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Session 5                                                   January 25, 2006

Objective
Dust Storms – Health Effects
Review & Conclusions 
Students Presentations on Selected Elements
Students Reports 
Review Quiz due – January 30, 2006.
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Sources:
Natural processes:
• Volcanic eruptions
• Wind erosion/deflation of arid and semi-arid 

lands
• Trans-oceanic dust transport
Anthropogenic:
• Mining
• Detonations
• Incinerations
• Industrial activities
• Accidents
Cosmogenic

Dusts and Aerosols
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Natural Processes

•Volcanic eruptions

•Wind erosion/deflation of arid and 
semi-arid lands with sparse 
vegetation cover create and 
propagate mineral dust aerosols.
Trans-oceanic dust transport.
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Volcanic Eruptions

Tephra - volcanic rock and glass 
fragments.
Volcano eruption may sometimes 
eject rock fragments into the 
atmosphere. This material is known 
as tephra. Blocks and bombs are 
the largest pieces of tephra
(greater than 64 mm).
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Health effects of tephra dispersal

• Mucous membrane irritation
• Silicosis (Due to Calcium Fluoro

Silicate CaSiF6).
• Effects of absorbed toxins 
• Silicotic nodules lodging in the lung 

tissue damaging the surrounding 
alveoli of the lung.
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Health effects of volcanic gas emissions

• CO2 Asphyxiation – possible death of humans and 
animals.

• HF2 and HCl Irritant gases –
Mucous membrane irritation.
Skin burns.
Respiratory problems.

• SO2

Environmental effect by acid rain
Asthmatic effects

• H2S Noxious asphyxiant
7 μg/m3 - rotten egg smell
15,000 μg/m3– eye irritation
480,000 μg/m3 – risk of pulmonary oedema
1,500,000 μg/m3 - lethal
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Dusts  - Wind erosion

• Mineral aerosols: 1-2 b metric tons/year (comprise half of total 
aerosols in troposhere from natural and anthropogenic sources)

• Play role in current climatic variabilities.
• Play role in ecosystem dynamics.

Examples:
Sahara desert-(Northern Africa) 

Sahel Africa is a stretch of land that includes  countries like 
Ethiopia, Eritrea, Djibouti, and Somalia. This stretch is a transition 
zone between the arid Sahara to the north and wet tropical area 
to the south. 
Example: some affected areas are, such as, Chad, Senegal, 
Mauritania, Mali, Niger, etc. 

Gobi desert - (Mongolia-Central Asia)
Example: affected area Taklamakan – (China).
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Courtesy of USGS.
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Beneficial

Courtesy of USGS.
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Courtesy of USGS.
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Anthropogenic

• Mining

• Detonations

• Incinerations

• Industrial activities

• Accidents
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The Health Effects of Dusts

• Health hazards of mining are well known for a long time:
General effects of industrial/commercial asbestos
Asbestosis (mining)
Silicosis (hard rock mining)
Black lung (coal mining)

• New issues and problems are arising:
Effects of trace asbestos in other rocks and industrial 
products
Valley Fever
Trans-oceanic dust transport
Global Climatic Change 
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Occupational Hazards

• Asbestos mining and processing
• Coal mining
• Hard rock mining
• Ore processing
• Farming
• Power plant operation
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New Problems…

• Trace Element Exposure – As, F, Hg, Zn, …

• Organics: 
VOCs (Volatile aromatic Compounds – paints etc)
MTBEs (Methyl tert butyl ether)
PAHs (Polycyclic aromatic hydrocarbons – coal tar)

• Radionuclides: Radon, radium and Uranium, …

• Microbes and Pathogens:
West Nile encephalitis, Hantavirus, Plague, Lyme, …
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New Problems …

• VOC - Volatile Organic Compounds -
Trichloroethylene, methyl tert butylether
(MTBE - paints

• PAH - Polycyclic Aromatic Hydrocarbons 
These PAHs are benzo(a)pyrene, 
benz(a)anathracene, benzo(k)flouranthene, 
indeno(1,2,3-c,d)pyrene and chrysene. In 
application, this proposed procedure would 
regard any given air level obtained for a 
"PAH of concern" to originate from a 
standard mixture of coal tar pitch (CTP). 
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New Problems…

Delayed/chronic health effects:
• Respiration
• Skin
• Cancerous effects
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Courtesy of USGS.
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Mining /Smelting

Occupational hazards:
Toxic gas inhalations
Pressure effects
Thermal injury
Physical injury
Trauma ( e.g. cave-ins, accidental explosions)
etc….

