration measured in the atmospheric
particles ( 2umad ) of sampling sites of the coal-fired
powed station in Beijing.
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Fig. 5. "ThE lccEticns of the sarpliag

sites around the Zinc-sselting

turnaces

X 2 3 t 5 <iay

Fig. U. Tojne dependence of Za-S-Fb-Cd-As
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Fig. 6. Size-Concsatrstior. distribution

at site Kc. 1.
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7. Time-Space distribution for

six elemental concentration

£=Spring. Su=Suramer. W=?/intsr.

1=site No. I. 2=site Ho. 2

3=sits Ko. 5. 5=site No. 5.

M C i r C i - t f . K . Î Ï P

Fig. 8. Dentrogram of elemental

concentration measured in the

atmospheric particles( 2̂ mEd)

• of the sampling s i tes of HAGU

region.
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NEDTRON ACTIVATION STUDIES OF TOXIC ELEMENTS IN
CZECHOSLOVAKIAN SOLID WASTE PRODUCTS

J. Kucera"+, I . Obrusnik*, J. Fait» j «ok*, L. Soukal*, V.
Spevackova*
+Nuclear Research Ins t i tu te
Rez, near Prague
Czechoslovakia
The Faculty of Huclear Science and Physical Engineering
Prague
Czechoslovakia

'Chief Scientific Investigator

Description of the research carried
out:

In accordance with scientific
scoPe of the Project, the research
has been carried out in three fields:

Part I

Instrumental neutron activation
analysis (INAA] was employed for
homogeneity testing and certification
analyses for 20-30 elements in newly
prepared environmental reference
materials (RHs) of Coal Fly ABh
denoted ECO and Steel Plant Flue Dust
OK, which were prepared at the
Institute of Radioecology and Applied
Nuclear Techniques (IRANI), Kosice,
Czechoslovakia. Our results were
compared with the IRANT certified
and/or information values and
utilized for judgement on reliability
of the IRANT certification procedure
and of specified values for element
content because the accuracy of our
results has recently been proved [I].

Part 7.1

Atomic absorption spectrometry
(AAS) and neutron activation analysis
(NAA) techniques were used to study
leaehable forms of 10-20 elements in
the soils contaminated by sewage
sludge from a metallurgical plant.
Partitioning of the elements was
studied by a multi-step sequential
leaching procedure designed to divide
elements into five fractions:
exchangeable metals, metals bound to
carbonates, metals bound to Fe-Hn

oxides, metals bound to organic
matter, residual metals [2]. The
study was carried out with the non-
irradiated soil samples, the soil
samples irradiated i.ith gamma-rays of
60-Co (sterilization dose 25 kGy),
the soil Bamples irradiated with
gamma-rays of 60-Co (a dose
equivalent to that one in a nuclear
reactor), and with the soil samples
irradiated in a nuclear reactor to
study the combined effectB of
irradiation with gamma-rays and
neutrons.

Part III

Instrumental neutron activation
analysis together with scanning
electron microscopy were used in the
study of fly ash samples originating
either from brown coal or heavy oil
combustion in large electric power
and heating plants. 30-40 elements
were determined in each type of the
fly ash samples and differences, in
both trace element composition and
morphology were evaluated.

RESULTS OBTAINED

Part I

The results obtained for the
IRANT RH Coal Fly Ash ECO are given
in the enclosed manuscript of a paper
that has been submitted to the
Journal of Radioanalytical and
Nuclear Chemistry, Articles [3]
(Enclosure 1). The comparison of our
INAA results for 20 elements as
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obtained from six replicates with the
IRANT specified valuoB for element
contents in RM Steel Plant Flue Oust
OK is summarized in Table 1.

Part II

Details of the experimental work
and some results obtained for non-
irradiated and in a nuclear reactor
irradiated soil eampleB are given in
the enclosed paper [2] (Enclosure 2).
The study has also revealed that
there is no difference between
leachabilities of elements studied
from non-irradiated soils and from
soils sterilized by gamma-rays of
60-Co with the dose 25 kGy. On the
other hand, after irradiation by
gamma-rays of 60-Co with a dose
equivalent to that one in a nuclear
reactor, leachabilities cf polyvalent
element such as manganese are
different than in non-irradiated
soils and other differences appear
after irradiation of soils in a
nuclear reactor.

Part III

The results of differences in
both morphology and element
composition of fly ashes originated
from the combustion of brown coal or
heavy oil are given in the manuscript
of a paper that has been submitted to
the Journal of Radioanalytical and
Nuclear Chemistry, Articles [4]
(Enclosure B).

CONCLUSIONS DRAWN

Part I

Inference tan be made that the
specified element contents in the
IRANT RHS Coal Fly Ash ECO Steel
Plant Flue Dust OK [3] are very
reliable ones and the RMs are
sufficiently homogeneous for the
trace element analysts for sample
weight 50 mg and 100 mg respectively.

Part II

The multi-step sequential
procedure used in this work has been

found profitable to estimate
bioavailability of elements from
•oils contaminated by industrial
sewage sludge. The same results were
obtained for non-irradiated soils and.
soils sterilized by Gamma-rays of
60-Co with the dose 25 kGy. This
finding is of importance for
long-term storage of contaminated
soils or sewage sludge prior to
analysis where sterilization is often
mandatory. Irradiation with higher
Gamma-dose and/or combined gamma- and
neutron-doses can, however, change .
the leachability of several elements.
This demonstrates that leachabilities
of elements from soils and presumably
from other materials containing
organic matter studied by NAA can
yield different and non-comparable
results than those studied by AAS.

Part III

Coal fly ash showed much higher
concentration of many elements,
especially of Sc, La, Th, Cs, Ce, Sm,
Rb and Al, in comparison with oil fly
ash. On the other hand, the latter
material contained relatively high
concentration of V and Ni. The
results can be used for the
projection of efficient separating
devices and for the evaluation and
prediction of contamination levels in
the vicinity of large emission
sources.

REFERENCES TO WORK DONE UNDER THIS
CONTRACT

[1] J. Kucera, L. Soukal,
"Homogeneity tests and
certification analyses of coal
fly ash reference materials by
instrumental neutron activation
analysis", J. Radioanal. Nucl.
Chem., Articles 121 (1988) 245

[2] V. Spevackova, J. Kucera, "Trace
element speciation in
contaminated soils studied by
atomic absorption spectrometry
and neutron and neutron
activation analysis", Inter. J.
Environ. Anal. Chem. 35 (1989)
241

[3] J. Kucera, L. Soukal,
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"Homogeneity tests and
certification analyses of the
IRRNT Coal Fly Ash ECO by INAA",
J. Radioanal. Nucl. chem..
Articles. Xn press.

[4] I. Obrusnlk, B. Starkova, J.
Blazefc: "Composition and
Morphology of Stack Emissions
from Coal and Oil-Fuelled
Boilers", J. Radioanal. Nucl.
Chem., Articles. In press.
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Determination of Major and Trace
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Kosice, April 1987
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Table 1. Element characterization of the IRANT RM Steel Plant'

Flue Dust

Element

Ag

AI

As

Ca CX)

Cd

Co

Cr

Cs

Fe CX)

Ga

K CX)

La

Mn CX)

Na CX)

Rb

Sb

Sc

V

U

Zn CX)

This work

x +

13.1 *

87O +

20.8 +

.878 +

36.2 +

9.Ol +

156 i

3.43 +

52.61 ±

18.5 +

0.326 +

0.54 £

0.796 ±

0.663 +

31.0 +

21.10+

0.16 +

6O.3 +

4.10 +

0.815 +

S

0.9 .

12

0.4

0.048

3.3

0.08

3

0.06

0.65

3.7

O.013

0.03

0.004

0.007

6.2

0.26

0.Ol

0.7

0.15

. 0.013

5 <X)

6.9

1.4

1.9

0.7

9.1

0..9

1.9

1.7

1.2

20.0

4.0

5.6

0.5

1.1

20.0

1.2

6.2

1.2

3.7

1.6

X
l.

11.4

888

19.8

6.91

37.9

9.09

139

3.69

53.4

18.5

0.349

0.81

0.769

O. 687

24.6

21.3

0.199

67.3

4.40

0.839

IRANT

95X

814

17.7

6.63

35.9

123

3.44

52.5

0.319

0.731

0.664

18.8

58.1

0.803

value #7

CI

-

- 963

-21.9

- 7.20

-39.9

-

- 154

- 3.93

- 54.4

-

- 0.380

-

- 0.808

- 0.710

-

- 23.8

-

- 76.5

-

- 0.875

Status

n

i

C

C

_ C

n

C

i

C

n

C

n

C

C

n

C

n

i

n

C

+ — unless otherwise stated

i+ — c:certif ied yalucCoverall mean and SSX confidence interval)

i : information value (overall mean and 95X CI)
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ABSXRACI

An on-going study is being carried out to investigate the impact
of gold mining in Ghana on the environment. The pollution sources
identified include, among others, the gold ore, gold tailings, and
gaseous emissions. The presence and levels of heavy metals in gold ore,
gold tailings, and inland waters from two of the gold mines have been
determined using ED-XRF and AAS techniques. The heavy metals identified
in the solid samples were Cr, Hn, Fe, Cu, Zn, As, Pb and Zr within a
concentration range of 0.08 mg/kg - 4.9%. The inland waters (ponds,
rivers, etc.) however showed the presence of only Fe and Zn at levels
of 0.08 - 2.4 ug/ml.

IHZRODDCXIOH

Gold mining has for a long time
been the most important mining
industry in Ghana, and Ghana is one
of the major gold producing countries
in the world (I]. There are now five
producing gold mines in the country
in Ghana, and more licenses are
currently being granted to private
firms for gold prospecting and
processing. However, the nature of
the gold deposits in Ghana [1], and
the process of gold mining have been
contributing towards the pollution of
the environment.

The following potential pollution
sources can be identified in the gold
mining industry; gold ore, duet
particulates, chemical reagents used
in gold processing, gaseous
emissions, and gold tailings. In this
work, attention has been focused on
the environmental impact of the gold
ore and gold tailings in two of the
gold mines (Tarkwa and Prestea mines)
with special reference to their
effect on surrounding inland waters.
Namely, streams, ponds, rivers
receiving effluent from the mines,
underground water sources, and tap
water.

The techniques of X-ray
Fluorescence and Atomic Absorption
Spectrometry have been used to
analyze for the presence and
concentration levels of heavy metals
in gold ore, gold tailings, and
inland waters, including rivers
sediments.

HBXEODS

Analytical aethod

In the XRF analysis, Cd-lO9
radioisotopes and a Kolybdenum x-ray
tube with a Zr secondary target were
the excitation" sources used for
irradiating the samples. The
fluorescent x-rays produced were
detected with a Canberra Si(Li)
detector having resolution of 186 eV
at 6.4 KeV, and analysis done with a
Canberra 35+ multichannel analyzer
linked to a mini-computer.

The AAS facility used was a Varian
1275. The metals Cr, Fe, Cu, Zn, AB,
Pb and Cd were analyzed by flame
atomization, and Hg by cold vapour
atomic absorption spectrophotometry.
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Samplt and Saaple Preparation

Gold ore samples from Prestea
mines, and gold tailing samples
Prestea and Tarkwa mines ware
collected, sun-dried and ground to
very fine powder. «Thin" and
-infinitely thick" samples [21 of the
said samples were prepared for the
XRF analysis. The fundamental
parameters method [3] was used in the
quantitative analysis. For the AAS,
the solid samples were wet digested
in a teflon vessel.

The inland water samples were
collected in previous cleaned
polyethylene containers, and the
water samples were acidified to a pH
of about 2 at site [4]. For XRF
analysis, 100 ml portions of the
water samples were adjusted to a pH
about 4, and then preconcentrated
onto D. 45 urn Killipore filters using
ammonium-pyrolidinedithiocarbamate
(APOC) as the precipitant [S, 6]. For
AAS, the water were shaken, allowed
to settle, and about 2 ml of the
clarified portion Bucked into the
atomizer of the AAS for analysis.

For the inland water analysis,
standard samples of the metal ions
were prepared from stock solutions of
Fluka metal ion standard solution.

RESULTS JUiD DISCUSSION

Analytical quality control tests
were applied to the AAS technique
using certified reference materials
of mussel and fish muscle [7].
Figures 2 and 3 are spectra of gold
tailing samples from Prestea and
Tarkwa mines respectively.

The metals Hn, Fe, Zn, Sb, Sr, Y
and Zr were found in both tailings
while Cu, As and Pb were identified
in Prestea tailing only. This
confirms the difference in the nature
of the ores from the two mines, with
the Prestea ore having relatively
greater proportion as arsenopyrites.
This difference also dictates the
type of processing used in extracting
the gold ore. Thus, the Prestea mines

tends to introduce more pollution
sources than Tarkwa.

Tables 1 and 2 give the
concentration of the metr.ls in gold.
ore and gold tailings as analyzed
using XSF and also AAS. Both
techniques identified moBt of the
elements, but XRF could not identify
Hg and Cd and the AAS could also not
analyze for Rb, Sr, and Zr. Analysis
of the inland waters samples,
identified only Fe and Zn. These
occur in relatively large amounts in
nature. Host trace metals do not
normally stay in solution at the
near-neutral pH of natural waters.
They are either deposited in the
sediments or are taken up by fauna
and flora to be biomagnified by the
top predators. It is hoped that
on-going work will confirm this.
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Table 1 . Metal concentrations

Location Kg*

Gold ore-Prestea

Tailings-Prestea

n.003

Tailings-T.irkwa

(X by HC) in gold

Cu Pb**

0.011
± 0.002

0.08
t 0.01

•

ore and tailings

Zn Cd*

0.011
1 0.004

0.03
t 0.Ù1

4 +

using XRF

Fe

4.89
* 0.09

3.6
t 0.06

2.9
t 0.05

HnO

0.109
î 0.30
+ •

0.07
t 0.02

Cr

1.12
1 0.05
* •

+ •

As

2.54
t 0.09

0.06
1 0.005

*

RbSr

0.01<UD9
± 0.004

0.010.02
t 0.002*

**0.05
1 0.008

* Ç'.cnent not identified. ** Element identified but not quantified (<LLD>

Table 2 . Metal concentration (S by Ht.) in gold ore and tai l ings using MS

Location Hg Cu Pb Zn Cd Fe Mn As

Gold ore-PreOea

Tailingt-Ftettca

Tsilingt-Tukwa

0.16(4) 0.010 0.005 0.009 0.15(3) 4.00 0.08 0.80 1.S3
±0.24(5) ±0.004 ±0.001 ±0.2(4) ±0.2(4) ±0.32 ±0.003 ±0.24 ±0.20

0.17(4) 0.05 0.002 0.01 0.09(4) 2.4
±0.32(5) ±0.003 ±0.5(3) ±0.006 ±0.12(4) ±0.2

0.06 0.70 O.C8
± 0.007 ± 0.18 ± 0.01

0.08(4) 0.001 0.001 0.003 0.51(4) 2.0 1.10 0.60
±0.12(5) ±0.7(3) ±0.2(3) ±0.2(3) ±0.07(4) ±0.24 ±0.13 ±0.16
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Table 3. Trace metal concentrations (ug.ml*1) in water samples using AAS
technique

Location

Prestea
River Ankobra

—
—

Stream

Tarkwa
Pond 1
Pond 2
Stream 1 -

—
—

Underground water
Stream 4

upstream
confluence
downstream

upstream
confluence
downstream

Fe

2.4
1.0
4.4
1.9

0.5
0.1
3.6

± 0.2
± 0.08
± 0.3
± 0.1

± 0.04
± 0.07
± 0.3

0.08 ± 0.008
0.3 ± 0.02
0.006 ± 0.005
1.0 ±0.06

Zn

0.S ± 0.03
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AREA OF THESSALONIKI, GREECE

P. Hicaelides, C. Samara, Xh. Kouiatxiz*
Departasnt of chemistry
University of Thesealoniki
540 06 Thessaloniki, Greece

'chief Scientific Investigator

IHIRODUCXION

Thessaloniki, the second largest
city in Greece with a population of
1,200,000, is one of the oldest
cities in Europe. It stretches over
twenty kilometres in a bowl formed by
low hills facing a bay that opens
into ThermaikoB Gulf

The development of the city has
follow the development of the
country. Until I960 the growth of the
industry was relatively slow. But
from that year there was a rapid
increase of industrialization.
Industries, such as, oil refineries,
steel processing, chloroalkali,
fertilizers and antiknock compounds
plants were builded up.

At the same tine the built up of
new big houses and multifloor blocks
was started to satisfy the needs of
accommodation because urbanization
and industrialization have brought
together large concentration of
people in relatively small area. The
lack of a plan to arrange and locate
the new units has as a result vacious
environmental pollution problems;

Atmospheric pollution IB one of
the problem that is getting increased
attention. From meteorological point
of view the area has a high
proportion of calm weather and high
humidity. Temperature inversions and
the island effects are very common,
thus there is only little dispersion
of the pollutants.

Various research projects have
been undertaken in order to study the
atmospheric pollution in the area of
Thessaloniki.

Within the frame of the CRP "Use
of Nuclear-related Techniques in the
Study of the Environmental Pollution
Associated with Solid Wastes" we
studied during the period 1987-1988
the distribution of heavy metals and
other toxic elements in road side
dust samples of the urban, industrial
and rural region of Thessaloniki. The
results of this work were presented
during the last meeting of the CRP
(Bled) and published.

The large concentrations of h°avy
metals and toxic elements in dust
samples, we investigated during the
first year of our participation in
this CRP, indicated the need of study
of the presence of these elements in
edible plants grown near the heavily
polluted areas. We already started
the investigation of the presence of
arsenic in plants with encouraging
results to continue this study,
because of its importance for the
human health. These studies are
performed parallel to the
investigations for the presence of
toxic elements in air paxticulate,
also using I.H.A.A. and A.A.S.

The aim of the present work is to
evaluate the presence of heavy metals
and toxic elements in atmospheric
aerosol, in the area of Thessaloniki.
This work was outlined within the
frame work of IAEA Co-ordinated
Research Programme.

EXPERIMENTAL

Air sampling was performed every
6 days for 24 h at two locations, one
in the centre of the cit" (with
average traffic density high than
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2500 vehicles per hour) and the other
in the rural area ten Xm from the
last buildings (with average traffic
density less than 300 vehicles per
hour).

Total suspended particulate (TSP)
were collected using High-Volume
samples with fibre glass filters. Air
samples for toxic elements
measurements were taken using low
volume samples (about 17 mVd) UBing
millipore cellulose filters of 0.45

Heavy metals and toxic elements
determination was performed by INAA
combined with high resolution x-ray
spectrometry using as standard the
IAEA reference material Air Filter
3/1. Additional standards and
corrections were used for the
elements (e.g. Sb) non present in the
IAEA reference material used. The
samples were activated in the S HW
swimming pool reactor of the NRCPS
DemocritOB (flux « 5.5x10" n.cm^.s1)»
transported by air to Thessaloniki
rnd counted at the radiochemical
laboratory of the Department of
Chemistry of the University of
Thessaloniki using a Ge(Li) detector
(eff. 20%, resol. 1.8 keV for the
1.332 MeV "Co analyzer (8K). The data
analysis was performed using the
SPECTRAM AT code installed in an IBH
AT computer interfaced to the
multichannel analyzer. Because of the
transport of the irradiated samples
only activities with half-lives
longer than 10 hours could be
counted.

The results show no significant
difference between the two sampling
points. Higher concentrations for the
most of the studied elements were
observed during sampling periods with
north or north-west winds. This is
attributed to the presence of a
heavily polluted industrial area at
the north-western and the northern
part of the city. The high
correlation coefficient among the
elements iron, arsenic and antimony
indicates, that the source of these
elements in most probably a
fertilizer plant burning arsenic and
antimony containing pyrites for the
sulphuric acid production.

The short period of the sampling
and the for several months shut-down
of the research reactor did not allow
us to present complete four period
study of the presence of heavy metals
and toxic elements in the environment
of Thessaloniki. Our intention is to
continue this monitoring for a
complete period of one yeatr and
present a more complete study at the
end of the next period of the CRP.
For this purpose the just arriving
equipment supported by the IABA would
be a great help. The application of
Borne receptor models for the
investigation of the results and the
correlation with meteorological data
would be also of great interest for

RESOUS AMD DXSCOSSIOH

The experimental results obtained
for the TSP are presented in Fig. 1.
These results show a significant
difference in TSP concentration
between the two sampling points.

The results obtained from the
analysis of air particulate for the
period April-September 1989 are given
in Table 1.
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Table 1. Concentration of different elements in air particulatea in the urban
and rural area of Thesgaloniki/GR in ng/m3

Element

AS
Br
Co
Cr
Cs
Fe
Hg
La
Ha
Sb
Se
Zn

Urban area

Mean

2,67
57,80
0,60
8,62
0,33

750,00
3,47
0,47
0,31
2,17
3,31

160,00

Cone.

1,54
10,00
0,23
0,59
0,05

440,00
0,25
0,11
0,21
0,97
0,83
50,00

Width

-5,50
-90,00
-1,27
-19,34
-0,73

-2230,00
-21,80
-0,94
-0,48
-4,56
-9,35

-430,00

Rural area

Mean

1,45
32,20
0,33
8,59
0,23

335,00
2,07
0,26
0,19
1,33
0,62

100,00

cone.

0,90
10,00
0,11
0,90
0,10

210,00
0,12
0,10
0,09
0,50
0,31
30,00

Width

-2,60
-50,00
-0,64

-21,05
-0,40

-530,00
-13,20
-0,45
-0,30
-3,20
-0,85

-250,00

Mean TSP in the area of Thessaloniki
(March-October 1989, ug/m3)
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Budapest, Hungary
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INTRODUCTION

Several kind of by-products can
be identified as potential
environmental pollutants arising from
coal combustion; among them, the main
culprits are bottom-ash, fly-ash and
various gaseous products. Assessment
of the potential environmental end
toxicological effects of the fly-ash
particulate materials emitted into
the atmosphere requires their
detailed physical and chemical
characterization.

Coal fly-ash is one of the most
widely studied pollutant particulate
substances. These particles are
inhomogeneouB, highly diverse,
dispersed in a broad range of size
and have differing morphologies.

The emissions of black coal fired
power plants have been discussed in
several studies [1-5], but the
chemical composition of the
toxicological products stemming from
second or third class discussed in
several studies [1-5], but the
chemical composition of the
toxicological products stemming from
second or third class brown coal and
lignite fired power stations typical
for the geographical area of central
eastern Europe - and thus for Hungary
- is much less clear.

Within a medium-term Research
Program supported by the Hinistry for
Environmental Protection and
Hydroeconomy as well as by the
Institute for Energetics, the
features of various types of brown
coal and lignite combustion
by-products are investigated.

Sampling covers the four main

power stations in Hungary
representing diverse locations as
well as different quality fuels.
Within an individual power plant
sample collection is further divided
to bottom-ash, fly-ash deposited in
electrofliters, and fly-ash collected
from the flue-gas emitted into the
atmosphere at the top of the chimney.

The aim of this Research Program
is to study the ' behavior and
distribution of toxic components
within the various species of fly-ash
substances differentiated by sampling
locations and fractionatisn.
Investigations are performed on bulk
substances and on individual
particulate.

On the basis of the results,
answers are expected to some
fundamental questions regarding
environmental pollution by fly-ash.
The main questions are: - What are
the most toxic components
characteristic of brown coal- and of
lignite fly-ash?- What is their
chemical composition and location in
fly-ash? - Is it realistic to assume
an absorption/desorption process
between the fly-ash particulate and
the hot flue-gas that results in an
increased or decreased toxicity of
the fractionated substances or
individual particles.

To characterize the physical
properties of fly-ash particulate
matter, optical microscopy (OM),
specific weight and surface
measurements as well as particle
sizing (PS) are used, while for
chemical analysis X-Ray fluorescence
spectroscopy (XRFS), spark source
mass spectrometry (SSHS), neutron
activation analysis (NAA), inductive
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coupled plasma-atomic emission
spectrometry ( ICP-AES) and
thermoanalysis techniques are
applied. Individual particles are
studied by scanning electron
microscopy (SEH), and r-ynchrotron
radiation induced XRFS.

Within the Research Program
several cooperation undertakings have
been Bet up between the KFKI and the
University of Antwerp, the University
of Warwick, and the Institute of
Nuclear Physics, Novosibirsk, first
of all in individual particle
characterization.

EXPERIMENTAL

Sampling

Coal fly-ash samples are
collected from the four main power
plants in Hungary representing
various types of coal deposits (see
Fig. 1).

