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Preface 
 

This work was carried from December 2007 to May 2008 for achieving master degree in 
Environmental Engineering. The project is the prelude for a PhD programme which will 
be continued right after the master thesis work, which was offered by Professor Sven 
Knutsson. The thesis work consists of a detailed literature study about dust problem and 
dust collectors, and laboratory work of some experimental analysis briefly describing the 
field situation in LKAB mining site in Gällivare. 
 
The authors are two Chinese Environmental Engineering master students studying in 
Luleå University of Technology from 2006 to 2008. The reason of this research comes 
from the conflict of the dust resource between the residents around the mining site and 
the mining companies. The study covers limited range and requires further work.  
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Summary 
 
The current research was focused on the dust particles ranging from 10µm to 2mm 
around mining area. This fraction of coarse mining dust is considered to be non-
respirable, therefore catch less attention than respirable dust. The necessity of the 
research were analyzed by doing a literature study, and dust collectors that could be 
available for the future study on coarse mining dust were listed in the report. Laboratory 
work was carried out to analyze the dust samples collected from residential area close to 
LKAB mining site. At last, a future plan was figured out to give guidance for the 
continuous further study on current subject. The conclusion of the literature study showed 
that there is an urgent need to start the study on coarse dust around mining area, and the 
inverted frisbee and marble dust collector are two promising ones with improved catching 
efficiencies on dust collection therefore should be further tested both experimentally and 
practically.  The tested results from laboratory work showed the dust contains metals 
indicating the dust origin from mining site, and the particles from mining site are coarser 
than natural soil. The two significant dust sources in this mining site are the dam and the 
huge open pit. Lots of actions could be done for dust control purposes. And to improve 
the dust monitoring, a wind anemometer and a horizontal gauge should be added to the 
station where dust collected, and a more efficient dust collector of inverted frisbee is 
suggested to replace NILU collector. The future plan was compiled in three aspects 
including dust measurement, dust origin as well as dust generation, spreading and settling. 
The suggestions in future plan offer a general direction in which we should mainly 
endeavor to. 
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1 Introduction, aim and limitation of the research               
 
   Mining dust has captured people's notice for a long time. Not only for the mortal 
healthy effect produced by respirable dust during mineral work, but also because their 
environmental and nuisance effect created by some coarse non-respirable dust. The study 
on respirable dust has been developed very well, while nuisance dust has just begun 
gaining people’s attentions by their adverse effects. Typically, the dust with particle size 
above 20 µm is known as nuisance dust by public. And the environmental effects 
produced by nuisance dust is apparent, such as air, soil and water contamination by 
transported hazardous dust  into receiving body, reduced transparency in air by dust cloud, 
and, surface soiling on car, windows by dust settling. Due to, apart from the hazardous 
constitutes in minerals themselves, there are toxic chemicals used in mineral processing, 
dust particles often contain poisonous elements. Therefore, nuisance dust is also 
threatening human health if people get in contact with air, soil or water contaminated by 
hazardous particles. In addition, emission of mineral dust increases loss of raw material 
and surface soiling on operation machines increases maintenance cost, which both create 
adverse economic effect. Therefore, we carried out this research to have people's 
attention on this fraction of coarse non-respirable dust around mining area.   
 
   The current research is mainly consisted of three works, namely the study on necessity 
of research on coarse dust around mining area, summary of the measuring equipment for 
dust collection, and a laboratory work on the mining dust collected from LKAB. The aim 
of the research is to persuade people to believe that there is an urgent need to start the 
study on the fraction of coarse non-respirable dust around mining area. This statement is 
proved by presenting the impacts of coarse mining dust from three aspects, meanwhile 
we described well developed study on respirable mining dust and gave a summary of 
literature study to show that there is merely few people paying attention on the coarse 
fraction of mining dust. This research also supplied reader with basic background 
knowledge of mining dust and sedimentation theory and this information could be looked 
as a guide for future study. To initiate the study we made the list of measuring equipment 
for dust collection because an effective dust collector is the prerequisite for accurate 
analysis of samples. In the laboratory work, the dust collector used in LKAB was 
described, dust particle size and density was analyzed, and the dust sources and the 
efficiency of collector were discussed. By doing these, we finally figured out a future 
plan which will give guidance in general on further study.  
 
   As it was said in the beginning that the study of respirable mining dust has been 
developed very well, the research here is focusing on coarse non-respirable dust around 
mining area. 10 µm is a division of respirability for particles, below which the particle is 
known as respirable and above which the particle is known as non-respirable. Therefore, 
the dust with particle size above 10 µm is what we are concerning in current research. 
And we defined the upper limit of 2mm for particle size because the rock products less 
than 2mm after crushing are usually considered to be dust in construction work. But the 
reader should be noticed that even we incorporated the dust from 10 µm to 100 µm into 
the research, we are more interested in dust particles with size between 100 µm to 2mm 
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around mining area. The reason that we did this incorporation is that 10 µm is an 
important division for respirable and non-respirable dust. 
 
 
2 Introductory mining processes and dust generation 
 

Agriculture is one of the earliest mankind’s endeavors, but the other one, mining, 
which is continuously contributing the basic resources for human civilization, is of 
greater attention in this report with respect to its environmental issues of dust production.  
The term mining, in its broadest extent, means extraction of any naturally occurring 
mineral substances including solid, liquid and gas from the earth or other heavenly bodies 
for human development purposes (Hartman and Mutmansky, 2002). And it has played an 
important role historically and become a requisite reliable manner of advancement for 
civilization, even though it has simultaneously brought huge environmental damage to 
water resources, soil sources as well as atmosphere quality. Fortunately, those 
environmental deteriorations were started to be been aware of as early as 1872. Many 
laws and acts have been enacted since then and mining activities were regulated in a strict 
way to ensure human heath by minimizing the environment damages. Respirable dust 
with threats of several lung diseases is one of the serious environmental problems related 
to mining. As a result, dust concentration was limited by certain levels according to 
established mine health and safety acts with a consequence of reduced respirable dust 
generation and disease incident rate. It is, however, must be noticed that much attention 
has been paid to respirable dust while the coarse particles generated from mining hardly 
gained attention because of its non-respirable property. Therefore, there is a need to call 
for a research on those specialized dusts with diameter above 10 µm around mining area. 
In order to study this subject, it is necessary to know elementary mining operations 
briefly.     
 
2.1 Definitions and mining activities 
 

Definitions are important for understanding when discussing certain specialized 
processes or knowledge. Even though it is focused on the problematic dust generated 
from mining industries on this research, it is helpful to know some basic knowledge 
about mining activities which give the hints for the sources of dust producing, dust 
movement as well as dust composition. Therefore, important and relevant terms and 
mining operations are described briefly here to impress people with easily understandable 
background information. Operations of mining industry include three steps, namely 
mining, mineral processing, and metallurgical extraction. These three terms are defined 
in the following according to Lottermoser (2003). 
 
   Mining is the first operation in the commercial exploitation of a mineral or energy 

resources. It is defined as the extraction of material from the ground in order to recover 
one or more component parts of the mined material.  

   Mineral processing or beneficiation is to physically separate and concentrate the ore 
mineral. 
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   Metallurgical extraction is to destroy the crystallographic bonds in the ore mineral in 
order to recover the sought after element or compound. 
 

   The first two steps are of concern in this report because they are responsible for 
producing mineral dust. Metallurgical extraction does not create dust in general, and 
therefore it is not presented in detail here. There are two types of mining, which are 
surface mining and underground mining. If the excavation used for mining is entirely 
open or operated from the surface, it is termed as surface mining. If the excavation 
consists of openings for human entry below the earth’s surface, it is called an 
underground mine (Hartman&Mumansky, 2002).  The mining method is distinguished by 
various working procedure, layout, and equipment used in mines. And surface mining 
includes mechanical excavation methods such as open pit and open cast (strip mining), 
and aqueous methods such as placer and solution mining (Hartman&Mumansky, 2002). 
Well the latter method is not looked as a source of mineral dust production. Underground 
mining is usually classified in three categories of methods: unsupported, supported, and 
caving (Hartman&Mumansky, 2002). 
 
   Many unit operations are applied to extract natural materials from the earth during 
mining. The unit operations in mining process include the basic steps used to produce 
mineral from the deposit and the other auxiliary operations needed to support the unit 
operations. In any mining process, the production cycle is repeated to continue the 
extraction of minerals. The production cycle employs unit operations that are normally 
grouped into rock breakage and materials handling. Drilling and blasting make up rock 
breakage, and material handling consists of loading or excavation and haulage and 
sometimes hoisting. The basic production cycle can be expressed as following 
(Hartman&Mumansky, 2002): 
                            
                                    Production cycle = drill + blast + load + haul               Equation 2.1 

 
All these four basic operations in production cycle are originating dust in different extent 
depending on mining scale, working method as well as rock type. And weather also 
imparts a great influence on dust generation.   

 
   Mineral processing usually combines a number of unit operations in order to liberate 
and separate minerals by exploiting the differences in physical properties of the different 
minerals that make up. There are four general types of operations involved: comminution 
or particle size reduction, sizing or separation of particle sizes by screening or 
classification, concentration by taking advantage of physical and surface chemical 
properties, and dewatering or solid/liquid separation. Other ancillary material handling 
are also considered as a part of mineral processing such as storage, conveying, sampling, 
weighing, slurry transport, and pneumatic transport  
(http://en.wikipedia.org/wiki/Mineral_processing). Figure 2.1 illustrated a simplified 
flow-chart of a mineral processing operation.  The operation of crushing and sizing, and 
grinding and milling are both mineral breaking down process which certainly produces a 
great deal of dust. At the same time, tailings which are the processing wastes from a mill, 
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washery or concentrator once left unprotected after the work will be susceptible to wind 
disturb emitting dust.  

 
Figure 2.1 A simplified flow-chart of a mineral processing (From Lottermoser, 2003) 

 
2.2 Dust around mining area 
 

The total environment around mining area is a consequence of physical, regional, and 
circumstantial conditions which surround and influence the extraction of ore minerals. 
Even the impacts on environment is complicated, it mainly affect through some aspects 
namely, gas, dust, radiation, heat, water, explosions, fires, noise, and illumination. All the 
aspects are of importance and must be addressed carefully to protect the environment and 
ensure human health and safety, but this project only cope with one aspect of dust 
generated by mineral working.  
 

2.2.1 Introducing mineral dust 
 

Dust herein is considered as all the solid matter that is produced by any processes 
during mineral working, which is borne by air. It is defined to be small solid particles 
ranging from 1- 75 µm according to International Standization Organization (ISO) and 
British Standard Institute (BSI, 1994).  Particles smaller than 1µm are referred to be 
fumes or smoke. Dust is also a generic term describing the particulates that can be found 
resting on the ground sometimes, but also can be resuspended in air and disperses before 
they return again. In addition, the rock products less than 2mm after crushing are usually 
considered to be dust in construction work. In this project we are emphasizing on this 
broader range of dust size from 10µm to 2mm around mining area.  
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Dust can be subdivided into respirable and non-respirable dust with the boundary of 
10µm. The study and the control of the fine respirable dust have been well developed due 
to its severe healthy damage for human being. Particles greater than 10µm are catching 
public’s perception in term of nuisance or annoyance. Typically, nuisance dust is the 
coarse fraction of airborne particles larger than 20 µm and therefore characterized by fast 
deposition rate due to relatively higher gravitational settlement.  
 

Dust generates from any breakdown processes and the composition is not necessarily 
the same as that of a parent rock, since different minerals might break down or be 
removed at different rates (World Health Organization, 1999). Chemical composition is 
one of the factors controlling dust behavior. Also the behavior of dust is a complex 
affected by other factors like particle size, shape, mass concentration and density. But in 
general, fine particles suspend in the air and are transported over a wide area with very 
slow deposit rate, while larger particle are transported fast and settled within a short 
distance. Dust particle over 30µm making up the main portion of dust generated from 
mineral work will deposit within around 100m from the source. Intermediate dust 
particles in between 10-30µm are likely travel up to 200-500 m from the source. Smaller 
dust particles less than 10µm representing a small portion of the dust produced from 
mining operations only deposit very slowly (Office of the Deputy Prime Minister, 2003). 
The detailed explanation of particle transport and settlement can be found in any book 
related to sedimentation theory. And the influences of particle size, shape etc, on dust 
behavior are described in section 4. 
 
2.2.2 Sources and generation of mineral dust 
 

Dust can originate from any breakdown processes. In mineral sites, the associated 
dust generation working processes is in a range of site preparation, stockpiling, loading, 
transportation and mineral processing operations (Petavratzi et al., 2005). The detailed 
explanation of the mineral working processes relating to dust production is in the 
following (http://www.goodquarry.com/article.aspx?id=22&navid=2): 

• mechanical handling operations, including crushing and grading processes where 
in general the more powerful the machinery and the greater the volumes of 
material handled the greater the potential for dust emission;  

• haulage, where the weight of vehicles, their speed of passage and number of 
wheels in contact with the ground, and the nature and condition of road surfaces 
or haul routes all affect the amount of dust emitted;  

• blasting;  
• ancillary "manufacturing" operations within quarries (batching plants, concrete 

plants, asphalt plants etc.);  
• wind blow from paved areas, stockpiles etc.  

The dust generation is influenced by both the material properties like, hardness, 
particle size, particle density, as well as moisture, and the mechanical working processes, 
such as the scale of handling, the energy spend in operation, drop form height and solids 
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mass flow rate ( Liu et al., 1999; World Health Organization, 1999). Table 2.1 gives an 
idea that how different working processes affect the dust generation potential. 

Table 2.1 Dust sources in mineral sites (Adapted from Arup Environmental( 1995) and 

Mohamed et al., (1996))  

Operation & 
Equipment Emission Mechanism Relative Potential Contribution to Total Site 

Dust Levels 

Drilling & Blasting Air flush from drilling and from 
force of blast Small 

Loading and 
dumping Dropping material from height Moderate to large 

Draglines Dropping material from heights Large 

Crushing and 
Preparation 

Impact, abrasion and dropping from 
heights Large 

Conveyors Dropping from heights Small 

Haulage roads Raised by tyres, exhaust and 
cooling fans Large 

Storage piles Wind blow, high wind speeds Moderate to large 
 
 
2.2.3 Spreading and settling of mineral dust 
 

The process by which broken-down dust is lifted from the surface to be suspended in 
air is called dust emission. Once the required energy is enough, it will overcome the 
gravitational and the cohesive forces bind the particle to the surface, and thus dust 
emission happens (Office of the Deputy Prime Minister, 2003). The process of dust 
generation can be considered as a dust emission process and table2.1 also tells various 
emission mechanisms corresponding to different mineral processes generating dust. As 
long as dust emission happened, dust particles then spread by dispersal through 
suspension and entrainment in atmosphere, and settle again on the surface. The behavior 
of the dust spreading and settling is influenced by the local weather conditions, site 
topography, particulate suspension capacity and the mineralogy of the rock. The weather 
condition is of great importance affecting dust emission where in wet area, dust get sticky 
on the surface due to moist ground and dust is removed from suspension in an increased 
rate. Dust, however, under dry conditions is lifted easily and entrained into air, and then 
spread over a large geographical areas. Also wind velocity and direction should be 
considered carefully when predicting the dust behavior. Site topography influences the 
dust movement by channeling or directing the wind pattern and act as shelter avoiding 
dust from spreading. Besides, wind speed increases with height therefore activities which 
is done in the locations well above the ground level are more susceptible to dust effect. 
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Particle dispersion is largely dependant on particulate suspension capacity. This capacity 
may be determined by the weight of particles, the inter particle forces and the drag, lift 
and movement imparted by flow of air on the particles (Liu et al., 1999). At last the 
different mineral types produce different patterns of dust emission rates (Arup 
Environmental, 1995).  

