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Introduction: Dust created by mining activities is one of the most important
concerns regarding human health and the environment protection. The aim of
this study was to identify the mineralogical and morphological characteristics
of dust particles found around the lead and zinc mine of Mehdiabad.
Materials and methods: First of all, dust samples were collected around
the mine by installing eight passive marble dust collectors using a combined
systematic random method during February, March and April in 2020. Then,
using two methods of X-ray diffraction (XRD) and scanning electron mi-
croscopy (SEM) mineralogy, shape and distribution of the particles of dust
samples were investigated.

Results: The highest frequency of particles with sizes less than 10, 10-60,
and 60-100 um were determined and observed in S1 station in the northwest,
and S5 and S2 stations in the southwest of the mine, respectively. The re-
sults of SEM analysis revealed that the appearance of dust particles is mostly
Spherical, Irregular, Elongated, Prismatic, and Rhombic. The results of XRD
analysis showed that the minerals anorthite (Ca (Al Si,0,)), dolomite (Ca Mg
(CO,),), albite (NaAlSi,O,), calcite (CaCO,), quartz (SiO,) and muscovite
(KAL (Si,AlO,,)) (OH,) have the highest frequency in dust samples.
Conclusion: The findings show that the predominant mineralogical compo-
sition of dust particles includes carbonates (dominant mineral: calcite) and
silicates (dominant mineral: quartz) which are found in all stations. Thus,
dust particles, with high frequency of quartz, have a high potential to result in
respiratory diseases in the inhabitants living around the mine.

Introduction

Mining has a long history in human history. Since
the ancient times, human beings have supplied
their needs in different ways from the earth, and

mining has evolved along with the development

of human societies. Mining is an advanced sci-
ence today, and the amount of annual extraction
of mineral material from the earth is greater than
the total amount of sediment carried by the riv-

ers. Taking out this huge amount of material has
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many consequences in the environment and this
can cause some problems if protections are not
taken in account carefully [1]. Despite the value
of mining activities in terms of creating sustain-
able job opportunities, and creating and complet-
ing the infrastructure such as transportation and
social development in countries, it has always
been considered in terms of environmental dam-
ages. With the extraction of more and more open
pit mines, the expansion of operational space
and land degradation, and the creation of tailings
ponds, the environmental problems associated
with the mines are increasing every day [2]. The
release of toxic heavy metals in nature, degrada-
tion of soil quality, surface and groundwater pol-
lution, acidic drainage, air pollution, noise pollu-
tion, visual pollution, ecological effects (negative
effects on biodiversity, vegetation, and wildlife
species) and finally, health effects in humans are
among the environmental problems associated
with mining activities [3].

Dust created by mining activities is one of the
most important concerns regarding the protection
of human health and the environment protection.
This is due to the fact that dust plays an impor-
tant role in the transfer of non-degradable pollut-
ants such as heavy metals to sensitive population
centers [4]. Various activities conducted in mines
such as excavation, blasting, and natural erosion
of tailings can cause dust production. In arid and
semi-arid areas, mineral tailings are vulnerable
to erosive factors due to their poor construction;
therefore, they are one of the most important
sources of dust creation in the areas around the
mines [5]. Dust created by the excavation and
erosion of waste materials, after a period of sus-
pension in the air, will settle on the surfaces in the

form of falling dust. The term “falling dust” re-

fers to aerosols with a diameter equal to or great-
er than 10 pum that have the ability to settle after
temporary suspension [6]. Deposited dust parti-
cles can have a significant effect on human health.
Airborne particles usually have sizes between
0.0001-500 pwm, most of which are the materials
in the size range of 0.01-01 um [7, 8]. It has been
reported that each person with an average of 10 h
of activity and with 17 breaths per minute and an
average of 0.01121 g/m? of dust the air averagely
enters 6.6240 g of dust into the lungs at the time
of the dust phenomenon (10 h) [9]. Depending on
their origin and direction of motion, dust particles
have a high ability to carry heavy metals, or they
can be a dangerous contaminant if combined with
a special mineralogy or morphology [10]. Today,
in addition to determining the chemical indica-
tors of dust particles, it is also important to study
their physical properties and their role in environ-
mental pollution. Moreover, the size of the par-
ticles, as the most important factor, allows them
to have deep access to the respiratory system as
well as oxygen exchange areas of the lungs [11].
Complex and irregular shapes of the particles
result in an increase in their active reaction sur-
face. In some studies, the effect of the shape of
the particles on human health has been investi-
gated. Many researchers examined the minerals
and the pattern of dust particle size distribution
around Hur al-Azim in Khuzestan province, then
they found that the predominant minerals in the
dust particles include quartz, calcite, feldspar, ha-
lite, dolomite, and palygorskite. In addition, their
other results showed that due to the similarity in
the pattern of dust particle size distribution with
some local soils, some of the particles are of local
origin [12]. Using X-ray diffraction (XRD) and