Sampling is planned in two
operation periods: in summer period
(from April to October), and in a
winter one (between November and
March). For this work samples are
collected in Hay at three different
positions of each power station. The
identification of the various species
of fly-ash particulate matters are
summarised in Table 1.

Fly-ash particulate matter in the
electrofliter is further fractionated
into six sub-fractions of > 0.5/0.5-
0.2 5/0.25-0.10/0.10-0.08/0.08-
0.06/0.06 > mm, from which the 0.25-
0.10 and the 0.06> are selected for
studying in more detail.

Saaple preparation

For ICP-AES and AAS as well as
for SSHS measurements, bulk species
of fly-ash substances are dissolved
by two different procedures:

1. About 25-30 mg of particulate
matter is dissolved in 3 cm' of
c o n c e n t r a t e d n i t r i c - a c i d ,
h y d r o c h l o r i c a c i d and

hydrofluoric-acid mixture (1:1:1 in
volume) using a stainless steel bomb
enclosing a sealed PTFE vessel in a 6
h run at 80%. Samples were fully
dissolved except for some carbon,
residues; solutions were filtered on
polycarbonate type membrane filters
and diluted to 25 cm1 standard
volumes.

2. To increase the detectability of
micro components, about 250-300 mg of
particulate matter is dissolved in a
three-step process:

i) 5 cm3 of concentrated nitric
acid and hydrochloric mixture
(1:1 in volume) is added to the
sample and vibrated in a closed
polyethylene vessel for about
three days at room temperature,
followed by filtration on
polycarbonate filters.

ii) The residue is treated twice
with 5 cm3 aliquots of
concentrated nitric acid and
hydrofluoric acid mixture (1:1 in
volume) in a PTFE vessel at 80°,
to dissolve and volatilize the
silicate and aluminate minerals.

iii) Dissolution Is followed by
adding 10 cm3 of 1:1 dilute
nitric-acid and filtered.
Solutions of i) and iii) are
combined and diluted to a 100 cm1

standard volume. Both standard
solutions are spiked with
platinum to a concentration level
of 1.32 ug/cm3.

For XRFS and SRXRFS bulk
analysis, sample pellets of about 5
mm in diameter containing 15-20 mg of
fly-ash particulate matters were
pressed using about 20% of boric-acid
as the binding agent.

For individual particulate study
a random distribution of particles is
prepared by dispersing micro amounts
of fly-ash species in n-hexane and
filtering on NUCLEPORE membrane
filters having a pore-size of 0.2 urn.
Particulate are fixed by HARABU
Fixogum adhesive matter, added in It
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to n-hexane.

For SEH studies filters holding
the particulate are coated with a
carbon film of about SO nm thickness.

Equipment

Atomic spectroscopy measurements
are performed by using both a LKBTEST
type ZCP-AES equipment with an
induced Ar-Ar plasma generator of
27.12 MHz, for simultaneous
multielement determination, and a
Varion Tectron AA6 type AA
Spectrometer equipped with a
Perkin-Elmer HGA-400 type graphite
furnace atomizer. For the
measurements about 20 cm1 aliquots of
standard solutions are used.

SSMS measurements are made by
means of an MS7O2R type spark source
mass spectrometer. Samples are
prepared partly by pipetting 50 ul
aliquots of the standard solutions
and absorbing on h.p. Ringsdorf
graphite electrodes 0. 5 mm in
diameter and 16 mm in length.

In an alternative sample
preparation technique about 200 mg of
particulate matter together with
about equal amounts of USPl-M/OZS
type ULTRACARBON spiked with platinum
in a known amount (about 200 ppm) are
homogenized in an agate mortar and
formed for electrodes by pressing to
be sparked.

Mass spectra are integrated on
Ilford Q2 photo plates and evaluated
by means of an automatic double-beam
densitometer.

SEM experiments are performed on
a JEOL JSM84O type microscope
equipped with an ORTEC EGSG Energy
Dispersive X-Ray Spectrometer system.
Measurements are made at 25 and 35 kV
high voltages as well as at 0.3 to
1.0 nA electron current.

SRXRFS measurements were carried
out in the Institute of Nuclear
Physics, Novosibirsk, using the
VEPP-3 2 GeV Synchrotron equipped
with a max. 2T Higgler. The XRFS

station is placet: at a distance of
about 9 m from the tangent point of
the storage ring. The synchrotron
radiation passed through a pyrolitic
graphite manochromator with a mosaic
spread of. about 1%. The excitation
energy could be tuned in the range of
10 to 40 keV. The characteristic
X-Ray radiation is measured with az
ORTEC Si(Li) detector aligned at 90°
to the exciting beam. For individual
particle analysis a lead pinhole of
100 urn in diameter was placed close
to the sample in the exciting beam.

In XRFS bulk analysis,
characteristic X-Rays are excited by
99Fe and 1JSI radioisotope sources
(about 740 MBq, New England Nuclear,
and OMH Hungary) placed 5 mm from-the
detector. Samples are located at a
distance of 17 mm from the Canberra
Si(Li) detector. Characteristic X-Ray
spectra are measured by means of a
PCA-4KN type MCA card placed in an
IBM compatible PC/AT computer.

For particle sizing an image
analysis system is used consisting of
a Reichert-Jung POLYVAR-MET
wide-field research microscope
providing x-y field scanning in steps
of 0.1 urn, a TV-2311/A type video
camera and an image processing card
with a pixel resolution of 512x512 in
8 bit gray levels, placed in an IBM
compatible PC/AT. Particle sizing can
be performed within a diameter
interval of 0.3 to 2000 urn.
Simultaneously, an optional
microphotography mode carl be used
for visual characterization.

All computations are performed by
means of IBM compatible PC/AT
machines running the AXIL program [8]
for XRFS spectra evaluation, the
HYPERMET [6], SAMPO [7] and
GAMMA-WORKSHEET™ [10] programs for
gamma spectra evaluation as well as
several simpler programs for
concentration computation.

Instrumental neutron activation
analysis of fly-ash particulate
specien are dealt with in a separate
presentation.
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RESULTS MID DISCCSSIOM

Individual partiel* characterization

The morphological studies
performed by light and electron
microscopy have shown intense
heterogeneity and complexity of the
coal fly-ash participate. Based on
their morphological appearance
several features could be inferred
concerning origin, and chemical
composition.

Light microscopy was used for
particle sizing of the fly-ash
species, based on the measurement of
the projected largest cross section
of the particles. It was also used to
define the major morphological
characteristics, e.g. shape,
coloration and opacity of the fly-ash
particles.

In Fig. 2, particulate size
distributions of electrofliter
deposited fly-ash species for the
four power plants are represented. As
it turns out from the figure both the
B/F and the H/F show rather wide
spread size distributions, despite
the A/F and the F/F Bpesies, which
are represented by finer histograms.

Features of fly-ash particulate
visualized by microphotography show
diverse appearance; these can be
classified as amorphous opaque
particlesr rounded, vesicular mixed
opagy<3 -nd nonopaque particles,
several nonopaque glassy type
spheres, nonopaque solid spheres
ranging in color from yellow to
deep-red, black opaque sphered,
spheres conglomerated to various
angular particles, cenospheres
(hollow spheres), and plerospheres
(sphere filled with other spheres).

The various types of particles
classified can be demonstrated
on the microphotographB presented in
Figs. 3. and 4; typical rounded,
vesicular, mixed opaque and nonopaque
particles are seen in Figs. 5 and 6.

Subsequently SEH-X-ray analysis
indicated that the black opaque

spheres seems to be predominantly of
magnetite, but they contain some
other metallic compounds too.

The vesicular mixed opaque,-
nonopaque, rounded or amorphous
particles subsequently - depending on
temperature - give rise to opaque or
nonopaque spheres ranging in color
from whitishyellow to deepred on
increased exposure to combustion
conditions.

The composition of these
particles is varied ranging from a
nearly pure calcium and
aluminosilicate to an enriched metal
content. Some white, amorphous,
angular particles can also be
identified as a mixture of calcium
oxide and magnesium oxide (see Table
2.).

The morphology of fly-ash
particles collected from the chimney
looked rather similar. In the
following table, the results of some
representative analyses of particles
collected from chimney are shown
selected from series of about 10
measurements on the different power
plants in question. Typical examples
oi the series of individual particle
analysis are illustrated in Figs 7.
and 8.

The "A/Ch" type fly-aBh
represents a fine particulate
distribution, in which the "disperse"
type particulate fraction (<10 urn)
forms a prominent part. Particles ere
mainly spherical or rounded angular
forms. Calcium tends to separate into
objects of CaO and CaSO4 agglomerated
with fine pyrites, aluminate and
silicate soils.

The "B/Ch" type fly-ash particles
can be characterized by a higher
level of aluminosilicate, and
occasionally have a calcium content
in the presence of minor metallic
components.

For the "M/CH" type fly-ash
larger particles of rounded vesicular
agglomerates are characteristic,
containing an increased level of
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iron, copper and zinc together with
aluminate and silicate anhydrides.

For the "P/Ch« type fly-ash
mainly fine particulate distribution
is typical too, due to the powder
technology used and the higher
combustion conditions (1600°C). The
main component of the particles seems
to be aluminosilicate, agglomerated
with rounded, amorphous, or spherical
metal oxide components*

The individual particles show a
high dispersity in major composition
comprising particle objects
conaisting of practically
monocompounds, e.g. CaSO4, CaO, Fe1Ox,
while others implying multicompounds
either of glassy type oxides, e.g.
SiO2AlA-CaO(HgO, Kfi, Na2O) appearing
as nonopaque spheres, or of metallic
type oxides and sulphides, e.g.
FeS1Fe1O7(Ti, V, Hn, Cu,...) formed as
rounded vesicular type objects. Some
particles are mixtures of these and
contain additional carbon inclusions
too.

Although, SEM-X-Ray analysis has
proved to be effective in
characterising the major and minor
components of individual particles,
the volatile toxic microccmponents
assumed to be distributed on the
surface of the particles cannoc be
caught. With the axm of extending the
analysis to these components,
microvolume analytical techniques
providing a higher sensitivity need
to be applied.

In Fig. 9, detection limits are
presented as a function of the atomic
number for several methods resulting
in XBFS measurements, but using
different excitation modes [1O]. As
it from the figure, SRXRFS may fulfil
the purpose. Such measurements are
still in progress and the results
currently being collected for a
future article.

Bulk analysis of fly-ash substances

Despite the diverse composition

of the individual fly-ash particle*
the hulk substances can already bo
described by characteristic
compositions varying with sampling
location and fractionation by sise -
and density. Thus, if the Bamples may
be regarded homogeneous at a. 100-200
mg level, most of the elements
contained above the QL level
( quantitativity level), may be
determined with a precision of +-10%
or better, in respect of the methods
used.

Bulk analysis is used to optimize
the sample dissolution process, to
check a broad covering of elements,
and to perform simultaneous quality
control in respect of occasional
losses of any volatile elements
occurring during the chemical
treatment of the fly-ash species.
Furthermore, the several methods used
also serve for the completeness in
elements of the chemical
characterization.

In the following tables, the
series of analytical results obtained
in the first run of ICP-AES/AAS, SSHS
and XRFS measurements are summarized.
For quality control the IAEA SOIL-7
reference standard is co-analyzed.

Since SSHS may be considered as
an analytical technique having
practically no limitation in
elements, it is used for total
analysis of the various fly-ash
species covering more than 50
elements. With the ICP-AES technique
about 22 selected elements are
investigated, while by EDXRFS only 9
elements could be determined.

Assuming the usual convention of
classifying the elements on the basis
of their concentration, Ha, Hg, Al,
(Si, S), K, Ca, and Fe can be
considered as the major components
(C1=IOO-W), whereas F, P, Ti, V, Hn,
Sr, Zr and Ba are minor components
( C1=I-0.014), and the remaining
elements represent the micro- and
submicro-components (c, <0. 01% or c,
<0.0001%). This classification can
only be taken as a framework because
many elementB generally classified in
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the micro-concentration stack may
•how a considérable increase in any -
special apecies of fly-ash
particulate.

The main toxic elements related
to disperse type fly-ash and aerosol
particulate matter proposed, for
investigation by the most recent IAEA
RCM are S, Ni, Cu, Zn, As, Se, ho,
Cd, Sb, (Hg) and Pb. Each of them
could be detected in the Hungarian
fly-ash samples investigated. Several
(i.e. Cd, Sb, Hg) are only present in
a rather low concentration l?vel.
Among them some vigorous enhancement
can be observed, which may mainly
result during a surface dependent
sorption process occurring within the
hot flue-gas in the course of turning
colder. Several such enrichment
factors are also indicated in the
tables. Among them arsenic and copper
represent the highest ones.

Special environmental pollution
problems arise with the rather high
concentration levels of natural
radiation components (e.g. Th, U)
measured mainly in the A/F and P/F
fly-ash samples. From this point of
view the surroundings of the Ajka and
Pecs power plants seems to be highly
charged. In order to decrease this
type of pollution a more detailed
investigation must be performed.
Thus, studies will be continued with
further sampling and with the use of
extended nuclear techniques to
clarify in detail the behavior of
typical pollutant elements selected
for this study.
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Table 1. Identification of fly-ash samples collected.

Power

AJka

Borsod
Matra
Pécs

Type of fuels

Second-class
brown coal
shales «
Lignite (sm).
Lignite (sin)
Second/third-
class black
coal

Before

Position of

and in
electrofliter

A/BF

B/BF
M/BF
P/BF

A/F

B/F
M/F
P/F

sampling

From flue-gas
leaving the chimney

A/Ch

B/Ch
M/Ch
P/Ch

sm=surface mined
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Table 2. Characteristic results of SKH-X-Ray analysis
of individual chimney fly-ash particles in IZ

Sample id.

Part. id.

Element

6459
IOOMU

6462
6/JO

ASCh

6464
50/Jm

6465
lpm

6471
12wm

6473/1
2OjJn

6473/g
4fJB

Mg
Al
Si
S
K
Ca
Ti
Fe
Cu
Zn

—
2.
1.5

28.
-
56.
1.2
-
_
_

—
1.7
1.8
0.3
-
3.2
_
71.
-

2.
6.
10.
15.
0.
38.
-
16.
-

2
6

9

4.8
4.
_
26.
-
38.
_
5.2
-

1.
7.

10.
16. 28.
2.

40. 62.
0.3
10.
0.04

o.ooa

3.8
8.8
12.
9.
-

50.
1.3
7.5
-

BSCh

6383
15pm

6385
30AJIII

6388

He
Al
Si
S
K
Ca
Ti
Fe
Cu
Zn
AB

0.04
15.
40.
-
4.
6.
-
11.
0.02
0.03
0.02

1.7
20.
38.
-
0.4
23.
-
5.
-
-
0.0

13.
42.
0.6
5.
8.
0.4
12.
0.04
0.06
0.01

KSCh

6482 64B3
3pm

6485
12mm

Al
Si
Ca
Fe
Cu
Zn

22.
18.
7.
9.
0.8
0.7

5.2
40.
5.
12.
18.
12.

1.2
1.9
0.13

59.
1.2
1.3

PSCh

6370/2 6370/3 6378/2 6378/3

Hg
Al
Si
S
K
Ca
Ti
Fe
As
Y

—
23.
56.
0.4
9.8
1.2
2.2
5.9
0.001
-

0.03
£6.
55.
0.4
10.
0.7
1.8
4.6
_
-

—
21.
40.
0.01
6.
0.5
_
1.
_
-

—
30.
21.
-
7.6
0.8
0.5
3.6
_
-
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Table 3. Bulk analytical results of minor- and micro-
components of fly-ash samples measured by SSMS.

F
P
Sc
Ti
V
Cr
Hn
Co
Ni
Cu
Zn
Ga
Ge
As
Se
Rb
Sr
Y
Zr
Nb
Ho
Ag
Cù
Sn
Sb
Te
I
Cs
Ba
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Br
Tm
Yb
Lu
Hf
Ta
H
Tl
Pb
Bi
Th
U

*/*

500
1500
10

2500
240
120
300
10

< 25
20
60
30
6
15
1.6
10
800
30
120
10
180
5
0.5
5
3
0.5
0.2
2.5

100
30
50
10
50
10
1.5
7
1.3
6
1.1
2.5
0.3
3
0.2
3
1
1
5
20
0.3
15

250

Data given in:

B/F

1000
300
20

0.5-1.OX
100
80
300
15
50
50
200
100
20
600
1.5

150
1200
100
800
70
35
3
3
40
15
0.1
3.5
25
700
35
80
20
50
10
3
20
3
15
2
5
0.8
7
0.6
10
1
10
1.5
40
0.4
25
20

Cfim/g] + - 2OX

M/F

500
600
20

3000
100
SO
600
20
50
60
300
50
10
50
1.5

60
400
50
180
30
25
4
2
5
5
0.3
5
6

500
25
60
15
80
25
7
25
2.5
20
3
7
1.5
10
0.8
6
2
2
1

30
0.2
25
10

P/F

1000
1500
30

0.5-1.OX
100
150
1000
25
30
200
350
150
15
140
1.7

300
1000
300
3000
600
80
4
5
40
8
0.3
3
30

1200
250
400
100
300
60
7
30
5
30
7
20
3
25
2
40
15
10
10
80
0.6
60
50



Table 4, Analytical raaulta of fly-aah fractiona and some
enrlohnent factors neaaured by ICP-ABS.

[ ) - 10X

Elément

Tl
V
Cr
Mn
Fe
Nl
Cu
Zn
Aa
Se
Sr
Zr
Mo
Cd
Ba

Pb

100po<

2500

62

130

232
2.1X

15
20
34

10

< BO

470
87
76
0.5
71

13

A/F

60M»>

276O1

128
140
250
2.3X

27
58

70

31
< 80

352
123
120
1.7

93

23

1
2
1
1

1
2

2

3

1
1
3
1
1.

Ef
.1

.0

.1

.1

.8

.9

.0

.1

.4

.6

.4

.3

.7

lOOpoc

1090

33
41
180
4.6X

20
44
35

116
< 80

510
236
20
0.8

550
16

B/F

60p»>

1500

63

72
220
6.4X

39

176

185
550

< 80

570
268
33
1.8

600
37

h
1.3
1.9
1.7
1.2

1.9
6.9

5.3

4.7

1.1

1.6

2.2
1.1

2.3

lOOiunK

1280

62

50

190

S.5X

36

24

113

22
< 80

220
98

18
0.7

390
21

M/F

60Mm >

1500

84
96
205
12.X

46

270

146

87

< 80

230

110

27

1.4
440
29

B

1
1
1

1
11
1
3

1.
2.
1.
1.

f
.2
.3

.9

.3

.2

.3

.9

.4

.0
,1
.4

P/F

100nm<

2110

68
142
490
6.1X

20
43
104
45

< 80

445

1100

68
1.1

720
16

6OA<D>

3100

88
150
570
7'!.3X
82
197
330
137

< 80

440
1160

97
2.9

750

se

, E

1
1

1

3
4
3
3

1,
* 2,

3.

t
.4
.3

.1

.1

.5

.2

.0

.4

.6

.5 5 ";
I !
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Table 4a. Analytical results of IAKA SOIL-7 standard asasured
by ICP-ARS for quality control.

Li
Na
He
Al
K
Ca
Ti
V
Cr
Hn
Fe
Ni
Cu
Zn
Aa
Se
Sr
Zr
Ho
Cd
Sb
Ba
Pb

C ve/e 1 +

Analysed

37
2200
11000
44000
11000
163000
2700
67
69
590

26400
25
15
118
10.8

< 80
98
164

< 40
1.6

< 50
160
72

- 10X

Ref.

31
2400
11300
47000
12100
163000
3000
36
60
631

25700
26
11
104
13.4
0.4

108
185
2.5
1.3
1.7

159
60

Conf. int.

15 - 42
2.3 - 2.5
11.0 - 11.8
44 - 51
11.3 - 12.7
157 - 174
2.6 - 3.7
59 - 73
49 - 74
604 - 6SO
25.2 - 26.3
21 - 37
9 - 1 3

101 - 113
12.5 - 14.2
0.2 - 0.8
103 - 114
180 - 201
0.9 - 5.1
1.1 - 2.7
1.4 - 1.8
131 - 196
55 - 71

»g
Bg
Bg
BB
•8
•S
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Table 5. Bulk analytical results of e lectrofi l ter deposited
fly-ash fractions neaaured by isotope radiation in-
duced BDXRFS technique. Results are given in [X] and

- 1OX

Sample id.

Element

Ca
Fe
Cu
Zn
As
Rb
Sr
Zr
Ba
Pb

Ca
Fe
Cu
Zn
Aa
Sb
Sr
Zr
Ba
Pb

Ca
Fe
Cu
Zn
As
Rb
Sr
Zr
Ba
Pb

Ca
Fe
Cu
Zn
As
Rb
Sr
Zr
Ba
Pb

< 60 /JB

46. X
2.1 X

40.
65.
30.
29.
397.
100.
60.
35.

4.0 X
6.9 X

200.
160.
550.
117.
590.
260.
COO.
45.

6.1 X
10.2 X

230.
240.
80.
39.

238.
116.
437.
26.

1.4 X
7.9 X

180.
300.
160.
185.
43B.
1076.
752.
43.

/VF

100-250 fin

48. X
2.0 X
25.
30.

< 20.
12.

414.
98.

< 15.

B^F

2.8 X
5.2 X

< 50.
< 30.
106.
69.
474.
225.
546.

< 15.

IfF

6.3 X
8.3 X
26.
116.

< 20.
39.
245.
105.
392.
22.

IVF

1.2 X
7.7 X
62.

100.
25.

179.
451.

1020.
750.

< 15.

Enrichment factor

1.6
2.2

> 1.5
2.4

> 2.3

> 4.
> 5.3
5.2
1.7
1.2

> 3.

e.a
2.1

> 4.

1.2

2.9
3.0
5.4

2.8
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v C z e c h o I s 1 o v a k i a
Soviet Union

J u g o s l a v i a

Fig. 1.

Location of the main coal-fired
power plants in Hungary.
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25 -

0.4 100 150 200 /um

Fig. 2.

Size distribution of eleotrofilter
deposited fly-ash partioulate matters.
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Pig. 3a.
Microphotograph of A/F fly-ash, magnification 175x

Pig. 3b.
Microphotograph of B/F fly-ash, magnification 10Ox



Annex 12, page 16

Fig. 4a.

Microphotograph of M/P fly-ash, magnification 10Ox

Pig. 4b.

Microphotograph of P/F fly-ash, magnification 10Ox
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Fig-7a. SEM X-Ray analysis of a spherical A/Ch type
individual fly-ash particle.

. T b . SEM X-Iia.Y anaLyoii : of a s p h e r i c a l ,
B/Cli ty|»-- ii!iliv.iiiu;.l Hy-nrili .-!irLi

:ilc<|
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Fig.8a. SEM X-Ray analysis of a small spherical
M/Ch type fly-ash particle

Fig. Ob. SEIi X-Kay
r/Ch Iy:"

a of a spheric.:!, ;.Gt;]oinoi"iLed
p.irl.ic1o.



Annex 12, page 20

.:...-;• Fig. 9.
Detection limits in animal
blood matrix obtained by
various excitation modes :
for 1000 s counting.

20 Atomic number



ANNEX 13

ENVIRONMENTAL IMPACT ASSESSMENT OF COAL FIRED
THERMAL POVER PLANTS

S. Sadasivan*, B.S. Negi, H.R. Meson
Pollution Monitoring Section
pft̂ hti» ttoaic Research Centre
Bombay, India

'Chief Scientific Investigator

XBSXRACI *

The results of analysis of coal, bottom ash, ESP ash and fly ash
from stacks obtained from some thermal power stations in India are
presented and discussed. Some elements in the fly ash collected from
stack tended to show an enrichment over the electrostatic precipitator
(ESP) ash. The natural radioactivity in these samples were also
measured by gamma spectrometry. The size distribution of fly ash
samples were studied. By using available software an idea of the
magnitude of deposition of various elements released from stacks were
obtained for a typical Indian city. The Polish candidate fly ash and
air filter samples for inter comparison were also analyzed.

1. IMTRODUCTIOH

The installed capacity of
electrical power generation from coal
fired thermal stations in India was
over 65% of the total generating
capacity and this percentage ia on
increase. Coal thermal stations are
attracting increasing attention
worldwide due to the global warming
phenomenon. While the gaseous
effluents are very important, the
particulate matter in the form of fly
ash released from the power station
stacks and the disposal of the total
ash no doubt pose problems of their
own. It is the purpose of this
programme to study the chemical
composition of coal and coal fly ash
in India by nuclear and nuclear
related techniques, to study the
ground water contamination due to
leaching of coal ash, to calculate the
likely deposition patterns from stack
releases and validate these by dry
fallout and air concentration
measurements at some typical coal
thermal station sites.