 
 

3 Necessity of research on coarse dust around mining area 
       
3.1 Adverse effect of mineral dust 

3.1.1 Ecology and agriculture 

   There are not many studies of the effects of dust deposition on ecology and agriculture. 
Dust may have physical effects on plants such as blockage and damage to stomata, 
shading, abrasion of leaf surface or cuticle, and cumulative effects e.g. drought stress on 
already stressed species. It produces chemical effects as well. Chemical effects of dust 
are far more important than physical effects. Dust deposited on the ground can change the 
soil chemistry and result in the competition between different plants or animal species 
thus change the plants chemistry and animal structures. The potential effect of dust is 
determined by several variables in the following: 

• The concentration of dust particles in the ambient air and its associated deposition 
rates. The rate of dust deposition depends on the surface characteristics of 
vegetation conditions on the site and leaf surface in terms of important parameters 
like roughness and wetness.  

• Meteorological and local microclimate conditions and degree of penetration of 
dust into vegetation. The climate condition is one of the important factors 
influencing dust behavior as stated previously, therefore the extent of the effect of 
dust on ecology and agriculture are partly determined by this factor. The 
penetration rate of dust into vegetation is individually and has chemical effects on 
plants and animals. 

• Size distribution of dust particles. This is also one of the important factors that 
influences dust behavior.  

Besides, areas of high ecological value or agricultural resources may be more 
sensitive to dusts than other areas. Examples of sensitive areas include designated nature 
conservation areas containing sensitive species, intensive horticultural areas, and fruit 
growing areas.  

3.1.2 Nuisance effects 

Nuisance dust is the larger size fraction that is visible in the atmosphere. Dust effects 
on people have been identified as arising from increases in airborne dust concentrations, 
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and deposition levels. Dust depositions on windows, outside of the house, and on cars are 
the most frequently mentioned reasons for this concern. Table 3.1 lists the factors that can 
determine whether surface soiling by dust is considered a nuisance.  

Table 3.1 Factors determining surface soiling as a nuisance (From 
http://www.goodquarry.com/article.aspx?id=22&navid=2) 

Surface soiling by dust as a nuisance.  
Deposition on a surface which is usually expected to remain free from dust 
The color contrast between the deposited dust and the surface upon which it settles 
The nature of the illumination of the surface - "dinginess" 
The presence of a nearby clean 'reference' surface against which comparison may be made 
The rate of change in the visual properties of a surface 
The identity of the area and the composition of the local community 
social factors, such as lifestyle and patterns of working 
the personal experiences and expectations of the observer 
adverse publicity influencing the expectations of the observer 

The rate of deposition and therefore the time taken for dust deposition to become 
visible are important influences on the perception of dust. The rates of deposition vary 
widely with emissions, variations in wind speed and direction and also variations in the 
background dust concentration. These background levels will determine the reaction of 
local people to any additional dust from specific mineral sources, together with the 
following three factors (http://www.goodquarry.com/article.aspx?id=22&navid=2):  

• the frequency of dust deposition incidents. A community may be prepared to 
tolerate an incident once a month, but not repeated incidents at frequencies of one 
or twice a week;  

• the amount of deposited dust. The amount of dust will usually decrease with 
distance, so the proximity to the source will be a major factor in the determining 
the level of complaint.  

• the area affected by deposition. If the emissions increase then there is the 
possibilty of a larger area being affected. This will increase the probability of 
complaint unless the dust is diluted to a point below which people are concerned.  

One of the problems is how to quantitatively measure the rate and severity of soiling. 
A number of measurement methods are described later in section 5 which will avoid 
dependence on subjective descriptions and complaints.  

3.1.3 Health and safety Effects 
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Coarse non-respirable dust is threatening human health if people get in contact with 
air, soil or water contaminated by hazardous particles. But the health effect of mineral 
dust is mostly referred to respirable dust which is beyond the scope of this research. The 
study on fine particles were endeavored from very early time since it threats people’s life 
health. The severe consequence of respirable dust has been recognized very well and 
scientists have developed many effective countermeasures to control its generation 
ensuring human safety. The information on health effect can be found in enormous 
bibliography relating respirable mining dust.  

In addition, from the human safety point of view, some certain dust, for example from 
coal and sulphide ores can cause explosions (Field, 1982; Trade Union Congress, 2001).  
The explosion incident depends on many factors. As this problem is more related to fine 
fraction of the dust, it is also beyond the scope of the present research. It is thus do not 
have detailed explanation on it here. Readers who are interested in this aspect can get the 
knowledge from numerous published papers since it is not a newly developed trouble any 
more.   

3.2 Study for respirable dust 
 
   Of greatest concern is the health hazard to workers who are excessively exposed to 
harmful dusts.  Dust concerning occupational health is the fraction of fine sized particles 
generated and is classified into three primary categories, namely respirable dust, 
inhalable dust and total dust. Respirable dust refers to the dust that has particle size small 
enough to penetrate the nose and upper respiratory system and deep into the lungs. Dust 
with aerodynamic diameter less than 10 µm are respirable defined by MSHA, and the 
median diameter is 4.25µm (CEN, 1993).  The EPA describes inhalable dust as the 
fraction that enters the body, but is trapped in the nose, throat, and upper respiratory tract. 
And its median aerodynamic diameter is 10µm. Total dust includes all airborne particles 
irrespective with their size or composition. It is due to inhalable dust can be trapped and 
does not enter lung; it is less hazardous than respirable dust.   
 
   The lung related diseases caused by respirable dust have been well known, and 
pneumoconiosis is a general name describes the diseases. There are three types of 
pneumoconiosis, which are silicosis, black lung and asbestosis and they are caused by the 
accumulation of the quartz and other silicates, respirable coal dust particles, and asbestos 
fiber，respectively.  But not all dusts produce the same degree of health hazard, and their 
harmfulness depends on the factors, such as dust composition, dust concentration, particle 
size and shape, and the time that people exposed to dust particles. In order to evaluate the 
severity of health hazards in a workplace, the American conference of Governmental 
Industrial Hygienists (ACGIH) has adopted a number of standards. TLV’s are time-
weighted concentrations to which nearly all workers may be exposed 8 hours per day 
over extended periods of time without adverse effects. With the combination of the other 
established regulations and acts, the respirable dust and its impact have been under a 
good control. 
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   Respirable dust and its related diseases are controlled by reducing employee exposure 
to the dust and this can be accomplished be three types of countermeasures, namely 
prevention, control system and dilution or isolation. It is well believed that prevention is 
better than cure, and therefore properly designed bulk material handing components is an 
important way to reduce dust generation, emission, and dispersion, although complete 
prevention of dust is an impossible task. The dust that can not be prevented from the 
source must be reduced by the other two types of countermeasures mentioned above if 
the dust concentration is over the limitation. Dust control system commonly includes dust 
collection systems and wet dust suppression systems. These techniques reduce dust 
concentration by remove dust through ventilation or lower the tendency of the spreading 
of the dust through liquid. Dilution or isolation can be easily understood literally. 
Dilution uses fresh air to clean the contaminated air but is not as effective as the other 
control systems. Isolation means to protect worker from exposure to harmful dust by an 
enclosed cab with supplied fresh, clean, filtered air.  
 
   The aim of the present section is to prove that respirable dust has been studied from not 
only the aspect of the sources and adverse impacts, but also the aspect of 
countermeasures. Even it needs to be developed deeper; the study level is quite thorough 
so far. The present report is not denying the necessity of continuation of the study for 
respirable dust, but more attention should be paid to larger particles around mine area as 
they are arousing serious problems. Even though these nuisance problems have been 
taken notice by some people, it will prove, in the next section, that there are hardly 
people contributing specifically to the study on those larger particles around mining area. 
 
3.3 Literature authors list  
 
   Dust nowadays is a nuisance around the world. It could be produced by many reasons. 
Among them dust from mining and gravel road are mostly worried due to its relationship 
with human being. In most situations, the research about mining dust focuses on PM10 or 
PM2.5 (the total amount of particulate materials that have diameter less than 10 micro 
meters and 2.5 micro meters), because those particles are respirable and directly threaten 
health of human being. The study in this field is developed very well, but the particles 
which have diameter larger than 10 micro meters have gained less attention. 
Unfortunately, the latter particles are also important concerning environmental aspects. 
Therefore, it is necessary to study those large particles from mining areas. To initiate this 
study, it is good to know the current study level and the background knowledge in this 
field. 
 
 
   Therefore, we organized scientists list from 4 main aspects which are generation, 
spreading, settling, and measurement. Unfortunately, instead of concentrating on mining 
dust, the scientists are more interested in soil erosion and sedimentation engineering. So 
the purpose of this list is to convince people that there is an urgent need to explore the 
bigger particles from mining areas, and it is the time to start right now. In the other hand, 
considering the principle according to which particles move are the same disregarding 
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with the type. Thus, the articles listed here is useful as the fundamental knowledge of 
further research. 
 
 
   Around 40 scientific papers have been found through internet and journals, from whose 
reference more authors were found and added to the list. The frequency of which the 
authors appear in this literature list is taken as an indicator of how importance they are. 
The aspects of generation, spreading and settling are correlated. Even though we tried to 
divide the articles, they could cover some content about each other’s aspects. It is 
impossible to include all the scientists here due to limited searching, but it somehow can 
prove what we thought in the beginning. Appendix 1 to 5 compiles all the scientific 
papers from the 4 main aspects mentioned above and an additional aspect of dust control. 
Appendix 6 to 9, summed up the some important authors who have relatively high 
presence frequency in the Appendix 1 to 4. After the work of searching, classification and 
compilation of the articles, three conclusions are finalized in the following.  
 
1. It is totally 354 articles found during the searching, not representing all the 

bibliography but enough to be as a evidence that there are hardly people who is 
contributing to this specified field of coarse mining dust. The convictive proof is that 
only 14 out of 354 (the articles that are directly aimed at dust around mining area are 
marked by boldface)articles are directed towards the larger non-respirable dust 
around mining area, though dust dynamics is a popular discipline and people has 
endeavored a lot to it.  In these articles, scientists are more caring about the 
topographical formation of the earth surface due to soil erosion or metals and 
nutrients transport cycle because they can travel a long distance with eroded soil 
particles. Fortunately, the research results from these scientists can be looked as 
fundamental knowledge for the initial study of dust around mining area. However, 
due to the different dust emission mechanisms and the various dust composition in 
mineral working, it is imperative to start an independent research on these specialized 
dust rather than study it as a part of sedimentation engineering.  

 
2. Appendix 6 to 9 list some important and authoritative scientist from the aspects of 

dust generation, dust spreading, dust settling as well as dust measurement. Among all 
the authors we found, Goossens D. is highlighted by the highest frequency of 
occurrences. He is mainly working on the field of dust settling as well as dust 
measurement. His main contribution is estimation of bias in grain size distribution of 
deposited atmospheric dust due to the collection of particles in sediment catchers and 
the calibration of the MDCO dust collector and of four versions of the inverted 
frisbee dust deposition sampler. Also he tested the efficiency for some other sediment 
catchers. The other two scientists who are worthy of mentioning on dust measurement 
are Hall D.J and Upton S.L. Their research results supplied information on earlier 
dust gauges and facilitated the later study for Goossens. Referring to the aspects of 
dust generation and dust spreading, Gillette D. A. and Willettes B.B. are important 
scientists respectively and have got many results. Even these scientists are not aiming 
to the specified non-respirable dust around mining area in this report; their 
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achievement is useful for the start of the targeted dust here. And it also proved in 
some extent that there is an urgent need to begin the study.  

 
3. From the quantity of the articles we found, the most articles are found on the aspect 

of dust spreading implying that the study on how particles are transported has reached 
to a deeper extent than other aspects. However, all the aspects are correlated, and the 
study on dust spreading also covers the knowledge on other aspects. Then the aspects 
of dust measurement and dust settling are secondly important according to the 
quantity of articles we found. The quantity of articles on dust generation and dust 
control are the least two. But this does not mean that dust generation and dust control 
are not as important as others. And readers have to be noticed that this order is made 
according to our searching which is limited and does not necessarily represent the 
true situation.  Additionally, indicated by boldface (the articles that are directly aimed 
at dust around mining area are marked by boldface) in the appendix 1 to 4, there are 
six articles on the aspect of dust generation which are focused on the dust around 
mining area, while on dust spreading, settling and measurement, there are very few 
article focused on the dust around mining area. This demonstrates that people has 
noticed the dust around mining area from the source, their production and the impacts, 
but the detailed study on these portion of dust about their spreading, settling and 
measuring have not actually get started. And therefore, this finally tells that it is 
necessary to get start to study the dust above 10µm around mining area.  

 
 
4 Sedimentation theories  
 
   What we are researching is a kind of sediment within the current agent of air. Soil 
erosion is the most common natural sedimentation phenomena, which has exactly the 
same features and dynamic properties as the sedimentation in water, except for current 
agent is air not water. It means that all the sedimentation theory used in water 
sedimentation engineering could be used in dust research here as well. Basic knowledge 
of sedimentation theory is of great help before doing further research about dust dynamic 
properties. 
 
4.1Sediment and Sedimentation 
 
   Sediment is any particulate matter that can be transported by fluid flow and which 
eventually is deposited as a layer of solid particles on the bed or bottom of a body of 
water or other liquid. Sedimentation is the deposition by settling of a suspended material. 
(http://en.wikipedia.org/wiki/Sediment) 
   Sediments are also transported by wind (eolian) and glaciers. Desert sand dunes and 
loess are examples of aeolian transport and deposition. Glacial moraine deposits and till 
are ice transported sediments. Simple gravitational collapse also creates sediments such 
as talus and mountain slide deposits as well as karst collapse features. Each sediment type 
has different settling velocities, depending on size, volume, density, and shape. 
(http://en.wikipedia.org/wiki/Sediment) 
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4.2 Sediment Generation 
 
   Sedimentation embodies lots of processes, e.g. erosion, entrainment, transportation, 
deposition and the compaction of sediment. These are natural processes that have been 
active throughout geological times and have shaped the present landscape of our world. 
Both natural and artificial reasons can be found to explain how the processes happen.  
 
 
4.2.1Weathering 
 
   Naturally, the circulation of weathering of rocks can be used as the evidence for how 
the sediments generated in most situations: 
 

 
Figure 4.1The circulation of rock 

(http://etudesproject.org/sofia/gallery/geography/lessons/lesson07.html) 
 
   The sediment is generated by weathering as showed in the circulation, defined as the 
decomposition of rocks, soils and their minerals through direct contact with the Earth's 
atmosphere. (http://en.wikipedia.org/wiki/Weathering)  
 

There are two important classifications exist for weathering: 
• Mechanical / Physical weathering: 
Crystal growth 
Frost action 
Growth of salt crystal 
Thermal effect 
    
• Chemical weathering 
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Normally it related to the pH and Eh value and contacted with different type of water. 
And Biological weathering is one type of chemical weathering with humid acid 
involved in the reaction. 

   
4.2.2 Geologic erosion and artificial generation 
 
   In Sedimentation Engineering (Vito, 1977), Geologic erosion is defined as erosion of 
the surface of the earth under natural or undisturbed conditions, which is thought as the 
mainly naturally dust producing process (Vito, 1977). 
 
   In the other hand, increasing activities of human being will accelerate the erosion rate 
over the normal natural geologic erosion eventually. e.g. 
Agricultural activities 
Urbanization (construction part) 
Road and highway construction 
Mining operations 
Altering runoff conditions 
Stream and river control works 
…… 
 
   We can see the mining operations could be a significant aspect in artificial erosion. It 
may introduce large volumes of sediment directly into streams. Mine dumps and spoil 
banks, which are left ungraded and unvegetated, often continue to erode by natural 
rainfall for many years after mining operations have ceased. Tailings and piles uncovered 
will contribute a lot in erosion by wind. 

 
4.3 Properties of sediment particles 
 
4.3.1 Sediment grain characteristics: 
 
   Sedimentation can be divided into3 groups, they are:  

• chemical sediment,  
• detrital (clastic) sediment and  
• bio-sediment.  