scanning electron microscopy (SEM) analyzes,
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classified by some researchers on Khuzestan dust
particles into three groups: carbonate (calcite),
silicate (quartz), and clay (kaolin) with differ-
ent spherical, irregular, prismatic, and rhombic
shapes [13]. In another studey in a 6-month study
on dust particles in Urumia and Abadan, it was
found that most of the particles are calcite, quartz,
clay minerals, and a little gypsum. In addition
with the decrease in the size of the particles, the
amount of quartz reduced and the amount of clay
minerals and lead particles increased. They also
stated that the predominant shape of the particles
was mainly spherical, flat, cubic, cylindrical, and
prismatic, and with the occurrence of dust events,
the shape and size of the particles changed and
the tendency to roundness increased [14]. In re-
cent decades, with the discovery of new mineral
veins, the mining activities of the lead and zinc
mine in Mehdiabad, Yazd, have increased, and as
a result, the falling dust around the mine has cre-
ated many dangers for the residents. Therefore,
this study was carried out by carefully examining
the falling dust around the lead and zinc mine in
Mehdiabad, Yazd, using SEM analysis of particle
morphology and using XRD mineralogy analy-
sis. The information, obtained by this study, will
determine the degree of dust hazard on the health
of local communities and will provide the neces-
sary measures to reduce the harm caused by this
phenomenon in the field of human health and the

environment protection.

Materials and methods

The present descriptive-analytical study was con-
ducted in February, March, and April 2019-2020
in the area around the lead and zinc mine of Me-
hdiabad, Mehriz, Yazd. The geographical coordi-

nates of the area under investigation are 31° 16’

317to 31° 31" 31" North Latitude and 54° 47" 30
“to 55° 08" 19" East Longitude. In the following,
the geological structure of Mehdiabad lead and
zinc mine, the environmental conditions of the
study area, Sampler design, and dust sampling
method, as well as their analysis using SEM and
XRD methods will be described.

Geological structure of the lead and zinc mine
of Mehdiabad, Yazd

Mehdiabad zinc and lead deposit is located at a
location at 110 km southeast of Yazd in the cen-
tral part of Central Iran. Mehdiabad lead and zinc
mine, with more than 200 million tons of lead and
zing, is the largest mine of this kind in the world.
This mine contains oxide and sulfide deposits of
lead and zinc and includes seven oxide, sulfide,
and composite parts. The Mehdiabad zinc deposit
with an average grade of 7% is the second largest
non-sulfide deposit in the world. This mine has
been exploited intensively for a long time using
handmade mining system. Most of the extraction
of materials was due to the high grade of zinc
(20 to 50%) from the oxide part [15]. Asphalite,
galena and barite are common economic miner-
als and pyrite and chalcopyrite are sub-minerals
in the sulfide section. Serosite (PbCo,), Smith
Zonite (ZnCo,), Hemorphite (Zn,(Si,0,)(OH),.
H,0) and Hydrosensite (Zn,(CO,),(OH),) are the
main minerals of the oxidized part of the deposit.
The host rock of the deposit is Lower Cretaceous
carbonate rocks including three formations of
Sangestan, Taft, and Abkooh. The Sangestan For-
mation is mostly composed of shale and siltstone
with Arnite limestone layers. This lithological
unit is covered with dolomite, dolomitic, and an-
critic limestone of Taft Formation. Abkooh For-

mation is located on the Taft Formation in the up-

http://japh.tums.ac.ir



124 S. Shojaee Barjoee, et al. Investigation of morphological and ...

per part, which includes chert and clay limestone
with massive row limestone and Conglomerate

between-layers [16].

Climate conditions

There are a variety of uses in the area under study,
including rangeland vegetation, desert, agricul-
tural lands, pistachio orchards, and rural areas.
The study area was topographically a combina-
tion of mountainous and flat features. According
to the information obtained from the Meteoro-
logical Organization in 2020, the prevailing wind
direction in the region in February, March, and
April was from the northeast to the southwest and
the average wind speed in February, March, and
April was equal to 2.16, 2.59, and 2.60 m/s (Fig.
1). The average horizontal visibility in February,
March, and April was 15662, 15386, and 15516
m, respectively. In addition, dry air temperature
in February, March, and April was equal to 9.67,
15.83, and 17.06 degrees while the relative hu-
midity was equal to 27.89, 23.82 and 36.27% re-
spectively.