2. MEASUREMENT PROCEDURES

The sample of coal and fly ash

were pressed into pellets for EOXRF
analysis. The measurements were made
essentially with two excitations one
by Fe53 source and other by a portable
x-ray tube with Mo secondary
fluorescer. Pellets made from known
standards were used for estimating the
elemental composition .,£ the samples.
About 100 mg of the samples were
sealed in polythene covers and
irradiated along with standards in the
swimming pool reactor at Trombay for
IHAA. The natural radioactivity in the
samples due to U, Th and K were
measured by gamma spectrometry using
a HPGe detector (25% relative
efficiency, 2.0 Kev resolution at 1322
Kev) housed in a 7.5 cm thick Pb
shield and suitably connected to an 8K
Nucleus PCA card in a PC. A plastic
container of 7.5 cm dia and 7.0 cm
height was the sample geometry. The U
and Th standards were prepared by
mixing known amounts of NBS analyzed
ores and Indian monazite standard in
a quartz matrix while analar KCl
served as the potassium standard. The
detection limits were 40 ug, 250 ug
and 300 ug, respectively for U, Th and
K (- 2.5, 4.0 and 40 Bg/kg) for the
200 gram sample used. The various
analysis procedures and the
instrumentation have been given in our
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earlier publications. All the analysis
procedures were frequently revalidated
by proper methods.

3. KESOLXS «HO DISCUSSION

3.1 Kasults

The preliminary results of major
and minor elements in coal and fly ash
samples determined by EOXRF analysis
were presented in the last RCH [5].
Since then these data were finalized
an a communication has been prepared
for publication. Some of the salient
observations were : The range of
concentrations of the major and minor
elements could be narrowed if the data
were grouped based on the ash and si
content. The lignite fly ash with only
4% ash content had high Zn, V, Cu, Ni
and Cr levels. The Ti content were
higher at higher Fe level.
Interelement correlations in the fly
ash scmples showed associations of Si
with K, Cu, Zn with Pb, K with Rb, Al,
Ca with Sr and Fe with Ti. K
correlation with Rb was in agreement
with other observations [6] that Rb,
despite its low boiling point, behaves
as K in the aluminosilicate matrix.

The range, arithmetic mean and
standard deviation for a number of
elements in newly obtained coal and
corresponding fly ash samples are
given in Tables 1 and 2, respectively.
Similar analysis were also performed
on some bottom ash, slag and fly ash
samples collected from the stack. The
range and mean for the three
radioactive elements determined by
gamma spectrometry are given in Table
2. The data are being interpreted and
a paper is being prepared for
publication.

3.2 Concentration factor froa coal to
fly ash

The ash/coal ratios for a few
elements were analyzed and it was
found the concentration factor is
highest for the stack ash samples and
lowest for the bottom ash. The
concentration factor for the ESP ash
generally reflected the ash content of

the coal used. This result is being
verified by studying other major
element composition also. The result
indicates that the stack ash samples
show an enrichment for these elements -
as compared to the coal. Varying
enrichments in flue gas for elements
like S, Cl, Cr, V, Hn, Ni, Zn, Se, Ho,
Bg and Pb has been documented [7].

3.3 Deposition pattern

The sector averaged deposition
values for ash release from a 90 m
high stack were computed by the
programme developed by Hukkoo et al.
[8]. Being these and the diffusion
climatology data for a typical coastal
site in south India the annual dry
deposition at various distances were
calculated for different deposition
velocities. The deposition pattern for
an element with 10 ppm level in fly
ash for a typical power station is
shown in Fig. 1 while the deposition
with distance in Bg/m2 for a
radioactive element is shown in Fig.
2. The maximum deposition occurs
closer to the release site
irrespective of the deposition
velocity. HcBride et al. (9)
calculated taking into account all
removal processes that the deposition
maximum occurs at around SOO m from
the stack for many release heights.
Actual deposition valuea would greatly
depend on the wet removal processes
while accumulation on ground surface
would also depend on the retention and
run offs. Generally the deposited
concentrations for toxic elements in
typical conditions do not seem to be
so high as to cause any serious
concern. However, in addition to the
wet removal processes mentioned above,
the actual release conditions that ia
the efficiency of the ESP etc will
also play a significant part in
determining the amount deposited. The
environmental gamma dose was
calculated using the conversion
factorB given by Kocher [10] for ash
content of 150 Bq/kg of D and 210
Bq/kg of Th for a station using 7500
tonnes/day of coal with a fly ash
content of 0.32 and ESP efficiency of
98% with a diffusion climatology given
earlier. It is found that maximum



Annex 13, page 3

annual deposition of U and Th are 4.5
and 6.36 Bq/day respectively and the
resultant gamna dose from a single
year's deposition is only 1.0 uSv/y.

3.4 Particle sisa analysis

The deposition velocity is a
function of particle size [ H ] . The
fly ash samples were particle sized
using particle seizer at Analytical
Chemistry Division. A typical
frequency distribution is shown in
Fig. 3, while the size data ars given
in Table 4. The data show that the
stack ash samples are finer than the
ESP ash and that there are no particle
in the sub micron sizes.

4. OTHER WORK RELATED TO CRP AHD
FDXORB PIJtNS

As mentioned in last year's plan,
the provision for data transfer to the
PC/XT was made during the year and
efforts are on to use the IAEA
provided software so that the data
acquisition end convolution time is
reduced. The candidate fly ash from
Poland was received a few months back
and our results are ready. I had also
collected and provided two air filter
samples for inter comparison. The
samples were collected on W-41, papers
and had sampled volumes of 1246 and
592 a?. Our own results by INAA are
ready for these.

The EDXRF results for a number of
fresh coal and fly ash samples are not
available now due to detector break
down and these are expected to be
ready in the next couple of months.
Using the leaching protocol to be
supplied by IAEA, the fly ash and
bottom ash samples will be leached and
analyzed to estimate the possible
ground water contamination from run
off s from ash ponds. It is proposed to
collect dry deposition and aerosol
samples at selected locations near
some coal thermal power station for
which meteorological data are
available and compare the results
obtained with model predicted values.
Size separated fly ash samples will
also be analyzed during the course of

next year.

He are grateful to Shri S. D.
Somon, Director, Health and Safety
Group for his support and
encouragement for this programme. He
are also thankful to the thermAl power
station authorities for supplying the
samples. Thanks are due to Shri R-K.
Hukkoo, and Dr. V.N. Bapat of Health
Physics Division for providing us the
sector averaged deposition values and
diffusion climatology data and to Shri
T. S. Krishnamoorthy, Analytical
Chemistry Division for particle size
analysis of fly ash.
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Table 1 '• Range and mean (ppm) of various elements
in coal samples

Element

SM
LO
YB
AS
HA
LA
CE
CR
HF
SB
SC
TEX
CO
EO

Element

SM
LO
YB
AS
NA
LA
CE
CR
HIT
SB
SC
FEy=
CO
EO

Minimum
Cone.

3.24
.14
.79
.76

156.69
22.05
46.29
1.45
2.62
.07

5.05
.67

5.83
.39

Table 2 : Range

Minimum
Cone.

5.62
.32

2.51
1.86

298.20
25.70
76.62
58.85
2.37
.40

9.55
1.30
7.81
.02

Maximum
Cone.

7.59
.44

4.11
16.18

674.28
52.14
102.08
71.06
6.33
.80

12.93
2.21
17.29
1.04

Arith.
Mean

5.14
.26

2.55
3.28

321.24
36.53
71.40
47.16
4.66
.40

8.60
1.25
9.95
.68

and Mean (ppm) of various
in flyash samples

Maximum
Cone.

20.64
1.16
7.70

46.86
2200.0
141.52
289.72
221.75
15.92
1.47
39.40
5.70
67.02
1.86

Arith.
Mean

11.58
.61

5.00
11.81

811.29
78.51
155.41
120.09
9.02
.61

20.74
3.56

23.64
.96

St.
Dvn.

1.25
.09
.78

5.01
144.19

9.07
17.29
18.09
1.10
.21

2.26
.42

3.22
.16

elements

St.
Dvn.

4.45
.25

1.74
15.89

495.50
31.78
59.86
50.60
3.83
.35

8.30
1.54
19.01

.66
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TABLE 3. RANGE AND MEAN (in Bq/Kg) FOR THE RADIOACTIVE
ELEMENTS IN COAL, FLYASH AND BOTTOM ASH

SAMPLE O TH K

RANGE MEAN RANGE MEAN RANGE MEAN

COAL 12.6- 61 36.6+12.5 15 - 83 50 + 25 59 -120 100

ESP ASH 54 -190 106 +42 104-304 159+ 58 212-594 397+142

STACK
ASH 109 -206 144 +43 174-280 223+ 49 152-558 318+177

BOTTOM

ASH 35 - 6 6 47.2+13.7 55 - 94 67 + 18 82,181 131

LIGNITE - 12.6 - 15.5

LIGNITE
ASH - 176 - 49 -

Table 4 . PARTICLE SIZE DISTRIBUTION
OF FLYASH SAMPLES

SAMPLE

ESP ASH

STACK ASH

90% BELOW

50.

12.

tun

,6-79.8

.5-27.9

MEDIAN
UOt

22.3-38.

6.2-16.

2

6
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ABSXSACX

The work oriented towards assessment of environmental risk
associated with the emission of fly-ash into atmosphere and its storage
on solid waste depositories included:

1. Elaboration of the INAA procedure for the determination of 20-24
elements in the fly-ashes. This method was next used for the
analysis of fly-ashes from three different FoIiBh power stations
working on hard coal.

2. Studies on leaching of trace elements from neutron irradiated
fly-ash by water and H2SO4 solution (pH=2.5) simulating acid rain.
The results were compared with analogous experiments in which,
elements leached from non-irradiated fly-ash, were determined by AAS
and spectrophotometry.

3. Preparation and certification on the basis of an international
intercomparison of the new Polish CBH - fine fly-ash (CXA-FFA-I).
Although the certification is still not completed it is almost
certain that it will be possible to establish "recommended values"
for at least 34 elements and "information values for another 10 to
16 ones.

1. IHTRODUCTIOH

In the previous report [1] tne
scope of the problem and general
outline of the project was present.

It was pointed out that while the
content of the main constituents the
fly ash and their leaching
characteristics are better known than
those of trace elements [2-7] the
study of the latter is worthwhile and
urgent in view of the large and ever
increasing masses of fly ash stored
on waste heaps and emitted into
atmosphere.

The ecological aspects of the
trace elements contents in the fly

ash are of special importance in
Poland where 80% of power production
comes from burning of hard and brown
coals [S].

The comprehensive approach adopted
in this study consisted of

1. elaboration of the suitable
instrumental procedure for
multielemental neutron activation
analysis (NAA) of fly ashes and
their leachates;

2. studies on leaching of trace
elements from the fly ash by water
aqueous solutions simulating acid
rain;
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3. preparation and certification on
the basis of an international
intercomparison of the new Polish
certified reference material (CRH)
- fine fly ash, to be used later
on as an instrument of analytical
quality control (AQC).

Such comprehensive approach should
not only furnish new data on the
concentration of trace elements (with
the special emphasis on essential and
toxic elements) in fly ashes of
various origin and the mechanism of
their passing to environment but will
also provide an instrument of AQC to
be used by domestic and foreign
laboratories engaged in studying of
products of burning coals.

2. EZIENDINO MULTIELEMEMT
CAPABILITIES OF INAA
The INAA procedure described in

the previous Report (I] consists of
four stages:

1. Preparation of the irradiation
package containing samples,
standards and flux monitors;

2. Irradiation
reactor;

in the nuclear

3. Acquisition of gamma-ray spectra;

4. Computer data processing and
calculation of the trace element
concentrations.

In the original version of the
method only 12 elements could be
determined. The new version of the
method based as before on medium- and
long-lived radionuclides, and
employing mixed elemental standards
enables the determination of up to 24
elements.

2.1. PSOCEDURE

2.1.1. Saaples, standards and flux
•onitors

100 mg. samples of fly-ash of
known moisture contents (as

determined in separate subsamples by
drying to constant weight at 105+C)
were wei^had into circular
polyethylene (PB) foil bags (o +2.S
cm, sample thickness 2-3 mm) and heat .
sealed. Mixed standards of the
elements being determined, as well as
Au neutron flux monitors were
prepared by dropping the aliguots of
standard solutions onto filter paper
discs which were subsequently dried
and individually heat-sealed in PE
bags. CRN's (IAEA's Soil-5, Lake
Sediment SL-I and NBS SRH 1633A Coal
fly ash) were prepared as the
samples. Working solutions of the
standards were obtained by dilution
of stock solutions of concentration 1
rag.ml-+ with the exception of Fe and
U (10 mg.ml-+) and Sc (0.5 mg.ml-+)
immediately before preparation of the
standards. List and composition of
standards used in this work is given
below. Element contents (ug) are
given in brackets.

Standard 1: Xb(IO), Hf(I), Tb(30)

Standard 2: Sc(O.5), Cs(5), Th(2),
Nd(ICOO), Se(20)

Standard 3: Co(IO), Fe(500), Cr(IO),
Ba(200), Zn(IO), Rb(30)

Standard 4: W(250), Na(S). As(5),
La(I)

Standard 5: Eu(5), Sb(O.5), Ce(300),
Ta(IO), Lu(2)

Standard 6: D(S).

2.1.2. Irradiation

The irradiation package containing
samples, mixed standards, certified
reference materials (CRHs) and flux
monitors was assembled in a manner
similar to that described earlier
[I]. However, instead of Fe wires, Au
standards prepared by pipetting of Au
standard solution onto filter paper
discs which were subsequently dried
and sealed into PE bags, were used as
neutron flux monitors. It was found
that better reproducibility of
counting geometry and better
representation of the neutron flux
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"seen by the sample"
achieved in this way.

could be

Typical irradiation package in
this version of the method consisted
of 8-12 samples, 12 mixed standards
and 7-9 neutron flux monitors,
distributed uniformly along the
package. 2-3 CRHs (IAEA's Soil-5 and
Lake Sediment SL-I or NBS SRH 1633A)
were also present in each package to
assure constant control of accuracy
of determinations. The package was
irradiated for 1 h at a thermal
neutron flux of ca. 1.8x10" n.cm'2.s"'.

2.1.3. Measurement
spectra

of gamma-ray

The spectrometer used in this work
consisted of coaxial Ge(Li) detector,
ORTEC analog line, and multichannel
pulse height analyzer Didac-4000
(Intertechnique) with magnetic tape
station (HICRO-DATA). The basic
parameters of this system are as
follows:

1. Resolution 3.2 keV for 1332.5 keV
"Co line;

2. Peak to Compton ratio 22:1 for
661.5 keV 117Cs line;

3. Relative efficiency 8% for 661.5
keV mCs line;

Low efficiency of the spectrometer
is due to unfavourable diameter to
height ratio of the detector crystal
at moderate active volume (55 cm1). In
addition, relatively high level of
Compton scattering in low energy
range (E+ < 300 keV) decreased signal
to background ratio and worsened
detection limits of the elements, the
photopeaks of which lie in this
energy region.

Samples, standards, CRHs and flux
monitors were measured twice after
3-4 days and 3-4 weeks of cooling
respectively. Typical measurement
times amounted to 3000-4000 s for
samples and CRHs, 600-900 s for
standards and 300-600 s for flux
monitors respectively. Counting

geometry was selected in such a way
as to obtain counting rate not
exceeding SxIO1 counts, s"1. This
limitation was necessary as our
spectrometer was not equipped with .
pile-up-rejector.

The spectra measured covered the
energy range of 60-2000 keV and the
energy calibration was ca. 0.5
keV/channel.

2.1.4. Computer data processing,
interpretation of gamma-ray
spectra and calculation of
concentration of trace
elements.

Computer processing of gamma-ray
spectra was performed as described in
the earlier Report [I]. The results
were further corrected for
microgradient of neutron flux as
determined from measurements of Au
neutron flux monitors.

In order to check the possibility
of making systematic error due to
U(n,f) reaction several 30 ug U
standards were irradiated and
analyzed for the contents of
respective fission nuclides. It was
found that apparent amounts of
elements originating from 1 ug of U
amounted to 2.3xlO"3 ug, 7.12XlO"* ug
and 6.SxIO'2 ug for Ba, La and Ce
respectively. So eventual corrections
for uranium contents of the order of
a dozen or so ppm and Ba, La and Ce
concentration levels usually observed
in fly ash, are negligible.

J. 2. The use of IHAA for the
détermination of trace elements
in various fly ashes

From among 24 elements which were
dealt with in the present work. Zn
and Se were not observed in the
spectra of the analyzed fly BBhee.
Weak gamma lines from 160Tb and "1W
isotopes were visible in some
spectra, but their contentB were
below formally calculated detection
limits. It should be mentioned that
conditions employed here are not
optimal for all elements but
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constitute rather a reasonable
compromise. So one can conclude that
the INAA method devised in this work
enables the determination of over 20
elements with the precision (relative
standard deviation) for most elements
better than 15%. Results of analysis
of fly-ashes from the three different
power stations (Rybnik, Skawina,
Kozienice) are shown in Figures 1 and
2. Comparison of our results,
obtained for Soil-5 and SL-I CRM' s
with the recommended values as shown
at the bottom of Figures 1 and 2,
confirms generally good or at least
satisfactory accuracy of the method.

The interesting conclusion which
follows from Figures 1 and 2 is that
concentrations of trace elements e.g.
rare earth elements, thorium,
chromium, hafnium, rubidium, cobalt,
barium, tantalum as well as that of
macro constituent iron, in the
fly-ashes coining from the three
different power stations are very
similar. Larger differences were
observed for As for which the ratio
of extreme concentrations amounts to
2.6, Sb (ratio = 3.0), U (5.0), Cs
(2.1) and Na (4.2).

Generally speaking concentrations
of trace elements in fly-ashes from
Polish hard coals studied in this
work are closer to lowest rather than
highest extreme values of the
concentration ranges reported for
Chinese and Canadian ashes [9].

3. COLDHH STUDIES OH LEAChINO OF
XRACB ELEMENTS FROM HEDTROH
IRRADIATED FLT-ASHES

3.1. Procedure

800 mg of fly-ash (Kozienice) was
placed in a quartz ampoule and
irradiated together with standards of
several elements in EHA reactor at a
flux 1x10" n.cro-W for 15 h. After
cooling for 6 days the sample was
quantitatively transferred to a glass
column (d = 10 mm) with sintered
glass disc at the bottom. The column
was eluded with 150 ml of water or
H1SO4 (pH = 2.5) solution respectively

at a linear flow rate of ca. 0.3
cm.min'1, collecting 7 ml fractions
onto standard 50 ml Erlenmeyer
flasks. Gamma-ray Bpectra of the
fractions were measured as described -
above and compared with those of
standards (in identical geometrical
conditions). The pH of the solution
was measured with pH-meter
(RADIOMETER, DENMARK).

3.2. Elution pattern
trace alements

of selected

Typical results on elution of
selected trace elements (especially
those forming long-lived
radionuclides) with water and dilute
H2SO4 (pH = 2.5) are presented in
Figures 3 and 4 respectively.

One can note that elution patterns
of individual elements and the degree
of elution differ widely.

Elements capable of forming
oxyanions (Cr and especially Se) are
eluted to much larger extent that
typical multivalent cations.

In the case of solution simulating
acid rain the beginning of elution of
typical transition element cations
(Co2+, Zn2+) seems to be correlated
with the acid breakthrough (lowering
of pH of the eluate (cf. Fig.4).

4. LEACHING STUDIES ON NON-IRRADIATED
FLY-ASH USING NON-NUCLEAR
ANALYTICAL TECHNIQUES

4.1. Procedure

10 g of fly-ash was placed as a
thin (ca. 5 mm) layer in a funnel
with sintered glass disc (d = 3.5 cm)
between two filter paper discs.

1800 ml of distilled water or
solution simulating acid rain (H2SO4,
pH = 2.5) was passed through the
funnel under suction during the time
of ca. 6 h. Trace elements in the
filtrate were determined as follows:
Cd, Cr, Co, Cu, Mn, Ni, Pb and Zn by
FAAS after 25-fold preconcentration
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of the sample by evaporation; As by
EA-AAS after separation of AoI3 by
extraction with chloroform; Mo and V
by EIA-AAS after chloroform
extraction of their complexes with
BFBA? Se by ETA-AAS after its
separation aa a complex with
3,3-diaminebenzidine by extraction
w i t h t o l u e n s ; F
apectrophotometrically as triple
complex: La-alizarin-complexone-
diphenylguanidine after separation of
fluorides by distillation with water
vapour.

4.2. ing characteristics of
trace aleaemts

She results of leaching of trace
elements from "Kozienice" fly-ash
with water and simulated acid rain
(H2SO4, pH = 2.5), performing
according to methodology described
above, which is similar to that
recommended in Polish Norm are
summarized in Figure 5. This
methodology simulates leaching of
fly-ash deposited on soil, vegetation
etc. by water or acid rain over the
period of ca. 3.5 y (assuming the
mean precipitation in Poland of 550
mm Hfi per year [10].

The pH of the filtrate amounted to
8.6 in the case of water and 2.9 in
the case of simulated acid rain
respectively.

As can be seen from Figure 5
leaching of trace elements which
normally occur as divalent cations
(Cd, Co, Cu, Hn, Ni, Fb, Zn) by pure
water is small or negligible. On the
other hand, non-metals and elements
which occur mostly as anions (F, As,
Se, Mo) and to a smaller extent V and
Cr are eluted at much faster rate.
Apparently, these elements are
present in the fly-ash as easily or
sparingly soluble salts with alkali
or alkaline earth metals or as
oxides. Especially striking is the
case of selenium, which due to
volatility Cf. its oxide, is probably
condensed on the outer surface of the
fly-ash particles. Thanks to that and
to good solubility of oxide over 80%
of Se is eluted with pure water.

She leaching behaviour of elements
in simulated acid rain is different
to that in water. Transition metals
(Cd, Co, Cu, Mn, Ni, Zn) are already
eluted to an appreciable extent. On.
the other hand, elements which
probably are present as oxy-anions
(As, Mo, Se, V) are BOlubilized by
dilute H1SO4 but often to a smaller
extent that by pure water.

As was found by scanning electron
microscopy and X-ray diffraction
methods the investigated fly-ash
contained considerable amount of
amorphous glassy spheres (d < 30 urn).
From chemical point of view this is
the material of typical
alumino-silicate matrix and as such
it should exhibit cation exchange
properties. This assumption explains
well the elution behaviour of
elements. Relatively strongly held
divalent transition metal cations can
not be removed by pure water but are
gradually displaced from the matrix
by hydrogen ions from acid rain. The
lower percentage of elution of
elements occurring as oxyanions by
acid rain in comparison to water may
be interpreted as a result of
shifting the chemical equilibrium
from anionic to cationic form, which
can be subsequently retained by
cation exchange mechanism. It cannot
be excluded, however, that fly-ash
may behave as an amphoteric ion
exchanger and retain anions in acidic
medium via anion exchange mechanism.
An important finding from ecological
point of view is that highly toxic
element - lead is eluted only to a
negligible extent both by water and
acid rain originating from sulfur
oxides (in the latter case probably
owing to insolubility of its
sulfate).

In general, there is at least
qualitative agreement between the
leaching characteristics of trace
elements from neutron irradiated and
non-irradiated fly-ash.
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S. PKELIHINARY BBSI)LIS OF AN
ZMXESmZIOWU. INTERCOHPARISON FOR
SHE DEtEMiIIlATIOW OF TRACE
ELEMENTS IH THE FINE FIiT ASH
(CXA-FFA-I) CANDIDATE REFERENCE
MATERIAL

Although the intercomparison on
the fine fly ash (CTA-FFA-I)
candidate reference material ia still
not completed it can be already rated
as a success. So far 57 laboratories
from 19 countries employing a variety
of analytical methods participated,
sending 3828 bits of chemical data
(915 laboratory means) on 65
elements.

The method of data evaluation was
essentially the same as proposed by
one of us (R.D) some years ago [ H ] .
As an illustration computer printouts
for Rb and V are shown in Tables 1-2
and 3-4, respectively.

In these tables outliers are
marked by an asterisk, "no" in the
"estimated laboratory uncertainty"
column means that the relevant number
was not provided by a laboratory, the
analogous lack of data for the
detection limit is marked as "1.000".

The criteria for assigning
"recommended values" were slightly
modified and are now as follows:

1. Relative uncertainty of the
overall mean (i.e. non-weighted
mean of all laboratory averages
left after elimination of
outliers) at significance level of
a - 0.05s

analytical technique were used for
the calculation of the overall
mean. In case when all accepted
results were obtained by single
analytical technique the minimum.
number of laboratory averages
should not be smaller than 5.

