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Physical and Chemical Characterization of
Volcanic Dust Particles from Mt. Semeru and Mt.
Bromo, and the Research of Their Influences on

the Productivity of Nearby Agricultural Lands

Alamsyah M. Juwono

Abstract: A study to, physically and chemically, characterise
the volcanic dust particles, from Mt. Semeru and Mt. Bromo, has
been done. All samples were treated and prepared for
examination using three different equipment, XRD, FE-SEM,
and XRF. The results from analysis using XRF indicated that,
both sample clusters have some common chemical
atomic/molecular contents, and both are dominated by the Fe
and Si traces. However, the results from analysis using other two
equipment do not show the same dominance of Fe and Si. XRD
results have indirectly indicated the present and dominance of Si
and Fe. The main contents of the samples from Mt Semeru were
Fe (39.2%), Si (27.9%), and other elements such as Ca (12,7%),
Al (12), and K (2,69%). Zinc (Zn) was an element with lowest
concentration, (0.03%). Results from the use of XRD, on the
samples from Mt. Bromo, indicated the close similarity of their
spectral patterns with those of Semeru. Elements, such as Ca, Al
and K, exist in the both sample clusters. Comparing the current
study, with study of Omar [8], suggested that Si found in the
sample Sem1, for instance, has a crystalline structure, with
Miller index of [1 1 1], and 2-theta angle of about 28°, while the
Fe has crystalline structure, with index of [2 0 0], with 2-theta
angle of about 65°. In general, the study using the three kind of
equipment for samples from the two mountains, indicate the
existence of many metal traces, mostly transition metals, with
their various concentrations, i.e., Fe, Na, Ca, Mg, Ti, K, Mn, Cu,
V, Cr, Rb, Sr, Ba, Zn, and Pb. Toxic traces such as F was not
detected. From FE-SEM study it was revealed, that, the volcanic
dust particles, have sizes of order of ten to few hundreds of
micrometer
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chemical elements, carbon, oxygen, silicon, iron, metal traces,
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I. INTRODUCTION

As one of the countries located in the ring of fire zone,

Indonesia has hundreds of volcanoes, both active and
non-active, throughout the country. Therefore, volcanic
eruptions are common events. The community and the
government have had a long experience, in dealing with
volcanic eruptions, fire, and all other consequences.

Revised Manuscript Received on January 10, 2020.

Alamsyah M. Juwono, lecture, Study Program of Geophysics
Engineering, Deparment of Physics, Faculty of Mathematics and Sciences,
Brawijaya University. Indonesia

Retrieval Number: C10350193520/2020©BEIESP
DOI: 10.35940/ijitee.C1035.0193S20

158

Mt. Bromo and Mt. Semeru, in East Java, are active
volcanoes. Mt. Semeru has an interesting eruption character,
that is, small phreatic eruption with relatively high
frequency, with the material upthrow reaching a height of
only about 200 to 300 m, above the mountain peak.

Mt. Bromo, on the other hand, has a pattern of eruption
that is similar to the pattern of eruptions in general volcanoes
in Indonesia. Mt. Bromo had become one of the main tourist
destinations, and, therefore, an eruption that occurs could
have an extraordinary impact

The spread of these volcanoes have caused health
problems in the community, in a wide range of areas, also
brought losses in agriculture, as well as in transportation.

Losses in agriculture, for example, were the decrease of
fruit production, especially apples, in nearby areas, such as in
the Poncokusumo District. Impact on the public health has
received little, or moderate attention, although it may cause
emergence of respiratory diseases, and eye irritation, due to
poor air quality in nearby residential areas. Losses in the
economic can be derived from the decline in population
activities in the affected locations, such as in tourist visits.

The minerals contained in volcanic ash depend on the
chemical material contained in the magma that forms it, and,
is always dominated by the element silica, accompanied by
other metals, such as iron (Fe) and magnesium (Mg). Silicate
content in felsic volcanic ash can reach 70%. Witham et al.
[15] reported that from observation of fresh volcanic ash,
more than 55 different types of ions were obtained, the main
ones being Na*, K*, Ca?*, and Mg®* and CI', and F, and
SO*,.