Lack of rainfall as well as poor vegetation den-

sity in the region have always caused natural ero-

I. = .I-
S : February

sion. On the other hand, the drilling operation
and the creation of a large pit, as large as 1.65
km, can increase the emission of dust containing
toxic substances in the area. Tailings dams cre-
ated by the mining activities, which are without
any protective cover, are always exposed to wind.
Therefore, erosion of these tailings dams and ex-
plosive operations in the mine always cause dust
production in the area which can affect the life of
surrounding residents. Mehriz Cement Factory is
located at 27 km northwest of the mine and it is
33 km far from the villages. Thus, in addition to
natural erosion and mining activities, Mehriz Ce-
ment Factory has contributed to the increase of

toxic dust in the region.

Sampler design

In order to conduct this study, Continuous sam-
pling of dust was performed during three months
using Marble Dust Collector (MDCO). In the de-
sign of this sampler, three rows of marbles were
placed in a plastic container With diameters and
heights of 315 and 100 mm, respectively. To pre-
vent dust escape, marbles with a diameter of 1.6

cm were selected (Fig. 2) [17].

March

Fig. 1. Wind rose of Mehriz in February, March, and April of 2020
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Fig. 2. MDCO samplers used in order to collect the falling dust
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Fig. 3. Location of Mehdiabad lead and zinc mine in Mehriz, Yazd, and the sampling stations

Selection of the sampling stations

Systematic random sampling was performed
along a transect (longitudinal cross sectional) fac-
ing the prevailing wind in the area. For this pur-
pose, a 400 m x 400 m network was first drawn.
Then, by removing a number of selected points
that were not accessible by the samplers, such as
mountains and roads, the position of the stations
was determined [18]. In selecting the sampling
stations, in addition to the prevailing wind direc-
tion of the region, the uses of the lands, such as
residential and agricultural areas, were taken into

account [19]. A total of eight sampling stations

were installed and after three months, the gath-
ered dust was collected. The location and names
of the stations are shown in Fig. 3. In addition to
dust, 4 different samples were collected from the

mine tailings dam.

Analysis of dust and tailing samples using XRD
and SEM methods

X-ray diffraction analysis is one of the most im-
portant non-destructive methods used to detect
minerals in dust and tailings. In this study, using
the X PertPro X-ray diffraction device made in
the Netherlands by Panalytical Company with
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1.54 radiation the CuKa angstrom was conduct-
ed. Samples were scanned from a 5 © to 80 © 62
angle of 0.05 ° 062 per second on a rotary sampler.
After the experiment, the results were analyzed
using High Score Plus software and each mineral
peak was related to the relevant mineral type and
recorded and the amount of minerals existed in
each sample was measured.

Scanning Electron Microscope was used in or-
der to observe the size, shape, and morphological
characteristics of the dust particles of the samples
as well as the placement of the particles next to
each other or even the placement of clays be-
tween different ranges of particles and even clay
coatings on other compounds and particles. In
this method, some dust samples were placed on
black double-sided adhesive non-conductive car-
bon films to adhere to the special support bases.
The throwing coating device was used to provide
a gold coating to increase their conductivity and
a gold cover as thick as 200 A was placed on the
samples. Then, the samples were placed under a
microscope and secondary electron images with
a magnification of 250 were taken from all the
samples using a voltage of 15 kV and a working

distance of 15.49 mm.

Results and discussion

Distribution of the Size and Shape of the Par-
ticles

The effect of airborne particles depends on their
properties such as size, shape, and mineralogy
[20]. Dust particle size distribution is a good in-
dicator for assessing the origin of these particles
and their transmission distance. For example,
the existence of multi-peak distribution patterns
indicates dust particles of different origins and

