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ABSTRACT

Medical geology is a new interdisciplinary science studying the relationships between the geological
factors and related human health problems. One of the most common occupational health hazards
is the inhalation of the mineral dust. EI-Gedida iron mine which located in the bahariya oasis is
considered a good case study to apply the medical geochemistry methods by studying the
characteristics and the geogenic of the mineral dust. The key project task of this research is to
determine the geological sources of the mineral dust and form an overview of the potentially lung
diseases due to dust exposure. Different geochemical methods were used to show how the
geochemical characteristics affects the potentially lung diseases including XRF, XRD, SEM and
EDX. The results show that the most potential lung disease is sidero-silicosis which is attributed to
the high concentrations of crystalline silica and hematite in dust samples. Sidero-silicosis results in
shortness of breath cough and fever. When the disease becomes progressive, extreme shortness of
breath, great chest pains and sometimes total respiratory failure occur with an increased risk of
lung cancer has been reported in people with silicosis. We suggest some procedures which should
be taken to prevent the development of lung diseases between workers including emphasizing
adequate ventilation, limiting exposure hours, continuous medical surveillance, using efficient dust
masks and form a multidisciplinary platform between different related sciences towards a better
applying of medical geology methods.
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1. MEDICAL GEOLOGY
The living organisms are composed of major, minor and trace elements which given by

environment and geology is the major critical component affecting the environment, so from this
criteria the medical geology science is rapidly growing. Medical Geology is defined as the science
dealing with the relationship between the geological factors and health problems in humans,
animals and plants (Selinus, 2002). The field of medical geology, a relatively new interdisciplinary
science, deals with the complex relationships between environmental factors relating to the
presence of geogenic contaminates in different geological settings, their mobility, geographical
distribution and their effects on human and animal health (Bunnell, 2004).

So medical geology is a multidisciplinary scientific field shared by specialists of different
scientific domains, such as earth sciences, environmental sciences, medicine, public health, biology,
biochemistry, chemistry, pharmacy, nutrition, and others. The direct link between geology and
health can be made by ingestion and inhalation of geogenic chemical elements by eating, drinking
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and breathing air. These geogenic contaminations, which can be of adverse health outcomes and
sometimes lead to death, can produced by natural processes like volcanic eruptions, mud flows and
natural storms or by anthropogenic processes like mining, hydrocarbon exploration and
urbanization.

On the other hand, the interaction between geogenic factors and human health may be positive
like the addition of trace amounts of essential metals to groundwater which in these special cases

affects the human health positively.

2. Silicosis & Siderosis
The term ‘pneumoconiosis’ is an abbreviation which derives from pneumon (lung) and konis

(dust) and therefore translates as dusty lung. The British Industrial Injuries Advisory Council
defined pneumoconiosis as ‘permanent alteration of lung structure due to the inhalation of mineral
dust and the tissue reactions of the lung to its presence. Silicosis is an interstitial fibrotic lung
disease that is caused by pulmonary response to the inhalation of respirable crystalline silica dust.
The disease is prevalent among workers in miners, foundries, blasting operations and glass
manufacturing.

The mineral must be in a crystalline form to cause Silicosis. Crystalline silica exist as quartz,
cristobalite, tridymite, and four other rare forms (keatite, coesite, stisbovite and moganite). Quartz
is the most common form of crystalline silica. The particles must also be small enough to be
resipirable (0.2-10 mm) aerodynamic diameter in order to reach the distal airspaces of the lung.
Crystalline silica has very low solubility in human body fluids and can be deposited and
accumulated in the lungs. Mechanism of toxicity to crystalline silica, the primary cause is described
ingested into a cell, free radical oxygen species can be generated from the surface of the particle
leading to lipid peroxidation as membrane damage occurring to cells that ingest these tiny particles
resulting in membrane damage and cell death. The rate of disease progression depends on the rate
of silica deposition in the lung, and the total amount of crystalline silica which is actually retained
in the lung. Siderosis is another type of pneumoconiosis, which is caused by the inhalation of iron
dust accumulating within the lung parachyma.