3. If the conditions (1) and (2) are
fulfilled but the number of
outliers exceeds SOt the
additional procedure is activated
which checks the change of the
mean and standard deviation
respectively accompanying
successive rejections. The process
of rejecting of outliers is then
stopped when the change in both
the mean and standard deviation
becomes lower or equal to 15*.

"Information values" were assigned
to those elements for which the
results while not fulfilling
conditions (I)-(3) still fulfilled
the following condition:

< 50% (trace elements)
< 30% (major elements)

AB far as now it can be predicted
that it will be possible to certify
at least the following 34 elements:
Al, As, Ba, Ce, Co, Cr, Cs, Cu, Dy,
Eu, Fe, Hf, La, Li, Lu, Hg, Hn, Na,
Nd, Ni, Pb, Rb, Sc, Si, Sm, Ta, Tb,
Th, U, V, H, Yb, Zn and provide
"information values" for additional
10-16 elements.

H

< 20% (trace elements)
< 10% (major elements)

or relative standard deviation (RSD)
Q) lower than 25% (trace elements) or
15% (major elements).

2. At least three laboratory averages
obtained by more than one
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AVECACE
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137.033
168.-IH
189.615
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191.729
189.563
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104.573

ST.DEU.

39.424
31.789
27.123
20.637
20.010
19.000
19.650
19.530
17.608
14.874
10.589
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Table 2
INTERMEDIATE RESULTS OF THE INTERCOM!»! BISOK FORELEH. Rb
IN CTA-FTA-I 1908.07.12.
SICHIFICAHCE LEVEL- 0.OS
UNIT - FPa

HO.

1

2

3

4

S

6

7

8

9

10

11

12

13

14

M

U

»7

ie

19

20

21

22

2 3

24

23

26

LAB.
CODE

53

2 2

6

40

42A

4 4

10

19

42

5

-.

36

17

18

36

43

30

4SA

11

a
1 3

2 1

4

1

na
3 7

METHOD
CODE

1 - l - N l

3 - 1-AO

2- X-O.

O- 0-AO

1- 1-I1I

1 - 1-Hl

1 - Ï-B1

1 - 1-H2

1 - 1-hJ

7 2 - 1-X2

3- 1-Al

3 - 5-H3

1 - 1-X3

1 - 1-Hl

1 - 1-Hl

1 - 1-Kl

I - 1-Hl

1 - 1-Hl

1 - 1-Hl

1 - 1-HI

1 - 1-Hl

2 - 1-X2

Ï - 1-Hl

1 - 1-HI

1 - 1-HI

2 - 1-Hl

ESTIH.
LAB.

UKCEm

no

3 . 2

IS

no

0 . 5

0

10

no

0 . 5

2

5

9.1

10

3 . 6

no

no

20

no

no

10

15

no

2.0

4

no

;o

NO.OF
DETTIiM.

3

6

2

S

3

6

6

5

4

6

S

4

6

2

1

6

i

1

«

1

3

S

LABOi »'.ORY
KÏ 1

64.000*

103.333*

156.033*

165.000*

167.600*

169.600*

172.333

173.167

173.200

174.500

177.667

179.133

179.750

100.333

102.000

184.267

109.75"

109.HU)

192.7(0

19i . 67

203.400

206.000

229.000*

230.OCO*

230.647*

275. BOC

LAB.STANUARD DEV.
ASSOL. RtL.•.

9

0.000

1.155

11.179

0.000

2.702

25.344

4.4S7

9.210

2.300

1.000

5.715

29.319

1Ï.S21

2.303

0.000

2.239

0.180

0.000

1> 354

15.484

9.370

2.000

6.442
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THE EHVXRONMENTMI IMPLICATIONS OF LIGNITE ABH
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Chulalongkorn Univanity
I n s t i t u t s of Environmental Research
Bangkok, Thailand

"Chief Scientif ic Invostigator

JIBSZRACZ

Impact of metals from lignite and lignite power plants activities
on surface and ground water, and rain water was studied. Hater samples
and water mud were collected twice a year during the dry and wet season
for a period of one year. Data from dry period showed impact of As, Hg,
Fe, Ni and Zn an surface water while As, Hg and Hi had contaminated
ground water and rain water.

IHTRODUCTION

The impacts of lignite and lignite
ash were conducted at the "Mae Moh
Project* which consist of lignite
mine, lignite power plants and their
associated facilities. The project is
located in Lampang Province about 650
km north of Bangkok, Thailand.

The quantity of lignite at Mae Hoh
was found to be 120 million tons which
would be sufficient to supply a
225,000 KW power plant for about 30
years. Currently, about 6 million tons
of lignite is required to generate the
power capacity of 825 HH. The Hae Moh
power plants are the conventional
lignites-fired type boiler and
designed to burn low-heating value
lignite fuel. Out of 10 units of power
generating plants planned, 7 are now
in operation for the total capacity of
825 MH. The full capacity of 1725 MH
with 10 generating units will be
commenced in 1992, which at this
level, lignite of 17 million tons per
annum would be required.

The main solid wastes generated by
lignite burning is ash, which is
comprising of fly ash kept in an
electrostatic precipitator and bottom
ash kept from a submerged scrapper
conveyor (total of 7 units, now). The
amount of ash can be estimated based
on the ash percentage of the lignite

which is an average of 25.4%. in 1988,
the amount of fly ash generated is
expected to be 1.45 million tons and
the accumulation (since 1974) is about
7.2 million tons. And after the year
1993, an amount of about 2.9 million
tons/year will be annually transported
and dumped on an area of 1.2 Bq. km.
At the end of the power plants project
(in 2020), an ash accumulation of
about 90 million tons will be stored.

Bottom ash was drained and kept in
a holding pond. After sedimentation,
over flow was discharged to a canal
and into a reservoir finally.

PROCEDURE

Sample collection

1. Surface water and bottom mud
samples from rivers, canalo, ash
holding pond, and reservoir were
collected. Running water from form
rivers and canals were collected at
the surface while reservoirs waters
samples were collected ate the depth
of 1 metre below the surface.

2. Ground water samples were
collected from various villages well
around the mining areas and the power
plants.

3. Rain water was taken from each
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house's storage containers which was
catched through various kinds of
roofing materials.

All samples were collected twice
a year during dry (June) and wet
(October) seasons. Location of water
sampling points was shown on figures
1 and 2.

Analysis

Concentrated BNp, was added to
water samples for a pH of 2 for a
preservation. Pré-concentration of
sample was conducted by evaporation
with HNOj/HCl except for the analysis
of As and Hg.

Concentrated water samples were
analyzed for metals using AAS and HAA.
Bottom mud were analyzed by XRF after
air dried and powdered.

RESULTS

Surface water

Data collected during the dry
period showed that water from Hao
Chang reservoir was contaminated by
As, Hg, Fe, Hi, Zn which was
discharged from bottom ash dumping
pond. Runoff from lignite storage area
and discharging of effluent from ash
dumping pond also contaminated water
quality of Hua Pet canal.

Discharged of runoff from mining
areas showed contamination to water
quality (As, Hg, Fe and Hi) of Mao Hoh
river. After dilution in Mae Hah
reservoir, still rather high levels of
As and Hi were detected.

Ground water

Very high levels of As, Hg and Hi
were found in shallow wells water.
This could be resulted from leaching.
of fly ash from dumping area.

Rain water

Only information of two samples
are available at this point. It was
interested to see that high levels of
As, Hg and Ni was also detected. Old
galvanized steel roof resulting in
high level of Zn in sample number 16.
Contamination of As and Hg in sample
number 17 might come from the old used
metal drums used for water storage.

CONCLUSION

Results were obtained only from
data collected during the dry period
and with AAS analysis. Information on
NAA and XRF analysis and data from wet
season are under studied. With all of
the results in hand, a better and firm
conclusion could then be drawn.
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DETERMINATION OF ATMOSPHERIC TRACE ELEMENTS BY
IHAA: AN APFLICATIOH OF RECEPTOR MODELLING
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Middle East Technical Onivarsity
Ankara, Turkey

"Chief Scientific Investigator

I. OESCRZPXXOH OF RESEARCH CARRIED OUT

I.I. Purpose

The purpose of the project is to
determine concentrations of major,
minor, trace elements, sulphate,
nitrate, ammonium ions sulphur dioxide
and total particulate matter in Ankara
atmosphere during summer and winter
periods, and to determine sources
contributing elements by using
statistical receptor modelling
techniques. '

1.2. IR ION

Determination of sources
contributing to aerosols in an urban
atmosphere is important for pollution
control studies. Over the past decade,
considerable progress have been made
on the control of, especially gaseous
pollutants, in the atmosphere.
However, control of particulate
pollution proved to be more difficult.
In 1980, 395 counties in the United
States failed to meet National Ambient
Air Quality Standards for particulate
matter (Wagner and Deal, 1980)
considering the enormous costs of
pollution control programs, better
understanding of sources contributing
ambient particulate matter is needed.
Two approaches, namely source emission
inventories and receptor modelling are
available to study sources of
atmospheric particles measured in an
ambient atmosphere. Among these,
dispersion modelling was the method
relied on in designing control
programs. However, recently receptor
modelling proved promising in
assessment of sources contributing
ambient particles, and their use in
the design of pollution control
programs have been suggested (Harley
et al., 1989).

Source emission inventories
involves estimation of intensities of
pollutants from individual sources.
Then, by employing dispersion models,
loadings of pollutants in ambient
atmosphere can be estimated. Large
uncertainties involved in both
emission inventories and dispersion
modelling are main weaknesses of the
method.

The basic idea of receptor
modelling is the resolution of
observed concentration patterns of
particles at the sampling sites, the
"receptors", into contributions from
several sources (Hopke, 1985; Gordon
1980).

Chemical mass balances (CMB'o)
(Gordon 1980; Cooper and Watson, 1980)
and factor analysis (FA) (Hopke et
al., 1976) are the two basic methods
of receptor modelling.

In CHB method, the concentration
of an element i in a receptor sample
is a linear combination of
concentration patterns of particles
from contributing sources, and it is
given as:

where n̂  is the mass concentration
contributed during the sampling period
by the ith source. The Xg is the
concentration of alement i from source
j, and S8 is a fractionatiom term to
account for any gain or loss element
i between the source and receptor, but
S5 are usually set equal to one. If
one knows the composition of particles
released by important sources (X5
values), source strength terms (mj)
can be determined by a least-square
fit to the observed concentrations of
a set of selective elements called the
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"marker elements", which are chosen as
strong indicators of particles from
the individual sources. They are
usually non-volatile elements which
can be measured in both ambient and
source samples. Chemical mass balances
have successfully used to resolve
sources contributing to urban (Dzubay,
1980; Core et al., 1981; Kowalczyk et
al., 1982) and regional aerosols
(Tuncel et al., 1985; Vossler et al.,
1989).

Although CHB approach has been
successful in urban applications, it
has some limitations. FirBt there is
need for a priori assumption about the.
number and types of sources and the
compositions of their particles.
Second, CMB treat only primary
particles and assume no change in
particle composition between source
and receptor. However, this assumption
is not correct for volatile elements,
of which a substantial fraction may be
in gas phase after the release from
source and recondense on particles,
especially fine ones during the
transport from source to receptor.

The other basic approach of
receptor modelling is "raultivariate
analysis", of which factor analysis is
the most commonly used example. Factor
analysis avoids moat of the above
limitations. It is a complex
statistical technique for examining
large data sets to observe multiple
correlations among groups of species
which fluctuate together from sample
to sample, usually because of their
common sources (Hopke, 1985). Factor
analysis does not require a priori
assumption on the sources contributing
to the receptor site. In addition to
this, various non-conservative species
in the atmosphere, such as sulphate,
nitrate etc., can also be included.
The main disadvantage of the FA is
that, it uses normalized
concentrations, and during the
normalization process quantitative
information about concentrations are
loss. Because of this, FA can only
produce qualitative information on the
contribution of individual sources on
the receptor site.

The CHB'B and FA are powerful
complementary techniques for source
resolution. The common procedure is to
run FA first to determine the sources,
then CHB can be applied to get .
quantitative information on the
contribution of sources revealed by
FA.

Although, the air pollution
problem in Ankara known for a long
time, very limited scientific work was
performed to understand sources of
pollution. In general pollution is
believed to be mostly due to
residential heating. However, fraction
of pollutants emitted from coal and
oil burning in residents are not
known. Similarly, motor vehicle
emissions is believed to be important
source of pollution. The evidence for
this comes from the summer haze over
the city, which can be photochemical
smog or diesel particles. Like in
residential heating, the magnitude of
motor vehicle contribution to observed
pollution is also not known. The
contribution by industrial sources are
believed to be negligible, which may
not be a legitimate assumption,
because the main industrial source,
namely the cement factory which is
located about 10 Km west of the city
outputs enormous quantities of
particulate matter most of which is
carried to the city, as winds are
predominantly from west. Due to lack
of information on sources of
pollution, all the regulatory action
must be taken without much foundation.
Since, observed concentrations of SO2
and particulate matter have reached
alarming levels in recent years,
government and local regulatory
agencies have decided to replace high
sulphur containing lignite by low
sulphur (1%) imported coal as a fuel
in residential heating in 1989.
However, results of SO1 and
particulate measurements made after
•"hia year, in 6 stations around Ankara
by State Health Department did not
show a significant decrease in
concentrations of SO2 and particulate
matter compared to results obtained
before 198S. How, preparations are
being made to replace coal by natural
gas imported from USSR as fuel in
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residential heating. However, since we
do not have source information on
ambient particles, consequences of
such a major change in fuel use is
again difficult to predict.

In this work we plan to estimate,
first time in the history of air in
Ankara, source contributing to
observed ambient concentrations of
particle through statistical analysis
of trace element data obtained from
analysis of ambient samples, such a
source apportionment study, if
successful will provide necessary
information for sources contributing
particulate pollution and may help for
more realistic regulatory action.
Recently, understanding the need for
information to direct pollution
control measures in Ankara, World Bank
(WB) and World Health Organization
(WHO) have proposed, designed and
funded an extensive research and
monitoring programme, to understand
sources contributing air pollution in
the Ankara and health effects of
pollution. The study will involve
monitoring of SO2, particles, NO1 and
O3 in several stations around Ankara,
an emission inventory for the same
pollutants, modelling and epidemiology
studies to establish relation between
air pollution and health effects. Our
work will provide preliminary
information on the sources of
pollution and will be used in testing
emission inventory and dispersion
models which will be developed in the
course of the study.

Our receptor modelling work have
also attracted interest from Turkish
Research Council (TOBITMC) in 19B9
which decided to fund the project and
suggested extension of the work to
larger number of stations in the
coming years.

XI. EXPERIMENTAL

II.1. Sampling sites

Ankara which is the capital of
Turkey has a population of 3,000,000
and is located in central Anatolia, as
shown in Figure 1. It is not a heavily

industrialised city. Main sources that
are expected to contribute to the
atmospheric particles are: a cement
factory, located approximately 10 km
west of the city and two oil-fired -
power plants, one in the downtown area
and the other one approximately 10 km
outside the Ankara. Hone of these
sources have any pollution control
devices installed to their stacks. In
addition to these major sources, there
are several small scale manufacturers
of especially wood products
accumulated mostly at the northern
sectors of the city.

Due to the lack of extensive
industrialization, residential heating
is the main source of observable
pollution in Ankara. Common fuel types
are coal and fuel-oil. Wood is also
used in a limited extend. Area-wide
central heating systems are not
common. Before 1980 majority of
buildings were heated by fuel-oil;
however, with the rapid increase in
fuel-oil prices in late 7O's, heating
systems in most of the buildings are
converted to coal and now coal is the
most common mode of heating in
residential places. Host of the
heating systems do not burn coal
efficiently and emit small coal
particles to the atmosphere. Because
of this, during winter Ankara is
blanketed by a heavy smoke. In the
summer when heating systems are
stopped, smoke disappears. Even in the
summer there is a perpetual haze over
the city. The source of the haze
probably a combination of motor
vehicle emissions and photochemical-
smog.

Motor vehicles are also important
source of particles in the Ankara
atmosphere. In recent years, diesel
traffic have increased drastically due
to increase in gasoline prices. Diesel
particles now, are expected to be a
major component in Ankara aerosols.

Winds mostly flows from west to
south which makes the cement factory
potentially important source of
particles in Ankara atmosphere. The
most important characteristic of the
meteorology of Ankara is the inversion
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which occurs throughout the year.
Topographically Ankara is surrounded
by hills in all four directions,
consequently the inversion which forms
during night usually remains until
noon in winter and until about 10 AH
during summer. Coupling of inversion
with already high levels of pollutants
in the atmosphere, produced several
episodes of alarmingly high levels of
pollutants in the atmosphere in the
past. Zn last few years, imported low
sulphur cool are being used for
heating purposes in the city. Within
next few years natural gas will be
used for residential heating.

XI.2. Selection of saapling locations

Samples were collected from two
stations."Refik Saydam Hifsisiha
Institute" which ta an environmental
monitor institute of Department of
Health and Social Welfare has 6
stations around Ankara. One of our
sampling systems was placed in their
Kizilay station which is at the
heavily polluted centre of the city.
T, - econd station was established in
the Hiddle East Technical University
(METU) campus which is about 10 km
outside the city. None of the stations
were under the direct influence of any
major industrial source. The station
in downtown Ankara are heavily
effected from residential heating and
motor vehicle emissions during winter
and mostly from motor vehicle
emissions in the summer. The station
at the METU campus was free of major
emissions. The campus was centrally
heated by fuel-oil and the central
heating was about 2 km away from the
station. The only significant source
of particles that can effect the
station was a nearby road within the
campus relatively light traffic. The
locations of sampling stations and
potential sources of particles in the
Ankara atmosphere are shown in Figure
2. In this report, the station in
downtown Ankara will be referred to as
the "Ankara station" and that in the
METU campus will be called -HETU
station".

II.3. Saapling

Since, residential heating ie the
main type of pollution during winter
and it diminishes in summer, elemental .
concentrations of particles in the
atmosphere is expected to be
significantly different in summer and
winter seasons. Because of this
difference in the expected trace
element concentrations, samples were
collected during both eummer and
winter seasons. Sampling duration in
both seasons were 20 days. Winter
samples were collected between March
15, 1988 and April 15, 19S8. Due to
the climatology of the region
residential heating in Ankara
continues until the end of April.
Summer samples were collected between
September 7, 1988 and October 2, 1988.

Samples were collected at
approximately IS m and 40 m from
ground level in the Ankara and METU
stations, respectively. In the Ankara
station filter holders were extended
2 m from a second floor window in the
Hifsisiha building. In the HETU
campus, samplers were installed to the
roof of the Engineering Faculty
Administration building which is a 20
story high rise.

In both stations samples were
simultaneously collected on two
filters. One of the filters were 47 tan
diameter polycarbonate (Nuclepore)
with a pore size of 0.5 micron and the
other one was again 47 mm diameter
cellulose fibre (Whatman-41).
Nuclepore samples were used for INAA
and half of the whatman-41 samples
were used for the analysis of
sulphate, nitrate and ammonium ions by
ion chromatography and the other half
will be used for Pb and Ni analysis by
AAS.

Samples for sulphur dioxide
analysis were obtained by bubbling air
through dilute hydrogen peroxide
solution. Total particulate mass on
each filter were determined by
dif frac t omet ry .

Samples were collected between 22
and 24 hours. Samplers were stopped at
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10:00 AH in the morning and restarted
after approximately 1 - 2 hours (to
cool the pumps). In addition to these
24 hour samples, after the winter
sampling was completed, all sampling
equipment was installed at the HETU
station and set of ten 4 hour samples
were collected, simultaneously with
all samplers at the same location. The
purpose of these samples were to see
if there are any difference in the
collected samples with different
pump-filter combinations. .v,

XI.4. Analytical techniques

During two sampling periods a
total of 80 filters and 40 Sp2 samples
were collected using procedure
described above. Half of the filter
samples were collected by
polycarbonate filters and remaining
half were collected on cellulose
filters. These samples were analyzed
for trace elements (excluding Pb and
Hi) by instrumental neutron activation
analysis (IHAA), for sulphate, nitrate
and ammonium ions by ion
chromatography and for Pb and Ni by
atomic absorption spectrometry (AAS).
Whole polycarbonate filters were
analyzed by IHAA as trace metal
analysis is the main theme of this
work. Cellulose filters were cut into
two halves and one half was used for
ion analysis and the second half was
saved for analysis of Pb and Ni by
AAS.

For INAA, polycarbonate filters
were folded and heat sealed in
polyethylene bags which were then
placed in the "pneumatic tube sample
carriers" (rabbits) together with Ni
flux monitors. Samples and monitors
were irradiated for 5 minutes in a
thermal neutron flux of 1x10" n.cm^.s1

at the Istanbul University Trigga Hark
II research reactor. After irradiation
was completed, samples were counted
for 5 minutes with high purity Ge
detector. Collected spectra were
analyzed for isotopes 1Wg, "Ti, «Ca,
9V, 0Cu and "Al. Then, samples were
allowed to decay for 5 minutes and
counted again, this time for 20 min.
Spectra were analyzed for isotopes

"Ha, *Cli 0K, *Hn, "Br, '"-Zn, ,/Sa,
"faIn, ™I, "Sr and '"Ba. After
analysis of short lived isotopes were
completed, samples were allowed to
decay for several weeks, then
irradiated four hours, together with '
Co flux monitors (which were Al wires
containing 5% Co), at the Turkish
Atomic Energy Agency, Cekmece research
reactor, in a thermal neutron flux of
1x10" n.cm^.s"1. A four-hour spectrum
from each sample were collected after
2 days decay interval. Collected
Bpectra were analyzed for "Na, 4K,
"Zn, '"Ga, *AB, "Br, "Ho, 113Cd, '"La,
13Sm, 115Yb, 177Lu, 117W and '"Au. After
"first long counts" samples were
allowed to decay approximately one
month, then counted for 12 hours.
Spectra were analyzed for "Sc, 91Cr,
59Pe, "Co, aZn, 75Se, *Zr, "Bb, '""Ag,
>»Sb, "1Ba, 134Cs, "1Ce, "7Nd, 152Eu, "»Tb,
"9Yb, 177Lu, 111Hf, "1Ta, "1Ir isotopes.
Concentrations of elements in each
sample were determined by comparing
activities of isotopes with activities
of corresponding isotopes in prepared
mixed standards which were irradiated
together with samples. The accuracy of
the method used is checked by
analyzing standard reference materials
along with samples. Flow diagram for
the INAA procedure described above is
shown in Figure 3.

For ion chromatography analysis
of SO4-

1, NO3*, NH4
+ and Cl' ions were

dissolved in 20 ml of double
distilled, deionized water by allowing
filters to stay in an ultrasonic
shaker for 30 minutes. Solutions were
then analyzed for ions using Varian
model 2010 ion chromatograph.

Concentrations of SO1 is measured
by acidimétrie titration of hydrogen
peroxide solutions through which the
air was bubbled. Total masB in each
sample was determined by
diffractometric method.

II.5. Preparation of mixed standards

In receptor modelling,
information about sources are given by
interrelations butween elements,
rather than absolute concentrations.
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Consequently, data on concentrations
of aa many elements as possible is
needed. Reference materials and
standard reference materials are
commonly used as standards in INAA.
However, number of certified elements
in these reference materials are
limited and reliable measurement of
large number of elements in samples is
not possible, unless various reference
materials are irradiated together with
samples, which is tedious and time
consuming. A better approach to
measure up to 35 elements in each
sample is to use mixed synthetic
standards. Although, mixed synthetic
standards would allow measurements of
large number of elements, careful
control of prepared standards by using
different reference materials is
important for correct determinations.
However, once standards are prepared
and controlled their use can save
substantial time and effort.

in this study we have purchased
commercial atomic absorption
spectrometry stock solutions of 39
elements. Concentrations of elements
in stock solutions was around 1,000
ug.ml1 for most elements. Stock
solutions of few elements, for which
commercial solutions were not
available, were prepared from oxides
of elements. Stock solutions of
elements were combined to prepare
mixed standards. One mixed standard
was prepared for each group of
elements shown in Figure 3.
Consequently, elements in each mixed
standard was identical with elements
measured in corresponding counting.
Dilution factors used in preparing
mixed standards and amount of each
element on final irradiated "pellet"
is given in Table 1. Different
elemental standards (or stock
solutions) diluted to different extend
to reach the final amounts given in
Table 1. In designing the dilution
scheme, the final mixed solutions was
prepared such that, 100 ul of this
solution contains elements in amounts
given in Table 1. Then, 100 ul of
mixed solution was pipetted in small,
acid-washed polyethylene bags and
allowed to dry at room temperature.