Ash was once thought to be a noble material (inert), and
difficult to react with other materials, and does not have a
negative impact on health. However, there is evidence that
particles from volcanic ash can be part of air and water
pollution, which affects health [5]. The particles of fresh
volcanic ash have a surface that has not been weathered, and
has not been oxidized, and can therefore carry non-volatile
materials of acid molecules, and metals. Such particles tend
to be spherical in shape, with a diameter of <100 pm in
diameter. Some may be electrically charged [2].
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The impacts caused by volcanic eruption activities,
especially those related to volcanic ash emission, can be in
the form of material losses, as well as loss of life. Material
losses caused by volcanic eruptions can be in the form of
losses in the form of damage of facilities, damage of plants,
water resources, damage to transportation equipment, and
disruption of land, sea and especially air transportation.
While the non-material losses can be in the form of death due
to disruption of the respiratory system, ash particle
poisoning, etc. related to volcanic ash.

The fall of volcanic ash on agricultural land, will cause
disruption to soil fertility. According to Nanzyo, et al. [7],
immediately after the fall of volcanic ash, then the surface on
the local land will form a layer of soil, called Andisol.
Andisol soil makes local land has different properties from
the normal soil. Andisol soils are generally infertile, and tend
to make plants not grow well, due to the low soil nutrient
content of plants, and due to the present of toxic elements
[11]. Only after experiencing washing by rain water, in a
relatively long period of time, the state of the land can be
restored to normal

Il. MATERIALS AND METHODS

This study is investigating chemical mater contents, and
physical properties, of volcanic dust particles. Samples were
collected from surrounding of Mt. Semeru and Mt. Bromo,
during months of September to November 2019. The samples
were treated, by to have them cleaned up from non-dust
materials, and heated up to 500°C, for 30 minutes. The
heating was aimed to make the samples dry enough, so that
they do not contain water. The samples were also filtered up
to 50 mesh, to sort them, so that the maximum size of dust
particle is about 0.3mm. The filtered samples were further
crushed to make them finer.

We conducted analysis of the samples, by using three
different equipment, that’s, the XRF, XRD, and FE-SEM.
We selected 7 samples from Mt. Bromo, and named them as
Brol, Bro2, etc; and 5 samples from Mt. Semeru, and named
them as Sem1, Sem2, etc., accordingly.

The analysis using XRF were conducted at Central Lab of
State University of Malang, while the analysis using XRD
and FE-SEM were both conducted at the Central Lab of
Brawijaya University. The results of the analysis are
presented in the following

A. Analysis Using XRF

Results of the analysis using XRF, were only obtained for
two samples from each sample cluster, that’s, Seml and
Sem3 samples, from Mt. Semeru, and Bro2 and Bro4
samples, from Mt. Bromo. The typical results of the analysis
are as following.

Fig. 1 displays result of the test using XRF, for which, it
indicates the spectrum of the particles’ count
per-dispersive-energy unit (a), and various chemical
elements, and their corresponding concentrations (b). It is
shown in the Fig. 1 (b), that, in the sample Sem1, the most
dominant element is Iron (Fe), with a concentration of
39.2%, followed by silicon (Si) with a concentration of
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27.9%. Other elements that are classified as dominant are Ca
(12.7%), Al (12), and K (2.69%). The Zinc (Zn) element is
the lowest concentration element, detected in the sample.

Samples from Bromo, which were represented by Bro2
and Bro4, under analysis using XRF produced similar
results, with those result from Sem1. The dominance of the
element traces is also similar, that’s, Fe (44.44%), Si
(24.9%), Al (15%), and Ca (8%). The Zn was also detected
with lowest concentration.