the influence of different processes in the trans-

port of these particles. In a study, the particle
size distribution was introduced as an indicator
for their deep access to the respiratory system as
well as oxygen exchange areas of the lungs [21].
Fig. 4 shows the pattern of dust particle size and
tailings distribution at sampling stations. Ac-
cording to the figure, the highest frequency per-
centage of particles smaller than 10 pm (54%)
was observed in station S1 and the lowest per-
centage of frequency (25%) was recorded in
station S5. In other stations, the frequency per-
centage of particles with a diameter of less than
10 wum was: S6 (52%)> S3 (51%)> S7 (44%)>
S2 (43%)> S4 (35%) >S8 (287). Particles with
a diameter range of 10-60 um had the highest
frequency percentage (74%) in S5 stations and
the lowest frequency percentage (42%) in S2
station. The sequence of the frequency of par-
ticle in this size in other stations is observed as
follows: S8 (72%)> S4 (63%)> S7 (55%)> S3
(49%)> S6 (47%) >S1 (45%). The order of this
ranking for particles with a diameter of 100-
60 um is S2 (15%)> S1 (7%)> S4 (2%)> S5 =
S6 = S7 (1%)> S8 and S3 (zero). The results
of particle size distribution for mineral tailings
showed that the frequency of the particles with a
diameter of less than 10 um was represented as
follows: oxide tailing (65%)> dolomite tailing
one (50%)> dolomite tailing two (48%)> allu-
vial tailing (40%). Particles in the size range of
10-60 um have the highest frequency in alluvial
tailings (51%)> dolomite tailings one = dolo-
mite tailings two (47%)> oxide tailings (29%),
respectively. Moreover, particles with a diam-
eter of 100-60 um have the highest frequency
in alluvial tailings (9%)> oxide tailings (6%)>
dolomite tailings two (5%)> dolomite tailings
one (3%).

http://japh.tums.ac.ir



Journal of Air Pollution and Health (Spring 2020); 5(2): 121-134

127

Allunvial tanling s

L] 1] L ]
-
1 I-lll\—\
L
G
Em
g
ga
i
@
[ (LR [ ]
A TR Thh
Drabommile Eailings [Twa)
- (5] L]
R
L
& T
]
Ew
g
ga
u
& —
(- R -
A TR TR
al
[T] i T
[
| —
73 -'_"‘—|—\____-_-_.
£ ]
g
o
=
o
-
i —
a e 1
BLAMTE TR (140
54
% - 1 ]
-
] _‘H
L
kG
Ew
g
gs
i
& —1
[~ [S-2r- il Ll

A TR T

Malomite Lailings {one]
w

Ok Lailings
k]

A

/

-

-

-
F i )
-
e
#
-
=]
=
=
gaa

1)

& —

[ I

A TR Thh
o

m

B ‘_'-
Fu
E-
=
=
=
En

i}

& —

[ i

FEEGUESEY [

FEEQUESEY [
s e B EHAEENNE

E & § & € ® 3

L

=
=

A A TR (T

Il

A TER TR

N

Il

B TER TR

Fig. 4. Particle size distribution of the falling dust taken from sampling stations and tailings
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Fig. 4. Particle size distribution of the falling dust taken from sampling stations and tailings

The results of a research work, on the shape and
morphology of dust particles falling on the cit-
ies of Sanandaj, Khorramabad, and Andimeshk
showed that with increasing distance from the
centers of dust generation, the particle size be-
comes smaller, so Sanandaj station, due to greater
distance from dust hotspots, contain smaller par-
ticles [22]. Irregular and complex shapes of the
particles lead to an increase in their active re-
action surface. As a result, the morphology and
shape of dust particles are important factors in
determining their toxicity and risk for human
health. In the present study, in the oxide andtail-
ings dolomite two, the two forms of particles are
mainly angular to slightly rounded, and in the al-
luvial and dolomite one tailings, they are mostly
rounded with high to slight angular shapes. In
SEM explorations, the morphology of the par-
ticles largely reflects the minerals that make up
the dust particles. Of course, if the SEM meth-

od is combined with the application of a micro-

analyzer (EDX), the chemical composition of
each particle as well as its shape and mass can
be measured perfectly. In the present study, only
the SEM method was used to prepare the images.
These images and the examination of the shape
and size of the particles show that the samples
have a certain uniformity in terms of shape and
mineralogy. According to a study, spherical, ir-
regular, elongated, prismatic, and rhombic shapes
occurring in dust particles represent clay alumino
silicate, quartz, and calcite particles in dust par-
ticles, respectively [20]. Accordingly, based on
SEM images, particles smaller than 10 um are
spherical in shape and they are mostly of the clay
mineral type. Moreover, particles with a diameter
of 10-60 um have an elongated, irregular, and
prismatic shape mostly composed of quartz and
calcite minerals. Irregularly shaped particles with
a diameter range of 100-60 um are mostly made
of quartz (Fig. 5).
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Mineralogy of dust particles and their possible
sources

