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1.0

Background

The problem of black dust emissions in the Fgura area is a long standing problem for
which no definitive origin and therefore a solution could be decided. In September 2000,
the Ministry for the Environment commissioned a study on dust deposition monitoring in
Malta (Stacey, 2000) with the aim to identify the sources of dust in the Fgura and
Cospicua area. Amongst other locations, samples from two sites in Fgura were collected
for a seven month period at monthly intervals.
Following speciation analysis by X-ray fluorescence, optical microscopy, scanning
electron microscopy and total carbon analysis, the report concludes that organic carbon
was always seen to be highest in Fgura and traces of vanadium were also found; the
latter being a possible indication of the influence of the Marsa power station.
The Environment Protection Directorate within the Malta Environment and Planning
Authority has been, since the Summer of the year 2007 in continuous communication
with Fgura Local Council (LC) and individual residents with regards to this case in an
attempt to determine the dust composition and thus the possible source or sources.
Various inspections have been carried out by the MEPA inspectorate and dust samples
collected from residents have also been gathered.
MEPA has also carried out independent sampling of fine dust by placing a low volume
sampler on the roof of Fgura LC from 11th October to 20th November 2007 for dust
speciation of particulate matter (PM10 – the dust fraction relevant to human health).
These samples are still to be analysed for heavy metals and polycyclic aromatic
hydrocarbons in an accredited laboratory, and the report of these findings will be
provided to Fgura LC at a later stage.
This report gives a detailed account of the process by which initial tests on the samples
from Fgura residents were carried out and the preliminary conclusions arising from these
analyses.
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2.0

Non-technical summary

MEPA has been, since the Summer of 2007, in continuous communication with Fgura
Local Council and individual residents with regards to this case in an attempt to
determine the dust composition and thus the possible source or sources.
The MEPA inspectorate visited numerous residences collecting dust samples. Ten
samples from Fgura residents were analysed using a Scanning Electron Microscope
(SEM). Additionally three other samples of possible sources were analysed. These
consisted of a dust sample from a boiler firing heavy fuel oil in Marsa Power Station
(MPS), a sample taken from the exhaust pipe of a diesel powered vehicle and a sample
taken from the site which stores material resulting from grit blasting operations at the
Malta Shipyards. The aim of this methodology was to study any common factors in the
morphology and chemical composition of the dust particles between the Fgura samples
and the three possible sources. The results of this analysis were compared with similar
analyses performed in Spain (Umbria et al, 2004).
The SEM results showed that the source of coarse dust in the Fgura area results from
the combustion of fuel oil. Although the morphology of the particles in the MPS sample
and the Fgura dust is very similar, the heavy metals found in the MPS sample were not
present in the Fgura dust sample. One cannot as yet exclude the presence of particulate
matter in Fgura originating from MPS due to the fact that the analyses were carried out
on coarse dust which settles down in a short timeframe and cannot travel long distances.
On the other hand, PM10 can travel up to kilometres and thus only dust speciation of the
finer dust can confirm the effect of MPS on Fgura residents.

Likewise, no direct similarity was found in the sample from the Malta Shipyards and
diesel vehicle with the Fgura dust. The morphology of the sample from Malta Shipyards
was very different from that of the Fgura dust samples. In the case of the diesel car
sample, specific common elements were found with the Fgura dust samples; however
the morphology of the particles is different. While Fgura dust consists of porous
spherical particles, particles from the diesel car sample are of a unique flat shape. It was
concluded that a more representative sample is necessary to determine if diesel soot
can contribute to the dust.

In conclusion, no definite source can be assigned to this nuisance at this stage. It is
expected that the speciation of PM10 filters which will follow in the near future will shed
more light on this matter.
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3.0

Samples collected for analysis

Dust samples were collected from Fgura residents and also from possible sources which
could contribute to the deposition of black dust.
3.1

Dust collected from Fgura residents

The MEPA inspectorate collected samples from nearly all the Fgura residents who had
logged a complaint. Most of the time, these samples were collected by the residents
themselves and consisted of dust which was swept from roofs, balconies or porches. A
total of ten samples were collected for which details are given in the table below:

Sample Number

Street

1
2
3
4
5
6
7
8
9
10

Triq il-Huttafa
Triq il-Kampanella
Triq il-Gojjin
Zabbar Road
Triq San Tumas
Vjal Kottoner
Triq W. Lassell
Triq il-Kuluvert
Triq il-Huttafa
Vjal Kottoner

Table 3.1.1

Sample date (where
applicable)