   Usually, bio-sediment is taken as chemical sediment, which will change the divide of 
sedimentation into 2 groups.  
 
4.3.2 Single sediment properties: 
 
   Sediment properties of a single particle that are important in the study of sediment 
transport are particle size, shape, density, specific weight, and fall velocity. (Chih, 
1996).In the book the properties are described as following: 
 
Size 
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   Size is the basic and most readily measurable property of sediment. Size has been found 
to sufficiently describe the physical property of a sediment particle for many practical 
purposes. 
 
Shape 
   Shape refers to the form of configuration of a particle regardless of its size or 
composition. Corey (Schulz et al., 1954) investigated several shape factors, and 
concluded that from the viewpoint of simplicity and effective correlation the shape factor 

Sp= c / (a b) ½                                      (Equation 4.1) 
was the most significant expression of shape. In this equation, a, b, and c are the lengths 
of the longest, the intermediate, and the shortest mutually perpendicular axes through the 
particle, respectively; and Sp is the shape factor.  
The shape factor is 1.0 for a sphere. Naturally worn quartz particles have an average 
shape factor of 0.7. 
 
Density 
   The density of a sediment particle refers to its mineral composition. Usually, specific 
gravity, which is defined as the ratio of specific weight or density of sediment to the 
specific weight or density of water, is used as an indicator of density. Waterborne 
sediment particles are primarily composed of quartz with a specific gravity of 2.65(Chih, 
1996). 
 
Specific Weight 
   The specific weight of deposited sediment depends on the extent of consolidation of the 
sediment. It increases with time after initial deposition. It also depends on the 
composition of the sediment mixture. A detailed discussion of different methods of 
computing specific weight is given by Simons and Sentürk (1977)  
 
Porosity 

Porosity is important in the determination of the volume of sediment deposition. It is 
also important in the conversion from sediment volume to sediment discharge, or vice 
versa. Equation (A10.2) can be used for the computation of sediment discharge by 
volume including that due to voids, once the porosity and sediment discharge by weight 
have been determined, i.e. 

Vt= Vs/ (1- ρ)                                    (Equation 4.2) 
 
Fall velocity 
   The fall velocity, or the terminal fall velocity, that a particle attains in a quiescent 
column of water, is directly related to relative flow conditions between the sediment 
particle and water during conditions of sediment entrainment, transportation, and 
deposition. The fall velocity reflects the integrated result of size, shape, surface 
roughness, specific gravity, and viscosity of fluid. The fall velocity of a particle can be 
calculated from a balance between the particle buoyant weight and the resisting force 
resulting from fluid drag. The general drag equation is  

FD= CDρA (ω2/2)                                        (Equation 4.3) 
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where  FD = drag force,  
           CD = drag coefficient, 
 ρ = density of water, 
 A = the projected area of particle in the direction of fall, and  
 ω = the fall velocity. 
The buoyant weight or submerged weight of a spherical sediment particle is 

Ws = 4/3 r3 π (ρ s - ρ) g                            (Equation 4.4) 
where   r = particle radius, and  
           ρ s and ρ = densities of sediment and water, respectively. 
   The fall velocity can be solved from the above 2 equations once the drag coefficient has 
been determined. The drag coefficient is a function of Reynolds number (see 4.4.2 
Reynolds number) and shape factor (Chih, 1996). 
 
4.3.3 Bulk sediment properties: 
 
Size distribution 
   Typical sedimentation size classification is also important as it is used in dust size 
distribution too. As we are going to doing research about bigger than 10 micrometer dust, 
the first thing to know should be the size differences: 
 
Gravel   > 2 mm > Sand >0.074 mm > Silt > 0.005 mm > clay 
This can be described clearly by figure 4.2 
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Figure 4.2 USDA soil classification system based on grain size 

(http://en.wikipedia.org/wiki/Soil_classification) 
   The Swedish classification system is missing here because it has not been found yet. 
There is also a phi scale other than meter system which is used often, and 1 phi= - log2X 
mm. This scale can describe the size distribution in a new way: 
 
Gravel <  -1 phi  < Sand  <  4 phi  <  Silt  <  8 phi  <  Clay 
 
 
Grains load 

 Suspended load  
   All grains surrounded by current, which refers to the particles are brought into 
suspension when turbulent velocity fluctuations are sufficiently large to maintain the 
particles within the mass of fluid without frequent bed contact (Vito, 1977). 
 

 Bed load 
   Dragging and salvation in touch with bed, refers to the transport of sediment particles 
that frequently maintain contact with the bed (Vito, 1977). 
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Slit and Clay grains 
   As the dust bigger than 10 micrometers is refer to the particle size ranging from silt up 
to gravel. Therefore, the smallest silt particles bring certain problem that they may stick 
together after sedimentation due to their tiny size and surface charge. The attractive force 
makes them to be a bigger grain. Thus, it is necessary to disperse them before 
measurement. Nowadays, pipette analysis and hydrometer are the 2 most common 
methods. And pipette analysis is preferred due to its relative low cost. A detailed 
description of pipette analysis is done by Folk (1974) 
 
4.4 Transport 
 
   The movement of air, in most cases is wind, is an important geological agent. It 
removes deposits and mixes soil, and to some degree it is a factor in soil formation. 
However, it is also one of the great destructive agents of soils. 
 
4.4.1 Transport forms 
    
   Transport of soil particles and dust is normally called wind erosion. The mechanics of 
wind erosion is a broad, complex subject. The transport of soil material by wind is a 
special case of the broader field of the transport of solids by fluids. And the transport 
mechanisms include 3 forms of motions (Vito, 1977). 

:  
• Dragging / Cripping 
• Silation / Saltation 
• Suspension 

 
4.4.2 Reynolds Number 
   Reynolds Number (Re) is defined to explain the differences in forces acting to move the 
grains or stay them. For example, the differences between dragging forces and 
gravitational forces. It is thought as a ratio of two forces acting on the fluid. When 
viscous forces dominate, Re is small and the flow laminar. When inertial forces dominate, 
Re will be large and the flow turbulent. This is how Reynolds Number is used to 
distinguish turbulent and laminar flow (Vito, 1977).Re is given as below: 

Re = U*d*ρ/µ                                                                (4.5) 
 
Where u = velocity 

d = diameter 
ρ = density                 
µ= viscosity of the current agent 

 
4.4.3 Fraude Number 
 
   Fraude Number is another relevant dimensionless number, applicable to laminar or 
turbulent flows having a free surface or interface such that gravity forces play an 
important role in causing flow (Vito, 1977). 
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   The Froude number is given by the ratio Inertia force/ gravity force; it is the ratio of 
flow velocity to the velocity of a small wave created in the flow. When the Froude 
number is less than unity, then the wave velocity is greater than the flow velocity, i.e. 
waves from a pebble thrown into a flow can travel upstream. Such a flow is said to be 
tranquil. For a Froude number of greater than unity the flow is said to be rapid. This is 
how it is used to distinguish high/low turbidity area within the current agent. 
 
Froude number is given as: 

F = u/ [(lg) ½]                                        (Equation 4.6) 
 
Where l = a characteristic length  

u = a characteristic velocity 
    
   Various attempts have been made to describe a threshold wind velocity or shear stress 
at which beds of soil grains start to be moved by the wind. Einstein and El-Samni (1949), 
Ippen and Verma (193), and Chepil (1959a) have recognized forces resulting from impact 
or velocity, viscosity, and static or internal pressures as the three forces exerted on a soil 
grain by a moving fluid. These forces may be resolved into: 
1. A drag force acting horizontally in the direction of the wind  
2. A lift force acting vertically. 
 
4.5 Diagram methods helping with research of particles 
 
   Accumulative curve is very useful because a lot of information can be drawn with the 
help of mathematic methods and phi units, which can tell: 
1. How the particles sorted 
2. Skewness 
3. Kurtosis etc. 
For example: 

 
Figure 4.2 an example of accumulative curve 

   Like all the other diagram analysis method, there are several special points which can 
be used in a mathematic way: 
1. Median:       Ø50
2. Mean value = (Ø16+Ø50+Ø84)/3                                                            (Equation 4.7) 
3. Standard deviation: Describe how similar of the samplers 
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σ = (Ø84-Ø16)/4 + (Ø95-Ø5)/6.6                                                 (Equation 4.8) 
4. Skewness: Describe fine/coarse size of particles 

Sk= (Ø84+Ø16-2 Ø50)/2(Ø84-Ø16) + (Ø95+Ø5-2 Ø50) /2(Ø95-Ø5)           (Equation 4.9) 
Sk= 1.0 ~ 0.3        Strongly fine skewed    (fine size) 

                                0.3 ~ 0.1        Fine skewed 
                 0.1 ~ -0.1       Nearly symmetrical skewed    (50% fine and coarse size) 

                              -0.1 ~ -0.3       Coarse skewed 
                              -0.3 ~ -1          Strongly coarse skewed   (coarse size) 
5. Kurtosis:  

K = (Ø95-Ø5)/2.44(Ø75-Ø25)                                                                (Equation 4.10) 
K < 0.67                    very platy kurstic 

0.67 ~ 0.9              platy kurstic 
0.9 ~ 1.11              meso kurstic 
1.11 ~1.5               lepto kurstic 
1.5 ~ 3.0                very lepto kurstic 
> 3.0                      extremely lepto kurstic  

 
 

5 Measuring equipments and modeling tools 

   In the study on atmospheric dust, two measurements of interest in monitoring deposited 
dust are of vertical deposition to the ground and of the horizontal flux of particles past a 
measuring station. These two measurements are commonly made by using passive 
samplers. The deposit gauge is usually a container of some sort with a horizontal opening 
and the flux gauge is a container with vertical opening. For large particles, the mass 
deposition to the ground D is given by, 

                                                     D = A ∫ x Vs dt                                             (Equation 5.1) 

where A is the surface area over which deposition occurs, x is the ambient mass 
concentration of the particle s, Vs

 is the falling speed of the particles and t is time during 
which deposition occurred. Similarly, the mass flux of particles pass through a measuring 
station F is given by, 

                                                    F = A ∫ x U dt                                               (Equation 5.2) 

where A is the vertical opening area of a flux gauge, U is wind speed. It must be 
distinguished that the mass deposition is dependant on particle falling velocity, while the 
mass flux is dependant on wind speed. This fundamental difference in the collection 
characteristics between the two sorts of gauge is often not appreciated. There is no simple 
relationship between the two masses. The possibility of inferring one type of 
measurement from the other is too complicated to be made use in practice.   

   From all the literature study, it is summarized from the studies on atmospheric dust that 
the following equipments could be good options as dust collectors in mining areas in 
relation to two types of measurements mentioned above. Of course there are more 
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samplers which are not listed here, but they have more or less the same working 
principles as the following ones. So an overview of the equipments listed here might be a 
good guide to find out the best sampler for certain mining dust collection situation.  

5.1 Vertical dust deposition gauge 
 
5.1.1. British Standard Dust Deposit Gauge 
 
   It is a non-directional method for the measurement of dust deposition rate. The 
collecting bowl showed by figure5.1 is a plastic bowl of 300mm diameter with a funnel-
shaped bottom which stands 1.2 m above the ground supported by a metal stand. The 
bottom of the collecting bowl is connected to a bottle where the rainwater drains to. The 
results are expressed as mg/m2/day. Long duration is required when sampling program is 
proceeded by this method.  

 
Figure 5.2 The catch efficiency of the 
deposit gauge versus particle diameter                              

Figure 5.1 BS deposit gauge collecting            and wind speed (From Ralph and Barrett,  
 bowl (From BS1747)                                        1984) 
 
   Ralph and Barrett examined the collecting efficiency at Warren Spring Laboratory in 
1984 over a range of particle sizes and wind speeds. The catch efficiency is depends on 
particle size and wind velocity with which the change is tremendous. Reflected by the 
curves in figure 5.2, the efficiency of the gauge is very low unless the particle is 
sufficient large with more than 400 micros and the wind speed is low enough with less 
than 1ms -1 , where the 100 % efficiency is barely reached. One conclusion is that the 
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collecting efficiency is lowered by either high wind velocities or small particle sizes, 
particularly low for the particles with aerodynamic diameters less than 100 micros. This 
made the BS deposit gauge is unreliable in the most time since the dust is covering a 
wide range of diameters and the wind speed is naturally variable. The reasons resulting in 
the poor efficiency are two. One of them is that turbulence created by the high depth of 
the gauge body displaces away some particle that should be deposited. The other reason 
is that the deposited material is sensitive to the high wind velocity which blows out the 
settled particles.   
 
 
5.1.2 ISO deposit gauge 
 
   Figure 5.3 is a cylindrical ISO deposit gauge supported by a tripod. The top opening of 
the gauge is about 1.7 m above the ground. Deposition rate is measured non-directional 
and expressed as mg/m2/day. Together with BS deposit gauge, they were the wildly used 
measurements during 1980s. And also there were some other deposit gauges in that time; 
they were mostly cylindrical, near cylindrical or funnel shaped. The one with funnel 
shaped is already described above. It is due to the ISO deposit gauge is as deep as BS 
deposit gauge, it is suffering the same shortcomings with BS deposit gauge. Ralph and 
Barrett (1984) also tested the both ISO and NILU dust gauge, and concluded the similarly 
poor efficiency as BS deposit gauge though ISO is the best among those three.   
 
 

 
Figure5.3 ISO deposit gauge (From http://pacwill.ca/Hanby/product_list.html) 

 
5.1.3. Inverted Frisbee 
 
   The frisbee shaped collecting bowl is used to measure dust deposition rate and the 
original one is made of plastic with flat bottom.  It was first designed by Hall and Upton 
(1986), and they proved that this shallow shaped gauge is more effective due to reduced 
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aerodynamic blockage. After the design they (1988) tested the efficiency of uncoated and 
coated inverted frisbee using glass spheres to stimulate dust up to 183 micros in 
aerodynamic diameter over a range of wind speeds up to 10 ms -1 . And the results 
showed (see figure 5.5) that the efficiency is decreasing with increasing wind velocity, 
nevertheless, there is a lowest efficiency for particle size of around 75-100 micros below 
or above which the efficiency increases with the more significant increase below the size. 
The increase in smaller particles was not observed for conventional deposit gauges (BS 
and ISO deposit gauge) due to the difference in aerodynamic characteristics. The overall 
efficiency of coated frisbee is 50% which is superior to other gauges, and it reduced blow 
out by retain particles in coatings. They also modified the bottom shape, in 1993 (figure 
5.4), to be a curved shape in order to facilitate the drainage of rainwater into the 
collecting bottle. As the plastic frisbee is lack of long term stability and is sensitive to 
warp and degradation, the one made of anodized, spun aluminum or stainless steel is 
emerged to use in a long term measurement instead of previous one. 

  
                  a                                                            b 

Figure5.4 a: Inverted frisbee and 5.4b: The cross section (From Hall et al., 1993) 
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                        a                                                       b 

Figure 5.5a: Collection efficiency of uncoated frisbee as a function of wind speed and 
particle size and 5.5b: Collection efficiency of coated frisbee as a function of wind speed 

and particle size. (From Hall & Upton, 1988) 
 
 
   To increase collecting efficiency, the frisbee can also be modified with a wing deflector 
ring or a marble filter. The efficiencies of four versions of the modified inverted frisbee 
have been tested by Mamadou et al, 2006. The versions are inverted frisbee without 
marbles and without ring, inverted frisbee without marbles and with ring, inverted frisbee 
with marbles and without ring, and inverted frisbee with marbles and with ring. They 
calculated the efficiency for grain size classes of 10-19 µm, 19-31µm, 32-41µm, 41-
48µm, 48-56µm, 56-66µm, 66-76µm, and 76-89µm. And the dust used in the experiment 
was prepared from calcareous loam collected at Kortbeek-Dijle, Belgium. The result 
confirmed the conclusion by Hall and Upton that the efficiency decreases with increasing 
wind speed as showed in figure 5.10b( this figure is put in section 5.1.5 in order to ease 
the comparison with the MDCO).  The conclusion from figure 5.6 here are that the effect 
of particle size is prominent for all four versions until the grain size reaches 50 µm above 
which the efficiency of the collector does not depend on the particle size anymore; and 
the marble filter significantly reduces the particle size effect on the collecting efficiency 
whether there is a deflector or not.  Right after this experiment, Goossens (2007) he 
himself empirically proved that the error is of the order of 10-20% when the median grain 
size is used as a representative parameter. And the settled particles are finer than parent 
particles. 
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Figure 5.6 Efficiency of inverted frisbee as a function of grain size (From Mamadou et al., 

2006) 
 
 
5.1.4 Snow collector 
 
   Since the precipitation collectors are designed by the similar principles as the dust 
collectors, they are suffering the same problem of aerodynamic blockage and precipitate  
loss in their development. Figure 5.7 shows a snow collector which has a same shape 
with inverted frisbee with turn-inwards lips and blowout fence installed inside the bowl. 
This design was proved to be a good collector for snow.  
 