The overall results of analysis using XRF, indicated, that,
basically, chemical contents of samples from Mt. Semeru and
Mt. Bromo are the similar. The similarity is clarified by the
similar trends of concentration lines, as presented in Fig. 2.
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Fig. 1: Typical sample spectral from Mt. Semeru (a), and
the corresponding chemical concentrations (b).
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Fig. 2: Concentrations of various elements from samples
of Sem1, Sem3, Bro2, and Bro4. The trends of
concentration lines indicate the similarity the contents
and their corresponding concentrations, from both

sample clusters
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B. Analysis Using XRD and FE-SEM

Typical results of the test using XRD, for samples from
Bromo, all are combined, is indicated by Fig. 3(a), while those of
combination of samples of Seml, Sem3, Sem5, Sem?7, and
Sem8, is indicated in the Fig. 3(b). It should be noted, that the
horizontal axis in these figures is 2-theta angle, which, is angle
between incident and diffracted beams, in the XRD engine. In
these figures, the spectra of all samples look similar.

There is one distinct peak that is present in all spectra, which
is not explicitly identified, which the element the peaks
correspond to.

(b)

Fig. 3: Spectra of samples from two sample clusters, Brol
to Bro5 (a), and Sem1, Sem3, Sem5, Sem7, and Sem8 (b).
The spectra look very much the same, which indicate
similarity between contents in the two sample clusters

Further similarity is also justified by spectra of
combination of samples Sem1, Sem3, Bro2, and Bro4, as
indicated in the Fig. 4, where the four samples are plotted
together. As can be seen in the Fig. 4, the spectra of the four
samples look very much the same, which indicate that the
elemental content of the samples, and their corresponding
concentrations are basically the same.

]
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Fig. 4: Spectra of combination of Sem1, Sem3, Bro2, and
Bro4

The main peak, as indicated in the Fig. 3 (a) and (b), and
Fig. 4, was interpreted by the help of the work of Omar [8],
which indicated that such peak, at 2-theta angle of about 28°,
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is due to element of Si. Omar [8] also indicated, that, the peak
which appears in the 2-theta angle of about 65°, is due to
element of Fe. Closer look at the Fig. 3 (b), such peak indeed
exists in the spectrum of sample of Semb.

Typical result of analyzing samples using FE-SEM is
shown in Fig. 5. This spectrum is from sample Sem1, which
clearly indicates the count per-dispersive energy unit, which
represents the relative concentration of each element. Not
like the other two equipment, whose results have been
discussed earlier, the FE-SEM also result displays the present
of the oxygen, and carbon (C). However, the FE-SEM results
indicate the concentrations of the each element quite
differently in their values. This may be due to the detection of
Oxygen, which was not detected, and hence, is not counted in
the percentage in the other two equipment.

cps/eV

|
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Fig. 5: Spectrum of chemical element content of sample
Sem1l

Some data examples, which display the difference between
result from XRF test and FE-SEM test, are given in the Table
1. From the table, it can be seen, that, while FE-SEM
detected oxygen and carbon, the XRF did not. Main
elements, like Si, Fe and Al, were detected with low
concentration in the FE-SEM Test, and were detected with a
lot higher concentrations in the XRF Test. The large
discrepancy might come from the fact, that, in the XRD Test,
there are two elements which are not present in the XRD
Test. Oxygen is not intrinsic constituent of volcanic dust
particle. In the FE-SEM Test, it was detected with high
concentration, that makes the concentrations of other
elements become relatively low.

Table 1: Comparison of Elemental Results from
FE-SEM Test and from XRF Test

FE-SEM XRF
g 5
E ¢ ¥ E B > T B 2 &
w o o ] ] o o ] ] [
O 569 548 499 678 0
C 245 182 302 C
Si 74 94 81 14 249 239 279 349 Si
Al 72 109 51 10 15 16 12 1 Al
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The results from FE-SEM Test, i.e., the photographs show
the physical forms of the sample particle. For example, Fig.6
shows the micrograph of Bro2 sample. The photo shows that
volcanic dust particles have irregular form, with jugged
sharp edge, with length sizes ranging from tens to few
hundreds of micrometer.

volcanic dust particles contained in the sample. Particle
builds are generally irregular, of varying lengths, with
size estimates ranging from tens to several hundred
micrometers.