17.12.07
03.12.07
28.08.07
02.09.07

List of streets from which dust was collected

As one can note from the above table, there were two samples collected on different
days from Triq il-Huttafa and Vjal Kottoner, arising from two different inspections.
Dusts arising from anthropogenic pollution can be of different sizes, and their relevance
to human health depends on their size. The dust collected from the residents classifies
as coarse dust, since it is able to settle down after being emitted from the relevant
source. Although coarse dust is a nuisance, this is not a great threat to human health,
since only particles (known as particulate matter) smaller than 10 micrometres (PM10)
can enter the respiratory system. To this effect, MEPA liaised with Fgura LC to place a
low volume sampler on the roof of the building and collected daily PM10 samples for
specific days in the months of October and November 2007.
3.2

Dust collected from possible sources

To be able to identify a possible source or sources, it is necessary to make comparison
of the Fgura dust with dust collected from these sources. Three possible sources were
identified, and the relevant samples were collected as shown in the following table:
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Sample
Identification
A
B
C
Table 3.2.1

Source
Malta Shipyards storage facility
Marsa Power Station (MPS)
Diesel car

Sample date (where
applicable)
24.09.07
27.02.08

List of possible sources from which dust was collected

The above sources were chosen based on the following reasons:
Possible source A - Malta Shipyards: Malta Shipyards store the by product of grit
blasting operations in a specific area located in Kordin. Thus with a wind direction
favouring its transport from Kordin to the Fgura area, the grit material could be of a
nuisance to Fgura residents.
Possible source B - Marsa Power Station (MPS): The prevailing wind direction can
contribute to dust emissions originating from MPS to the Fgura, Paola and Tarxien
areas. A sample of ash originating from the combustion of heavy fuel oil in one of the
boilers of MPS was taken.
Possible source C - Diesel car: A sample from the soot of a diesel powered vehicle
was taken from its exhaust pipe. The reason why traffic was also considered as a
possible source was that the Fgura main road is one of the busiest streets in the
Southern part of Malta and thus one cannot exclude the effect that road transport may
have on the air quality in that area.
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4.0
4.1

Methodology for the analysis of black dust
The scanning electron microscope

The dust samples were analysed using a “Scanning Electron Microscope” (SEM). The
SEM is a type of electron microscope that creates images by focusing a high energy
beam of electrons onto the surface of a sample and detecting signals from the
interaction of the incident electrons with the sample's surface. These signals do not
come only from the primary beam impinging upon the sample, but also from other
interactions within the sample near the surface.
The type of signals gathered in an SEM varies and can include secondary electrons,
characteristic x-rays, and back scattered electrons. The SEM is capable of producing
high-resolution images of a sample surface in its primary use mode, secondary electron
imaging. For this exercise, the secondary emission mode was used to be able to
produce high-resolution images of the dust samples, and thus being able to compare the
size and shape of the particles. In this mode, the different shades of black and grey
colours are artificial and do not reflect in any way the true colour of the particles.
Characteristic x-rays are emitted when the primary beam causes the ejection of inner
shell electrons from the sample and are used to tell the elemental composition of the
sample. This same process was applied for all samples listed in Section 3, for which the
elemental composition of each was determined.

4.2

The aim of the analysis

The composition of the Fgura dust was unknown before the analyses were carried out.
Thus it was necessary to use a methodology in which the analysis is able to determine
the elemental composition of a sample. For this reason, SEM is one of the most suitable
methods for the aim of this study. On the contrary to SEM, other methodologies require
the analyst to know what elements he or she is looking for, thus restricting the
knowledge only to the elements that the analyst is assuming the presence of in the
sample.
It was wise to pay particular attention on particles emitted from combustion activities for
two main reasons:
•

These are most damaging to human health and the environment.

•

These are emitted from road transport, power generation and any smaller
industrial activities, which are the three sources which would possibly classify as
emission sources in the area. Thus they are used as tracers of pollution
generated from fuel combustion.

The following table gives a list of emission factors of heavy metals emitted from the
combustion of heavy fuel oil (HFO) in power generation and petrol and diesel fuel in the
transport sector respectively. The following figures represent the total mass of pollutant
emitted (in g) per tonne of fuel burnt in each sector:
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Heavy metal

Power generation in g
per tonne of HFO burnt

Mercury (Hg)
Cadmium (Cd)
Lead (Pb)
Copper (Cu)
Zinc (Zn)
Arsenic (As)
Chromium (Cr)
Nickel (Ni)
Vanadium (V)
Selenium (Se)

1
1
1.3
1
1
0.5
2.5
35
4.4
-

Table 4.2.1

Transport (applicable for
both gasoline and diesel)
in g per tonne of fuel burnt
NA
0.01
0.75 × Pb content in fuel
1.7
1
NA
0.05
0.07
NA
0.01

Comparison of emission factors for emissions of heavy metals in
the power generation and transport sector respectively

Se is emitted in the power generation sector from the combustion of coal. NA denotes
emissions not occurring or considered to be negligible.
From the above table, one can note that most heavy metals are common in both sectors,
and thus if present in the sample, identification of the source would be difficult. However
the emissions of heavy metals from power generation are more significant than in
transport, especially for nickel which is a typical constituent of heavy fuel oil. In the case
of vanadium, this is solely emitted from power generation, thus its presence in the
sample would be a clear indication of the source.
SEM is sensitive to most elements including heavy metals present in a concentration
greater than 1% of the whole sample.