 
Figure 5.7 Cross section of a snow collector (From Hall et al., 1987) 
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Figure5.8 a: Blow-out speeds for snow collector and frisbee (left), and 5.8b: Efficiency 
of snow collector versus wind speed and particle size (right) (From Hall and Upton, 1988) 

   Not only have Hall and Upton (1988) tested the efficiency of an inverted frisbee, but 
also they tested the efficiency of the snow collector as a dust collector at the same time. 
The same dust sample which has diameter up to 183 µm, and the same wind speeds up to 
10 ms-1 for frisbee was applied here to the sow collector. Figure 5.8a at the left shows the 
blow-out wind speeds for snow collector is higher and rising sharply with increased 
particle size, but contrary, it is lower and only increased slowly along particle size. This 
is the consequence of fence installed inside snow collector which significantly retains 
more particles at higher wind speeds. As seen in the figure 5.8b at the right, the collecting 
efficiency has the similar trend of changing versus wind speed and particle size with that 
of inverted frisbee showing in figure 5.6. But relatively speaking, it has a lower 
efficiency in collecting fine particles and higher efficiency in collecting coarse particles 
than coated frisbee has. And, the snow collector was still proved to be a good dust 
collector.  

 

5.1.5 Marble dust collector (MDCO)  

   This sampler is currently used world-wide and has become very popular, especially in 
desert research. It was first described by Ganor (1975). It consists of a plastic tray with 
one (or two) layers of marbles. It can be installed on the earth's surface, or attached to 
vertical masts. Various types of trays are in use, but circular trays are better than 
rectangular ones because these latter are direction-sensitive (see Fig. 5.9a, and figure 5.9b 
is a rectangular MDCO). The marbles were standard glass marbles 1.6 cm in diameter. 
Two layers of marbles were installed in the MDCO. The great advantage of the marble 
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filter is that. due to extremely small micro roughness  of the marbles, there is no out 
splash of dust from the collector, even during the heaviest rain(Goossens et al., 2001). 

 

      a                                                                      b 

Figure 5.9a: Photography and construction scheme of the MDCO sampler (from 
Goossens& Offer, 1999), 5.9b: A rectangular MDCO sampler (From Mamadow et al., 

2006) 
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                                  a                                                                   b 
Figure 5.10a: Collecting efficiency for total sediment as a function of wind speed and 

5.10 b: MDCO, right: inverted frisbee (From Mamadou et al., 2006) 
 
   Stated previously, the efficiencies of four versions of the modified inverted frisbee have 
been tested by Mamadou et al, 2006. The results were also compared with MDCO in 
their work. And the same particle classes and wind speeds were used.  It is due to that 
MDCO is a rectangular shaped collector; the orientation effect with respect to the wind 
was tested by setting up the collector with 0º, 45 º, and 90 º to the wind. Figure 5.10a at 
the left illustrated that the highest efficiency obtained for an MDCO parallel to the wind. 
The comparison in the right of figure 5.10b showed that the efficiency of an empty 
frisbee is generally lower than that of an MDCO despite that the latter is far less 
aerodynamic shape. The wind speed and the particle size have similar effect on MDCO 
as that on inverted frisbee, but expect that reduced effect of particle size gained by 
incorporate marbles in frisbee. 
 
 
5.1.6 Capteur pyramidal (CAPYR) 
 
   The funnel shaped CAPYR has a height of 40 cm and a 50cm*50cm horizontal inlet 
opening (see figure 5.11). The deposited dust is collected by washing with water and 
stored in a flask. The deposition flux is determined by weighing the dust after it is dried 
out. Unfortunately, there is no data show the comparison of the collecting efficiency with 
other collecting bowls by 2007(Goossens and Rajot, 2007). 

 
Figure 5.11 The CAPYR dust deposition collector (From Goossens& Offer, 1999) 

 
 
 
5.1.7 PVC deposition plate   
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   The vertical dust deposition can be directly by using a surrogate surface which the 
particles settled on. Figure 5.12a and 5.12b give the top and side view of the PVC 
sampler tested by Eugene et al., (1999). The leading edge has less than a 12 degree angle. 
The deposition film (figure 5.12c) consists of a greased cover glass supported on a 
microscope slide glass. The deposition surface was patterned after those used in wind 
tunnel studies by McCready (1986) and field samplings by Noll et al… (1988). Using of 
microscope slide makes it is possible to analysis the dust by microscope and not only is 
deposited flux determined, but also the shapes of the dusts are observed.  
 

 
 

Figure 5.12 a: Top and side view of deposition plate (From Eugene, 1999) 
 

 33



 
 

Figure 5.12b: Deposition sampler support system (From Eugene, 1999) 
 

 
 

Figure 5.12c: Deposition film (From Eugene, 1999) 
 
 
 
5.1.8 Surrogate surfaces for dust deposition 
 
   Several other surrogate surfaces have been recently examined to find the most efficient 
surface capable of settling dust particles as well as accumulating deposited particles. 
Examples are that Goossens and Offer (1994) evaluated four deposition surfaces which 
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were water collector, marble collector, dry flat collector and moist flat collector. The dust 
used in the experiments was prepared from Belgian Brabantian loess, and then dried, 
ground, and sieved through a 63µm sieve. The remaining sediment consisted of 95% 
silt( 2-63µm) and 5% clay (<2µm), with a median diameter of 29µm. There was no exact 
efficiency measured during experiments. But they concluded that water collector has the 
highest efficiency both for deposition and accumulation. The efficiency of marble 
collector is comparable to that of water collector, but the former is more sensitive to 
erosion and thus have a less accumulation of dust. The other two collectors did not 
receive good efficiencies.  And Goossens (2007) also compared the measured deposition 
in surrogate surfaces (glass plate in figure 5.13a and soil surface in figure 5.13b) with 
theoretical calculations which shows that theoretical deposition models should 
incorporated a correction term for grain shape. It is seen in the figure below, the glass 
plate is attached to a thin metal bar and thus the dust settles on the plate during 
experiment. The glass plate is covered by another identical plate to protect the sample 
after which it is analyzed by microscope and particle-imaging software to calculate the 
dry deposition of dust. Soil surface directly measure the dry deposition at ground level. 
The surface is made to resemble the nature sand surface at the place where test was 
performed. Dust deposition rate is determined by weighing the dust settled which is 
collected by washing the soil surface after sampling. But the care must be taken to avoid 
the boundary effects of the soil surface and if there is erosion event happens during 
sampling, a correction need to integrate avoiding error. Detailed information about the 
soil surface can be found in Goossens & Rajot (2007). 
 
 

 
                                     a                                                                    b 

Figure 5.13a: Glass plate, 5.13b: Soil surface (From Goossens & Rajot, 2007) 
 
5.2 Horizontal dust flux gauge 
 
5.2.1 The British Standard directional dust gauge 
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   The following figure 5.14 shows the BS directional dust gauge that was designed by 
Lucas and Moore (1964). It consists of four vertical cylinders with four slots facing four 
directions. Each cylinder is connected to a bottle from the bottom of gauge body. The 
bottles are responsible for gathering rainwater and dust particles drained with rainwater.   
The collecting efficiency increases with increasing wind speed and starts to fall down 
when reaching a critical wind speed depends on particle size (figure5.15). The reason of 
fallen efficiency is that internal wind circulation inside the cylinder tube is quiet strong 
with high wind velocity and this pushes the trapped particles out the gauge body.  So the 
overall collecting efficiency by BS directional dust gauge is low.  
 

 
Figure 5.14 The British Standard directional dust gauge (From BS 1747 Pt 1V) 
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Figure 5.15 Collection performance of the British Standard directional dust gauge with 
four particle sizes (From Ralph and Hall, 1989). 

General characteristics:

   The samplers 2 to 9 are series equipments which were calibrated both in laboratory and 
in field by Goossens et al. between 1999 and 2000. 

Laboratory Calibration: 

• For the particle size the equipments dealing with: 

   Many of the samplers could be used for particles in a large range from fine to coarse.  

 Case 1 

   In the laboratory test done by Goossens et al (1999), the wind tunnel was conducted in 
the large channel, which is 7.6 m long, 1.2 m wide and 0.6 m high.  The dust used here 
was prepared from Belgian Brabantian loess after dried,  ground and sieved through a 
63 µm sieve to exclude sand particles, its median  diameter is 30 µm. 

 Case 2 

   In the laboratory test done by Goossens et al (2000), the wind tunnel was an open 
tunnel with a working section 560 cm long, 75 cm wide and 75 cm  high.(Neemann et 
al.1989).The sediment used here were three kinds: 

 1. The very fine-grained Tongerian sand from a quarry in Kessel-
 Lo,Belgium(Median  diameter is 132 µm ); 
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 2. The sand prepared from commercially available quartz sands, which were 
 sieved through 250 - 90 µm sieves (the median diameter is 194 µm); 

 3. The sand prepared from dune sand collected from a dune near Meinersen in 
 Lower Saxony, Germany, which was sieved through 300 – 200 µm sieves (the 
 median diameter is 287 µm). 

• For the samplers' efficiency: 

   Goossens et al (1999) thought the only way to measure the absolute efficiency of a 
horizontal flux sampler is to compare the flux measured by the sampler to the  flux 
measured by an isokinetic sampler installed at the same location and in  identical 
conditions. Here the isokinetic sampler is taken SARTORIUS. 

Field Calibration: 

• For the particle size the equipments dealing with: 

Case 1 

   Several samplers were installed at the meteorological station of the Jacob Blaustein 
Institute for Desert Research, Sede Boqer, Israel.The station is located in the northern 
part of the Negev desert, where the sand grain size is similar to that of the dust sand 
used in Laboratory situation. 

Case 2  

   All samplers (BSNE,POLCA,MWAC,SUSTRA,Saltiphone) were installed ,except 
for the isokinetic Sartorius,in a test field site belonging to the Ramat Negev 
Council,Israel.The field site is sited between Tel Alim and Shivta,in the northern part 
of the Negev desert, which characterized by a high Aeolian sand activity. The grain 
size is comparable to that of sediment No.2 in the laboratory situation, with its 
median diameter is 175 µm. 

• For the samplers' efficiency: 

Case 1 & Case 2 

   No isokinetic measurements of the dust flux data are available due to the isokinetic 
SARTORIUS was not used. The relative efficiencies of the different samplers were 
measured, however, and these can be compared to those derived from the wind tunnel 
experiments. 
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   The efficiency of field calibration is comparable or even identical to that in the 
wind tunnel, but the absolute values may differ greatly. Therefore, ONLY laboratory 
calibrations are discussed in the following parts. 

5.2.2 Sartorius Membranfilter SM 16711  

SARTORIUS (isokinetic sampler) Case 1 &2  

   This commercially available instrument is an active sampler sucking in the air (and the 
dust) at an adjustable rate. It has been registered as the Sartorius Membranfilter SM 
16711. (Figure 5.16) 

   The dust-laden air is directly sucked into a filter holder containing a filter. Flow 
discharge through the filter is adjustable between 200 and 1800 l h−1, and the actual flow 
rate can be read at any time from the instrument.  

   The filter holder is connected to the sampler via a flexible plastic tube, allowing the 
holder to be installed at any desired location well away from the sampler. A funnel-
shaped extension trap can be attached to the filter in order to measure at wind velocities 
between 1 and 5 m s-1.A flow regulator button allows the operator to adjust the airflow. 

 

Figure 5.16 Photography and construction scheme of the SARTORIUS sampler. (From 
Goossens, Offer, 1999) 

   The SARTORIUS is considered as the reference efficiency in laboratory situation, 
when considering absolute efficiency according to Goossens et al (1999, 2000). 
 
5.2.3 BSNE (The big spring number eight): Case 1 & 2 
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   The big spring number eight (or BSNE) sampler was developed by Fryrear in 1986. A 
picture and a technical scheme are shown in Figure 5.17.   
Dust-laden air passes through a vertical sampler opening. Once inside the sampler, air 
speed is reduced and the dust settles out in a collection pan. Air discharges through a 
screen, which reduces the movement of the deposited material and prevents breakdown 
of the collected sediment and potential loss of very fine particles out of the top of the 
screen. A rubber retainer closes any small holes in the back or front of the assembled 
sampler. A wind vane at the rear assures the sampler to be turned to the wind. 
 

 
Figure 5.17 Photography and construction scheme of the BSNE sampler. (From 

Goossens, Offer, 1999) 

Laboratory Calibration: 

Case 1: 

   The absolute efficiency of the BSNE is 35 – 45 % from the figure 5.18 below showing 
all the 5 samplers based on the isokinetic sampler Sartoius. 
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Figure 5.18 Absolute efficiency of the SUSTRA, BSNE, MWAC and WDFG samplers (The 
MDCO method is a kind of vertical sediment flux measurement equipment, which is 

excluded from the samplers described.)(From Goossens 1999) 

   BSNE is recommended among the equipments compared here, although its efficiency is 
much lower than that of the MWAC, it is nearly constant and does not seem to depend on 
wind velocity. Also it is low-cost and easy to install. 

Case 2: 

   The absolute efficiency is between 65% and 135% with three kinds of sand tested in the 
laboratory is showing below in the figure 5.19. 

 

Figure 5.19 Absolute efficiency of the BSNE. (Case 2)(From Goossens 2000) 
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   For all the samplers tested here (BSNE, MWAC, POLCA SUSTRA and Saltiphone), 
there is a general tendency for the catchers to become less efficient as the wind speed 
increase. For many catchers, the efficiency increases with sediment size.  

   But generally, BSNE is not recommended as its variable efficiency curve under such 
laboratory condition. 

Field Calibration: 

Case 1: 

   BSNE was used as a reference because it is currently one of the most frequently used 
samplers in dust research and because its efficiency is almost velocity independent.  

   The field ranking and the wind tunnel ranking of the samplers is identical, despite the 
rather small differences in average wind speed. 

Case 2: 

   BSNE is the second efficiency ranking following MWAC, but it is still quite good 
measurement equipment. 

5.2.4. The suspended sediment trap (SUSTRA): Case 1 & 2  

   The suspended sediment trap (or SUSTRA) was developed by Janssen and Tetzlaff in 
1991. A picture and a technical scheme are shown in Figure 5.20. 

   The dust-laden air enters the instrument via a horizontal metal tube and rebounds onto a 
metal plate inside a central vertical pipe. Particles settle onto a plastic dish placed on top 
of an electronic balance underneath the pipe, except the finest ones, which may leave the 
sampler via a small outlet on top of the pipe (together with the air discharging from the 
instrument).A wind vane turns the instrument into the wind at all times.  