From various results obtained, as discussed above, the
trace of halogenic elements, such as fluorine, which is a toxic
chemical, was not detected. This may be due, that, the
samples that we worked on, were not fresh, but have been
deposited on the ground for few months, for samples from
Mt. Bromo, and for about 5 years, for samples from Mt.
Semeru, from the last times when these mountains erupted.
Therefore, the volcanic dust samples used in this study, may
have been washed by rain water again and again, and lost
some chemical traces.

I1l. RESULTS AND DISCUSSION

From what have been explained above, it can be said, that,
in general, the chemical composition of samples from the two
sample clusters, corresponding to the two mountains, are
very much similar. Analysis that has been done produced
results that indicate the present of various metal traces that
contained in the samples, with similar concentrations.

The main elements, which are detected from the three
types of sample tests are: Silicon (Si), Aluminum (Al), Iron
(Fe), Calcium (Ca). The concentration of Si and Fe from the
FESEM-EDS Test and the XRF Test showed a large
difference, where in the later test, the two elements were
detected with high concentrations. The present of Si with
high concentrations was also shown by the results of the
XRD-Test, where Si with high concentrations presents at

2-point angle of about 27° —28°. XRD Test also shows that
the contents of Fe in both groups of samples are of moderate
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concentrations. Comparison of the results of the XRF-Test
with the results of research [1] [13], shows, that, the results of
the XRF-Test are more complete results.

As shown in Table 1, where comparison is made for the
results from FE-SEM and XRF Tests, although in most cases
both tests detected the same elements, but their
corresponding concentration could be very much different.
The Si averaged concentration from FE-SEM is 9.7%, while
those from XRF test have average value of 27.9%, that is
about three times larger. For Fe, element was detected with
average concentration of 2.6% in FE-SEM test, while it was
detected in XRF test with concentration of 40%. The
concentrations of Al, from both tests also indicate obvious
difference, i.e., 8.3% for FE-SEM test, and 13.5% for XRF
test. The K also shows clear difference, i.e., 0.28% for
FE-SEM and 2.07% for XRF.

Overall, the element that contained in the samples are
metal traces from transition metal group, i.e., Fe, Na, Ca,
Mg, Ti, K, Mn, Cu, V, Cr, Rb, Sr, Ba, and Pb.

Traces of halogenic elements, such as fluorine, which is a
toxic chemical, was not detected. This may be due, that, the
samples that we worked on, were not fresh, but have been
deposited on the ground for few months, for samples from
Mt. Bromo, and for about 5 years, for samples from Mt.
Semeru, if times from the last times when these mountains
erupted. Therefore, the volcanic dust samples used in this
study, may have been washed by rain water again and again,
and lost some chemical traces. Fluorine and other elements
from halogen group in the periodic table are considered as
toxic elements, which, may cause damage to the plant lives.
It may explain why most soils seem to be not fertile, often
followed by the death of plants, when they have just poured
by dust, or ash, from mountain eruption. After washed by
rain, the soils would be back to normal condition.

The FE-SEM revealed that the size of the dust particle are
mostly tens up to few hundreds micrometer, with irregular
forms.

IV. CONCLUSION

From what we have done, in investigating the physical and
chemical characteristics of the volcanic dust particle, it can
be concluded that:

1. In general, volcanic dust samples from Mt. Bromo and
Mt. Semeru have similar chemical and physical
characteristics, both in terms of the main constituent
elements, as well as their physical appearance and sizes
. Overall, the element that contained in the samples are
metal traces from transition metal group, i.e., Fe, Na, Ca,
Mg, Ti, K, Mn, Cu, V, Cr, Rb, Sr, Ba, and Pb. No
elements from halogen group, such as F, were detected.
The FE-SEM revealed that the size of the dust particle are
mostly tens up to few hundreds micrometer, with irregular
and sharp with jagged edges, forms.
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