4.3

Methodology

Each dust sample was placed in plastic petri dishes and viewed under the microscope
where pictures were taken from the eyepiece in the best way possible. In this manner
the shape of the particles was noted and compared between samples. Figure 8.1 in
Appendix 1 shows how this was carried out.
Stubs were covered with carbon tape and a representative sample was taken from the
petri dishes. The stubs were labelled accordingly for correct identification.
The stubs were then inserted into the SEM were the elemental composition of each
sample was determined. For each sample a minimum of two queries were run by the
instrument as follows:
•
•

A relatively large coverage of the sample which gives an overview of the main
constituents, such that the general composition of the sample can be understood;
Focusing on specific particles in the sample, namely those of which would be of a
particular shape or of specific interest.
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Umbria et al (2004) have analysed the characterisation of atmospheric particles in
Campo de Gibraltar, Spain. The sampling was carried out in an industrial area in the
South of Spain which experienced relatively high wind speeds which leads to the
rapid dispersion of atmospheric pollutants. The analysis was also carried out by
SEM.
The paper provides specific details on the chemical composition and morphology of
various kinds of particles including particles from metal melting, natural mineral
particles, pollen grains, natural crystallisation, fossil particles, particles from
combustion of fuel oil, and mineral coal respectively.
This study was chosen as a standard for comparison of the morphology and
chemical composition of the particles. The terminology used for the description of the
particles in Table 5.1.1 is also taken from this scientific paper and is outlined below.
Only the classification of particles relevant to the study is featured in this table.
Denomination

Cenospheres

Description

Spherical particles whose maximum diameter/mean
diameter relationship is near to 1, with a porous aspect.

Characteristics

Particles arising from combustion, usually of fuel oil. With a
carbonaceous matrix and high sulphur content. Depending
on the size, they can contain characteristic trace metals.

Example

Denomination

Irregular

Description

Clearly defined particles, similar to stone or glass
fragments, with peaks or edges.

Characteristics

Usually, these come from the land, although they can
sometimes be found in some emission focuses. Their
matrix can be calcium, silicon, aluminium, or their variants.
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5.0

Results

5.1

Results from Fgura dust samples

The following table gives a summary of the findings from the Fgura dust samples. The
sample number refers to Table 3.1.1 which gives the names of the streets the samples
were collected from.
Sample
No.
1

2

3
4
5

6
7

8

9

10

Table 5.1.1

Description of
particles
Cenospheres highly
contaminated with other
dusts
Cenospheres
contaminated with other
dusts
Cenospheres
contaminated with other
dusts
Cenospheres
Cenospheres
contaminated with other
dusts
Cenospheres with
homogenous white and
grey particles
Cenospheres
Very few fine particles,
mostly uneven larger
black particles highly
contaminated with stone
dusts
Cenospheres
contaminated with other
dusts
Sample mostly
consisting of
cenospheres, but
contaminated with white
and orange particles.
Cenospheres appear
larger in size than those
of Sample 6.

Reference
to figure in
Appendix 1

Elemental
composition

Reference
to spectra in
Appendix 2

8.7

C, Si, S, Ca

9.1

8.5

C, O, Si, Cl, Ca

9.2

8.4

C, Si, S, Ca

9.3

8.9

C, Ca

9.4

8.8

C, S, Ca

9.5

8.2

C, O, Si, P, S,
K, Ca

9.6

8.10

C, Mg, Al, Si, S,
Cl, Ca, Fe

9.7

8.11

C, Al, Si, S, Ca,
Fe

9.8

8.6

C, O, Si, S, Cl,
Ca

9.9

8.3

C, O, Si, S, Cl,
Ca

9.10

Results from Fgura dust samples analysed by SEM
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5.2

Results from dust samples collected from possible sources

The following table gives a summary of the findings of dust samples collected from
possible sources. The sample identification refers to Table 3.2.1 which indicates the
source of the sample.

Reference
to figure in
Appendix 1

Elemental
composition

Reference
to spectra in
Appendix 2

A

Irregular:
Inhomogeneous
particles of various
sizes with pointed
edges.

8.12

C, O, Si, Ca, Fe

9.11

B

Cenospheres

8.13

C

Of unique flat shape

8.14

Sample
No.