   To minimize airflow disturbance near the surface, a metal balance box is dug into the 
ground. The value of the horizontal inlet tube can be adjusted while digging the balance 
box into the ground.  
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Figure5.20 Photography and construction scheme of the SUSTRA sampler (From 
Goossens, Offer, 1999) 

 
Laboratory Calibration:

Case 1 

   The absolute efficiency of the SUSTRA sampler is less than 15 % from the figure 5.18, 
which show all the 5 samplers based on the isokinetic sampler Sartoius. 

   SUSTRA is not very accurate, at least for dust. Its efficiency systematically increases 
with wind speed, but remains below 15% even at the highest speeds tested. 

Case 2: 

   The absolute efficiency is in a large range between 5% and 115% with three kinds of 
sand tested in the laboratory is showing below in the figure 5.21. 
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Figure 5.21 Absolute efficiency of the SUSTRA. (From Goossens 2000) 

 

   Similar to the BSNE sampler, there is a general tendency for the catchers to become 
less efficient as the wind speed increase. For many catchers, the efficiency increases with 
sediment size.  

   SUSTRA is not recommended as well, since its efficiency curve varies very much, with 
different size. 

Field Calibration: 
 
Case 1: 
SUSTRA is the least efficient sampler followed by the BSNE and the MWAC. 
 
Case 2: 
SUSTRA, following MWAC, BSNE, is the third efficient sampler tested in field. 
 
5.2.5 The modified Wilson and Cooke (MWAC): Case 1 & 2 

   The modified Wilson and Cooke (or MWAC) sampler is based on an original design 
developed by Wilson and Cooke in 1980. A picture and a technical scheme are shown in 
Figure 5.22. 

   The sampler consists of a plastic bottle, figuring as settling chamber, to which an inlet 
tube and an outlet tube have been added. The bottle is installed vertically, with the inlet 
oriented to the wind. Sediment entering the bottle will be deposited due to the pressure 
drop created by the difference in diameter between the bottle and the inlet and outlet 
tubes. The clean air then discharges from the bottle via the outlet.  
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Some modification was slightly developed by Kuntze et al. (1990), who attached the 
bottle in a horizontal position to a mast provided with a wind vane. To measure the 
vertical flux profiles, several bottles at different levels can be attached to a mast (Sterk, 
1993). 

 

Figure 5.22 Photography and construction scheme of the MWAC sampler. (From 
Goossens, Offer, 1999) 

 
Laboratory Calibration: 
 
Case 1: 
 
   The absolute efficiency from Figure 5.18 shows that the most efficient sampler is the 
MWAC, which shows efficiencies of over 75% (and usually over 90%) 
However, MWAC is not most recommended by Goossens et al. (1999), mostly due to its 
variable efficiency values at very low velocity in the beginning. But it is still a very good 
alternative based on the really condition.  
 
Case 2: 
 
   The absolute efficiency for sand between 132 and 287 µm is always between 90% and 
120%, which indicated in the figure 5.23. 
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Figure 5.23 Absolute efficiency of MWAC (From Goossens 2000) 

 
   The efficiency remains fairly constant (at least in the velocity range investigated) does 
not seem to depend on wind speed. Thus, it is the most recommended also because it is a 
very easy to install instrument with small size, weight, and inexpensive price. 
 
Field Calibration: 
 
Case 1 
The MWAC is the second efficient equipment following BSNE. 
 
Case 2 
The MWAC is the most efficient one among all samplers 
 
5.2.6 The wedge dust flux gauge (WDFG): Case 1 

   The wedge dust flux gauge (or WDFG) was developed by Hall et al. (1993). A picture 
and a technical scheme are shown in Figure 5.24. 

   Sediment-laden air enters the WDFG instrument via a rectangular slot into a simple, 
parallel sided box, which wedge shaped in elevation and with extended sides towards the 
rear holding a baffle plate. The top slopes upwards at an angle of 24.5°. Particles are 
trapped by particle trap made from 10 pores in−1 open-celled foam, which is normally 
sprayed with a thin sticky coating to retain any impacting particle. Clean air goes out via 
the top and bottom openings. 
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Figure 5.24 Photography and construction scheme of the WDFG sampler. (From 
Goossens, Offer, 1999) 

 
Laboratory Calibration:

Case 1: 

   The absolute efficiency of the WDFG is of about 50-60% at low wind speeds (<3m/s), 
but becomes much less accurate at higher winds (efficiency <30 % for wind >4m/s) (See 
Figure 5.25) 

   Obviously, WDFG is not so recommended in certain laboratory condition. 

Case 2: 

   The WDFG sampler is not used in this laboratory case, therefore, no data available for 
it to compare. 

Field Calibration: 

   No filed calibration for WDFG as it is replaced by active SIERRA sampler. 
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5.2.7 Model Series Number: 680: SIERRA Case 1  

   The SIERRA sampler (Model Series Number: 680) is a commercially available ultra 
high volume dust aspirator, manufactured by Sierra/Misco, Inc. A picture and a scheme 
are shown in Figure 5.26.  

   Dust-laden air is actively sucked into the apparatus via a horizontal inlet, over which a 
protecting roof has been installed. The air then passes through a glass microfibre filter 
trapping even the smallest particles, and the clean air then discharges from the 
instrument. Flow discharge through the filter is adjustable and remains constant during 
the whole measuring period. The sampler is thus an active sampler, though not isokinetic. 

   The SIERRA sampler is usually used for measuring horizontal flux by multiplying the 
airborne dust concentration with the horizontal wind speed at inlet level, even its 
horizontal opening. 

 

Figure 5.26 Photography and construction scheme of the SIERRA sampler. (From 
Goossens, Offer, 1999) 

Field Calibration: 

   The active SIERRA sampler replaced the passive WDFG in the field calibration 
together with other samplers. And the ranking of the samplers with respect to their 
efficiency is identical in the wind tunnel and in the field, despite of rather small variation 
in average wind speed.  

   In the absence of horizontal flux samplers, the MDCO (the Marble Dust Collector) can 
be used as an alternative to assess approximate values of the horizontal dust flux and 
sediment concentration. The SIERRA sampler is used together with MDCO sampler with 
the help of the correlation diagrams. 
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5.2.8 POLCA Case 2 

   The POLCA was developed by I. Pollet in 1995.A picture and the technical scheme are 
shown in Figure 5.27.  
The sampler consists of a wedge-shaped, metal sedimentation chamber with a rectangular 
inlet in the front. Air discharges from the chamber through the outlet at the rear, which is 
covered by a screen of woven wire cloth with 60-mm perforation between the wires.  
Sand entering the collector settles in the chamber because of the drop in velocity caused 
by the diffuser design and the screen.  
It is possible to install several identical chamber elements joined to each other by piercing 
two metal rods through a hole at each side of each chamber.  

 

Figure 5.27 Photograph and construction scheme of the POLCA sampler (all units in 
mm) (From Goossens, Offer, 1999) 

Laboratory Calibration: 

Case 2: 

   The POLCA sampler is ONLY calibrated in this laboratory case .The absolute 
efficiency is showed in the follow figure 5.28. 
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Figure 5.28 Absolute efficiency of the POLCA sampler (From Goossens, 2000) 

   From the chart, the efficiency varies from 75% to 125% and decreases as the wind 
speeds increase; even it improved somehow with the particle size growing larger.  

   It could be a good alternative when dealing with coarser particles in certain conditions, 
still with considering about the individual local situations. 

Field Calibration: 

Case 2 

   The ranking of efficiency in the field is comparable to that in the wind tunnel, but the 
absolute values may differ greatly.POLCA is the just better than the saltiphone, in the last 
second position. 

5.2.9 Saltiphone sampler Case 2 
 
   The saltiphone is an acoustic sensor that records the impacts of saltating particles on a 
sensitive microphone submerged in the saltation layer. Preliminary versions of the sensor 
have been tested by Linden (1985), but the final version was described by Spaan and 
Abeele in 1991. A picture and a technical scheme are shown in Figure 5.29.  
The saltiphone consists of a microphone containing a sensitive membrane which is 
installed in the middle of a stainless-steel tube. The tube protects the microphone against 
severe weather conditions. Two vanes at the back of the tube keep the microphone’s 
membrane perpendicular to the wind at all times. The tube is mounted on a ball bearing, 
which is attached to a stainless-steel pin pressed vertically into the soil.  
When saltating sand particles enter the tube, some of them bounce against the 
microphone. For sufficiently large grains, the energy of impact is high enough to vibrate 
the membrane and record the impact on a data logger connected to the instrument. When 
the high-frequency tones of impacting sand grains have been filtered from the low-
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frequency tones caused by the wind and rain splash, the total number of impacts on the 
membrane can be read from the logger.  
Experiments by Bakkum (1994) have shown that the impact energy of suspended dust 
particles is too low to vibrate the membrane. Hence, the saltiphone detects only saltating 
sand. 

 
Figure 5.29 Photograph and construction scheme of the saltiphone (all units in mm) 

(From Gooseens, 1999) 
 
Laboratory Calibration: 
 
Case 2: 

   The Saltipone is another sampler ONLY calibrated in this laboratory case .The absolute 
efficiency is showed in the follow figure 5.30. 
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Figure 5.30 Absolute efficiency of the Saltiphone sampler (From Goossens, 2000). 

   The saltiphone sampler is the most problematic catcher in this case, as seen from the 
figure 5.30,the efficiency is extremely low(10 – 17%) for the finesse sand used in the test, 
more or less acceptable for the medium-sized sand, and much too high (100-150%) for 
the coarsest sand. There is also a very substantial dependency on wind speed, especially 
at high speeds. 

   Therefore, the saltiphone currently cannot be used to quantify the absolute amounts of 
particle flux during saltation. 

Field Calibration: 

Case 2 

   The saltiphone is the lowest efficient sampler in the case 2, due to some practical 
problems with energy supply. 

5.2.10 The WITSEG sampler 
 
   The WITSEG sampler is a vertically integrating, passive type that follows an earlier 
design by Bagnold (1941). It is one kind of passive horizontal dust flux measuring 
equipment. This sampler is designed with taking into account all the factors like be 
practical, easy to use and inexpensive. A technical scheme is shown in Figure 5.31. 
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Figure 5.31 The design of the WITSEG sampler. (From Zhibao Dong, 2004) 

 
   The sampler is constructed of 0.5-mm stainless steel. It has four main components: a 
removable side cover, a wedge-shaped leading edge, a support and 60 sand chambers 
(See Figure 5.31). The total height of the sampler is 700 mm and the total width 160 mm. 
The total thickness of the sampler is designed to be 25 mm so that it has no significant 
interference with the airflow while maintaining enough sampling volume of the sand 
chambers. The wedge-shaped leading edge has 60 nozzle orifices connecting to 60 sand 
chambers. Each orifice is 10 mm high and 5 mm wide. The spacers between the orifices 
are milled very sharp to reduce the particle rebound on them and errors in the 
measurement of total flux. The leading edge and a side cover are removable so that the 
sand chambers can be removed and the collected sand weighed. The size of the sand 
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chambers is 140×15×6 mm. Each chamber has a full sand capacity of about 18 g and is 
inclined 30° with respect to the horizontal. (Zhibao Dong, 2004) 
The key design in the leading edge of the sampler is the vent with the function to ensure 
the isokinetic sampling.  
 
Calibration: 
 
   The sampler was calibrated in laboratory wind tunnel test.  
The blow-type non-circulating wind tunnel used here has a total length of 37m; with the 
maximum cross-section area is 2.4 ×1.2 m. The sand used was the typical dune sand from 
Shapotou area, southeast of the Tengger Desert of China. Its median diameter was 180 
µm. The total sand flux collected by the sampler was obtained by summing up the 
collected flux in every sand chamber. The test was conducted at eight free-stream wind 
velocities: 8,10,12,14,16,18,20 and 22 m/s.  
The efficiency is the most important characteristic of a sediment sampler. Goossens et al. 
(2000) thought the only way to measure the absolute efficiency of a sediment sampler is 
to compare the flux measured by the sampler to the flux measured by a non-intrusive 
sampler measuring at the same location and under identical conditions. However, theses 
requirement are rarely met. Some compromises must be made. 
Here the efficiency is defined as the ratio of the collected total flux by the sampler to that 
considered being a “correct value of the total flux rate:  

 
E = Qs / Qc                                                                 (Equation 5.1) 

Then, Qc was defined as  
    Qc = ( Wo - We)/ (L × T)                               (Equation 5.2) 

Where Wo = the total weight of the sand sample before the test,  
           We = the total weight of the sand sample after test, 

L = the width of the sand tray  
And T = the sample time. 

   At last, the efficiency of the WITSEG sampler was calculated ranging from 0.87 to 
0.96, with an average 0.91. 
 
5.2.11 Dust collector in train wagon 
 
   Ferreria et al. (2003) introduced a dust collector used in train wagons in order to 
evaluate the amount of coal dust released by eolian erosion from partly covered train 
wagons. Figure 5.32b shows the upper part nozzle of a dust collector whose cover is 
rotatable. And figure 5.32a gives an idea that how the collector installed to a train wagon. 
The train wagon was partly covered when it is running therefore the cover in figure 10a is 
closed then. A pair of the collector is attached to the end of the wagon. The lower part of 
each dust collector consists of a cylindrical container with dust filters. This collector is 
not as important as the pervious ones since it neither measures the vertical deposition rate 
nor measures the horizontal dust flux. The reason it is listed here is that it may be useful 
in some circumstances in the field of mining dust measurement, for instance, when 
evaluate the dust releasing from the lorry transporting mining products.  
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Figure5.32a: Dust collector installed in a train wagon, 5.31b: the dust collector (From 

Ferreira et al., 2003) 
 
5.3 Modeling tools 
 
5.3.1 Wind tunnel  

   The traditional wind tunnel is a research tool developed to assist with studying the 
effects of air moving over or around solid objects. 

   Ways that wind-speed and flow are measured in wind tunnels: 

• Threads can be attached to the surface of study objects to detect flow direction 
and relative speed of air flow.  

• Dye or smoke can be injected upstream into the air stream and the streamlines that 
dye particles follow photographed as the experiment proceeds.  

• Pitot tube probes can be inserted in the air flow to measure static and dynamic air 
pressure.  

   Here we can use the second way to see how the dust transport in a wind tunnel with 
initial setting of air flow velocity. 

   Air is blown or sucked through a duct equipped with a viewing port and 
instrumentation where models or geometrical shapes are mounted for study. Typically the 
air is moved through the tunnel using a series of fans. For very large wind tunnels several 
meters in diameter, a single large fan is not practical, and so instead an array of multiple 
fans are used in parallel to provide sufficient airflow. The airflow created by the fans that 
is entering the tunnel is itself highly turbulent due to the fan blade motion, and so is not 
directly useful for accurate measurements. The air moving through the tunnel needs to be 
relatively turbulence-free and laminar. To correct this problem, a series of closely-spaced 
vertical and horizontal air vanes are used to smooth out the turbulent airflow before 
reaching the subject of the testing. 

   Due to the effects of viscosity, the cross-section of a wind tunnel is typically circular 
rather than square, because there will be greater flow constriction in the corners of a 
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square tunnel that can make the flow turbulent. A circular tunnel provides a much 
smoother flow. 

   Various techniques are used to study the actual airflow around the geometry and 
compare it with theoretical results, which must also take into account the Reynolds 
number and Mach number for the regime of operation. 

5.3.2 Computational fluid dynamics (CFD) 

   Computational fluid dynamics (CFD) is one of the branches of fluid mechanics that 
uses numerical methods and algorithms to solve and analyze problems that involve fluid 
flows. Computers are used to perform the millions of calculations required to simulate the 
interaction of fluids and gases with the complex surfaces used in engineering. Even with 
simplified equations and high-speed supercomputers, only approximate solutions can be 
achieved in many cases. Ongoing research, however, may yield software that improves 
the accuracy and speed of complex simulation scenarios such as transonic or turbulent 
flows. Validation of such software is often performed using a wind tunnel. 