III. RESULTS JWD DISCUSSION

III.l. Analysis of standard reference
materials

The NBS standard reference
materials Coal (SRH 1632A), Fly Ash
(SRH 1633A) and Estuarine Sediment
(SRM 1646) were irradiated and counted
together with mixed standards. Two
coal, four fly ash and two sediment
samples were analyzed. In addition to
SRH's two sediment samples from a
local river (GokBu), which were
previously analyzed by inductively
coupled plasma spectrometry (ICP) were
also irradiated and analyzed using
mixed standards.

Average concentrations of "short
elements" found in SRH's and river
sediments and observed to certified
ratios are given in Table 2. Results
of analysis of individual SRH's are
given in Appendix I. Table shows
agreement between observed and
certified values for most of the
measured elements are reasonably good,
and prepared mixed standards can be
used for analysis of collected .
samples.

One difficulty encountered in
analysis of both samples and standards
was the variability of flux in thermal
neutron column of the reactor. The
Trigga Hark II reactor in which
samples and standards were irradiated
was a small reactor (5 HH) with
relatively email number of users.
During analysis of short lived
isotopes rabbits, were irradiated for
5 min in every one hour, and reactor
was turned off between irradiations to
conserve fuel. This resulted in
significant changes in the flux from
one rabbit to another. The changes in
the flux using Ni flux monitors one of
which was irradiated together with
each sample. Figure 4 shows weight
normalized activities of Ni flux
monitors. The figure shows that
variations up to 20% have occurred in
the flux during irradiations. Since
sample activities were normalized for
Ni counts, flux variations were taken
into account during analysis. However,
Figure 4 suggests that, flux must be
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carefully monitored in future
irradiations. We are planning to use
two monitors for each BamPle in the
analysis of summer samples.

XZI.2. Analysis of short-lived
isotopes

Concentrations of elements in
each sample were determined using
mixed s t a n d a r d s . Average
concentrations and standard deviations
of "short" elements at the METU and
Ankara stations are shown in Table 3
together with literature values for
same elements in other urban sites.
Concentrations measured in each sample
is given in Appendix II.

Table 3 shows that concentrations
of elements measured at Ankara station
are factors of 7 - 10 higher than
corresponding concentrations at the
METU station. Such large differences
in concentrations of elements between
two stations may be due to (1)
location of two stations and (2)
difference in sampling altitudes. The
HETU station is located 10 km outside
the centre and most heavily polluted
sector of the city, where the Ankara
station is located. Lower
concentrations of elements at the HETU
station is not surprising due to
smaller source strengths of particles
in this site. However, this may not be
the only reason for the large
difference in the elemental
concentrations, between two stations.
Sampling site au the HETU is 40 m from
ground level whereas that in the
Kizilay is only 15 m from ground
level. Sampling of particles at higher
level results settling of large
particles before they reach to
samplers, which nay also explain
lighter particle loadings and smaller
elemental concentrations at the METU
station. A factor of 10 difference in
trace element concentrations between
two stations is probably due to a
combination these two effects, unlike
trace elements which are associated
with particles, gaseous pollutants,
such as SO1 should not be effected by
difference in sampling altitudes at
two sites. Consequently, factor of 2-3
higher concentrations at the Ankara

station can be attributed to different
source strengths at two sites.

Comparison of elemental
concentrations measured in Ankara with -
results of similar measurements in
other urban areas shown in Table 3
suggests that, concentrations of
éléments in Ankara downtown Btation is
comparable with concentrations
measured in the Katowice, Poland and
significantly higher than most OS
cities listed in the Table. The main
Bource of elements in the Katowice
atmosphere IB coal combustion and
Ferromanganase industry (Tomza et al.,
1982) which is quite similar with the
coal combustion source in Ankara.
Factor of five lower Hn concentration
in the Ankara is probably due to lack
of Ferromanganase industry which is
the main source of noncrustal Hn in
atmosphere (Pacyna, 1984).
However,concentrations of elements in
the HETU station is relatively low and
comparable with most urban areas where
emissions are much more strictly
controlled.

Concentrations of most elements
show different sample-to-sample
variations in two stations. Table 4
shows correlation coefficients and
probabilities of correlation for some
of the elements and SO2 between the
two stations. Eléments for which
sufficient number of data points were
not available in two stations are not
included in the Table. Host of the
elements showed poor correlation.
Although sources of elements effecting
two stations are not expected to be
significantly different in nature,
their effect on each station which is
mostly determined by meteorological
conditions may be different, and such#
meteorology dependence of observed*
concentrations can explain difference
in sample-to-sample variations. Figure
5 shows the regression plot for SO2 in
two stations. Unlike trace elements,
observed SO1 concentrations in two
stations are highly correlated.

Figure 6 shows crustal enrichment
factors of elements in both stations.
Crustal enrichment factor (EFc) is a
double normalization technique given
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byi

BFC » —
(X/Al)sample

(X/Al)crust

where (X/Al)sample is the ratio of the
concentration of a test element X to
the concentration of Al in the sample,
and (X/Al)crust is the same ratio in
crustal material. The Al is a common
reference element for crustal
material. Elements for which
aluminasilicate particles in the
atmosphere is the main source, should
have EFc values around unity. Elements
which have other sources as well as
crustal dust have high enrichment
factors. Since Ankara soil was not
analyzed, Taylor's (1972) average
crustal abundance table was used in
calculations. We have used Taylor's
abundance table (Taylor, 1972) in our
EFc calculations. Although there are
other average abundance tables,
usually differences between different
tables are not large enough to change
conclusions. Since there may be
differences in Taylor's composition of
average soil and elemental composition
of actual duat particles collected on
our filters, elements which have EFc
values up to S are not considered as
enriched. Figure 6 shows that elements
Ca, Ti, Ha, K, and Hn are not enriched
in samples collected at the Ankara
station. With exception of Na these
are elements which have relatively
high concentrations in soil and low
EFc values are not surprising. Sodium
is a good marker element for sea salt,
and usually moderately enriched in
samples collected in marine
atmosphere. However, Ankara is at
least 200 km inland and obviously any
sea salt Na transported over such
large distances is masked by Na
associated with large concentrations
of crustal dust particles in the
atmosphere. Elements I, Cl, V, and In
is enriched to different degrees in
the downtown samples, indicating
sources other than crustal material.
High enrichment factors of Cl, I, and
V is expected, because these elements
have various sources, such as coal
combustion or motor vehicle emissions

in an urban atmosphere and V is known
to be enriched on particles from oil
combustion. Enrichment of In in Ankara
samples was usually high. We have
measured very high concentrations of.
In in the Ankara, station but In was
not detected in any of the HETU
samples. There should be a source of
In in the vicinity of downtown
station. Contamination is a
possibility, but we cannot explain why
only downtown samples are
contaminated, as samples from both
stations were handled exactly in the
same way.

Elements Bhow similar enrichment
pattern in the HETU station. However,
V, Cl, I and Na are more enriched in
the HETU station that they are in
Ankara station. This also indicates
removal of large particles in the HETU
station where samplers were located
higher than downtown station. These
elements which are combustion products
are enriched on submicron particles.
Since large particles dominates masses
of elements, as settle and removed
from atmosphere enrichment of
anthropogenic elements is expected to
increase.

Table S shows correlation
coefficients between elements in both
Ankara and HETO stations. The best
correlation in Ankara station was
found between SO1 and total mass (r «
0.92, P[0.92,22]>0.999). Neither SO2
nor total mass was correlated with any
other measured elements. Crustal
elements which were correlated with
each other do not show strong
correlations with which are enriched.
Generally similar trends are observed
in the HETU station. With data from
only limited number of elements,
extensive discussion of correlation
coefficients will be only be a
speculation. Correlation between
elements will be discussed more
extensively when data from long counts
become available.

V. WORK PLAN FOR 1990

In 1989 considerable time and
effort have been spent on preparation
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of standards and control of their
accuracy. Analysis of short lived
isotopes in winter samples were
completed and winter samples were
irradiated for analysis of long lived
isotopes, we have waited for a long
time for delivery of ion
chromatographic columns, which arrived
in October. Analysis of all samples
for sulphate and nitrate ions are now
under way. Method development for Pb
and Hi analysis by atomic absorption
spectrometry was completed and samples
will be processed as soon as the
construction of our trace metal clean
area is completed. The construction of
clean was delayed for about six months
due to late delivery of high
efficiency participate (HEPA) filters.

Analysis of winter samples for
trace elements by INAA will be
completed by the end of this year. Ion
chromatographic and AAS analysis of
both summer and winter samples will
also be completed by the end of 1989.
Summer samples will be irradiated for
lived isotopes in February 1990.
Analysis of both short and long lived
isotopes is planned to be completed by
July 1990.

Processing and interpretation of
data will be done mostly in the second
half of 1990. The project will be
completed at the end of 1990 and we do
not anticipate any extension after
1990.
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Table 1. Concentrations of elements in mixed standards

Element Concentration
in stock soin

(ppm)

1000
1005
1002
1000
1000
1004
1000
1000
1002
1C05

1000
1003
1000
1000
1000
1000
1004
1000
1000
1005
1001
1000
1000
1000
1003
1000
1004
1002
1000
1000
1001
1000
1005
1000
1006
1003
1000

weight of element
in 100/tl mixed soin

(pg)

150 -,r>
10

400
0.2

10
100
300

2
100

0.2
5,000

0.5
15
0.2
2
0.2
1
4
0.1
1.2
0.015
0.12
0.5
0.03
0.03
2

250
1.2

20
0.6

120
0.8 '
0.2
0.4
0.1
0.3
0.2
0.1

Mg
Al
Ca
V

CU
Na
K

Hn
Sr
In
Ti
Co
Zr.
Ga
Se
As
Ag
Cd
La
Ce
Sm
Eu
Yb

Cr
Fe
Zr
Rb
Sb
Ba
Cs,
Kd
Tb
Au
Th
Hf
Ta



Table 2. Concentrations of "short" elements in HBS standard reference materials.

Element

Al

Ca

Ti

V

Na

Cl

Mn

In

130

16

1

Fly

,000

,000

260

,700

190

Ash

± 12,000

± 2,500

± 65

± 350

± 10

INftA/CertîI

0.93

1.39

0.88

1.01

1.02

Estuarine

87,000 ±

8,300 ±

103 ±

19,600 ±

330 ±

Sediment

28,000

700

47

500

20

INAVCertil

1.38

1.00

1.10

0.98

0.88

Eastern

22,000

2,100

1,510

45

680

880

31

1.50

coal

+ 500

± 140

+ 6

± 20

± 160

± 2

± 0.04

INAA/Certît

0

0

o;
l ,

0.

i .

i .

0.

.74

.90

.92

.00

,82

,15

05

75

The ratio of observed concentrations to certified value (or reference value if element is not cetified)

S



Table 3. Concentrations of "short" elements in the Ankara atmosphère and other urban sites.

Elementa Ankara statb ?>2TU statb Katowice0 Camde, NJ^ Duarte, CAe Denverf Reading, PN9

Al 7.2 ± 5.0 0.68 ± 0.54

Ca 10 ± S Î.14 + 0.81

Ti 1.05 + 0.59 0.13

V (ng/ra3) H O i 50 15 t 12

Na 2.1 ± 1.2 C.43 ± 0.22

Cl 1.7 ± 0.9 C.29 + 0.12

K 5.0 ± 1.7

Mn 80 ± 50 3.3 ± 5.1

In (ng/m3) 3.4 ± 2.4

I (ng/m3) 2.8 ± 1.5 0.50 ± 0.31

15

8

1

40

4

15

5

580

0.2

50 '

0.053

0.4

0.08

20

0.14

0.04

0.2

17

0.007

1.1

0.215

0.212

0.06

0.78

0.2

12

3.11

0.68

0.09

1.44

0.69

28

0.18

0.25

0.01

6

0.04

0.04

0.10

7.1

a Concentrations are in /jg/rrunless otherwise noted.
b This work.
c Data from Tomza et al., 1982
d Data from Dzubav et al.. 1988 l

e Data from Pratsinis et al., 1988
f Data from Grimsrud. 1987
<? Data from Liov et al.. 1939 ' , . , , ,.'
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Table 4. Correlations between same elements measured at two
stations.

Element

SO2

Al

Ca

V

Na

Cl

Mn

N P[r,n]H

0.82

0.18

0.68

0.07

0.41

0.26

0.56

1 7

1 4

9

14

1 2

1 2

7

> 0.999

< 0.9

0.95 < P < 0.99

< 0.9

< 0.9

< 0.9

< 0.9

^Probability of correlation of two sets of data'.



Table 5. Correlations between elements

Ankara Station

SO2

SO2
Mass
Al
i-icr-Ca
ncr-V
Na

Mass

0.92

Al

0.
0.
04
09

0
0
0

Ca

.13

.03

.77

ncr-Ca

0.59

ncr-V Na Cl

0.66

Mn

0.33
0.27
0.41
0.34

0.
0.
26

0
0
0

.01

.12

.34

0.05
0.18
0.46
0.61

0.01
0.16
0.91
0.47

0.17
0.31
0.25
0.04

0.19

METO station

SO2

SO2
A1Z

ncr-Ca
ncr-V
Na
Cl

Al

0.22

Ca

0.46
0.64

ncr-Ca

0.40

ncr-V

0.68

Na Cl Mn

0.
0.
0.

57
63
65

0.
0.

0.

14
50

56

0.09
0.21
0.08
0.41
0.89

0.59
0.93
0.65
0.75

0.68
0.22
0.59
0.83

0.24 0.58
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FIGURS CAPTIONS

Figure X- Location of Ankara in Turkey

Figure 2. Sampling Locations in Ankara '

Figure 3. Flow diagram of INAA procedure

Figure 4. Variation of Flux in the reactor

Figure 5. Scatter plot of So2 concentrations in two stations

Figure 6. crustal enrichment factors of elements
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SHORTS ISOTOPS MEASURED

5 mm
Irradiation

5 min count
Analysis -
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20 rain count
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H 7 5Se, 95 2 r 86Rb 110mAg 124 s b
• 131B a 134C s 1 4 i C e X4?Nd
• 152EU 160Tb 169 Y b 177L u
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THE K0 - STANOAROIZATIOH METHOD OF HAA AS A TOOL
FOR STUDYING ENVIRONMENTAL POLLUTION PROBLEMS

P. Stegnar*, B. Saodis, R. Jaciaovic
"J. Stefan" Institute
-B. Kardelj- University
Ljubljana, Yugoslavia

"Chief Scientific Investigator

USXRXCX

An increasing interest has been manifested during recent years in
the determination of trace elements in environmental materials in
relation to ecological studies. In this respect NAA plays an important
role due its accuracy, sensitivity and specifity. However, in moBt
cases the relative method is used, requiring standards for each element
determined.

The demand for multielement analyses enhanced the need for an
absolute method. Unfortunately, this requires an arbitrarily selected
nuclear data set, thus introducing corresponding uncertainties in the
results. In the period 1973-1987 a new approach, named the Ic0 - method,
was developed at the Institute for Nuclear Sciences, Gent, Belgium. It
is essentially an absolute technique where the uncertain nuclear
constants are replaced by compound nuclear constants, the ko - factors.
These factors, which characterize the nuclides, were experimentally
determined with high accuracy by the authors of the method.

During 1987/1988, the kg - standardization method was implemented
at the -J. Stefan* Institute in Ljubljana, Yugoslavia.

Investigation of NIST standard reference materials SRH 1570
Spinach, SRH 1S71 Orchard Leaves, SRH 1572 Citrus Leaves and SRH 1573
Tomato Leaves showed that the systematic error in determining twelve
certified elements was less than 8 %. IAEA CRH SLl Lake Sediment, NIST
SRH 2704 Buffalo River Sediment and SRH 1633a Coal Fly Ash were also
analysed. A series of environmental samples such as sediments, soils,
electrostatically separated fly ash and selected lichens as biological
indicators for atmospheric pollution were analysed for approximately
50 elements, and some of the results will be presented.

HiTRODUCXIOH

Coal fired power plants, depending
on the coal composition, are sources
of air pollution with many elements.
Element contents should be determined
in combustion products such as fly
ash, which is formed in large amounts
and contains many elements.
Electrostatically separated fly ash
dumped on a tailings pile may present
a risk of long-term environmental
contamination due to leaching of
elements into surface and ground

waters and their sorption in soils.
For utilizing fly ash in building and
construction materials, the contents
of toxic substances and radionuclides
should be known.

When estimating the environmental
impact of a coal fired power plant,
the contents of emitted elements
should be known in various samples
such as air, water, soil, sediments,
etc. The results of analyses form the
basis for many decisions and accurate
elemental determination is of great
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importance. Reliable results can only
be achieved if an adequate quality
assurance program is employed.

The kg - standardization method of
neutron activation analysis represents
a powerful tool for multielement
analysis of various samples on a
routine basis. The method, which was
developed in the period 1973 - 1987 in
Gent , Belgium, is now well
characterized and many papers have
already been published on evaluation
of its accuracy and precision. This
method, although experimentally very
simple for routine analysis, needs (1)
a good calibration of the detector
used in the measurement; and (2) a
reasonable knowledge of the reactor
neutron parameters at the irradiation
position.

In this work, a series of
reference and certified materials of
biological and geological origin were
analysed to determine the accuracy and
precision of the method. After
testing, the method was applied for
the routine analyses of fly ash,
lichens, soil and sediments.

EXPERIMENTAL

Saapl* preparation

Reference materials were prepared
in accordance with certificate
guidelines. Soil and sediments were
sieved through a 250 um plastic sieve.
All the samples were dried at 105°C
prior to analysis. Fractions of 200 mg
were weighed and stored in
polyethylene containers. An Al - 0.1
% Au alloy wire and 125 um Zr foil
were coirradiated together with the
samples as comparator and fluence
monitors.

Irradiation and Measurement

The irradiations were done in the
carousel facility of the TRIGA Hark II
reactor of the "Josef Stefan"
Institute, Ljubljana, at a thermal
neutron fluence rate 1.1 * 10" n.cm'
2.B' (thermal to epithermal fluence

ratio - 20, alpha - - 0.014). One
irradiation for 20 hr was made for
aach sample. An coaxial HFGe Ortec
detector (FWHM (1.33 MeV) - 1.8 keV),
connected to a Canberra Series 90.
system, was used in the measurements.
For each sample, two measurements (2
h and 8 h, raspectively) were made
after 2 days and 8 days decay.

Spectral analysis

The spectra were evaluated by a PC
version of the SEQAL program. The
effective solid angles of measured
samples and monitors were calculated
by the SOLANG program, and the
concentrations of the elements by the
SINGCOM program, both running on a VAX
11/750 computer. All the programs were
obtained from the Institute for
Nuclear Sciences, University of Ghent,
Belgium.

RESULTS AND DISCUSSION

A series of environmental samples
such as sediments, soils,
electrostatically separated fly ash
and selected lichens as biological
indicators for atmospheric pollution
were analysed for approximately 50
elements. Some of them were collected
in the vicinity of the Sostanj coal
fired power plant, and some from other
interesting places in terms of
pollution. Pollution impact
indications for some interesting
elements are presented in the tables
in more detail.

From one analysis many elements
can be determined or information about
the detection limit can be obtained.
The results for macro elements 3uch as
Ca, K, and Na can be compared with the
results obtained from classical
methods, which is important with fly
ash for instance, since leachable Ca
is the most important pollutant in
this case.

Information about many toxic heavy
metals and metalloids such as As is
obtained, which is important because
fly ash produces respirable dust
particles. Relationships between
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emission sources and the environmental
impact can be followed.

Information about some natural
radioactive elements such as Th and U
is obtained from the analysis, giving
some estimate of the possible
radioactivity level of the materials
analysed.

Data on other elements, which are
not hazardous for man, but can be
important for other studies (i.e.
investigation of the impact of a
specific industry or pollutant) is
also obtained from such multielenent
panoramic analysis.

Analysis of NIST standard
reference materials SRH 1570 Spinach,
SRH 1571 Orchard Leaves, SRH 1572
Citrus Leaves and SRH 1573 Tomato
Leaves showed that the systematic
error in determining 12 certified
elements was less than 8 %. In
addition, approximately 15 more
elements were determined, for which
only consensus or information values
exist, and the agreement of the
results was satisfactory.

IAEA CRH SLl Lake Sediment, NIST
SRH 2704 Buffalo River Sediment and
SRH 1633a Coal Fly Ash were analysed,
as geological or environmental
materials, were analysed for more than .
30 elements and good agreement with
reference or consensus values was
obtained.

We conclude that the Ic0-
atandardization method of neutron
activation analysis is a very powerful
nuclear method for studying
environmental problems, where accurate
multielement methods for a wide range
elemental concentrations in samples of
biological, geological and
environmental matrixes are needed.
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Table 1: Results for lignite fly ash

Ag

As

Au

Ba

Br

Ca

Cd

Ce

Co

Cr

Cs

Cu

Er

Eu

Fe

Ga

Gd

Ge

Hf

Hg

Ho

In

Ir

K

La

(mg/kg)

(mg/kg)

(ug/kg)

(rag/kg)

(mg/kg)

( * )

(mg/kg)

(mg/kg)

(mg/kg)

(rag/kg)

(rag/kg)

(mg/kg)

(mg/kg)

(mg/kg)

( * )

(mg/kg)

(rag/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(•ng/kg)

(mg/kg)

(mg/kg)

( * )

(mg/kg)

< 0.9

39.0

< ZO

317

3.58

9.04

< 20

56.5

15.4

91.6

10.8

< 660

< 230

1.34

5.65

22.9

< 50

<6000

3.20

< 0.5

< 7

< 2

< 0.5

1.72

33.2

±

i

±

±

±

±

±

±

±

±

±

±

±

±

2.

23

0.

0.

2.

0.

3.

0.

0.

0.

5,

0

0

1

7

38

36

3

6

,7

.5

.14

.23

.0

.13

.07

.3

Lu

Ho

Na

Nd

Os

Pd

Pr

Pt

Rb

Re

Ru

Sb

Sc

Se

Sm

Sn

Sr

Ta

Tb

Th

Tm

U

W

Yb

Zn

Zr

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(ug/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(rag/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

1.01

44.1

6811

31.1

< 0.2

< 45

< 15

< 0.8

117

< 20

< 0.8

3.82

17.2

< 1.2

6.16

< 30

426

0.89

0.93

11.4

3.39

21.0

2.96

2.82

269

250

±

±

i

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

0.04

3.5

272

2.4

S

0.15

0.7

0.25

26

0.16

o.os
0.9

0.14

0.8

0.83

0.21

11

40
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Table 2: Results for lichens from Titovo VeIenje

Ag (ug/kg)

As (mg/kg)

Au (ug/kg)

Ba (mg/kg)

Br (rag/kg)

Ca ( * )

Cd (mg/kg)

Ce (mg/kg)

Co (mg/kg)

Cr (mg/kg)

Cs (mg/kg)

Cu (mg/kg)

Er (mg/kg)

Eu (ug/kg)

Fe ( « )

Ga (mg/kg)

Gd (mg/kg)

Ge (mg/kg)

Hf (mg/kg)

Hg (ug/kg)

Ho (mg/kg)

In (mg/kg)

Ir (ug/kg)

K ( * )

La (mg/kg)

272 ± 25

1.44 ± 0.06

2.5 1 0.5

16.5 ± 1.3

17.6 ± 0.7

1.22 ± 0.05

0.72 ± 0.31

2.94 ± 0.1Z

2.56 ± 0.10

6.33 ± 0.25

0.398 ± 0.016

< 17

< 3

25.9 ± 1.0

0.125 ± 0.005

0.65 ± 0.13

1.4 ± 0.7

< 160

0.211 i 0.011

142 ± 16

< 0.4

< 0.2

< 10

0.481 ± 0.019

1.42 ± 0.06

Lu (ug/kg)

Ho (rag/kg)

Na (rag/kg)

Nd (mg/kg)

Os (ug/kg)

Pd (mg/kg)

Pr (mg/kg)

Pt (mg/kg)

Rb (mg/kg)

Re (ug/kg)

Ru (mg/kg)

Sb (mg/kg)

Sc (mg/kg)

Se (mg/kg)

Sm (mg/kg)

Sn (mg/kg)

Sr (mg/kg)

Ta (ug/kg)

Tb (ug/kg)

Th (mg/kg)

Tm (ug/kg)

U <mg/lcg)

« (mg/kg)

Yb (ug/kg)

Zn (mg/kg)

Zr (mg/kg)

32.4 1 1.6

< 0.5

160 ± 6

1.35 ± 0.22

< 18

< 1

< 0.5

< 0.3

23.6 ± 0.9

< 5

< 0.1

0.737 ± 0.029

0.379 ± 0.015

0.45 ± 0.05

0.233 i 0.009

< 4

< 5

34 ± 5

28.5 ± 4.3

0.349 ± 0.014

22.2 ± 2.9

0.141 ± 0.020

0.202 ± 0.032

66 ± 20

93.0 ± 3.7

9.7 ± 1.8
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Table 3: Comparison of elemental concentrations in SRH 1633a COAL FLY ASH

ELEHUNITS CONCN. FOUND NBS CONSENSUS

Mean ± SD (n) Hean t SD Mean ± SD

Ag
As
Au
Ba
Br
Ca
Cd
Ce
Co

Cr
Cs
Cu
Er
Eu
Fe
Ga
Gd
Ge
Hf

Hg
Ho
In
Ir
K
La
Lu
Ho
Na
Nd
Os
Pd
Pr

ug/g

«g/g
ng/g

ug/g

ug/g

%
ug/g

ug/g

ng/g

ug/g

ug/g

ug/g

ug/g

ug/g

%
ug/g

ug/g

ug/g

ug/g

ug/g

ug/g

ug/g

ug/g

%
ug/g

ug/g
ug/g

ug/g

ug/g

ug/g

ug/g

ug/g

< 1.0

ISO 1

< 13

1326 l

2.02 ±

1.65 ±

< 15

161 ±

42.1 ±

183 ±

10.2 ±

< 300

< 40

3.62 ±

8.86 ±

56.5 1

22.0

< 1200

6.6 ±

< 0.5

< 4

< 2

< 0.3

1.86 +

78.3 ±

Z.53 ±
•51 i

b ±

< 0.2

< 16

17.9

5

38I

0.26

0.33

22
0.