Table 5.2.1

Description of
particles

V, Ni, Ca, Fe,
Na, Mg, Al, Si,
S
Ca, O, Fe, Si,
P, S, Ca, Fe

9.12
9.13

Results from dust samples collected from possible sources and
analysed by SEM
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6.0

Preliminary Conclusions

The morphology of all particles in the samples taken from various streets in Fgura is very
similar to the description and structure of the cenospheres described in Umbria et al
(2004). This leads to the reasoning that Fgura dust particles arise from combustion of
fuel oil. Most cenospheres have a carbonaceous matrix and high sulphur content. Eight
out of ten samples from Fgura contain both carbon and sulphur, confirming this
interpretation.
Other constituents of the dust samples were Oxygen, Calcium and Chlorine which could
imply traces of calcium carbonate (globigerina limestone CaCO3) and salt (chlorides
NaCl). Eight out of ten samples contained Silicon, a natural constituent of the earth’s
crust. The sample from Vjal Kottoner contained Phosphorus and Potassium while the
sample from W. Lassell contained Magnesium, Aluminium and Iron. It is not possible to
discuss a possible source for these, since all samples were highly contaminated with
other dusts.
Umbria et al (2004) also states that, depending on the size, cenospheres may also
contain characteristic trace metals. Heavy metals indicative of fuel combustion in Marsa
Power Station (MPS), namely Nickel and Vanadium, were not found in any of the Fgura
samples; on the contrary to the sample taken from MPS where, as expected, Nickel and
Vanadium were found. This is probably due to the fact that as discussed in the scientific
paper, the presence of heavy metals in particulate matter resulting from fuel combustion
in the power plant depends on the size of the particles. It is more probable that trace
metals would be found in the finer particulate matter, such as PM10 or PM2.5. This will be
confirmed when the second part of this study is carried out. This will consist of the
analysis of PM10 samples taken from the roof of Fgura LC which will be analysed for
nickel and vanadium, amongst others.
There is no similarity whatsoever in the morphology of the Fgura dust and the sample
taken from Malta Shipyards. It can thus be concluded that Malta Shipyards are not
contributing to dust nuisance at those specific streets in Fgura where the samples were
collected.
There are specific common elements between Fgura dust samples and the sample
taken from a diesel car (P, S, Fe), however the morphology of the particles is different.
While Fgura dust consists of porous spherical particles, particles from the diesel car
sample are of a unique flat shape. Thus one cannot conclude that vehicle traffic is a
definitive source of this coarse dust. It is also concluded that a more representative
sample is necessary to determine if diesel soot can contribute to the Fgura dust.
At this stage it can only be concluded that the source of coarse dust in the Fgura area
results from combustion of fuel oil. However no definite source can be assigned to this
nuisance. It is expected that the speciation of PM10 filters which will follow in the near
future will shed more light on this matter.
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8.0

Appendix 1 – Pictures from the microscope

Figure 8.1

Viewing dust samples under the microscope

Figure 8.2

Sample 6 viewed under microscope
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Figure 8.3

Sample 10 viewed under microscope

Figure 8.4

Sample 3 viewed under microscope
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Figure 8.5

Sample 2 viewed under microscope

Figure 8.6

Sample 9 viewed under microscope
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Figure 8.7

Sample 1 viewed under microscope

Figure 8.8

Sample 5 viewed under microscope
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Figure 8.9

Sample 4 viewed under microscope

Figure 8.10

Sample 7 viewed under microscope
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Figure 8.11

Sample 8 viewed under microscope

Figure 8.12

Sample A viewed under microscope

19

Figure 8.13

Sample B viewed under the SEM

Figure 8.14

Sample C viewed under the SEM
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9.0

Appendix 2 – Spectra from the Scanning Electron Microscope

Spectrum 9.1 Sample 1 – Triq il-Huttafa, Fgura (First sample)
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Spectrum 9.2 Sample 2 – Triq il-Kampanella, Fgura
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Spectrum 9.3 Sample 3 – Triq il-Gojjin, Fgura
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Spectrum 9.4 Sample 4 – Zabbar Road, Fgura
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Spectrum 9.5 Sample 5 – Triq San Tumas, Fgura
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Spectrum 9.6 Sample 6 – Vjal Kottoner, Fgura (First sample)
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Spectrum 9.7 Sample 7 – Triq W. Lassell, Fgura
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Spectrum 9.8 Sample 8 – Triq il-Kuluvert, Fgura
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Spectrum 9.9 Sample 9 – Triq il-Huttafa, Fgura (Second sample)
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Spectrum 9.10 Sample 10 – Vjal Kottoner, Fgura (Second sample)
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Spectrum 9.11 Sample A – Malta Shipyards

Quantitative results
50

Weight%

40
30
20
10
0
C

O

Si

Ca

Fe

31

Spectrum 9.12 Sample B – Marsa power plant
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Spectrum 9.13 Sample C – Diesel car
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