   The most fundamental consideration in CFD is how one treats a continuous fluid in a 
discretized fashion on a computer. One method is to discretize the spatial domain into 
small cells to form a volume mesh or grid, and then apply a suitable algorithm to solve 
the equations of motion (Euler equations for inviscid, and Navier-Stokes equations for 
viscous flow). In addition, such a mesh can be either irregular (for instance consisting of 
triangles in 2D, or pyramidal solids in 3D) or regular; the distinguishing characteristic of 
the former is that each cell must be stored separately in memory. Where shocks or 
discontinuities are present, high resolution schemes such as Total Variation Diminishing 
(TVD), Flux Corrected Transport (FCT), Essentially NonOscillatory (ENO), or MUSCL 
schemes are needed to avoid spurious oscillations (Gibbs phenomenon) in the solution. 

   In the future research, more detailed CFD related research will be made in order to 
describe the method and the dust fluid dynamic within the air flow. 

 
6 Laboratory work  
 
6.1 Introduction and aim 
 
   LKAB is the most famous mining company in northern Sweden, which takes up 4 to 
5% electricity consumption of whole Sweden and supports all the northern towns. The 
mining process is operated by three plants of crushing plant, concentration plant and pilot 
plant. The mining site is rich in mineral resources with 20 kinds of ore bodies; however, 
it is also creating waste, noise and dust which disturbs people daily lives in ambient 
residential area. Malmberget and Koskullskulle are two towns close to LKAB mining 
industry site (figure 6.1), and therefore bear the brunt from the adverse effect produced 
by mining process. People started to complain the mining dust problem around 5 years 
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ago, even though the mining site has been operating since 1970s. During the traveling to 
LKAB mining site close to Malmberget and Koskullskulle, our perception was captured 
by dusty cars, dirty surface of constructions and clouding air which reflect the severe 
pollution by dust. The nearest house to the mining site is only about 50 meters. (Figure 
6.2) Due to these impactions, some of the 20,000 residents in Malmberget and 
Koskullskulle have to be evacuated.   

      
Figure 6.1 Map of LKAB mining site                    Figure 6.2. The house nearest to the    

mining site 
   The aim of the laboratory work is to describe the dust collectors which are in use in 
LKAB and analyse the dust samples for particle size distribution and the density. The 
efficiency of the dust collector is explained in the section of discussion and the tests of 
the dust give the hint for dust origins.  
 
6.2 Methods and materials 
 
6.2.1 Dust measuring methods in LKAB 
 
   There are three measuring equipments installed by LKAB close to a school which is 
sensitive to the dust emission (figure 6.3)  
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Figure 6.3 The three measuring equipments 

The three equipments are: 
1. NILU dust deposit gauge was proposed by the Norwegian Institute for Air Research 

and is available commercially. It collects the whole range of particle size that settled 
in the bowl. As seen from figure 6.4, the NILU and proposed ISO dust deposit gauge 
are very similar in over all dimensions but they differ considerably in the design of 
the rims around the tops of the gauges. Another difference is the ISO has a somewhat 
smaller diameter that NILU do.  

 
                        a                                                                             b 

Figure 6.4 a: NILU deposit gauge, b: ISO proposed deposit gauge (from Ralph and 
Barrett, 1984) 

 
2. R & P 1400 TEOM is equipment for continuous measurement of dust concentration 

for particles smaller than 10µm. It is a common monitoring device for respirable dust. 
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3. Total suspended particle measurement is also continuous monitoring equipment for 
dust concentration. But is measuring range for particle size is 15 to 20 µm. 

 
6.2.2 Test methods 
 
   The analysis methods are improved step by step due to the amount of samples and 
particle properties. 

• Initial method:  
Sieves: Very initial method for separating coarse and fine particles. But this method is 
not applicable for the sample here which is too fine to be sieved. 

 
• Improved methods:  
Then the sample was planned to be tested for particle density and the size distribution 
by Hydrometer test (sedimentation analysis). Unfortunately the sample was too little 
to be tested by sedimentation analysis which requires about 30grams dust particles. 
The sample from LKAB is just around 5 grams per pack. 
 
• Final practical methods:  

      Due to above reasons, pycnometer which could cover a various amount of sample for     
analysis was decided to determine the particle density and the particle size 
distribution is analyzed by laser granulometer.  

 
 
 
   Pycnometers (figure6.5) are fast, fully automatic analyzers that provide high-speed, 
high-precision volume measurements and density calculations on a wide variety of 
powders, solids, and slurries. Using a gas displacement technique to measure volume, the 
density can be calculated by dividing the mass by volume. The volume of the sample is 
determined by gas displacement technique which works by measuring the amount of 
displaced gas. The pressures observed upon filling the sample chamber and then 
discharging it into a second empty chamber allow computation of the sample solid phase 
volume. Gas molecules rapidly fill the tiniest pores of the sample; only the truly solid 
phase of the sample displaces the gas.  
 
   A sample chamber of 1 cm3, 10 cm3, 100 cm3, or 350 cm3 can be selected to provide the 
best fit with your samples. The run precision mode allows you to achieve high 
repeatability. The instrument automatically purges gas from the sample and then repeats 
the analysis until successive measurements converge upon a consistent result. 

 59

http://www.micromeritics.com/products/accupyc_technique_overview.aspx
http://www.micromeritics.com/products/accupyc_technique_overview.aspx


              
a                                                                b 

Figure 6.5 a:The photo of Pycnometer,  b:Typical test cell (left one)and the smallest test 
cell (right one). 

 
   Laser granulometer (figure 6.6) supplies a fast, accurate technique for measuring 
grain size distribution based on light diffraction. It is dates back to the 1970s and possible 
to measure sizes between 0.05 and 9000µm 
(http://www.critt.fr/dbimages/document/fichier/174/Grala-eng.pdf). It is therefore 
particularly suitable for polymer suspension and all types of mineral powders. 

 
Figure 6.6 The photo from inside of the laser granulometer 

 
 
6.2.3. Dust samples 
 
   Unfortunately, the NILU deposit gauge has just installed for one month which is not 
possible to collect enough dust to be tested. Thus the dust samples were just taken from 
surfaces of four locations in the towns Malmberget and Koskullskulle, such as roofs etc. 
Figure 6.7 shows the dust samples collected by LKAB, and the collection locations are 
marked on figure 6.8.  The marks on the packs stand for the collecting location, figure6.8 
shows sampling points. 
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Figure 6.7 Dust samples 

 

 
Figure 6.8 The dust sampling locations (The red blocks stand for the four sampling 

position) 
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6.3 Results 
 
6.3.1 Measuring of particle density 
 
   Measuring of particle density was done by Pycnometers operated by Mr Bertil Pålsson. 
All the data used in the measuring is listed in the table 6.9. Due to the small amount of 
dust samples, we had to use the smallest test cell (figure 6.7 right). Calibration was made 
by testing a metal ball with known density before the experiment. The calculated 
deviation is -0.13%. The four samplers were all tested for three times, the average value 
is taken as the final result. 
 
Table 6.9 The measuring data by Pycnometer 
 

Densitetsmätning        
Beställare: Geoteknik/ Qi Jia & Yi Huang      
Datum: 2008-05-23       
         
Prov Vikt g P1 psi P2 psi Vcell cm³ Vexp cm³ Vol cm³ Dens.g/cm³ Avvikelse 
Liten kal kula 18,8803 19,995 9,704 8,239 6,169 2,422 7,80 -0,13%
                  
Odlingsgatan 5 KOS 3,7300 19,164 10,427 8,239 6,169 0,877 4,25 Medelvärde 
  3,7300 19,509 10,622 8,239 6,169 0,866 4,31 4,28
  3,7300 19,365 10,539 8,239 6,169 0,873 4,27   
Linaälvsvägen 12 KOS 2,2590 19,416 10,695 8,239 6,169 0,674 3,35 Medelvärde 
  2,2590 19,461 10,720 8,239 6,169 0,673 3,36 3,35
  2,2590 19,427 10,701 8,239 6,169 0,674 3,35   
Seletbacken 3                      1,7054 19,431 10,772 8,239 6,169 0,565 3,02 Medelvärde 
  1,7054 19,267 10,685 8,239 6,169 0,558 3,05 3,03
  1,7054 19,906 11,035 8,239 6,169 0,566 3,01   
Terassvägen 18 Mbgt 1,9201 19,721 10,852 8,239 6,169 0,691 2,78 Medelvärde 
  1,9201 19,517 10,743 8,239 6,169 0,686 2,80 2,79
  1,9201 19,358 10,656 8,239 6,169 0,685 2,80   
         
Anm: anv lilla cellen         

 
6.3.2 Measuring of size distribution 
 

Measuring of size distribution is done by Laser granulometer operated by Mr Bertil 
Pålsson too. The instrument we used can  only analyze the particles up to 300 μm which 
requires handwork screening before the samplers added to avoid any blockage inside the 
instrument. The dust from Odlingsgatan 5 KOS is the only one that was lucky enough not 
to block the device without screening. The blockage happened when measuring the 
second sample and the device then had to be cleaned up before it continued the test. To 
avoiding the blockage, all the samples except the first sample were screened by a 150μm 
sieve before tested by laser granulometer. 
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With the help of the laser granulometer, the size distribution curve is easily drawn 
(Figue 6.10) with report of several critical values. However, due to the screening, the 
particles coarser than 150 μm is not included in the diagrams, the combined size 
distribution graph with considering of the sieved out particles is shown in figure 6.11.  
 

        
a                                                                              b 

       
c                                                                             d 

Figure 6.10 Size distribution curves of a: Odlingsgatan 5 KOS, b: Linaälvsvägen 12 KOS 
c: Seletbacken 3:Terassvägen 18 Mbgt 
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Figure 6.11 Combined graph of particle size distribution 

Calculation is done according to the formulas (4.7 to 4.10).  
 
Table 6.12 Calculation results according to sedimentation engineering theory 
 

 Median
mean 
value 

Standard 
dievation Skewness Kurtosis

Odlingsgatan 5 KOS 82 98.52 81.53 0.41 1.17 
Linaälvsvägen 12 56 78.00 75.44 0.60 1.95 

Seletbacken 3 70 80.33 49.57 0.22 0.97 
Terassvägen 18 

Mbgt 51 55.12 33.68 0.19 1.01 
 
6.4 Discussion                                                                                                       
 
6.4.1 Particle density and size distribution 
 
  According to soil mechanism the natural soil density is usually assumed to be 2.65 
ton/m3. Therefore, if the density of the samples are heavier than that, it may indicate that 
metal are contained in the dust which most likely from the LKAB mining site. Therefore, 
all the samplers collected here are heavier than 2.65 ton/m3 could be a good indicator of 
the dust pollution resource from mining industry. On the other hand, from the color of the 
samples we can also guess iron contained in the first and second dust sample because 
they are black and dark. 
  The variation between the densities of the four samples could be explained by the 
distance from the mining site to the sampling positions (see figure 6.8). Odlingsgatan 5 
KOS and Linaälvsvägen 12 KOS are much closer to the mining industry site than 
Seletbacken 3 and Terassvägen 18 Mbgt, the first two samplers are heavier than the later 
two. In Terassvägen 18 Mbgt, the sampler’s density is 2.79 ton/m3 which is close to 
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normal soil density 2.65 ton/m3, this indicates that there is little influence reached from 
the mining site. 
 
   From figure 6.11, for all four samples dust particle over 30µm makes up the main 
portion. Intermediate dust particles in between 10-30µm and smaller dust particles less 
than 10µm just represent a small portion of the total particles. Since the last sample has a 
density of 2.79 ton/m3 which is closest to natural soil, we assume the last sample was 
consisted of natural soil. The particle size distribution from figure 6.11 interprets the 
other three samples have coarser size with a variation that the nearer the sample location 
to the mining site, the coarser the particle size is. Therefore the mineral dust generated 
from LKAB mining site is coarser than natural soil. Either median grain size or mean 
grain size in table 6.12 confirms that the last sample is the finest one. Standard deviation 
tells that the first sample cover broadest range of particle size, while the last sample 
conver the narrowest range of particle size. Skewness tells coarse portion or fine portion 
is dominant in a dust sample. The first two samples have skewness in between 1-0.3 
which means they are strongly fine skewed. The last two samples have skewness in 
between 0.3-0.1 indicating they are fine skewed. Kurtosis describes the shape of the 
curve in figure 6.11, the first sample is lepto kurstic, the second sample is very lepto 
kurstic, and the last two samples are meso kurstic( classification see section 4.5). 
 
6.4.2 NILU efficiency  
 
  Ralph and Barrett (1984) tested the efficiency for NILU deposit gauge using solid glass 
spheres simulating particle size up to 400 µm. Since it has a similar design as ISO deposit 
gauge, they described the two efficiencies together. Two collectors have a comparative 
efficiency along all wind speed and particle size though NILU is somewhat less efficient 
that propose ISO. The results for both collectors were plotted as a function of wind speed 
and aerodynamic particle diameter (figure 6.13 to 6.14). NILU and ISO gauge showed a 
similar pattern on collection efficiency curve. For small particles from below 150 µm, 
they both performed a relatively bad ability to sample the dust.  

 
                                     a                                                                  b 
Figure 6.13 a: Collection efficiency for NILU versus wind speed, b: collection efficiency 

for NILU versus particle diameter (Ralph and Barrett, 1984). 
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                                      a                                                                  b 

Figure 6.14 a: Collection efficiency for ISO versus wind speed, b: collection efficiency 
for ISO versus particle diameter (from Ralph and Barrett, 1984) 

 
6.4.3 Dust generation 
 
  There are several possible generation sources of dust pollution, such as blasting, 
crushing and haulage. But the two significant dust sources in this mining site are the dam 
(figure 16a) and the huge open pit (figure 6.15). 

 
Figure 6.15 The overview of the open pit 

 
  The dam is filled with water from the nearby river and ground water in mining area, and 
used to settle the fine solid waste after concentration plant. The coarse solid waste is piled 
besides the dam which could be reused for construction or pit filling. These open piled 
solid waste is sensitive to wind erosion, and easy to produce dust cloud reducing the air 
transparency. 
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  The huge open pit with a depth of 400m is one of the old mining pits in this mining area 
which has been placed from 60's. The surface layer of the soil is different from the inner 
part of the pit and the soil particles were broken into smaller particles during digging, as a 
result it is also sensitive to wind turbulence. According to the Swedish environment laws, 
open pit must be refilled with priority of the pit size and severity of dust extend. 
Therefore, this open pit is the most priority one to be filled due to its huge size. It has 
been filling days and nights for about four years with another six years wait. The trucks 
carrying filling materials go along the road between the pit and concentration plant 
dropped rocks also increase noise and dust generation. Figure 16b shows an excavator is 
filling the pit which is also a dust generating process. 
 

    
                                      a                                                               b 

Figure 6.16 a:The dam, b:The excavator is filling the pit 
 
6.4.4 Control methods and suggestions 
 
   Any mining site has responsibility to control the dust generated by their operations. 
Dust control refers to minimizing the amount of particles that enter the air and 
stormwater system from the site. LKAB is right now haven’t taken any control method 
for generated dust from the dam and the open pit. Though the dust emission would be 
reduced after the completion of the filling pit, it is continuously producing dust during the 
years of filling process and the six years left of filling is not a short period. Lots of 
actions could be done for dust control purposes, and here gives some options that might 
be easy and practicable ways to establish in LKAB for dust nuisance.  
  

• Maintain as much vegetation as possible. 
• Cover materials and stockpiles. 
• Ensure that all equipment has dust suppressors fitted. 
• Dampen the road which the trucks going between the pit and the stockpiled filling 

materials, but be careful not to wet it to the point of creating polluted runoff.  
 