Health effects:
Asbestosis
Silicosis
Carcinogenesis
etc. …
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Review and Conclusions
Fundamental geology provides the
foundation for a research investigation by 

providing theoretical principles and 
procedures,
exploring basic local terrains and 
formations,
identifying the initial parameters 
influencing the public health

in a selected territory (or region) or country.  
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Review and Conclusions …

The three main branches of fundamental geology are:
Sciences of geochemical cycle, such as crystallography, 
mineralogy, petrology, geochemistry studying the 
composition of the Earth’s crust
Sciences that study the geological processes or 
dynamics of the Earth (geophysics-seismology; 
geodynamics-volcanism, tectonics…)
Sciences that study the history of development of the 
Earth (paleontology, stratigraphy,..) 
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Review and Conclusions …
Applied medical geology is used to

identify specific  inorganic and organic 
components of natural environment,
identify basic regularities and factors 
influencing the level of public health in the 
specified region.
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Review and Conclusions
Medical geology/geochemistry evolved out of multi-
disciplinary approach to understand the influences of 
environmental geology and geochemistry on public 
health.
The main goal is 

to find the true cause of a disease,
to establish the actions or effects of a given 
environment,
to provide effective ways of treatment,
to provide solutions for prevention.
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Review and Conclusions
Significance is manifold:

The contribution of medico-geological research 
is significant especially in the context of somatic 
(‘non-infectious’) diseases such as malignant 
growths and diseases of internal organs . For 
example, the unequal occurrence of malignant 
tumors in different geographical regions of the 
world is presenting a challenging research. The 
medico-geological research is providing 
correlations and regionalization on the basis of 
medical and geological parameters.
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Review and Conclusions …

Medico-trace element geochemistry made 
significant contributions in the context of the 
importance of essential and non-essential trace 
elements and their effects due to deficiency, 
normalcy and toxic levels on human and plant 
health.
Ex: As toxicity in drinking water

Hg toxicity in food from fish
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Review and Conclusions …

Medical geochemistry provides information 
especially about abundances of certain essential 
elements and their effects on the health of 
humans and plants – for example in the tropical 
environment – the chemical composition of soil, 
water and rocks showed strong correlation with 
the incidence of diseases like dental and skeletal 
fluorosis, diseases related to iodine deficiency.
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Review and Conclusions …
Biomedical-hydrogeology provides 
significant information about the detrimental
effects of mineralized water or contaminated
water on human and animal health.
Ex: “research in locating the source of the 

pathogens, and devising measures to 
prevent and control the epidemic disease 
involved expertise in biology, medicine 
and hydro(geo)logy”

Base on Page 35 Medical Geology.
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Review and Conclusions

Naturally Occurring Radioactive Materials
- Primordial, Cosmogenic and anthropogenic

Technologically Enhanced NORM

Indoor and Outdoor air Quality - Radon



January 25, 2006: IAP 2006: 12.091 
Session 5: P. ILA

55

Review and Conclusions …
Further reading

Speciation: Chemical speciation determination is useful
in determining the total concentration of an element in a 
sample from all the various oxidation and valence 
states, physical forms of the element.

Analytical Biophysical Methods:
Vibrational Spectroscopy- Infrared and Raman.

Environmental effects on plants.

Environmental effects on animals
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Multi-discipline Wheel of Medical Geology/Geochemistry 
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Student 
Presentations and Reports

• Chlorine and its Effects
- Jacqueline Brazin

• Iodine
- Christopher Love

• U.S. Environmental Health Effects 
and Treatment of Mercury Exposure

- Sergio Navarro
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Summary

I talked about dust storms and health effects 
and reviewed the scientific concepts of 
MedicalGeology/Geochemistry.
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Internet Keywords

Dust storm effects, tephra
dispersal, valley fever



January 25, 2006: IAP 2006: 12.091 
Session 5: P. ILA

62

References
Principles and methods for the assessment of risk from essential trace 
elements,
World Health Organization, 2002

The Role of Trace Elements for Health Promotion and Disease  
Prevention: Annual Meeting of the European Academy of Nutritional  
Sciences, Copenhagen, August 1996 - Proceedings
Ed: B. Sandstrom, P. Walter,
Karger 1998.

Trace elements in health – A review of current issues,
J. Rose, 
Boston: Butterworths, 1983.

Environmental health effects of toxic elements, metal ions, and 
minerals, Bob-Natural and Anthropogenic Sources.pdf,
Bob-Dust.pdf,
R.  B. Finkelman, United States Geological Survey