The mineralogy of airborne particles and dust
varies and depends on the minerals of the source
areas, regional geology, and the direction of the
dominant wind. The results of XRD analysis are
shown in Fig. 6. According to the presented fig-
ures, the minerals anorthite (Ca (ALSi,0,)), do-
lomite (Ca Mg (CO,) ,), albite (NaAlSi,0,), cal-
cite (CaCQ,), quartz (Si0,) and muscovite (KAL,
(Si,Al0, ) (OH),) have the highest frequency in
the dust samples. The highest frequency of min-
erals in the dust particles were as follows: station
S1= anorthite, calcite, and quartz, S2 = calcite,
dolomite, low amounts of quartz, sodium-rich
anorthite, S3=quartz, calcite, albite, and mus-
covite, S4=quartz, high amount of calcite, and
albite, S5=quartz, calcite, low amount of albite,
and Muscovite, S6=quartz, calcite, and anor-
thite, S7=quartz, calcium-rich calcite, and albite,
S8=quartz, calcite, high amount of albite and do-
lomite.

In the tailing samples, the most frequent miner-
als in the tailing of the oxide section were do-
lomite, calcite, quartz, and hematite (Fe,O,), in

the tailing samples of the alluvial section, four

Alluvial tailings
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minerals of calcite, quartz, dolomite, and en-
statite (Mg, (51,0,)) were observed. Moreover,
in the first dolomite tailings dam quartz, Calcite,
dolomite and muscovite and in the second dolo-
mite tailings dam quartz, calcite, dolomite and
muscovite were the most frequent minerals. The
amount of major oxides in the dust particles in-
dicates the mineralogical composition and com-
position of rocks in these particles and in areas
where dust particles do not travel long distanc-
es, these oxides are used to determine the source
or possibly multi-source of the particles. The
similarity of the results on the types of minerals
observed in tailings and dust particles show a
significant effect of the tailings of Mehdi Abad
lead and zinc mine on the chemical composition

of the region’s dust.

Conclusion

The results of this study show that dust and the
type of particles in it can have devastating effects
on humans and environment. The results of XRD
analysis showed that many of the minerals in the
tailings were the same as the ones in the dust
samples collected from the stations. Therefore,

mining activities have had a significant effect on
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Fig. 6. display of Mineralogy characteristics of the dust particles by XRD
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Fig. 6. display of Mineralogy characteristics of the dust particles by XRD

the qualitative characteristics of dust. The results
of this study also showed that the predominant
mineralogical composition of dust particles in-
cludes carbonates (dominant mineral: calcite)
and silicates (dominant mineral quartz) that are
found in all stations. The results of SEM images
showed that spherical, irregular, and prismatic
shapes are the most important forms of dust par-
ticles around the Mehdiabad lead and zinc mine.
The other results revealed that the most important
concern about the dust around the Mehdiabad
lead and zinc mine is the abundance of minerals
such as calcite and quartz, because these minerals
are able to have heavy and dangerous elements.
On the other hand, due to the sharpness and angu-
larity of the particles, they can cause respiratory
problems in the surrounding residents. Moreover,
dusts containing calcite and quartz, fall on trees
and agricultural products, cause leaf surface wear,
change in leaf energy balance, pores close, and
reduction of their number. The change in the al-
kalinity characteristics of plants, will damage the
agricultural products [23]. In order to reduce the
environmental impact of mining operations, the

legislation of strict regulations on the discharge of

tailings will be effective in preventing water pol-
lution and airborne emissions, such as the Clean
Air Bill, Clean Water, Resource Protection, etc.
in the United States. Another way to reduce envi-
ronmental pollution is to exploit mines at the ex-
pense of profound changes in mineral consump-
tion as well as the global economy. It is important
to note that what poses the greatest threat is the
extraction and processing of minerals, not their
consumption. Therefore, one of the solutions to
reduce the environmental pollution of Mehdiabad
lead and zinc mine, is to develop and create green
space and tree planting areas around the mine as
a green belt [24], support the private sector to in-
vest on environmental protection, evaluate envi-
ronmental strategies, and apply national policies
and programs affecting the environment. In the
meantime, one of the management strategies in
order to manage and control dust in Mehdi Abad
lead and zinc mine, is to create paving on the tail-
ings to prevent the their erosion and the entry of
hazardous minerals into sensitive population cen-
ters. In addition, water spraying on the tailings
dams, to keep them moist, can be taken as other

solutions.
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