   Dust monitoring is always necessary to make sure the dust level or ensure the control 
actions are working in an efficient way. Residents around LKAB started to complain the 
dust disturbance five years ago, and therefore the monitoring measurement has just 
installed for a short time period. Three measuring equipment have described in measuring 
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method previously, and the NILU collector was last installed which is only collecting 
sample for one month. However, when mentioning the wind blown materials, people are 
mostly interested in two rates: vertical dust deposit rate and horizontal dust flux. Since 
the two rates is not directly related and complicated to infer one rate according to the 
other one, it is strongly recommended to install a horizontal flux gauge for monitoring at 
the same time when measuring the dust deposition rate. A great number of horizontal flux 
gauges are available at the time though the efficiency is not totally satisfactory. By 
adding the correction coefficient and the field calibration, one of the horizontal gauges 
could be chosen from the chapter 5 where we described some dust gauges.  Another 
suggestion is that wind velocity and direction should be measured at the location where 
the dust collected because the dust moving pattern is significantly wind field dependant. 
At last, the NILU collector which is being used in LKAB is suggested to be replaced by 
inverted frisbee. The reason for the suggestion is that NILU has a low efficiency in dust 
collection due to the aerodynamic blockage created by the deep bowl body.  Frisbee 
collector improved the collection efficiency by the shallow shaped disc body. But we also 
recommend more detailed study on this shallow collector before it can replace NILU 
collector. 
 
 
7 Conclusion and Future plan                                                           
 
   Operations of mining industry include three steps, namely mining, mineral processing, 
and metallurgical extraction. The first two steps are of concern in this report because 
they are responsible for producing mineral dust. Metallurgical extraction does not create 
dust in general. The basic production cycle in mining can be expressed as following 
(Hartman&Mumansky, 2002): 
 
                          Production cycle = drill + blast + load + haul                                      (2.1) 
 
All these four basic operations in production cycle are originating dust in different extent 
depending on mining scale, working method as well as rock type. The operation of 
crushing and sizing, and grinding and milling are both mineral breaking down process 
which certainly produces a great deal of dust. At the same time, the deposition of waste 
rock during mining and tailings which are the processing wastes from a mill, washery or 
concentrator once left unprotected after the work will be susceptible to wind disturb 
emitting dust. Dust can originate from any breakdown processes. In mineral sites, the 
associated dust generation working processes is in a range of site preparation, stockpiling, 
loading, transportation and mineral processing operations (Petavratzi et al., 2005). The 
dust generation is influenced by both the material properties and the mechanical working 
processes. The behavior of the dust spreading and settling is influenced by the local 
weather conditions, site topography, particulate suspension capacity and the mineralogy 
of the rock. 
 
 
   The adverse effect of coarse dust around mining area are from three aspects, which are 
ecology and agriculture effects, nuisance effects, as well as health and safety effects. Dust 
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may have physical effects on plants and produces chemical effects which are far more 
important than physical effects. Dust depositions on windows, on the outside of the house, 
and on cars are the most frequently mentioned reasons for nuisance dust. The health and 
safety effect of mineral dust is mostly referred to fine portion of mineral dust. But coarse 
non-respirable dust is also threatening human health if people get in contact with air, soil 
or water contaminated by hazardous particles. Respirable dust has been studied from not 
only the aspect of the sources and adverse impacts, but also the aspect of 
countermeasures. And the study level is quite thorough so far. But the literature lists in 
appendixes showed that there is merely few people paying attention on the coarse 
fraction of mining dust and there is an urgent need to start the study on the fraction of 
coarse non-respirable dust around mining area.  
 
   The similar feature of water sediment and soil erosion decides that we can involve 
sedimentation engineering in research of dust problem. We can take all the important 
properties to research the single particle, like grain size, shape, density, specific weight, 
and fall velocity. Also size distribution of bulk particles would tell us more information 
with the help of accumulative curve and other tools. The only different thing is that the 
current agent is air not water. Sedimentation engineering is quite a nice start point when 
start dust research. 
 
   Measuring equipments were compiled in chapter 5 from all the literature study and they 
are classified into two categories: vertical dust deposition gauge and horizontal dust flux 
gauge. Conventional deposition gauges like BS and ISO dust deposit gauge are 
characterized with big aerodynamic blockage introduced by deep collector body, and 
therefore have very low collect efficiency. Shallow shaped inverted frisbee overcame this 
shortcoming and increased overall collect efficiency to 50% for coated frisbee, though it 
is not a high efficiency.  Adding deflector ring or glass marbles can further increase the 
collect efficiency by reducing flow perturbation or blow out rate. The collect efficiency 
of MDCO has the similar trend as the frisbee, and The great advantage of the marble 
filter is that due to extremely small micro roughness of the marbles, there is no out splash 
of dust from the collector, even during the heaviest rain (Goossens et al., 2001). The 
vertical dust deposition can be directly by using a surrogate surface which the particles 
settled on. Water surface is known to be the most efficient surface for both dust 
deposition and dust accumulation. Horizontal flux samplers have several alternatives; all 
the samplers have certain best conditions in use. Not all samplers can be used in every 
situation; WDFG and BSNE are two good samplers, while they have such low efficiency 
compared to MWAC and rapid decreasing changing. SUSTRA and MDCO are both too 
low efficient, therefore, the MWAC sampler is the highest efficient one (Goossens et al., 
2001). But generally, with the increasing of wind speed, the efficiency of the samplers 
decreases. So finding out the best suitable condition for the sampler according to the local 
situation is necessary during both the laboratory and field calibration.  
 
   LKAB is the most famous mining company in northern Sweden, which takes up 4 to 
5% electricity consumption of whole Sweden and supports all the northern towns. There 
are three measuring equipments, NILU dust deposit, R & P 1400 TEOM and total 
suspended particle measurement, installed by LKAB close to a school which is sensitive 
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to the dust emission. Unfortunately, the NILU deposit gauge has just installed for one 
month which is not possible to collect enough dust to be tested. Thus the dust samples 
were just taken from surfaces of four locations in the towns Malmberget and 
Koskullskulle, such as roofs etc. The samples were analyzed for density and particle size 
by pycnometer and laser granulometer respectively. The results from the tests showed the 
dust contains metal indicating the dust origin from mining site, and the particles from 
mining site are coarser than natural soil. The two significant dust sources in this mining 
site are the dam and the huge open pit. Lots of actions could be done for dust control 
purposes. And to improve the dust monitoring, a wind anemometer and a horizontal 
gauge should be added to the station where dust collected, and a more efficient dust 
collector of inverted frisbee is suggested to replace NILU collector.  
 
   By summarizing the literature study and the comparison during current research, we 
herein proposed some suggestions for the further study on coarse fraction of dust around 
mining area in the future. The future plan in the following was made in terms of the gaps, 
which we found during literature study that the scientist have forgotten or omitted in their 
research. The plan was made from three aspects: dust measurement for collection, dust 
origin, as well as generation, spreading & settling. It could not be able to be detail or 
precise enough because plans have to be changing always according to the true situation. 
The suggestions here just offer a general direction in which we should mainly endeavor 
to. Hopefully, the suggestions we made are meaningful and useful to facilitate the future 
work. 
 
 
Measurement for dust collection 
 

• Among all the dust deposition gauges listed in chapter 5, frisbee collector and 
MDCO showed more potential in dust capture than any others. Therefore we 
propose a further test on efficiencies of these two collectors in the field of coarse 
mining dust. Hall and Upton (1988) concluded significantly better collection 
efficiency for frisbee than conventional gauges, but they used glass sphere to 
simulate dust which can not represent mining dust we are concerning here. 
Vallack and Chadwick (1992) verified their conclusion in the field comparison. 
The results by Sow et al. (2006) showed comparative efficiency for MDCO and 
four versions of frisbee collector. But we rarely found evidence proving that 
MDCO have higher efficiency than conventional deposit gauges, though MDCO 
is apparent aerodynamically better in the shape. ( this is our personal opinion, and 
since the literature searching is limited, it might not be totally true)  Therefore we 
propose a further study on the efficiency of frisbee collector and MDCO by using 
representative mining dust particles and a comparative study on the efficiency 
between MDCO and conventional deposit gauges.  

 
• Referring to the particle size, deposition gauge should be tested on mining dust 

with large diameter like above 183µm. Although there have been a number of 
experiments contributing to atmospheric dust, the simulated or sampled particle 
used in the tests were mostly over a narrow range of particle size from 10 to 100 
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µm. Ralph and Barrett(1984), as well as Ralph and Hall(1989) measured the 
efficiency for BS deposition gauge and BS directional dust gauge respectively. 
These two experiments cover the broadest particle size till 400 µm, but 
unfortunately, the results are only available for conventional dust gauge which are 
mostly out of date due to significantly aerodynamic blockage. Hall and Upton 
(1988) performed measurements of an inverted frisbee by using glass spheres to 
simulate dust up to 183 µm which covered a rather broad particle size among 
most of the literatures we found. However, it was defined at the beginning the 
coarse fraction of mining dust that we are intending to study is from 10 µm to 
2mm, therefore there is a gap for particles with size in between 183 µm to 2mm 
where experimental analysis rarely exists. And thus we recommend more tests for 
dust particles larger than 183 µm, but the tests on dust below this size should still 
be continued by using representative mining dust particles. 

 
• Experimental studies on the collection efficiencies of dust deposition samplers do 

exist though the studies are sparse. However, the studies on the collection 
efficiency as a function of particle size are extremely rare. Data on efficiency as a 
function of particle size are available for BS deposit gauge (Ralph and Barrett, 
1984) and also for two inverted frisbees: an uncoated one and a coated one (Hall 
and Upton, 1988). The efficiency of MDCO and four versions of modified frisbee 
as a function of particle size have just started to test by Sow et al.(2006). So more 
experimental analysis on collection efficiency as a function of particle size is 
suggested in the future work. And as the tests by Sow et al. were only based on a 
narrow range of particle size below 90 µm, more attention should be paid for 
MDCO and four version of modified frisbee to supplement their conclusion.  

  
• Dust collector may have various collection efficiency for different dust category. 

Vallack and Chadwick (1992) classified the dust particle into four categories: 
carbonaceous material, cenospheres, spongy rounded particles and soil/sand, and 
percentage data on particle composition might seem to suggest ISO gauges were 
more efficient collectors of cenospheres than wet frisbee. This is mainly because, 
according to sedimentation theory, that shape and gravity are two of important 
factors that determining particle deposit patterns. While, the shape and the gravity 
of the dust around mining area depend on various mining methods, rock type or 
minerals planned to be extracted. It is presumably different dust collector will 
show different efficiency on various mining area. Therefore the future study 
should also include a test on collection efficiency with a respect of dust type.  

 
• Laboratory simulation always makes bias with field situation. This requires for 

field calibration to validate the experimental conclusion. Most of the existing 
studies on deposit gauges were performed in wind tunnel. Field calibration did 
have but sparsely. We thus suggest that the future lab work should be followed by 
field calibration as much as possible.   

 
• Wind tunnel is quite common tool while simulating air flow in certain velocity; it 

was used for air flow motion simulation and oberservation. By the simulating the 
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wind field, its most important function in dust research is to examine the 
efficiency of dust collectors. But the indicators can also help us to observe the 
motion of dust in certain wind speed. It is a necessary tool almost in every dust 
research laboratory. It is obviously necessary in the next step laboratory research 
work to take the advantage of wind tunnel during the analysis of collector 
performance. However, we will have this suggestion as an option, since CFD 
simulation is preferably recommended compared to wind tunnel setup. 

 
Dust origin 
 

• Dust origination is a concerned issue between residents around mining area and 
the mine owners. People suffering from dust nuisance are complaining about 
inconvenience caused by dust. However, it is difficult to tell where the dust 
exactly come from. Therefore we suggest the analysis on sampled mining dust 
should be concentrated on grain size distribution, shape and chemical composition 
since they give useful information on the origin of dust.  

 
 
Dust generation, spreading and settling  
 

• CFD is a very useful digital tool to simulate dust generation, spreading and 
generation. With the help of computer software, we can easily observe the motion 
of dust around an obstacle (normally is samplers) with changing some parameters. 
This can help a lot to calculate the efficiency of the samplers and predict how the 
dusts transport. So CFD is a good research start point in our future step as an 
important support to all the motion conclusions. When CFD involved in wind 
tunnel research, they can explain a lot instead of long words description.  
 

• Apart from CFD, laboratory modeling of the dust generation is a good way to 
predict dust effect around mining area and this modeling could also be a guild for 
the design of operation method for new mines referring to the environment 
protection. Khair and Danqing( 1991) studied dust generation by a laboratory 
simulation of regrinding and figured out that the dust generation is influenced by 
coal properties, depth of sump, cutting velocity and the amount of feed. Their 
results are very helpful for designing the operation method in a mining area.  
Unfortunately, this is the only laboratory modeling for dust generation around 
mining area among all the literatures we found. We therefore suggest the future 
study should include more laboratory modeling for dust generation during mining 
operation in order to predict the effect.  
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 Appendix 1.The literature list on the aspect of Dust generation 
Time Name Article Comments 

2006 
Zobeck TM 
Van Pelt RS 

Wind-induced dust generation and transport 
mechanics on a bare agricultural field  

2005 
July 

E.Petavratzi 
S.Kingman 
I.Lowndes 

Particulates from mining operations: A 
review of sources, effects and regulations 

An overview of issues relevant to 
particulates production and emission within 
the mineral industries. Dust usually 
originates from larger masses of the same 
material through mechanical breakdown 
processes. In mineral sites, dust can be 
generated during a range of site 
preparation, stockpiling operations. 

2003 
Smith JL 
Lee K 

Soil as a source of dust and implications for 
human health  

2001 
August 

Stephane 
C.Alfaro 
Laurent 
Gomes 

Modeling mineral aerosol production by wind 
erosion: Emission intensities and aerosol size 
distributions in source areas 

A dust production model DPM is obtained by 
combining preexisting models of saltation and 
sand blasting. Semiquantitative comparisons 
of the model outputs with the few field data 
available in the literature validate its main 
implications. The first one is that the aptitude 
of a soil to release particles smaller than 20 
um ,The second implication is that the size 
distribution of aerosols released in source 
areas also strongly depends on theses 
parameters 

2001 Shao Y. A model for mineral dust emission  

1999 

Nickling,W.G. 
McTainsh 
G.H. 
Leys,J.F. 

Dust emissions from the Channel country of 
western Queensland,Austrilia  

1997 
Ghose M.K. 
Baneriee S.K. 

Physico-chemical characteristics of air-borne 
dust emitted by coal washery in India.  

1996 
Baneriee S.K. 
Dhar R.K 

Air pollution due to coal washery project 
and its abatement measures.  

1995 
Septem
ber 

Ina Tegen 
Inez Fung 

Contribution to the atmospheric mineral 
aerosol load from land surface modification 
 
 

A three-dimensional atmospheric dust 
transport model was used to simulate the 
distribution of dust optical thickness in 
response to individual dust sources. The 
results indicate that observed features like the 
seasonal shift of maximum optical thickness 
caused by Saharan dust over the Atlantic 
ocean are best reproduced if disturbed sources 
contribute 30-50% of the total atmospheric 
dust loading. 

1995 Tchakerian V. Desert Aeolian Process.  

1995 
Ghose M.K. 
Baneriee S.K. 

Status of air pollution caused by coal 
washery project in India.  

1994 
Tegen I. 
I.Fung 

Modeling of mineral dust in the 
atmosphere:Sources,transport and optical 
thickness.  

 76



1994 
Offer Z.Y. 
Goossens D. 

The use of topographic scale models in 
predicting eolian dust erosion in hilly areas: 
field vertication of a wind tunnel experiment.  

1992 Genthon C. 

Simulations of desert dust and sea salt 
aerosols in Antarctica with a general 
circulation model of the atmosphere  

1991 Littmann T. 
Dust storm frequency in Asia: Climatic 
control and variability.  

1991 
A.W.Khair 
Danqing Xu 

A laboratory approach to study dust 
generation due to regrinding 

A laboratory simulation of regrinding is 
made and result in dust generation.Marple 
personal cascade impactors, Series 
290,were used to measure dust 
concentration during experiment. 