4
O.

0.

0.

0.

O.

0
1
0
2

I

9

3

15
18
.4

.6

.03

.0

.03

.5

(3)
(3)

(3)

(3)

(3)

(3)

(3)
(3)
(3)
(3)

(3)

(3)

(3)

(3)

(3)
(3)
(2)

(D
(3)
(3)
(3)

(3)

(3)

(3)

(3)

(3)

(3)

(3)

(3)

(3)

(3)
(2)

145

1500

1.11

1.00

180
46
196

11
118

4
9.40

58

8

0.16

1.88

29

1700

±

t

±

±

±

±

±

±

±

15

0.01

0.15

6

3

0.10

0.01

0.06

100

< 0.3

146

1420

2.3

1.14

1.12

175
43
194
10.S

120

3.7
9.37

56
19

33.9

7.4
0.16

2.9

0.16

1.88

84
1.12

30

1730

74

18.

±

±

±

±

±

±

±

±

±

±

±

±
±

±

±

±

±

±

±

t

t

±

±

4

4

100

0.

0.

7
3
7
O.
4

O.

0.

3

4

06

17

7

2
23

0.2

0.

0.

0.

0.

8

O1
3

.3

02

.01

.05

.18

UO
10
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Table 3 (cant.

ELEH

Pt
Rb
Re
Ru
Sb
Sc
Se
Sn
Sm
Sr
Ta
Tb
Th
Tm
U
U
Yb
Zn
Ir

)

UNITS

ug/g
ug/g
ng/g
ug/g
ug/g
ug/g
ug/g

"9/S
ug/g
ng/g
ug/g
ug/g
ug/g
ug/g

ug/g
ug/g
ug/g
ug/g
ug/g

CONCK
Mean

< l.S
129
< 35

< 0.!

6.40

37.2

9.23

< 50

15.8

952

1.86

2.49

23.8

2.84

9.3
5.95
7.75
213
360

I. FOUNO
±

±

±

±

±

±

1

±

±

±

±

±

±

±

±

SD

4

0.10
0.6

1.8

0.7
124

0.07

0.12

0.1

0.7
0.08

0.25

29

81

(n)

(3)

(3)

(3)

(3)

(3)

(3)

(3)

(3)

(3)

(3)

(3)

(3)

(3)

(Z)
(3)

(3)
(3)

(3)
(3)

NBS
Mean

131

6.8

40

10.3

830

24.7

10.2

220

t

±

t

t

±

±

±

±

SD

2

0.4

0.6

30

0.3

0.1

10

CONSENSUS

Hean

138

6.9

39
10.0

10

17.0

810

2.0

2.5
25.1

2.4
10.3

5.7
7.4
226
330

±

±

±

±

±

±

±

±

t

i

±

±

t
i

±

t

SD

11

0.5
3
1.7
6

1.5
40

0.2
0.3

1.4

0.3
0.7
0.7
22
80
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Table 4: Comparison of elemental concentrations in SRH 1572 CITRUS LEAVES

ELEH

As
Au
Ba
Br
Ca
Ce
Co
Cr
Cs
Eu
Fe
K
La
Lu
Ka
Nd
Rb
Re
Sb
Sc
Sm
Sr
Tb
Th
U
Yb
Zn

UNITS

ug/g

ng/g

ug/g

ug/g

%
ng/g

ng/g

ug/g

ng/g

ng/g

ug/g

ng/g

ng/g

"9/g
ng/g

ug/g

ng/g

ng/g

ng/g
ng/g

ug/g
ng/g

ng/g

ng/g
ng/g

ug/g

CONCN.FOUND

Mean ± SO

3.55 ± 0.14

0.13 ± 0.03

17.3 ± 0.7

7.89 ± 0.13

2.98 ± 0.07

334 ± 30

15.3 ± 1.7

0.65 ± 0.08

85 ± 5

5.3 ± 0.7

77 ± 7

1.80 ± 0.04

165 ± Zl

2.9

160 ± 4

320

4.63 ± 0.12

5.2 ± 0.7

40 ± 4

10.7 ± 1.0

46 ± 2

116 ± 10

10 i 7

22 ± 5

38 ± 3

8.0 1 I.I

27.8 ± 0.9

(n)

(5)

(5)
(5)

(5)
(5)

(5)
(4)
(5)
(4)

(4)
(5)

(5)

(5)

(2)

(S)

U)
(5)

(5)

(4)

(5)

(5)
(5)

(3)

(3)

(5)

(5)

(5)

NBS
Mean l SD

3.1 i 0.3

21 ± 3

8.2

3.15 ± 0.10

280

20

0.8 ± 0.2

98

10

90 ± 10

1.82 ± 0.06

190
—

160 ± 20
...

4.84 ± 0.06
...

40

10

52

100 1 2
...

...

< 150
—

29 ± 2

CONSENSUS
Mean ± SD

3.0 ±0.3

0.11

23.5

8.36

3.13 ± 0.04

453
16

1

93 1 16

13.5

101 ± 6

1.83 ± 0.04

198

1.55

163 ± 1

317
...

—

34

10.4 + 0.5

50

98 ± 3

9
...

40 1 2

11.5

29.9 ± 1.4
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APPLICATION OF X-RAY EMISSION BPECTROSCOPY IN
EVALUATING THE ENVIRONMENTAL IMPACT OF COAL
BURNING POWER PLANTS

H. Jakcic*, V. Valkovic
Laboratory for nuclear Hicroanalysis
Ruder Boskovic Institute.
P.O. Box 1016, 41000 Zagreb, Yugoslavia

"Chief Scientific Investigator

ABSTRACT

The relatively high concentration of Bulphur and trace elements
measured in coal makes the environmental impact study of the coal
burning Power plant Plomin I very important. The resultB of XBF and
PIXE measurements of both coal and ash (fly and bottom) composition
served as a basis for the study of dynamic properties of trace
elements. The quantities of pollutants were found to be dependent on
the initial composition of coal. The pollution control at the plant is
found to be also of great importance. Elements like titanium, vanadium
and uranium are concentrated in fly ash. On the other Bide selenium is
concentrated in the flue gases and intensively leached by the rainwater
from the ash disposal site. Further development of nuclear analytical
methods at the Tandem Van de Graft accelerator facility were made.
Radiological impact study and study of ground water contamination are
now in progress.

1. INTRODUCTION

The energy consumption as well
as other human activities mobilize
large quantities of a number elements
in the environment. As a result, the
uptake of trace elements by living
organisms is being modified, and
because of a narrow range of adequacy
this can result in different
abnormalities.

Environmental pollution means the
pollution of air, water and soil.
However, it difficult to separate
atmospheric pollution from water and
soil pollution. Actually the
pollutants are being transferred from
one medium to another [I].

The quantities of pollutants
entering the environment as the
results or coal combustion in the
coal fired power plant depend mainly
on the initial trace element
concentrations in the coal, but also
on combustion engineering and

pollution control at the plant. The
environmental impact of the coal
burning power plant has been studied
at the 100 MH plant Plomin I located
near the Istrian coal mine complex of
Rasa.

In the first year of the CRP,
the initial study of the coal and fly
ash composition, as well as the study
of pollution bio-monitoring (tree-
rings, human hair and bones), were
performed.

Studies of coal, bottom and fly
ash composition were continued in the
second year too. Special attention
was given to the quality control of
XRF measurements. Some of the samples
were analyzed with PIXE as well.
Preliminary ash leaching studies were
performed. In the same time
development of sample preparation
techniques and development of other
nuclear analytical methods has been
performed.
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2. COU., BOXXOH AND FLT ASH
C0MP0SIXI0N

Studies of coal, bottom and fly
ash were performed with the XRF
apparatus which consist of Ho x-ray
tube with Ho secondary target
excitation system and Si(Li)
detector. Data were accumulated with
Canberra series 40 analyser and
analysed in DEC 350 computer. Spectra
fitting was done by using the AXIL
program. When analyzing thick target
samples, matrix effect correction is
done by using the COREX program.
Quality control of analysis was
performed by measuring Standard
Reference Materials. In Table 1,
results of two SRHB are shown.

Samples of coal, fly and bottom
ash bottom ash were collected daily
at the Power Plant. Few thousand
samples were analyzed during the time
of our study. Coal from the coal mine
Rasa was used in power plant. Very
high content of sulphur (10%), as
well as the measured high
concentrations of trace elements
(especially Ti, V, Se, U... ) make
this coal very unique. Therefore,
study of environmental impact of the
power plant seemed to be very
important. Correlation between the
contents of coal, fly and bottom ash
is clearly seen from our
measurements. As an example, results
of coal, bottom and fly ash analysis
for 34 successive days are presented
in Table 2 where the medium
concentration.levels, their standard
deviations and the range of
concentrations is given.

In Figure 1 a comparison of fly
ash composition with the flue gas
composition (measured after the
electrostatic filter) is given.
Collection of flue gas particulate
matter was done by cascade impactor.
Only the sum of all particles is
shown. It is seen that efficiency of
electrostatic filters is lower for
selenium and lead. On the other side,
nickel, strontium and uranium are
relative to other elements in flue
gas presented in lower concentrations
(higher electrostatic filter

efficiency).

3. LEACHINa SXDDIES

Since the power plant and the fly
and bottom ash disposa?, are situated
in the valley close to the Plomin
bay, leaching with rain cause only
contamination of aeawater. However,
to see which elements are potential
contaminants, we have made
preliminary study of leaching. For
that purpose 5 grams of fly ash was
mixed for 24 hours with the distilled
water. In order to simulate acid
rains with different pH values,
nitric acid was added to water before
mixing. After filtration, pH value of
remained solution was adjusted to 3-
4, and mixed with 2 ml of 1% APOC
solution. After 30 minutes resulting
deposit was filtered through the
Hilipore filter, and analyzed with
the XRF system. In Table 4, results
are shown.

Leaching test showed us that
complexation with APDC could serve as
a good method for the measurements of
the metals found in low
concentrations. The highest
concentration of trace elements was
obtained at pH 4. In order to explain
that fact, further studies have to be
made especially with acid rain
simulation. Element with highest
solubility by acid rain is selenium.

4. DEVELOPMENT OF ANALYTICAL METHODS

The Tandem Van de Graaff
accelerator at the Ruder Boskovic
Institute is operation from 1987.
Since than, few accelerator based
analytical methods have been
developed, among which PZXE is the
most interesting in the scope of our
CRP project. Three out of four beam
lines (Figure 2) are either used or
planned for the PIXB analysis.

A target chamber for routine
analysis is mounted at the first beam
line. Up to 18 samples can be placed
at the holder in the chamber.
Simultaneous detection of X-rays
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(FIXE), backscattered particlea (RBS)
and ganma-rayfl (PlGE) IB enabled, on
the second beam line target chamber
with a beam collimated down to 100 um
is mounted. Distribution of elements
in the sample can be measured by
moving the sample with respect to the
beam [2,3]. Both chambers are now in
operation. On the fourth beam line,
nuclear microprobe facility is under
construction. After the installation
of the magnetic guadropole dublet and
scanning system, measurements of
elemental distributions with 1 um
resolution will be possible.

The possibility of using PlXE
for depth profiling and sample
inhomogeneity testing has also been
investigated [4,S]. Methods for thick
target PIXE analysis [6] and accurate
detector efficiency measurement [7]
were developed as well.

FOTURB

1. Development of methods for aerosol
sampling and .analysis by PIXE

2. Further studies of ash leaching.
3. Measurements of the environmental

impact of emitted radioiaotopes at
the site of power plant Plomin I.

4. Further measurements of low
concentrated elements, especially
in water and biomédical samples.

5. Studies of selenium impact on
biological systems.

[3] H. Vajic, M. Jaksic, G. Fazinic,
V. Valkovic, G.W. Grime, F.
Watt, 'Studies of Trace Element
Distribution at the Coal-Rock
Interface, Proceedings of the .
5th PIXE Conf., August 21-25,
1989, Amsterdam. (to be
published in Nucl. Instr. and
Meth. 1990).

[4] M. Jaksic, M. Vajic, S. Fazinic,
D. Rendic, T. Tadic, V.
Valkovic, "PIXE Depth
Profiling", Nucl. Instr. and
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[5] M. Jaksic, H. Vajic, V.
Valkovic, "Applications of
Concentration Der>th Profiles
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1989, Amsterdam. (to be
published in Nucl. Instr. and
Heth. 1990).

[6] I. Orlic, G.J. Tros, R.D. Vis,
"TTPIXE-Package of Computer
Programs for Quantitative PlXE
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Table 1. concentrations of analyzed elements compared
in coal and biological SBH.

Element

K

Ca

Ti

Fe

Cu

Zn

As

Se

Br

Rb

Pb

NBS

Cert,
value

4200

2300

1800

11100

16.5

28

9.3

2.6

31

12.4

Coal 1632a

Meas.
value
(PPm)

4158

2534

1598

10300

20

34

9.6

2.6

34

12.9

Diff.
(*)

1

10.2

11.2

7.2

18

21

3.2

0

10

4

IAEA

Cert,
value
(Ppm)

15600

186

49

3.9

86

0.7

4.1

with certified valuei

animal muscle

Meas.
value
(PP«)

13300

169

55

4.5

84

0.74

4.8

Diff.
(*)

14.7

9.1

12

15

1.4

5.4

4.9
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Table 2. Composition of coal, fly and bottom ash obtained from 34
samples, daily collected at the Power Plant Plomin.

Element

S O

*e<%>

Ti(ppm)

V(ppm)

Cr(ppm)

Ni(ppm)

cu(ppm)

Zn(ppm)

Ga(ppm)

As(ppm)

Se(ppm)

Pb(ppm)

Rb(ppm)

a(ppm)

sr(ppm)

Y(ppm)

Coal

8.03
± 0.92

0.49
± 0.22

209
± 94

114
± 42

41
± 21

22
± 16

22
± 3

10
± 6

1
± 1

1
± 1

28
± 12

8
± 2

3
± 1

13
± 7

263
± 46

2
± 1

Range

6.20-10.08

0.62-1.01

89-514

54-225

MDL-100
(15)

4-94

16-29

4-34

MDL-3
(2)

MDL-9
(2)

10-43

6-14

MDL-7
(1)

3-31

159-351

MDL-5
(2)

Fly Ash

10.79
± 1.30

2.73
± O.SS

1178
± 260

610
± 156

297

112
± 60

68
± 15

40
± 18

5
± 5

24
± 15

61
± 57

32
± 6

6
± 5

71
± 24

1476
± 186

13
± 3

Range

7.31-12.27

1.66-3.42

772-1669

385-926

97-454
± 93

40-274

43-94

MDL-68
(4)

MDL-15
(3)

MDL-49
(3)

11-657

23-45

MDL-15
(2)

27-122

1156-1702

5-20

Bottom a.

6.84
± 1.83

2.04
± 0.60

800
± 279

387
± 149

180

102
± 64

88
± 31

11
± 8

-

4
± 4

1
± 1

12
± 4

-

Sl
± 22

1375
± 271

11
± 3

Range

3.67-11.58

1.23-3.40

414-1377

179-650

137-361
± 80

33-298

57-225

MDL-38
(4)

MDL-15
(3)

MDL-4

5-21

12-99

1004-2054

7-17
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Table 3 . Leaching tee t with simulated rain.

Element

V (ppb)

Fe (ppb)

Ni (ppb)

Cu (ppb)

Sn (ppb)

Se (ppb)

pH 7

< 4

79

< 2

< 2

< 2

156

pH 6

8

83

< 2

< 2

< 2

197

pH 5

5

86

< 2

6

7

192

pH 4

< 4

105

< 2

6

2

249

10000

aa

•

a:

a
o

1000

100

10

FLY ASH»

aAERDSOL

1000

- 100

- 10

- 1

0.1

O)

•a
a:

u
•
(j

Fe Nl Cu Zn Co Se Rb Sr Y Pb U

Figure 1. Comparison of r Iy ash and flue gas particulates

composition.
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SUMMARY

ANNEX 19

ENVIRONMENTAL POLLUTION STUDIES IN VIETNAM
BASED ON ANALYSIS OF ATMOSPHERIC AEROSOLS AND
SEDIMENTS BY NAA AND AAS

Tran Van Luyen"
OALAX Nuclear Research Inst i tute
Vinatom 13
Dinh Tien Hoang Dalat
Vietnam

"Chief Scientific Investigator

By setting up sampling stations in HoChiMinh City and Dalat the
atmospheric aerosol, rain water, sediments and other samples are being
monthly collected.

The concentrations of major and trace elements in the collected
samples were determined by INAA and XRF techniques. These techniques
are suitable for analyzing up to 28 elements our laboratory conditions.

The detection of elements in aerosol sample was, in fact, limited
by the presence of these elements in the filter materials. The trace
element concentrations in these filters have been determined and the
results are also presented in the report.

The difference of element concentrations in analyzed sample between
Dalat and HoChiMinh City are considerable.

INTRODUCTION

In general, the determination of
chemical element concentration in the
atmosphere and natural water is an
ultimate interest in controlling
environmental pollution, because
environmental object, biological
product yield and human health depend
on the quality of air and water in
certain cycles (see Figure 1).

Due to the difference of natural
and social conditions (see Table 1),
HoChiMinh City and Dalat were chosen
in our environmental pollution study
programme by applying neutron
activation and other related methods.
While HoChiMinh City is an industria]
and population centre in Vietnam and
human activities could cause a local
pollution, Dalat can be regarded as
"clean city", therefore the obtained
analytical data of Dalat atmosphere
and natural water after taking into
consideration the contribution of

natural sources would become a good
baseline data in estimating the
transport of global industrial
pollution.

Our work supported by IAEA
research contract No. 5354/RB began in
April, 1989 when IAEA accepted then
contract. In this progress report we
would like to present some preliminary
results related to:

1. Setting up the sampling stations
to collect air particulates, rain
water and other samples in two
cities.

2. Collecting these samples monthly.

3. Determine the blank values of
trace elements in filter
materials.

4. Analyzing some collected samples.

5. Plan for the future.
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EXPERIMENTAL

Sampling station were set up in
both cities, including:

One small air sampler with flow
rate ranging between 15 and 20
m3/h

Three polyethylene (PE) tools
(see picture below) for dust and
rain water collection.

The samples were collected monthly

During the rainy season rain
water was collected together with
dust

SAMPLING

Air samples

Using two air samplers, a big one
with flaw rate up t 800 m'/h operated
100 hours continuously to obtain
100,000 m3 air in total volume, and a
small one operated 8 hours per day
during the month to get about 1000 m3

air in total volume. The parameters of
air sampling were showed in table 2.

Rain water

Rain water was collected
together with dust on the PE trays of
0.1 m2 in area then filtered tr>
separate dust.

Preconcentration method for rain water

About two litres were dried in
vacuum dryer to obtain 5 mL which was
then poured onto the purifying filter
pare and dried at 700C.

Neutron activation.

Collected air and treated rain
water samples together with standards
kept in FE containers were irradiated
in the reactor core in 5 min for
determination of Ca, Cl, and Mn
elements and in 20 min for
determination of As, Au, Br, K, La,
and Na elements. Long irradiation (20

hours) was performed in quartz ampoule
to determine Ag, Cr, Cs, Eu, Fe, Hg,
Sc, Se and Zn. The cooling time were
5 min, 2 days and 2-4 weeks for
samples with short, medium and long
irradiation, respectively. The
corresponding counting time were 100,
600 and 1000 seconds.

ANALYTICAL FACILITIES

Neutron activations were carried
out in the nuclear reactor of Dalat
NRI, in which the neutron flux is
approximately 6xlO1J n.cm"2.s'' in
reactor core and of 500 KW power.

Measurements of irradiated
samples was performed by using Ge(HP)
detector of 70 cm3 in volume, th'̂
resolution and the efficiency of which
are 2 KeV and of 15% at 1332 KeV gamma
line of "1Co isotope, respectively. The
detector is connected with the data
collecting system MCD/PC-CMTE,
employing IBM/PC-AT for spectra
processing and some software like SPAN
Ver. 3.0 (IAEA) and CEBAS-G Ver. 3.1
(CANBERRA) for qualitative and
quantitative analysis.

Determination of Pb was done by
XRF system in which a Si(Li) detector
with a resolution of 200 eV at 5.8 KeV
line of Mn elements, connected with
Canberra Series 40 multichannel
analyzer, using Apple-2 computer for
spectra processing.

RESULTS

The element concentrations of
filter materials were presented in
Table 3. It showed that the Nuclear
pore membrane is the best, the BM 2133
and the AFA band filters are good for
air collecting with small air
samplers, the FPP 15-1.7 filter of
USSR is a good one when used with the
big air sampler.

The concentrations of elements in
rain water and air samples were showed
in Table 4 and Table 5, respectively.
Table 5 also showed the activity
concentrations of natural and
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artificial radionuclides in the air,
collected from January to June of 1989
in Dalat and in May of 1989 in
HoChiMinh City.

The use of INAA in our laboratory
conditions can determine about of 20
elements such as As, Au, Br, Ca, CI,
Co, Cr, Cs, Eu, Fe, K, La, Mn, Na, Sb,
Sc, Th, U, W and Zn by employing the
preconcentration techniques mentioned
above. With some elements such as Hg,
Cd, Se, Ag, Hi and Cu we have to, in
addition, apply the radiochemical
separations. In particular with Pb
element we received good results by
using XRF technique with the AM-241

FXJTURE PIAH

- Making monthly sampling
- Analyzing the collected samples
by INAA and XRF.

- Using radiochemical separation
methods for determination of
Hg, Ni, Cd, Cu, Ag and Se

Taking into account the
meteorological conditions to estimate
the contribution of local pollution
sources and others.

RENEWAL REQUEST

The study of environmental
pollution is a new, but very important
problem in our work. To estimate the
environmental situation accurately
requires, however, considerable effort
and time. Therefore, we would like to
extend our research contract for
another year.
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"Sources, Transport and
Transformation of Metal in the
Environment", Handbook of the
Toxicology of Metal, Elsevier
/North Holland Biomédical Press
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[2] World Atlas Agricultural, II-
South and East Asia, 1973
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TABLE 1

METEOROLOGICAL CONDITIONS

Location il.

Altitude (U)

Temperature ( C -
Average annual
Higheet
Lowest
Abcolute uln

max

Rainfall !KB)
Annual
Monthly hi sheet
Monthly lowest

Sol 1
pH of coll
Parent Material

EaI at Elty

,56 N ; 108.12 E

1500

degree }
18.1
19.5 (Way)
16.3 (Sec.)
-0.6
31.5

1769
285 (Oct.)
10 (Jan.)

Podiolc
A.Z

Bazalt
Miln crop and plant vegetatlorn

pi ne,coffee and tea

City

10.45 N ; 1O6.S0 E

26.9
28.9 (April?
25.V (DftC.)
13.8
40, O

1937
333 (Sept.)

