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Aerosol studies were begun on Barbados in 1965 and continue to this day.  Over much of this 
record there was a strong correlation between dust concentrations in Barbados and rainfall in the 
Sahel-Soudano (SS) region of North Africa. In retrospect this correlation was largely driven by 
three distinct periods in the early record: the period of high rainfall and low dust transport in the 
mid-to-late 1960s; the first  drought in the early 1970s; and the extremely intense drought of the 
early 1980s. During this period transport showed promising relationships to various climate 
indices: e.g., El Niño, NAO, AMO. However, since the early 1990s there have been large year-
to-year changes in SS rainfall but there is no consistent relationship to dust on Barbados or 
between dust and common climate indices. Furthermore, over the entire record there is a strong 
shift in seasonal dust transport, most notably, a great increase in winter and spring transport 
compared to the pre-drought and early drought period. These trends seem to suggest that there 
have been profound long-term changes in dust emissions and transport. A possible contributing 
factor could be increased population and land use in the SS region. As to the future, the IPCC 
2007 multi-model projections of rainfall in Africa show drier conditions in the North but they 
could not produce a consensus in the SS region. The absence of  a clear relationship between 
dust transport and African-Atlantic climate and the uncertainties in climate projections make it 
impossible to anticipate how transport to the Caribbean might change in the future. 
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Being one of the major aerosol types on a global scale, Saharan mineral dust received an 
increasing amount of attention in the research community during the last decade. This is 
reflected in a number of large field campaigns performed between Africa and America with 
different foci. During these campaigns, the mineral dust composition was investigated by a 
range of techniques, bulk ones as well as single particle measurements. 
Three interdependent stages – emission, transport and deposition – affect the composition of 
the dust. At the emission stage, the composition is dependent on the geological basement, the 
surface morphological features (depression, glacis) and weathering history. On top of that, 
even “single” sources like the Bodélé depression may exhibit a significant heterogeneity. 
During transport, the composition is modified according to the environmental conditions, but 
this modification depends additionally on the primary composition. For example calcitic dust 
is more prone to nitrification than to sulfate processing. The deposition finally may depend 
on these modifications and the emitted composition. Particularly, the wet deposition may be 
modified by dust chemistry.  
For the dust impact on the atmosphere, as of today iron (direct radiative effects) and soluble 
matter (cloud effects) are the most important constituents. With respect to the biosphere, 
mostly contents and availability of iron, phosphorus and calcium are currently discussed. This 
availability, however, is also dependent on the environmental conditions and may be 
modified by processing during transport. 
This presentation will try to summarize the respective key results during the last decade (e. g., 
from PRIDE, SHADE, AMMA, SAMUM, GERBILS, amongst others) and try to pinpoint 
needs for future research. 
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Atmospheric dust is an important vector for micronutrient addition to the oceans. In the 

tropical North Atlantic, which receives very large dust inputs from the Sahara, the stimulation 

of nitrogen fixing organisms may be the most important effect, but elsewhere dust inputs are 

important for the supply of nutrients for primary productivity. Estimating the magnitude of 

dust fluxes is therefore an important step in understanding the impact of dust on marine 

productivity and the associated drawdown of atmospheric CO2. 

Remote islands and coastal stations provide ideal sites for the monitoring of atmospheric dust 

concentrations over the ocean, with the University of Miami site at Barbados providing the 

longest such record. These sites can deliver excellent temporal records, but there are very few 

sites in operation and their distribution is very uneven, so that our understanding of the spatial 

distribution of dust is very poor indeed in some ocean basins (e.g. the South Atlantic and 

Indian Oceans). 

This presentation will give examples of attempts to estimate dust fluxes over the remote 

Atlantic from the discontinuous atmospheric measurements available from research ships. 

Ships can access remote areas and provide much better spatial distribution than land-based 

sites, but will never yield continuous dust records for a given location. Mechanisms to 

account for the discontinuous nature of data obtained from ships will be described and their 

limitations discussed.  

Other major uncertainties in this area (estimation of the atmospheric input of soluble iron to 

the oceans and the difficulties of estimating aerosol deposition rates) will also be considered. 
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Mineral dust aerosol, i.e. suspended soil particles, can impact a wide range of global 

processes including the chemistry of the Earth's atmosphere and the Earth's climate.  

Atmospheric processing of mineral dust through heterogeneous chemical and 

photochemical reactions can modify the properties of dust particles and thus alter how 

these particles impact global processes. Using a combined approach of applying state-of-

the-art surface sensitive probes, aerosol instrumentation, nanoparticle probes and 

reactivity studies provides for an understanding of reactions on dust particles and how 

these reactions can alter the global impacts of mineral dust aerosol. These laboratory 

studies can provide a conceptual framework from which to understand the details of 

chemical processes that modify the properties of Saharan mineral dust aerosol as these 

particles are transported through the atmosphere. In particular, the importance of 

mineralogy, the link between interfacial chemistry and climate and the specificity of 

mineral dust aerosol chemistry will be discussed.  Examples will be shown that clearly 

provide evidence to show that mineral dust modifies the chemical balance of the 

atmosphere through heterogeneous reactions and that heterogeneous reactions modifies 

the physicochemical properties of mineral dust particles.  
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In the past years the modelling of dust aerosol transport and its climate impact at global and 

regional scales received considerable attention.  However, many aspects of the variability of 

atmospheric dust loads remain poorly understood.  While the physical processes that are 

responsible for dust emission and deposition are reasonably well known, and 

parameterizations of soil surface properties controlling dust emissions progressed since the 