If miners workers exposed to amounts of both silica and iron oxides, that’s resulting in disease
having the histological features of both silicosis and siderosis and called sidero-silicosis. Sidero-
silicosis results in shortness of breath, cough, fever and a bluish skin at ear lobes or lips. When the
disease becomes progressive, extreme shortness of breath, great chest pains and sometimes total
respiratory failure occur. An increased risk of lung cancer has been consistently reported in cohorts

of people with silicosis.

3. Mineral dust and minerals bio-uptake
Some hazards are introduced through complex mining activities and processes. If these hazards

are not managed properly, they can result in serious injuries, death or occupational illness for the
workers (Jordan & Abdaal, 2013; Castilhos et al., 2015). One of the most common hazards is the
respirable dust which is a prominent occupational health hazard (IARC, 1997; OSHA, 2010).

By the exposure to mineral dust which is the mineralogical fraction of airborne particulates that
can be deposited anywhere in the lung gas-exchange region (WHO, 1999). Airborne mineral dust
severely impacts human health (Bu-Olayan & Thomas, 2011) as the smaller particles may be more

harmful to health than larger particles (Mischler et al., 2016) and advances in mining equipment
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have certainly resulted in more powerful cutting, which can yield smaller particles (Sapko et al.,
2007; Colinet et al., 2010). Bioavailability is the portion of a constituent available for assimilation
by life forms; the nature and degree of bio-uptake varies from organism to organism. Humans
require the intake and assimilation of trace-to-major amounts of a broad spectrum of constituents
in order to maintain viability (Berry, 1991).

All substances are poisons; there is none which is not a poison. The right dosage differentiates a
poison and a remedy (Dissanayake, 2005). That’s shown with the dose/functional response curve for
a specific element (Fig. 1). So the availability and accessibility of naturally occurring GCs are
mainly dependent on bio-hydro-geo-chemical processes, concentration in the source, particle size,
and the physical and chemical properties.

Function

Interval
of safe
and
adequate
intake

Deficiency Toxicity

Dose of
intake

Fig (1): Dose versus functional response (Lindh, 2005).

4. GEOLOGIC SETTING

The bahariya oasis is a large depression in the western desert of Egypt which is located about 270
km SW of Cairo with special economic interest due to the presence of great iron ore deposits about
270 million metric tons (Said,1990). El-Gedida mine is located in the bahariya oasis northern
plateau and is divided topographically into two main parts: a high plateau in the center and two
wadis surrounding it. The average relief between the plateau and the wadis is about 30m. Fig. (2)
Shows the geological map of the Bahariya Oasis, Western Desert, Egypt with the location of the
studied iron ores (Catuneanu et al., 2006).

According to the target of this study, we focused on the western wadis mine area which consists
of three main formations from base to top: middle micocene Nagb-Qazzun sequence, Late Eocene
Hamra formation and Oligocene Qatrani formation. There are some outcrops of the cenominain
El-baharyia formation underlying the mentioned formations and also recent surface deposits exist
on the top. Fig(3) shows the stratigraphic columnar section of the iron ores in the Wadi areas of El-
Gedida mine area (El Aref et al., 1999).
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Fig (3): Stratigraphic columnar section of the iron ores in the western wadi of EI-Gedida mine area
(El Aref et al., 1999)

MATERIALS & METHODS

Geochemical analyses are an essential component of medical geology methods, so we depend on it
in our study to show how the geochemical characteristics affects the potentially lung diseases. To
achieve this target, a total twelve samples were collected, seven bulk samples and five dust samples,
Samples locations were selected to represent the most critical locations. A list of sample locations
with a brief description are given in table (1), and some field photographs are shown in Fig (4) a, b.

Ten samples were selected and analyzed by the X-ray diffraction (XRD) method. This analysis
was carried out at the Egyptian geological survey (Central laboratories), using the automated
powder diffractometer system of Philips PW 1710; with Ni — filter Cu radiation (& = 1.542 A) at 40
KV, 30 mA and scanning speed 20 /min in order to determine the mineralogical composition
relationship between bulk and dust samples and the crystallographic system of the mineral dust
compositions.

Eleven samples were analyzed by the X-ray fluorescence (XRF) method, the non-destructive, semi-

quantitative method which gives the elemental composition of major cations. This analysis was
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carried out at the national research center (lab of preparation and chemical analysis by X-ray
fluorescence).