5 (Feb.}

Tc r-K &c
6 . 5 - 7 .0

Recent a l luv 1 urr>
Paddy

Industry

Populat ion '1000

Tl ^i*Ic

Area

no tic

200

light

130

Tex t i l e , +ODd production
l and r/iachlnery

5O00
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Table 2

PARAMETERS OF COLLECTED AIR SAMPLES

: Volume : Density of duct : Filter : Exhauster
Location : *3 : uq/uX : used : used

s t Ï :

HOCHIMINH
City

HOCHIHINH
City

90 333.62

EALAT City 61 136.70

884

0.078926

0.012185

0.0782172

FPP-13,1.7 F.U-12UC 3<(
(USSR)

FPP-IS41.7 F.U-12UC 3<S

TFA-41 H. M. BeK. ton
Mod.l35O-V131

Tab Iu - 3

ccif«cer»tr-&tions in i&steMa

!FPPi.5!FPPi.7' TFA-31! /»FA£ ! /.FAt ! BM2133 !N. JSDJ-C-! '.-.'—U ! ERS
! Zone. ! (a; ! •&:• i-g?

! Br ~,- >. Br Cr! Cr Fe- ' Er Fe! FE- i Cr Kr.! Cr Fc-! B~ Zr'. Cf- ?
! F t Wa! Fe hia! Na ! Na ! ! Ma ! Ha ! Ft Ma! Mn i

J-ICC- ! Cl Cù! CÏ La! Er Co : Au Cl! Bi'- Cr-! Cu Cl! Cc Sb ! E)" CC. BJ- '
! Mr. Zt..1 Sc C D ! W Z H ! Cr ! C£ Li! St- ! ! W < Cfe •
! ' ' ' !Ma 2M! ! ! CC- ! CS 1
1 1 1 I I I ! I I C1̂ ,- •'

ï ï ï ï « < ï ; ! '.-' Zi

L-i ! Sb Sc! S t L a ! Ci EU ! SC L a ! Co ! Eu SC! Eu ! SC
1 ' * SL Sti ! ! ! * !

AFA bàf.-j :USSP.:-: '£-.' : iK.Llc-ar po i t -
.> : Fs 2 t . t r inside i n tfic- Ic-w,ui;f-E*tic Rc- f ju t ï ic of
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Table - 4
TRACE ELEMENT CONCENTRATIONS Ot=" RAIN WATER

m

Element :

*

As :

Ba :

Br :

Cd :

Cl :

Co :

Cs :

Eu :

Fe :

La :

Mn :

Na :

Sb :

Sc :

Se :

U :

Zn :

HOCHIMINH

Mean values
no/L

57.7

492.37

528.09

0.85

1.37 *

9.22

35.73

3.54

15.55 *

184.87

1.82 *

60.61 *

112.26

0.85

38.28

0.28

984.59

Concentration

©.ty :

: Errors :
M •

: 8.51 :

74.38 :

: 38.83 :

s 0.05 :

: 0.13

: O.57 s

: 6.13 :

: 0.52 s

: 0.40 :

: 17.44 :

: 0.16 :

1.47 s

: 2.69 :

0.11 :

: 5.11 :

: 0.01 :

: 50.47 :

-

DALAT

Mean values
na/L

18.79

159.65

290.77

3.70

8.50

0.41

2.03 *

59.39

0.53 *

42.80 *

0.55

0.27

17.14

165.27

City

: Errors

: 1.37

*

: 16.23

s

s 59.39

: 0.21

: 2.88

: C.06

: 0.24

ï 11.92

: 0.10

: 1.23

: 0.03

: 0.09

ï 2.65

: 34.29

• -



Annex 19, page 7

RADIONUCLIDES ANt ELEMENT CONCENTRATIONS IN AIR SAMPLES

I

I

Element!
i

i

i

A«
Afi
AU
Ba
Br
Ce
Cl
Co
Eu
Fe
K
La
Mh
Na
Sb
Sc
Se
W
Zr,
Pb <**)

HDChiNH-iVi

Mean values! Errors

1.98
0.25
-

34.71
0.71

1789.23
0.21
0.02

1554.33
424.44

0.36
14.36

2078.63
1.02
-
-

0.62
25.78
55.35

i

0.12
0.09
-
1.67
0.09

22.46
0.07
0.01

23.78
25.25
0.05
1.11

49.56
0.23
-
-

0.08
4.46
9.34

Concentration

City

! Wear, values!

0.03

o.es
0.03

21.28
54.13

-
1528.38

5.24
-

1682.38
628.08

1.07
11.26

2905.51
0.62
0.21
0.19
-

26.29
(a)

i

<

Errors !
i

0.01
0.1
0.01
2.78
4.33
-

27.87
0.32
-

27.80
21.54
0.11
2.34

99.86
O.03
O.O2
0-07
-

2.50

EaI at

Mean values!

t,, ., ria/ni" «

2,56
-
-

41,S7
-

744.70
7.76
0.01

2316.86
87.48
2.1
1O.71

3151.54
0.72
0.46
1.57
-
9.44
_

Errors

_

0.12
-
-

5.71
-

19.56
0.58
0.005

35.78
9.89
0.54
1.98

78.73
0.11
0.07
0.08
-

1.06
_

Th=' =
K-io

Be'"
Cs*'~

0.99
0.O6
30.07

1OO2.7O
0.03

0. 13
0.01
2.23

83.56
0.005

90.61
78.65

(ir, E-5*Bq

11.
10.

/Bf')

56
23

ibl
(Ci

0.
0.

89.
3933.

—

73
58
41
10

0.
0.
9.

97.

10
07
65
D S

<#) : These values are element concentrât ions lft small air sample
;*•*•) : U Ê U I 9 XRF technique with activated source o-f An-*3-

(a): May, »b): July and <c); Aug. o-f 1989
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ABSTRACT

ANNEX 20

AIR QUALITY STATUS IN KINSHASA AS DETERMINED BY
INSTRUMENTAL NEUTRON ACTIVATION ANALYSIS,
ATOMIC ABSORPTION SPECTROMETRY AND ION-EXCHANGE
CHROMATOGRAPHY.

K.K. LObO+, M.C. Tsbiashala", B.M. Lumu*°, K. Matamba", C.
Ronneau'
+Faculté des Sciences
Université de Kinshasa, Zaire.
"Laboratoire Central d'Analyse
Centre Regional d'Etudes Nucléaires de Kinshasa, Zaire.
'Faculté des Sciences
Université Catholique de Louvain, Belgique.

"Chief Scientific Investigator

Three independent analytical techniques - instrumental neutron
activation analysis, atomic absorption spectrometry and ion-exchange
chromatography - were applied to airborne particulate collected on
filters and to atmospheric acid gases collected in carbonate buffer
solutions. 20 trace elements and 7 acid gases and acid aerosols were
determined. Results were compared with those observed elsewhere and
Bhowed that air pollution is low in Kinshasa and does not give rise to
anxieties. The main known sources of pollutants are: vehicle exhaust
and aeolian process on stripped soils.

INTRODUCTION

During the last decade studies
have been initiated on atmospheric
aerosols in the tropical and
equatorial zones. An important one is
the study of the atmospheric low
layer in the Amazon basin (Brazil)
initiated by the NAS (I]. Some
sub-projects of this programme
c o n c e r n e d t h e c h e m i c a l
characterization of aerosol
particulate.

Studies in progress in Africa are
timely but limited to the northern
hemisphere (2-5). To our Knowledge
the only investigation on as- osols in

Zaire is that performed by Maenhaut
et al [6]. Today there is a necessity
for Africa to establish the impact of
nascent industrial pollution sources
on the environment and to know the
aerosol background levels in rural
environment as reference areas. From
a fundamental point of view, these

studies could contribute
significantly to the understanding of
geological
cycles of more elements, to the study
of long-distance transport of toxic
compounds and to the identification
of unknown natural sources of aerosol
constituents.

The study of aerosols in Zaire is
interesting due to its climatic
particularities and contrasts between
rural, urban and mining regions. It
aims at the determination of the
aerosol composition of important
cities in view to:

1. obtaining information on typical
urban aerosol composition and its
potentially toxic element
composition;

evaluating
man-made
composition;

the impact
activities on

of
its

inventorying the different
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sources of atmospheric
particulate, their elementary
profiles and their contributions
to the natural contents of
various elements;

4. establishing its evolution with
the time.

This paper is a part of a
research project on air quality
status in Kinshasa initiated in
connection with the Laboratory of
Inorganic and Nuclear Chemistry of
Louvain-la-Neuve University. It deals
with the preliminary results obtained
by instrumental neutron activation
analysis (INAA ), atomic absorption
spectrometry (AAS) and ion-exchange
chromatography (IEC).

EXPERIMENTAL

Samples herein concerned were
collect during 1985-86 at 4 pilot
stations installed throughout
Kinshasa and whose characteristics

1. KCC (Kinshasa Campus Centre
Nucleair.i): site located on a
ventilated hill, the Mont Amba,
with scattered population, low
vehicle traffic and absence of
industries;

2. KNR (Kinshasa Ndjili Regideso):
site located beside industrial
area with busy vehicle traffic
ana middle population density;

3. KNN (Kinshasa Ngiri-Ngiri): site
with high population density, low
vehicle traffic and absence of
industries;

4. KSM (Kinshasa 20 May Stadium):
populous quarter located beside
industrial area with busy vehicle
traffic.

Sample methodology is described
elsewhere [7]. Samples analyzed in
the framework of this study are
airborne particulate collected on
Whatman 41 and TFA 41 filters and
atmospheric acid gases trapped in

carbonate buffer solutions. The
sampling duration was on an average
14 day8.

Sample pretreatment

Sample filters were cut in 4
equal parts. One quarter was
submitted to direct INAA. Another one
was dipped into 5 mL of deionized
water and submitted to a 15
minute-ultrasonification shaking. The
water-solution compounds were
analyzed by AAS for the determination
of Cd and Pb and by IEC for the
determination of acid aerosols.

The last method has also been
applied to the bubbling carbonate
buffer solutions for the
determination of atmospheric acid
gases.

ANALYTICAL TECHNIQUES

Instrumental
analysis

neutron activation

Quarters of sample filters were
irradiated in the thermal column of
the CEN-MoI BR-I reactor at an
average integrated flux of 2.9x10" n
cm*2. The counting system comprises a
Ge(Li) detector with associated
electronics coupled to a 4096
Canberra Series 35 PLUS analyzer. Two
sets of counting conditions (600 s
after 1-2 day decay time for
short-lived radioisotopes and 600 s
after 10-15 day decay time for
long-lived radioisotopes) were used.

Quantitation was based on a
comparison with standards prepared by
dropping 20 uL of solutions
containing elements to be analyzed at
known concentration on Whatman 41 and
irradiated along with the sample
filters.

Atomic absorption spectrometry

The water soluble Cd and pb were
determined respectively at 283.3 and
228.8 nm using a graphite furnace
Perkin-Elmer atomic absorption
spectrophotometer 303. The
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measurement device was calibrated
with Cd and Pb solutions prepared
from standard solutions.

Ion - exchange chromatography

The concentration of water
soluble airborne particulate and
those of atmospheric acid gaees
trapped in carbonate buffer solutions
were determined using a Dionex IC 10
ion-exchange chromatograph under
their anionic forms. Concentrations
of prepared standards ranged in the
observed sample concentrations.

All the analysis with INAA, AAS
and IEC were performed in the
analytical laboratory of the Faculty
of Sciences at Louvain-la-Neuve
University.

RESULTS AND DISCUSSION

More than 60 samples of airborne
particulate collected on Whatman and
TFA 41 filters and atmospheric acid
gases trapped in carbonate buffer
solutions were analyzed in the course
of this study. The analytical
characteristics of detected
radioisotopes are summarized in Table
1 along with the detection limits of
corresponding elements, calculated
following the Currie method [8], The
Cd and Pb analytical characteristics
and their detection limits are given
in Table 1. The detection limits of
anions from airborne particulate or
atmospheric acid gases were
calculated on the basis of 2 time.i
the value of the background observed
in the spectrum. The found values are
given in Table 3.

Experimental results are reported
in Table 4 to 6 respectively for 18
trace elements determined in airborne
particulate by INAA, and for 8
compounds from water-soluble airborne
particulate and for 5 anions fro>-
atmospheric acid gases.

Due to insufficient data to
perform statistical treatment, only
the concentration range of determined
atmospheric constituents are given.

Some of them were found under their
detection limits in some eamplss as
shown in Fig. 1. These data show a .
abnormal spatial distribution of
constituents thro* -!h the different
sampling sites.

The anthropogenic compounds show
the following characteristics:

1. fts concentration lies under its
detection limit level at KNR
site. Concentration similarities
are found at sites KCC and KNN
with a relatively higher values
than those found az. KSM;

2. Br ras 2 distinct distributions:
its concentrations are similar at
KNN and KSM sites with higher
values than those at KCC and KNR
which also are found similar;

3. Cd concentration shows a
constancy in the time. It varies
about 1 ug through the 4 sampling
sites;

4. Atmospheric Pb concentration is
higher at busy traffic sites KNR
and KSM than at other relatively
still sites;

5. Sb is «... e of elements whose
determination was not easy. Its
concentration lies at its
detection limit level at KCC and
KNR sites whereas high values are
observed at KNK and KSM sites;

6. The spatial Zn distribution in
Kinshasa shows the foll«jwing
concentration sequence: KNR < KCC
< KSM < KNN.

Similar characteristics are shown
by the crust-derived elements. For
instance, Ce has high values at KNN
site whereas Co and Cr show low
values at KNR site. Stripped soils is
one of the causes which could explain
the trace element behaviour
throughout Kinshasa but it is
imperfectly known. Due to the lack of
data on interelementary concentration
relation in the soil of Kinshasa, the
enrichment factors were calculated on
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the basis of Rahn ore values [9] of
Sc as reference element. Fig. 2
illustrates the determined factors.

For some selected elements/
concentrations are plotted vs time.
The graphs show clearly the weather
influence on trace element behaviour.
During the rainy season that lasts
from October through May, interrupted
by a break in December and January,
airborne compounds are relatively
washed out. The concentrations
increase during dry season from June
through September. The highest
concentrations of determined
atmospheric constituents in Kinshasa
are compared with those found
elsewhere at Louvain-la-Neuve,
subrural area of Belgium [10], at
some rural areas of Great Britain
[11], in Osaka District in Japan [11]
and in the United States of America
[ 13 ]. These results emphasize
following characteristics:

1. the acid gaseous oxides NO, NO2
and SO2, characteristics of
industrial areas are much lower
than in rural areas in Europe.
The fact could be attributable to
the absence of industries using
fossil fuels;

2. this study reveals the presence
of NO", PO3 and Br- in the
atmosphere of Kinshasa, compounds
not detected at Louvain-la-Neuve;

3. the high Pb concentrations found
at busy traffic sites KNR and KSM
are similar to the average found
in rural areas in Europe; but
much lower than those found in
Japan;

4. Ba, Ce, Cs, K, La and Na are of
the same order of magnitude as
those in Japan, but much higher
than the observed values both in
rural and urban areas in Europe
and in rural areas in America;

5. the elements Zn, Cr, Sb and Cd
exhibit lower values in Kinshasa
than in Japan;

6. others elements are of the same

order of magnitude as those found
elsewhere both in rural and in
urban areas.

CONCLUSION

These preliminary studies allow
the establishment of the analytical
conditions for the determination of
more than 26 compounds in the
atmosphere of Kinshasa. Their level
emphasizes that the air pollution in
Kinshasa is low and cannot give rise
to anxieties.

The main activities known to
contribute to the perturbation of the
quality of air in this city are:
vehicle exhaust and aeolian process
on stripped soils. Uncontrolled
incineration of domestic waste and
firewood could also contribute, but
at a small scale. These facts are to
be elucidated. Further measurements
and a good knowledge of parameters
such as particulate sizes, wind speed
and direction, etc., could allow good
understanding of spatial distribution
of atmospheric constituents
throughout Kinshasa and of their
natural and pollution sources.
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Table i : Analytical characteristics and detection limits of radioisotopes

Element

As

Ba

Br

Ce

Co

Cr

Cs

Fe

K

La

Na

Rb

Sb

Sc

Se

Sm

Th

Zn
i

Radioisotope

76 A s

131Ba

82 B r

141Ce

60 C o

SiCr

134Cs

59 F e

4 2 K

i40La

24 N a

S^Rb

124sb

75 S e

1^3Sm

233Pa

65Zn

Half-life

26.4 h

11.5 d

35.3 h

32.5 d

1934 d

28 d

730 d

45 d

12.5 d

40.3 d

15 h

19 h

61 d

84 d

121 d

47 d

27 d

245 d

j energy(Kev)

559

496

779

145

1332

320

796

1099

1524

1595

1368

1077

603

889

265

103

312

1115

D L (LiG/m3)

0.4

8.2

1.1

0.6

0.3

2.0

0.4

166

150

0.2

2.8

3.3

0.4

0.1

0. 2

0.4

0.2

9.4
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Table 2 : Characteristics and detection limits of Cd and Pb determined

by atomic absorption spectrometry

Element

Cd

Pb

(ran)

228.8

283.3

furnace temperature C c )

Dryness

30s

100

100

Thermal decomposition

30s

350

55O

Atomisation

10-30 s

1800

2040

D.L.(ue/L)

1

10

Table 3 : Detection limits of ions determined by ion-exchsnge

chromatography

Anions

F~

Cl~

Br"

NOJ

NO"

PO 3"
4

SO2-
4

i

Detection limit

u6/L

0 • 07

0.13

0.7

0.04

1 - 03

1.43

0. 9S

uG/nr1 air

O. 032

0.046

0 . 334

0.02

0.367

O. 51

0.35
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Table 4 : Trace elements determined in airborne particulates in Kinshasa

bv instrumental neutron activation

Element

As

Ba

Br

Ce

Co

Cr

Cs

Fe

K

La

Na

Rb

Sb

Sc

Se

Sm

Th

Zn

KCC

0.6 -

15.7 -

3.8 -

0.6 -

0.6 -

4.6 -

0.4 -

446.O -

451.0 -

0.2 -

159.O -

4.3 -

0.4 -

O.I -

O. 2 -

0.2 -

0.2 -

37.0 -

3.0

44.4

36.4

4.8

1.4

1O.5

0.5

5112.0

3969•0

4.3

1512.O

12. O

2.1

1.0

0.3

0.4

1.3

98.9

Concentration range nS/mCl

KNN

0.8 -

32.6 -

31.5 -

1.1 -

O. 5 -

7.0 -

0.5 -

1037.0 -

1136.6 -

0.4 -

742.0 -

5.4 -

1.3 —

0.2 -

3.4 -

O.I -

0.3 -

76.2 -

2.7

123.0

72.8

4.8

1.2

18.5

1.4

4069.0

3764.0

3.8

3653.0

21.1

3.9

0.9

3.8

0.4

1.8

214.0

KNR

0.5 -

18.4 -

16.7 -

0.7 -

0.5 -

2.3 -

0.4 -

223.0 -

147.0 -

0.2 -

118.0 -

3.7 -

0.5 -

0.1 -

0.3 -

0.1 -

0.3 -

19.9 -

0.5

32.7

36.0

2.1

0.5

5.6

0.5

694.0

740.0

0.5

345.0

4.7

0.9

O. 2

0.4

0.2

0.4

44.6

0.5

13.4

16.4

0.7

0.6

3.4

0.5

828.0

407.0

0.2

164.0

4.0

0.6

0.1

0.3

0.2

0.4

53.6

KSM

1.6

57.7

79.5

2.8

2.1

19. i

0.6

- 2779.0

- 2116.0

2.2

- 1193.0

4.6

2.8

0. •

2.

0.

0.

123.
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Table 5 : Water soluble airborne participates determined by atomic

absorption spectrometry and ion—exchange chromatography

Compound

Br-

Cd

Cl~

F~

NCT3

N0~
2

Pb

PO3"
4

S02-
4

KCC

0.2 -

0-5 -

0.1 -

0.1 -

1.0 -

0.07 -

11.9 -

0.2 -

0.3 -

1-5

1-0

1.2

0.3

8.0

0.6

27. 6

0.9

1.6

Concentration

KNN

0.4 -

0.4 -

1.6 -

0.1 -

2.5 -

0.01 -

17.7 -

0.1 -

1.4 -

1.0

1.3

4.1

0.3

8.9

0.2

54.4

0.3

12.3

range

KNR

0.4

0.7

1.1

0.1

2.5

0.01

20.2

0.2

3.0

nG/m3

- 1.0

- 1.3

- 1.8

- 0.2

- 5.7

- 0.03

-124.0

- 0.3

- 1O.2

KSM

0.2

0.5

0.7

0.1

1.4

0.02

16.5

0.1

2.3

- 1.1

- 1.6

- 2.1

- 0.3

- 6.3

- 0.6

-190.0

- 1.7

- 10.0

Table 6 : Anions from atmospheric acid compounds determined by ion-exchange

Compounds

Cl-

F~

NO-

4

50

8

5

32

KCC

-

-

-

-

420

24

12

164

62

6

55

39

KNN

- 72

- 19

- 76

- 108

KNR

48 -

4 -

5 ~

15 -

119

48

20

82

45

6

15

27

KSM

-

-

-

—

54

13

28

90
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ANNEX 21

ENVIRONMENTAL IMPACT OF TOSIC ELEMENTS LEACHED
FROM WASTE DISPOSAL OF COAL POWER PLANTS

S. Yatim"
Centre for tbe Radwaste Management Technology
National Atomic Energy Agency
Serpong, West Java
Indonesia

"Chief Scientific Investigator

SUMMARY

The study being carried out is focused on the environmental
pollution of the leached toxic elements from the waste disposal of coal
power plant and covered the following works:

1. Analysis the presence of toxic elements and the natural
radioactivity in coal, ash and the ash in a waste disposal area.

2. Leaching study

3. Analysis the presence of a toxic heavy metals and natural
radionuclides in the environmental samples in the vicinity of the waste
disposal area.
4. Prediction on the transport model of the leached elements in the
local ecosystem and its long-term impact.

Analysis of the heavy elements were carried by INAA technique and
the total alpha and beta activity in the samples were analyzed by
GM-flow detector. "A standard leaching test for combustion residues
(BEOP-31)", developed by The Netherlands Energy Research Foundation was
adopted in the leaching study and used in the prediction of
environmental impact of leached heavy metals from the waste.

INTRODUCIION

The research being carried out
within the framework of IAEA-CRP on
the " Use of Nuclear and
Nuclear-related Techniques in the
Study of Environmental Pollution
Associated with Solid Wastes" at the
Centre for Radwaste Management Centre
of the National Atomic Energy Agency
was mainly focused on the
environmental impact of toxic heavy
metals leached from the waste
disposal of coal power plant.

The study was carried out in the
vicinity of Suralaya coal power plant
with high coal consumption, producing
about 1.300 ton of fly ash per day.
The wastes, after mixing with sea
water were transported and dumped in

"an artificial valley". The waste
contains major constituents such as
CaO, MgO, N2O, K2O, P2O5, SO3 and trace
concentration of toxic heavy metals
and natural radionuclides. Under the
humid condition, the acid formation
from the sulphides could increase and
enhanced the amount of toxic elements
leaching into the ecosystem.

To estimate the long-term
environmental consequences of the
toxic elements leached from the
disposal area, the following works
have been planned:

1. Evaluation on the presence of
toxic elements and the natural
radionuclides in coal, fly ash and
the residue in a waste in disposal
area. The toxic elements determined
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using INAA technique.

2. Study on the leaching of the toxic
heavy elements

3. Analysis the presence of a toxic
heavy metals and natural
radionuclides in the environmental
samples such as air, water and
agricultural products within the
radius of S km of the waste disposal
area

4. Prediction on the transport model
of the leeched elements in the local
ecosystem and its long-term impact.

In the present paper the work
already will be presented.

EXPERIMENTAL

Sampling of the coal, the fly ash and
the residue

Coal were collected from several
points in the storage area. The fly
ash were obtained from the outlet of
the precipitator and the residue in a
disposal area were collected from
points at a surface. The wild plants
growing in the vicinity of the
repository area were also collected.

Leaching studies

The standard leaching procedures
described in [1,2] was used and the
following tests were carried out:

- Acid-base behaviour

Shake test L/S = 5

Cascade shake test L/S = 100
cumulative

Leaching toxicity test were also
conducted according to EPA-USA-1983.

Irradiation

A series comprising the samples,
standard made by adding the elements
in a charcoal (E. Merck), the blank
(charcoal) and Fe wires as a flux
monitor were irradiated in Triga

Mark-II reactor at a neutron flux of
SxIO12 n.cm'2. s"1. Irradiation times
varying between 0.5-3 hours. The
samples were allowed to decay for 3
days to 3 weeks. Until now the SRM or
certified samples of coal and fly ash
are not available to check analytical
procedures. For the analysis of the
elements in plant material, Orchard
Leave8 (NBS-1571) was used as a
reference for analyzing the elements
in the plant samples.