first dust models were published, models of modern atmospheric dust still often show 

considerable deviations from observations. One cause can be inadequacies in simulated 

meteorological fields that are used to compute dust emission fluxes. In contrast to global-scale 

dust models, regional dust models are expected to better reproduce individual dust events due 

to their higher grid resolution.  Still, the representation of dust emission events that are related 

to precipitation events (haboobs, density currents) is problematic at grid resolutions that 

require parameterization of wet convection processes. New remote sensing products, together 

with observations from recent field studies promise an improved understanding of dust 

regimes and are expected to lead to considerably improved dust models. 
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Hurricanes are one of the most destructive forces in nature, and an average of 

eight hurricanes form during each North Atlantic hurricane season, oftentimes making 

landfall in populated regions. Substantial property damage and loss of life can result from 

a single landfalling storm, therefore it is not surprising that much effort has gone into the 

improvement of hurricane intensity forecasts, and the prediction of hurricane activity in a 

changing climate. As such, understanding how these storms respond, in terms of genesis, 

track, and intensity, to their local environment is a priority. At the same time it is well 

known that dust outbreaks from West Africa are a persistent feature of the tropical North 

Atlantic, and there is a large body of work demonstrating that these mineral aerosols 

actively shape the structure of the atmosphere through interaction with radiation and as 

cloud condensation or ice nuclei. Given the sensitivity of hurricanes to –and the influence 

of African dust on– the environment of the tropical North Atlantic, it is not surprising that 

there is a growing number of studies suggesting that these mineral aerosols play an active 

role in directly influencing individual storms, and in indirectly shaping seasonal hurricane 

frequency and intensity. In this presentation I will review the mechanisms by which 

African dust may be affecting Atlantic hurricanes, covering processes that operate on 

time scales of hours, to those that are of decades and longer. I will end with a discussion 

of work to help quantify the relevance of dust to understanding future hurricane activity. 



TOXICOLOGICALLY IMPORTANT CHARACTERISTICS OF 
ATMOSPHERIC PARTICULATE MINERAL MATTER FROM DIVERSE 

SOURCES: A CONTEXT FOR UNDERSTANDING POTENTIAL HEALTH 
IMPLICATIONS OF INTERCONTINENTAL DUST 

	
Geoffrey S. Plumlee1, Suzette A. Morman1, Virginia Garrison2, Heather A. Lowers1, 

Gregory P. Meeker1 
	

1U.S. Geological Survey, Denver, CO 
2U.S. Geological Survey, St. Petersburg, FL 

 
gplumlee@usgs.gov 

	
The air we breathe can contain complex, temporally variable mixtures of airborne particulate 

mineral matter (PMM) from diverse local and distant sources. In order to understand better the 

potential health implications of intercontinental dusts transported from distant sources, it is 

useful to understand their characteristics of potential toxicological concern compared to those of 

PMM from many other sources. In collaboration with public health scientists, our USGS project 

has measured toxicologically relevant mineralogical, geochemical, biosolubility, bioaccessibility, 

and bioreactivity characteristics of diverse geogenic (produced from the Earth by natural 

processes), geoanthropogenic, and anthropogenic PMM. Many PMM types (desert, 

intercontinental dusts; wildfire ash; volcanic ash; urban PMM) have abundant respirable particles 

(<2.5 µm) that can cause respiratory and related cardiovascular health problems. Caustic 

bioreactive PMM (urban PMM, concrete/cement dusts, ash from fires) can cause acute tissue 

irritation or damage. Potentially toxic elements (e.g. Cr[VI], Pb, Hg, As, Fe, Mn, etc.) in some 

PMM types (urban PMM, fossil fuel combustion PMM, fugitive mine dusts, smelter PMM) can 

be bioaccessible in simulated gastrointestinal and(or) respiratory fluids, and therefore may be 

taken up by the body. Oxidative stress and lung toxicity may result from release of bioaccessible 

redox-active elements, or from the body’s reactions to biodurable mineral particles (asbestos, 

crystalline silica, erionite) that persist in the lungs for decades. African PMM from Mali fine 

downwind to become predominantly <2.5 µm in Trinidad-Tobago (T-T) and US Virgin Islands 

(USVI), and contain clays, quartz, Fe-Ti oxides, aluminosilicates, carbonates, and sulfates. 

Arsenic, cadmium, iron, manganese, and other potentially toxic or redox-active elements show 

enhanced bioaccessibility in the finer PMM collected in T-T and USVI. 
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While there has been substantial investigation of how global climate change impacts our 

ecosystem, there has been less attention to the impact on human health.  Over the past several 

decades, excessively dry conditions and severe dust storms in Africa have resulted in transport of 

large amounts of dust to North Africa, Europe and the Americas, including the Caribbean.  It is 

estimated that over 20 million tons of dust particles arrive in the Caribbean annually and 

Barbados, as the easternmost Caribbean island, is among those most affected.  This session aims 

to describe what is known about human health effects of African dust with a focus on respiratory 

health effects, using research in the Caribbean as a model.  Asthma is a major public health 

problem in Barbados and asthma-related morbidity has been increasing over the last several 

decades.  The rise in asthma prevalence in Barbados has paralleled the increasing particle 

concentrations from African dust events during this time period.   Findings from work in 

Barbados investigating the impact of African dust on childhood asthma will be shared.  Future 

directions needed to better understand the respiratory health effects of African dust will also be 

explored.   

 

 

 

 