Dust mixture sample was evaluated by scanning electron microscopy with energy dispersive X-
ray (EDX) analysis to make sure from the crystallintiy and the morphology of mineral dust

particles.This analysis was carried out at the SEM unit at the national research center.

Sample Type of sample Description Analysis
Symbols
Al Bulk Lower ( Nagb- XRD,XRF
Qazzun)fm.
A2 Bulk Mid. ( Nagb- XRD,XRF
Qazzun)fm.
A3 Bulk Recent surface deposits XRD,XRF
A4 Bulk Upper ( Nagb- XRD,XRF
Qazzun)fm
A5 Bulk Hamra fm. XRD,XRF
A6 Bulk Qatrani fm. XRD,XRF
A7 Bulk Bahariya fm. XRF
D1 Dust Mine internal paths XRD,XRF,EDX
D2 Dust Inside diver's cabin XRD,XRF,EDX
D3 Dust Place of ore fracturing XRD,XRF,EDX
D4 Dust Place of ore loading XRD,,EDX
D5 Dust Stuck on the truck XRF,SEM

Table (1) Samples description

Fig(4): Field photos showing the accumulation of mineral dusts : outside the geologists car (A) and inside the
hauling trucks(B).

3. RESULTS AND DISCUSSION

X-ray diffraction analysis of dust samples demonstrated the existence of hematite and quartz
with high concentrations; hematite reaches its highest value in the dust sample of the mine interior
paths (D1) and at the place of ore fracturing (D3) while the quartz reaches its highest value in the
dust collected inside the truck (D2). Bulk samples are differentiated as the iron ore beds (A1-A2-
A4) indicate very high concentrations of hematite and low silica contentions. On the other hand,

(A3 - A5 — AB) indicates higher silica contents. Complete results are shown on the table (2).
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Table (2) X-ray diffraction results

Mineral
Species A A A A A D D D D
1 2 A 4 5 6 1 2 3 4
3
(Semi.
Quant
%)
Hematite 8 5 3 5 4 5 30
3 0 2 5 2 4
Quartz 1 2 5] 8 5 2 1 2
0 1 0 0 9 1
0
Geothite 3 4 1 1 3 4 20
0 3 0 7 5 e
*
Gypsum 2 1 3 40
4 5 0 0
5
Anhydrit 1 8
e 4 0
0
4
Geoschw 0
itz , Mica
Graphite 1
1
Molysite 5
Sylvite 1
0
4
Natroalu
nite
**Geothite, Aluminain,syn *Geothite,cadmian,syn

We used the XRD Stick patterns for determination the Crystallographic system of different
samples containing minerals especially for make sure whether the silica is crystalline or not.
Examples of the resulted stick patterns are shown in the figure (5) A, B. Table (3) concludes the
classification of samples minerals according to their crystallographic systems.

Table (3) Determination of Crystallographic system from XRD Stick patterns

Mineral Species Chemical Formula Crystallographic System
(Semi. Quant %)
Hematite Fe O3 Rhombohedral
Quartz SiOy Hexagonal
Geothite Fe;04.Hy0 Unknown
Gypsum CaSO4 2H,0 Monoclinic
Anhydrite CaSO, Orthorhombic
Graphite © Hexagonal
Molysite FeCl3 6H,0 Unknown
Sylvite KCI Cubic
Natroalunite NaAl3 SO4 (OH) Rhombohedral
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Fig. (5) examples of the Crystallographic system determination from XRD Stick patterns (a) Quartz (b)
Hematite
Elemental analysis by wavelength dispersive X-ray fluorescence spectrometry indicates related

high sio2 at the dust stuck on the truck (D5) and the dust inside the drivers cabin (D2) While iron
oxides are highly-concentrated in all dust samples. On the bulk samples, results of the XRF are
integrated with XRD results to determine the dust geological sources. A full data are summarized
on Table (4).
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Oxides Al A2 A3 A4 A5 A6 A7 D1 D2 D3 D5
(wt%)