Analysis of gamma spectra

The gamma activities were
measured with a HP-Ge (50 cc)
detector connected to the
computerized gamma-spectrometer
system. The system was adjusted at
0.7 keV/Ch and the resolution was 1.6
keV at 1332 keV Co-60 photopeak. The
computer was programmed to identify
the peaks in the spectrum, cheks its
shape, and full-width-half-maximum
and calculate the photopeak area.

Determination of total alpha/beta
activity

Total alpha/beta activity of the
samples were carried out using the
alpha/beta spectrometer Nucleus-5100
with gas-flow detector.

RESULTS AND DISCUSSION.

The typical gamma-spectrum of the
irradiated samples after a cooling
period of 3 days (counting time 1800
s.) were presented in Fig. 1-3 and
after 1 week (counting time 3600 s.)
were presented in Fig. 4-6. The
gamma-spectrum of the natural
radioactivity (non-irradiated) in the
samples were also presented in Fig.
7-9.

The total alpha/beta activity in
the samples and in the leaves of the
wild plant growing in the vicinity of
the waste disposal area are given in
the Table 1. The results of the pH
and conductivity measurements of the
solution from acidity test. the
leachates from shake test L/S = 5 and
L/S = 100 are presented in Table II.
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The mayor constituents of coal and
fly ash are presented in Table III.

I n v e s t i g a t i o n on the
gamma-spectrum of the irradiated
samples shoved that the following
elements as it is listed in Table IV
were found in the samples. However,
the complete analytical results of
the heavy elements in the samples
were not given here and further
investigation is needed to check the
analytical procedures used. Until
now, the SRM or certified coal and
fly ash ars not available.

The results of the measurements
of the alpha/beta activity in the
samples and the gamma-spectrum in the
non-irradiated samples also shoved
that the samples contained natural
radioactivity of K-40 and daughter
products of U and Th. It was also
found that the concentration ratio of
natural radioactivity in the fly ash
and the residue to coal sample were
in order of S and 11 alpha and beta,
respectively. The ratio of the alpha
and beta activity in the plant leaves
to the residue in waste disposal were
found around 80-300 and 8-12.

The acidity test showed that the
fly ash and the residue had a acid pH
values and the ratio of (HgO +
CaO)/(SO3 + 0.04 Al3O3) around 1.5.
This is indicated that the samples
had an acid behaviour and it is
expected that the leaching of the
elements from the samples residue
will be higher. The leaching study is
almost complete and analysis of the
constituents in the leachates are
under investigated.

FOTURE WORKS PLAK

The INAA techniques used will be
checked by analyzing the SRM or
certified samples of coal, fly ash,
plant materials and aeroBol samples.
The sampling of environmental samples
such as the agricultural products,
surface water and drinking water from
th» shallow-well and aerosol will be
continued. It is also intended to
collect the rain water, agriculture
products and aerosol in remote area
as a reference.
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Tabei I. The a/1?- activity in the coal, fly ash, the residue

arid in the plant leaves in the vicinity of a waste

disposal area.

a (3 concentration

Sciinple Bfi/g Bg /g ratio.
a T*

5.44 11.56

5.68 13.88

C o a l

fly ash-

residue

plant 1eaves

- Datura fastuosa

- Shores. Ie^rosula

0.010
0.055

0.057

0. 004

0.015

0.
0.

0 .

4.

6.

OP. "3

SlS

748

785

200

Tabel ï ï . The pK and conductivity of the leachates

Leachate

pU Conduct i v i ty

(mmho)

6.5 1.0

6.5 i.O

o. 8 0.8

6.1 O.fi

contact- GO3 ut,i on

Fly ash pH-2 3.4 l.G

Acidity
fly ash

residue

shal:insf

test:

test !

t ( 1 )
t(10)

Ul)
t(lO)

./£ = 5:

.' P 1 0

Res iaue pH-2 ?.P 1.4
v--H-4 5. € 1.3
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fable I I I . Composition of fly ash, major concitue

Silica

Iron

Alumuniuni Oxide

Calcium Oxide

Magnesium Oxide

Sodium Oxide

Potassium Oxide

Sulphur Trioxide

Titanium Dioxide

Phosphorus Pentoxide

SiC2
Fe2O3

Al2O3

CaO
MgO

Wa2O
K2O
SO3

TiO2

P2O5

Psrcen
5S.

4.

24.

3.
1
j. •

2.

0.

2.

0.

0.

t by wt
4

6

7

1

7

P.
**/

8
A

100.0

Tahel IV. The radionuclides and the energy of g-ray detected

in the samples.

Pad i nnuo1 ides g-energy.

keV

Had i onucli des g-energy

keV

109Ag{

55Mr^n

S5Eb(n

* Sb'

^Zr, (r:

r- g

,g)

ijj Ë

.g)

n.Ê

,g)

, U0mÂg

53Mn

; 140La

J122Sb

...

656

1811

159Ô

1077

564
11 IF

26Mg(H
46Sc(Xi
58Co(I;
58Fe(n
2 O 2Hg(
50Cr-U-

..g) 2 7Mg

-• S / •-••-

,E)60Co

,g-5SFe

n,g)203Hg

,g)51Cr

1014

839

1173

1099

273

320
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Fig 1.*y Spectrum of irradiated coal sample after cooling période 7 days
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Fig 2."X Spectrum of Irradiated fly ash sample after cooling période 7 day3
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Coal

I r r . time

Cooling time

Counting time
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30 m

3 d

1800 3

CE> r - -*« <r»

s s a s
» s s ̂
"* "= £} 3
S 1BO ^* *"*

S S

:̂ .!,!/ Wl !

Fig A. T'Spectrum of irradiated coal sample after cooling période 3 days
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Fly ash : yf spectre

I r r . time : 30 in

Cooling time : 3 d

Counting time : 1800 s

?! * * 5 2 S I
co c1^ ^> ^* m to ^o

V/V/ / / I:

1VfA

Fig 5.-v Spectrum of irradiated fly ash sample after cooling période 3 days•
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Tailling : *$ spectre

I r r . time : 30 in

Cooling time : 3 d

Counting time : 1800 s

0 S S S S S S
SJ

g K «

v /r/ ic y

WWSW

Fig 6. ̂ -Spectrum of irradiated tailling sample after cooling période 3 days
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Coal 700 gr

riarinelli

1600 s

S
S K S K SJ °l

m • • m 0 ^ *

in « «3 o» o« ^t

• a
S 53

Fig 7.0-Spectrum of natural radionuclides in coal sample in 1 L marinell
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Ply ash 700 gr

Marinelli

1600 s
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Fig 8.'xSpectrura of natural radionuclldes in fly ash sample in 1 L iuarinell
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Tailling 700 gr

Marinelli

1600 s

/ / / / / / /

f i t i v / j . . 1 . . , ' . ' / '. .', . A1V t;.1. ',\ i . i . ' .

Fig 9.;>Spectrum of natural radionuclidea in tailling sample In 1 L marin
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INTRODUCTION

The environment state control
comprises a control of atmospheric
conditions. In relation with this it
should be noted that for a sérias of
elements a problem of selecting
subject of control has not yet been
completely solved. A standard analysis
of atmospheric aerosol composition can
hardly carry sufficiently complete
data about the air condition since e
rather coarse dispersed fraction of
aerosol constituent with the
carrying particles more than 0.1-
0.5 urn size is usually selected and
analyzed. Particle of smaller size and
vapour-gas phase often remain outside
the view. Notice that the size of
particles at which the vapour-gas
phase is converted into the aerosol
remains obscure. The problem is fairly
important since a series of sources of
atmosphere contamination exists, for
which the prevalence of elements in
vapour-gas and submicron fractions
typical. Besides, one may suggest that
toxic elements can be kept in the
atmosphere longer and, respectively,
be transported at a considerable
distance as part of submicron aerosol
and vapour-gas phase rather than as a
part of coarse dispersed aerosol. At
this point in time the vapour-gas
phase existence of such elements is
known as arsenic, selenium, mercury,
halogens, and some other ones [1-4].
But certain amounts of all chemical
elements are suggested to exiBt in
atmosphere in a vapour-gas phase.
Thus, the existence of other elements
in vapour-gas phase in some specific
conditions has been shown.

The presence of volatile forms of
not only mercury but zinc and copper

close to volcanoes has been
established, however, it is therewith
noticed that these forms are
relatively unstable and tend to
sorption upon the surface of aerosol
particles [5]. It seems that in other
conditions as well one may tell about
unstable equilibrium between aerosols
and vapour-gas phase.

If a problem of aerosol
constituent collection may be thought
to be in principle solved, then the
techniques of effective trapping and
determination of ultramicro
concentrations of a series of elements
in a vapour-gas phase and submicron
aerosol composition requires
significant refinements. Such
techniques as a ir bubbling through
solutions of various composition and
freezing in cooled traps are
inconvenient relative to the effect of
reagents and equipment purity and
difficulty of sampling efficiency
determination. Sorption on chemical
adsorbents in most cases also relates
to the significant correction for the
"blank experiment". Relatively
labour-consuming sampling is a common
disadvantage too.

In this connection we brought
forth a task to consider some aspects
of elements determination in a vapour-
gas phase and submicron aerosol.

EXPERIMENT

Analytical method.

As the an analytical method we
have selected an instrumental
(nondestructive) neutron activation
analysis as a tei inique allowing with



Annex 22, page 2

high sensitivity to determine a
sufficiently number of elements in one
sample. Samples analyzed were packed
into the bags of purified polyethylene
film and a foil of high purity
aluminium. The samples together with
the standards (strips of deashed
filter paper with dried micro volumes
of the solutions of the elements being
determined) were irradiated in a
reactor with the 5.10 n/r.m' flux in
two stages - irradiation during 30
sec. and irradiation during 20 hours
for determination relatively short-
lived and long-lived radionuclides.
Triple measurements of induced
activity have been carried out,
namely: immediately after the short
time irradiation, 5-7 and 25-30 days
after the 20 hours irradiation. Gamma-
rays spectra measurements have been
done with the use of Ge(Li) detector
and multichannel analyzer on-line
connected with a microcomputer.

Stability of aerosols composition

Suggestions about Chemical
elements existence in the atmosphere
in a vapour-gas phase and as a
submicron aerosol, not trapped by the
usual methods, cause the atmospheric
aerosol to be believed a component of
the a aerosol-atmosphere system, being
in the unstable equilibrium; since it
should have sorption-desorption
processes and their direction should
depend on a variety of conditions.

For checking this suggestion we
have carried out a number of aerosol
samples collection by use of
aspiration onto the filter of the
AFA-HA-20 type. Filter AFA-HA-20 was
made of FP cloth (acethylcellulose)
and had efficiency of 0.2 urn size
particles catching about 99.7% [6,7].
The volume of pumped air was about 10
cub. meters. Exposed filters were cut
into 4 sectors of equal area
(divergence of areas were less than
10% ). A part of the sectors were
packed into the bags of the tracing
paper and kept in the laboratory for
a month, simulating the typical
storage conditions of samples). The
second part were packed into the
polyethylene bags for immediate

activation analysis. The third part of
the sectors was thermally treated in
a drying oven at a temperature of 2000
C during one hour. The element
composition of the above mentioned
sectors has been determined by the
neutron activation analysis. From data
obtained the concentrations of the
elements determined immediately and
one month later has been calculated.
The results are shown in the Table i.
As seen, the concentration of the many
elements after storage remain
constant, but in case of chromium,
copper, arsenic and gold a reliable
reduction of concentration has been
revealed. Less pronounced reduction of
concentration has been determined for
other elements too. The increase in
concentration of certain elements may
be associated both with the sorption
from the vapour-gas phase (zinc,
bromine, antimony), and the influence
of submicron atmospheric aerosol
(caesium, lanthane, cerium).

It can be indicative of the
desorption of a part of absorbed by
the aerosol from the vapour-gas phase
as well as of the fact that in studies
of aerosols it is necessary to take
into account the probability of
sorption in the process of their
storage, e.g. to take into
consideration the time period and
conditions of exposed filters storage.

On heating the exposed filters the
concentration of the elements
determined decrease has been founded.
Thus, chlorine, bromine and mercury
IOSB was more than 50%. In attempts to
quantify the elements loss under
heating we compared the elements loss
value with the first potential of
ionization as a characteristic of the
element volatility. Use of
characteristics for the element
compounds occurred unsuitable, in
connection with that the forms of
elements presence in the atmosphere
were not known. The results of
comparison are given in Fig. 1. It iB
seen from Fig. 1 that, the essential
loss under heating is observed for the
elements with the first ionization
potential more than 8 eV. In our
opinion, loss is predominantly related
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to the éléments deaorption from
aerosol surfaces

Passive sorption.

He believe suitable to consider
passive sorption as a potential
technique of elements collecting in a
vapour-gas and submicron phases. He
have used that technique in a
simplified form to control the
"elemental background" in laboratory
rooms [ 8 ]. As part of the
investigation programme, the presence
of gold in appreciable amounts in
vapour-gas phase or submicron aerosol
composition has been found.

The technique used is based upon
the sorption by the thin polymer film.
This technique use is extremely
simple, and the employment of the
thinnest films allowed to decrease
significantly the "blank experiment".
Hhen developing the technique we had
to solve the problem of selecting
sufficient purity films. By the method
of instrumental activation analysis a
composition of various polymer films
has been studied. The films surface
purification have been accomplished
with the use of acetone (Table 2).

Comparing the element
concentrations in the films of
different thickness one may notice
that the elements can either enter
into the composition of the films
themselves, or represent surface
contamination. In the first case one
should search for the lots of purified
films and use the thinnest ones, and
in the sscond case a selection of
surface purification technique may
occur promising. Thus, for instance,
one may suggest that the gold is to be
mainly found on the surface of the
films, as in the majority of the films
studied its content attributed to the
area iB approximately the same, but it
differs in attributing its
concentration to the films mass. In
order to select the optimum technique
of the film Burface purifications we
has considered the efficiency of
purification with deionized water,
water, high purity nitric acid and
again water, water and pure acetone

and in succession with water, nitric
acid, water and acetone. The results
obtained are given in Table 3. AB
follows from the Table, film surface
purification with acetone allows to
reduce noticeably the correction for
the "blank experiment". Use of water
and acid doesn't lead to substantial
improvement of purifying from the most
interfering elements (scandium, gold,
mercury), but aggravates the procedure
of film preparation for analysis.

The main disadvantage of passive
sorption is difficulty of efficiency
determination ( effective air volume).
Therefore to estimate relative element
concentration in the atmosphere we
have used a value of enrichment factor
(E.F.). As a reference element was
selected scandium and as a comparison
system - the data for lithosphère.

Saapling by passive sorption.

Several versions of Bamplers using
passive sorption have been considered,
namely:

1. Sampling onto the horizontal
surface of the film. The method,
except the material, doesn't
differ appreciably from the
methods of sedimentation
sampling. Besides the elements
sorption from the vapour-gas
phase, the dust sampling is
carried out including the coarse-
dispersed

2. Vertically located film,
protected from coarse-dispersed
aerosol with the "bell" made of
the same polyethylene. On such
sampler coarse-dispersed aerosol
fraction should be significantly
lover than in the former case

3. Laminated sampler consisted of
three tightly pressed films, of
which the middle one was used for
"blank experiment". One of the
outer films was protected from
the coarse aerosol with the fine-
mesh screen made of nylon, and
the second outer film was
protected with the nuclear filter
with the pore size of 2.5 um.
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N u c l e a r f i l t e r w a s
polyetheleneteraphtalate film
irradiated by accelerated Xe-ions
with subsequent atching [10 J. The
sampler was also vertically
placed. Supposedly, on the film
protected with the screen, fine-
dispersed aerosol coula sorbe
too, and on the film protected
with the nuclear filter a vapour-
gas phase could predominantly
sorbe, though the sampling
efficiency should be low relative
to the slow air diffusion through
the pores of the nuclear filter.

By use of the mentioned samplers
the investigations have been conducted
in various cases. Thus, among other
things, the analysis of the films was
carried out according to the first
type of sampling. The films were
exposed in similar conditions, and in
one case the films were analyzed after
the exposure, and in the second one
after the removing visibl- lust with
the dislodge by glass st .. In Fig.
2 the ratio of E.F. after and before
dust shake-of are given in comparison
with the first ionization potential.

The data in the Fig. 2 indicate
that after the removal the durat the
absorbed gaseous fraction relatively
increases.

The correlation of the E.F. for
the exposed film and the aerosol
collected in the same conditions onto
the filter AFA-HA-20 (air volume 10
cub. m.) indicates that the sampling
according to the second type may turn
out to be prospective as well. As
seen, the E.F, significantly differ
and most commonly in case of collector
higher for those elements which one
may suppose the existence of volatile
and fine-dispersed forms.

The sampling version being
described has been used in the ::ield.
Samplers series were placed near
hard-alloys plant, in a city zone and
in zone that can be believed as a
background for the given region
(middle mountains, 1700 - 2000 m above
sea level, 30 km to the nearest town).
The exposure was conducted during 14

days. The results are given in
Table 5.

For the third series a high E. F.
for copper is characteristic, as well
as cobalt and tungsten. The high E.F.
value for the above mentioned elements
is characteristic for the town too
(approximately 10 km apart the
factory). In both cases the data
sharpiy differs from the background.

Supposition about the
informativity of such method induced
us to consider its applicability for
estimation the influence of
coal-burning power plant upon the
environment. The sampling points were
situated on predominant wind direction
on various distance from chimney. The
results obtained are given in
Table 6.

Considering the results it should
be noted that the sampling was done at
the relatively densely populated
territory, following which the results
obtained possibly represent the
influence of other sources of
contamination.

Atmosphère at the pyrometallurgic
plants.

Fraction of elements in vapour-gas
phase and submicron aerosol in a zone
of pyr©metallurgical production of
non-ferrous metals should be believed
the most essential. In these
conditions both the control of the
atmosphere and
the protecting measures are based on
the coarse-dispersed aerosol
composition. For revealing probable
fraction of elements in a vapour-gas
phase we have carried out a series of
experiments of experiments in one of
the shops of the zinc plant. Air was
passed through the various means of
the breathing organs protection and
filters used for the aerosols
sampling, behind which bubblers with
distilled water were placed for
trapping passed part of metals. In the
water of the bubblers and on the
filters zinc -the main element of
process- wae determined by INAA (Table
7.). Filter FPA-15-^.O was made of FP
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(Petryanov's filter) Btuff of
acethylcellulose. Duat-fighting
respirator "Lepestok" wse made of FP
stuff of perchlorvinyl. All used
materials had catching efficiency of
particles with aize 0.2 um more than
99.5% [ H ] . Gas-mask box was filled by
activated carbon and chemical fc-rbent.
The nuclear filter was used in a form
of exchangeable box for another kind
of dust-fighting respirator.

It is seen that the gas-mask has
the greatest efficiency of trapping
but probably a significant part of
zinc was in the studied air in a
vapour-gas phase.

DISCUSSION

The data presented confirms the
proposal about existence of trace
elements in the air in the rarely
accounted forms and substantiates the
necessity of investigations on the
techniques of determination oaf air
trace components in a vapour-gas phase
and submicron aerosol. Such a
technique may be passive sorption. The
problem of determination of
trace-elements including toxic ones in
a vapour-gas phase and submicron
aerosol is represented as extremely
urgent both in relation with the
potential sources of these forms
ejection and relative to the limited
knowledge of their migration,
interaction with other forms and toxic
action. Gas and condensate effluents
at the oil and gas fields, gas
burning, forest fire etc. are in this
relation of interest as well as
natural processes - volcano activity,
excretions of living organism
including soil microorganism, plants,
animal and men.
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Tabl.1

Element relative concentration after aerosol storage, %,

Element :

Ha
Cl

Sc

Cr

Mn

Pe

Co

Cu

Zn
As

Se

Br

Rb

Sr

Concentration :

1OC+10

65+8

98+11

57+8

• SB+&

100+7

100+10

•81+11

120+11

64+9

' 93+8

120+8

105+10

98+9

Element :

Sb

Cs

La

Ce

Sm

Eu

Be

Lu

Hf

Au

Hg

Th

U

Concentration

14C+13

120+14

120+12

1?C+12

i00+14

110+15

93+8

• 84+15

110+9

72+6

•97+10

100+9

103+8



Some

Î? 1 A Tl A U f a
OiGiIIGiJ L A *

XT fv

Cl

Sc
Cr

Mn
Co
Zn
Ln

Ce
AU

plastic films

:

composition, in

Polyethylene

Sample 1 j

1 :

n.d.

n.d.

0.008

0.96

n.fl.

0.042

3.0
0.06

i;3
0.03

14 1

? :

n.d.

n.d.

0.7

85 •

n.d.

3.7
270

5.3
110

2.8

300

Sample

1

100

n.

o;
21
n.
O.
8:
O.

2.
0.

0.

!

d.

02
1 •

d.

17
3
1

5
05
4

2 :

2 :

6700 •

n.d.

1.3
140 •

n.d.

12

560 •

6.9
170

3.3
27

nanogram per

Sample

1 !

n.d.

n;d; •

n.d;

1.1

n.d.-

0.09

n.d.

0.03

0:87

0.04

6.7

•

3 ;

2 :

n.d.

n.d.

n.d»

2SO-

n.d.

23
n.d;

7.1
230
11

1700

cm2 (1) or per

Byodine

1

170

520-

0.7-

n.d.

2 4 ' •

n.d.

100

n.d.

24
n.d.

33

: 2

23000

72000

97
n.d.

3300

n.d.

1400

n.d,

3300

n.d.

4600

gram IC2J
Table

•

: Kapron s

i
: 1

180.

720-

o;
• i;

Oi

O.

• / : .

.44

.3

.05

09
n.d.'

O.

o;
O.
78

04
39
07

i

i 2 .!

•37000

150000

93
270-

11.3
19 •
n;d.

9.1
83
14

17000

2.

nitrocellu-
lose

1 ! 2 :

•440 79000

1100 200000

0.07

3;5
0.07

0;05

• 1.3

o;is

n;<l.

0.4
25 '

13
620

12-

8.3
230

32
n.d.

7.3
35'OO

n.ri. - not detected

I
M
ro
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Tablé 3-

Polyethylene film composition after washing, ng/g.

Solutions : Na : Sc : Cr : Co : Zn : La : Ce : Au : Hg :

"Water 1700 0.19 43 1.0 240 1.2 1° O.65 340
Water -

nitric acid 920 0.27 21 0.52 170 0.7 18 O.36 180
Water -

acetone 1200 0.18 12 1.1 140 0.18 18 0.27 160
Water -
nitric acid-
acetone 940 0.10 11 0.52 38 0.75 16 0.40 180

Table 4.

Enrichment factors for aerosol (filter) and sorption

sampler (film).

Element

Ka

Cl

Cr

Mn

Pe
Co

Cu

: Filter

3.5
630

3.6

1O
3.8

13
48

: Film

3-2
6000

22

0.7
5.0

19
26

: : Element

Zn

As
Sb

La

W
Au

Hg

: Filter

54
300

440

3.0

160

550
1800

: Film

440

".40

9500

0.8
500

7500
57000
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Table 5.

Enrichment factor for various zones.

Zone

Mouiains

Town

Plant

«

1

2

2

Na

.6

.7

.1

: Pe

•I ; L

1.0

1.1

•

0

27

Co

.4

.9

: Cu

59
130

300

•

4

5
5

Ce

.6

.3

.2

: W :

630

1500

6700

Au :

420

560
160

Hg :

7700

11000

19000

Th

3:
3-
4.

,7
,8

,7

Table 6.

Enrichment factor of sorption sampler exposed near

coal-burning power plant.

Distan-:

ce, km :

0.1

0.5
1,0

5.0

10

15

20

Cr .

1.1

0.9
1.0

0.8

0.3

0.9

0.3

Co

3.0

2.4

3-9
2.5

4.3

2.3
3.0

: B r

90
90

330
80

310

58

450

. Sb .
• «

89
54

95

45
1100

74
170

•
I* .

0.95

0.93

1.3
0.8

1.1

0.9
1.0

Sm

5.
5.
5.
4.
6.

6.

5.

3
4
0

2

6

8

Hg

3700

4 60

4600

1800

7900

2400

4300
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•Table 7. "

Zinc concentration'in"bubbler water and aerosol filters»

relative units/ cub. m.

Sample Concentrât ion

Water after AFA filter

Water after PPA filter

V/ater after reapirator "Lepestok"

Water after nuclear filter respirator

Water after gas-mask

Respirator "Lepestok" stuff

Filter FPA

Filter AFA

4:9

9.6

3.2

3.5

1.8

64

47

49
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