SiO, 4.09 | 1.97 13.1 4.07 43.95 62.67 59.45 6.38 | 1313 | 7.62 | 9.78
TiO, 0.10 | 0.04 0.27 0.03 0.73 0.80 1.50 0.07 | 018 | 022 | 011
Al,Os 8.20 0.46 5.32 0.91 6.74 9.11 26.74 5.28 4.17 5.52 2.38
Fe 05" 56.20 | 86.73 4.80 75.23 28.70 6.53 2.83 68.25 | 55.03 | 73.56 | 62.30
MnO 8.11 | 0.76 021 5.06 Bd* 0.23 0.36 508 | 149 | 211 | 459
MgO 0.32 | 0.12 1.08 0.35 2.93 2.09 0.45 043 | 246 | 034 | 098
CaO 1.36 | 0.05 23.13 141 0.46 231 0.05 023 | 281 | 026 | 160
Na,O 0.94 0.17 1.76 0.64 0.83 1.74 0.25 0.52 0.74 0.40 1.10
K,0 0.77 | 0.02 0.54 0.14 6.74 1.96 1.35 0.27 | 067 | 025 | 0.65
P,0s 0.62 | 0.25 0.19 0.26 0.09 0.08 0.08 023 | 079 | 054 | 037
SO; 6.55 | 0.66 40.03 2.23 0.13 4.28 0.09 229 303 |144 |301
Cl 0.60 | 0.17 213 0.62 1.29 3.76 0.15 042 | 061 | 042 | 107
LOI 11.73 | 8.11 7.29 7.81 7.99 4.22 6.45 10.15 | 14.48 | 9.84 11.53

Below detection*

EDX analysis showed the atomic % and the weight % of both hematite and quartz, and results are integrated
with the SEM which is Dominated with hematite crystals with lower amount of quartz crystals Fig.(6)a,b and

Table(5).
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Fig (6.a) Dust mixture sample analysis by energy dispersive x-ray (EDX)

V| 20 000 0.3 mm | LFD n National Res! (Quanta FEG 250)

Fig (6, b) Dominated hematite crystals with lower amount of quartz crystals are be shown by SEM.

Table (5) Atomic and weight % determination of dust mixture sample using (EDX)

Comp Weight Atomic Net Error %
ound % % Int.
Si 02 2331 44.68 423 11.53
Fe 76.69 55.32 200.03 2.58
203
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CONCLUSIONS

According to the elemental and mineralogical analyses of dust samples, we indicate that there is a
very high potentiality for EI-Gedida mine workers to suffer from adverse lung diseases especially
sideosilicosis as a result of the exposure to significant amounts of crystalline silica and iron oxides in
dust samples. From the combination between methods and the correlation between the results of
dust and bulk samples, we can determine the potential sources of dust as the crystalline silica yields
from Hamra, Bahariya and Qatrani formations, while the sources of hematite and goethite are
mainly from the Nagb-Qazzon sequence (Iron ore layers). So we suggest some procedures which

should be taken to prevent the development of lung diseases between workers as the follow:

Emphasizing adequate ventilation on job sites and increase air exchanges on trucks.
Limiting the amount of work time spent in potentially exposing areas.

Both air quality monitoring and medical surveillance should be performed continuously
Workers should use tight-filling efficient dust masks.

Spray water on the tool-dust contact points and on mine internal paths.

IS

Workers should be engaged to be better informed and converted to a more objective view about
environmental issues and their suitable responses to potential risks.
7. Mass media should perform strategies to raise the public awareness and make environmental

sciences more responsive to public concerns.

And about our vision to achieve a development in medical geology applications in
our Arabian countries, we provide these recommendations:
A — Research centers should develop a plan to improve the primary database which is necessary in

medical geology fields. For example, doing geochemical mapping projects, which can help in
identifying regions where soil, rocks, and water have elemental concentrations at harmful levels.
B- We need to form a scientific multidisciplinary platform between different related specializations
to work in collaboration together; As Geologists should work with medical and public health
researchers.

C- Interdisciplinary information should be exchanged between different research centers and
universities to facilitate the complex methodology of medical geology.

D- Medically, the assessment of both positive and negative effects of minerals requires further

research by in vivo and in vitro experiments and also epidemiological studies.
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