1989 Gillette D.A. 

Spatial and temporal variability of dust 
production caused by wind erosion in the 
United States.  

1989 Ghose M.K. 

Pollution due to air borne dust particles in 
coal mining, its monitoring and abatement 
measures.  

1988 

Kalma J.D. 
J.G.Speight  
R.J. Wasson 

Potential wind erosion in Australia: A 
continental perspective.  

1987 Yaalon D.H. 
Saharan dust and desert loess: effect of 
surrounding soils.  

1986 
Brazel A.J. 
Nickling,W.G. 

The relationship of weather types to dust 
storm generation in Arizona.  

1980 
Wilson S.J. 
Cooke R.U. 

Wind erosion. In:Kirkby,M.J.Morgan,R.P.C. 
(Eds.),Soil Erosion.  

1980 

Gillette D.A. 
J.Adams 
A.Endo 
D.Smith 
R.Kihl 

Threshold velocities for input of soil particles 
into the air by desert soils.  

1978 
Gillette D.A. 
K.Hanson 

A wind tunnel simulation of the erosion of 
soil: Effect of soil texture,sandblasting,wind 
speed, and soil consolidation on dust 
production.  

1977 Gillette D.A. 
Fine particulate emissions due to wind 
erosion  

1974 Gillette D.A. 

On the production of soil wind erosion 
aerosols having the potential for long range 
transport  

1974 

Gillette D.A. 
Blifford I.H. 
Fryrear D.W. 

The influence of wind velocity on the size 
distributions of aerosols generated by the 
wind erosion of soils.  

1970 
Hidy G.M. 
J.R.Brock  

An assessment of the global sources of 
tropospheric aerosols.  

1963 

Clements T. 
Stone R.O. 
Mann J.F. 
Eyman J.L. 

A study of windborne sand and dust in desert 
areas.  
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Appendix 2.The literature list on the aspect of Dust spreading 
Time Name Article Comments 

2007 
August 

Liqiang Kang 
Liejin Guo 
Zhengmeng Gu 
Dayou Liu 

Wind tunnel experimental 
investigation of sand velocity in 
aeolian sand transport 

The present investigation is helpful in 
understanding the sand movement 
mechanism in windblown sand transport 
and also provides a reference for the 
study of blown sand velocity. 

2007 
July 

Liqiang Kang 
Liejin Guo 
Dayou Liu 

Reconstructing the vertical 
distribution of the aeolian 
saltation mass flux based on the 
probability distribution of lift-off 
velocity 

The lift-off parameters of saltating grains 
in a wind tunnel are measured by using a 
Phase Doppler Particle Analyzer (PDPA) 
The experimental results show that the 
probability distribution of horizontal lift-
off velocity of saltating particles on a bed 
surface is a normal function, and that of 
vertical lift-off velocity is an exponential 
function. The findings are helpful to 
further understand the probability 
characteristics of lift-off grains in aeolian 
sand transport. 

2007a 

Zhang W. 
Kang J.H. 
Lee S.J. 

Tracking of saltating sand 
trajectories over a flat surface 
embedded in an atmospheric 
boundary layer.  

2005 
May 

T.Badr 
J.L.Harion 

Numerical modelling of flow 
over stockpiles: Implications 
on dust emissions 

Three-dimensional numerical 
simulations ,based on solution of the 
Reynolds Averaged Navier-Stokes 
equations and the k-w shear stress 
transport turbulence model, were 
performed to describe the flow over 
two typical pile geometries with 
different wind directions. The 
simulations presented in this study 
successfully predict flow patterns over 
the stockpiles. 

2005 Jung E. 

Numerical simulation of Asian 
dust events: The impacts of 
convective transport and wet 
deposition.  

2004 
October 

Mao Xing 
Liejin Guo 

A modified probability 
distribution of ejection state of 
sand grains in equilibrium 
aeolian sand transport 

Equilibrium sand transport is simulated 
by stochastic Lagrange particle tracking 
method combined with probability 
distribution of initial ejection state of 
sand grains. This modified exponential 
distribution is proved to be reasonable in 
slow wind velocity. 

2003 

Dong Z 
Wang H 
Liu X 
Wang X 

The blown sand flux over a 
sandy surface : a wind tunnel 
investigation on the fetch effect  
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2003 
May 

Zvi Y. Offer 
Dirk Goossens 

Thirteen years of aeolian dust 
dynamics in a desert 
region(Negev desert, 
Israel):analysis of horizontal and 
vertical dust flux, vertical dust 
distribution and dust grain size. 

This study focuses on temporal records of 
the vertical and horizontal dust flux, the 
vertical distribution of the dust particles 
in the atmosphere, and the grain size of 
the particles. 

2003 
Prospero JM 
Lamb PJ 

African droughts and dust 
transport to the Caribbean: 
climate change implications  

2003 

Mori I. 
Nishikawa M. 
Tanimura T. 
Quan H. 

Change in size distribution and 
chemical composition of 
kosa(Asian dust) aerosol during 
long-range transport.  

2002 
Decemb
er 

Zhibao Dong 
Xiaoping Liu 
Hongtao Wang 
Xunming Wang 

Aeolian sand transport: a wind 
tunnel model 

Attempts have been made to relate sand 
transport rate to both the wind velocity 
and shear velocity readapted to the blown 
sand movement. The Bagnold's equation 
that asserts for a given wind drag the rate 
of movement of a fine sand is less than 
that of a coarse sand is not supported by 
the reformulated models. 

2002 
April 

Zhibao Dong 
Xiaoping Liu 
Hongtao Wang 
Aiguo Zhao 
Xunming Wang 

The flus profile of a blowing 
sand cloud: a wind tunnel 
investigation 

The exponential decay law, qh = aexp(-
h/b), should be a good descriptor for the 
flux profile of a blowing sand cloud in 
which saltation of the primary mode of 
particle movement. Term a and b in the 
equation represent transport rate by creep 
and relative decay rate of the blown sand 
flux with height. Further study is needed 
to see if exponential law holds good for 
the dust moving in suspension. 

2002a 

Dong Z.B. 
Liu X.P. 
Wang H.T. 
Zhao.A.G. 

Impactentrainment relationship 
in a saltating cloud.  

2001 
October 

Zhibao Dong 
Hongtao Wang 
Xiaoping Liu 
Fang Li 
Aiguo Zhao 

Velocity profile of a sand cloud 
blowing over a gravel surface 

The results show that the mean horizontal 
particle velocity of the cloud increases 
with hight,while the mean vertical 
velocity decreases with height. The 
variation of the mean vertical velocity 
with height is much more complex than 
that of the mean horizontal velocity. In 
the very near-surface layer<4mm,the 
movement of blown sand particles is very 
complex due to the rebound of particles 
on the bed and the interparticle collisions 
in the air. 

2001 
April 

P.J.Witt 
K.G.Carey 
T.V.Nguyen 

Prediction of dust loss from 
conveyors using computational 
fluid dynamics modelling 

The combination of experimental and 
CFD modelling is found to be a 
powerful tool for analysing dustloss 
from conveyors and can be extended to 
stockpiles and other situations where 
dust loss is a problem. 
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2001 
April 

N.J.Middleton 
P.R.Betzer 
P.A.Bull 
Yaping Shao 

Long-range transport of 'giant' 
aeolian quartz grains: linkage 
with discrete sedimentary 
sources and implications for 
protective particle transfer 

The findings here suggest that at least at 
times erosional events fuelling long 
distance atmospheric transport are 
exceedingly specific and operate upon 
geologically distinctive assemblages; and 
are able to effect long distance transfer of 
large grains with no grain-to-grain 
collisions. It also suggests that 
atmospheric transport should be included 
as a possible means of delivery for 
significant quantities of 'giant' 
sedimentary particles to remote marine 
sites such as the Lord Howe Rise. 

2001 

Goossens D 
Gross J. 
Spaan W. 

Aeolian dust dynamics in 
agricultural land areas in lower 
Saxony, Germany.  

2001 

Raupach M.R. 
Briggs P.R. 
Ahamed N. 
Edge V.E. 

Endosulfan transport 
II:Modelling airborne dispersal 
and deposition by spray and 
vapour  

2001 
Pinsky M. 
Khan A. 

Collision efficiency of drops in a 
wide range of Reynolds 
numbers: Effects of pressure on 
spectrum evolution.  

2001 

Dong Z. 
Wang X. 
Zhao.A. 
Liu X. 
Liu L. 

Aerodynamic roughness of fixed 
sandy beds.  

2000 

Spies P.-J. 
McEwan I.K. 
Butterfield G.R. 

One-dimensional transitional 
behaviour in saltation.  

2000 
Shao Y. 
Lu H. 

A simple expression for wind 
erosion threshold friction 
velocity  

2000 
May 

Xue-Yong Zou 
Zhou-Long 
Wang 
Qing-Zhen Hao 
Chun-Lai Zhang 
Yu-Zhang Liu 
Guang-Rong 
Dong 

The distribution of velocity and 
energy of saltating sand grains in 
a wind tunnel  

1999 Gillette D.A. 

Physics of aeolian movement 
emphasizing changing of the 
aerodynamic roughness height 
by saltating grains.  

1999 

Dong Z.B. 
Fryrear D. W 
Gao S.Y. 

Modeling the roughness 
properties of artificial soil 
clouds.  

1999 
Rasmussen K.R. 
Sorensen M. 

Aeolian mass transport near the 
saltation threshold.  

1999 McTainsh  GH 
Dust transport and deposition. In 
Aeolian Evironments, Sediments  
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and Landforms 

1999 
Lu H. 
Pruppacher H. 

An integrated wind erosion 
modelling system with emphasis 
on dust emission and transport.  

1998 
Li Z. 
Ni J. 

Aeolian sand transport 
processes.  

1998 

Sterk G. 
Jacobs A.F.G. 
van Boxel J.H. 
Woodruff N.P. 

The effect of turbulent flow 
structures on saltation sand 
transport in the atmospheric 
boundary layer.  

1998 

Sherman D.J. 
Jackson D.W.T. 
Namikas S.L. 
Wang J. 

Wind-blown sand on beaches: an 
evaluation of models.  

1997 
Decemb
er 

Konosuke 
Sugiura 
Kouichi 
Nishimura 
Norikazu Maeno 
Tadashi Kimura 

Measurements of snow mass 
flux and transport rate at 
different particle diameters in 
drifting snow 

Wind tunnel experiments were carried out 
to investigate the snow mass flux and the 
snow transport rate as functions of 
friction velocity and particle diameter. 
The total snow transport rate increased 
with the power of friction velocity ,but 
the total snow transport rate at each 
particle diameter showed that the power 
decreased with increasing particle 
diameter. 

1997 
Stout J. E 
Zobeck T.M. Intermittent saltation  

1996 

Li XL 
Maring H 
Savoie D 
Voss K 
Prospero JM 

Dominance of mineral dust in 
aerosol light scattering in the 
North Atlantic Trade Winds  

1996 

Chen W. 
Yang Z. 
Zhang J. 
Han Z. 

Vertical distribution of wind-
blown sand flux in the surface 
layer  

1996 

Bauer B.O. 
Davidson-Arnott 
R.G.D. 
Nordstrom K.F. 
Ollerhead J. 

Indeterminacy in aeolian 
sediment transport across 
beaches.  

1996 

Rice M.A. 
Willetts B.B. 
McEwan I.K. 

Observation of collisions of 
saltating grains with a granular 
bed from high-speed cine-film.  

1996 

Musick H.B. 
Trujillo S.M. 
Truman C.R. 

Wind tunnel modelling of the 
influence of vegetation structure 
on saltation threshold.  
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1995 

Rice M.A. 
Willetts B.B. 
McEwan I.K. 

An experimental study of 
multiple grain-size eject 
produced by collisions of 
saltating grains with a flat bed.  

1995 

Ziskind G. 
Fichman M. 
Gutfinger C. 

Resuspension of particulates 
from surfaces to turbulent flows-
review and analysis.  

1994 
Jie Xuan 
Alan Robin 

The effects of turbulence and 
complex terrain on dust 
emissions and depositions from 
coal stockpiles 

The test shows that turbulence and 
complex terrain significantly affect 
dust emissions and depositions from 
coal piles. In comparison with studies 
which do not take account of these 
factors, it is observed that :1.the 
threshold wind speed significantly 
decreases,2.the emissions of dust 
considerably increases,3.the mean 
deposition level increases, and 4.the 
deposition distribution changes. 

1994 Ling Y. Q. 

The distributive heterogeneity of 
sand transporting quantity(rate) 
along horizontal direction  

1994 
McEwan I.K. 
Willetts B.B. 

On the prediction of bed-load 
transport rate in air.  

1993 
Nickling W.G. 
Gillies J.A. 

Dust emission and transport in 
Mali, West Africa.  

1993 
Blumberg D.G. 
Greetey R 

Field studies of aerodynamic 
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Appendix 3.The literature list on the aspect of Dust settling 
Time Name Article Comments 
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scavenging coefficient measurements, the other 
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Long-term accumulation of 
atmospheric dust in rocky deserts  

2004 

Gillette D.A. 
Lawson R.E.Jr. 
Thompson R.S. 
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particle dry deposition velocities for 
global modeling.  

2003 

Etyemezian V 
Nikolic D 
Watson J 
Veranth J 
Laban R 
Seahadri G 
Gillette D 

Field testing and evaluation of dust 
deposition and removal mechanisms  

2003 
Li XL 
Liu LY 

Effect of gravel mulch on aeolian 
dust accumulation in the semiarid 
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2001 Goossens D. The aeolian dust accumulation curve.  

2000 Goossens D 
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2000 
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Noll K.E. 
Fang K.Y 
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Pye K. 
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Dry deposition and resuspension of 
particulate matter in city 
environments  

1984 

Pleim JE 
Venkatram A 
Yamartino R The dry deposition module  

1984 

Fryberger S.G. 
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Pleim JE 
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1983 Garland J. A 
Dry deposition of small particles to 
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1983 Sievering H. 
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Mora 
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Slinn S. A. 
W. G. N. Slinn 

Predictions for particle deposition on 
natural waters  

1980 Sehmel GA 
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Wang P. 
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1976 

Iversen J.D. 
Greeley R. 
White B.R. 
Pollack J.B. 
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1976 
Dovland H. 
Eliassen A. Dry deposition on a snow surface.  

1975 Clough W.S. 
The deposition of particles on moss 
and grass surfaces  

1975 Ganor E. 

Atmospheric dust in 
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meteorological analysis of dust 
deposition.  

1971 Sehmel G.A. 
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surface.  

1970 Bael S.K. 
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Stringham G.E. 
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dust.  

1957 Chepil W.S. 
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1954 
Dawes J.G. 
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1949 Corey AT 
Influence of shape on the fall 
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Appendix 4.The literature list on the aspect of Dust measurement 
Time Name Article Comments/ Conclusions 

2007,A
pril 

Michael J Sapko  
Kenneth 
L.Cashdollar 
Gregory M.Green 

Coal dust particle size survey of US 
mines 

MSHA coordinated the acquisition of mine 
dust samples from 10 Coal Mine Safety and 
Health Districts. The dust samples were 
those collected routinely by mine inspectors 
for compliance with 30 CFR 75.403.The 
samples were sent to MSHA's Mt.Hope 
Laboratory in WV and analyzed for TIC, 
which inclues the moisture in the samples, 
the ash in the coal, and the rock dust.  

2007 
April Dirk Goossens 

Techniques to measure the dry aeolian 
deposition of dust in arid and semi-arid 
landscapes: a comparative study in West 
Niger 

The soil surface method is the easiest, most 
rapid and most economical.MDCO and frisbee 
collectors are much less sensitive to these 
disturbances. Optical analysis of deposited 
dust on glass surfaces is subject to analogous 
corrections but these were not yet quantified 
at the time of writing. A very important 
advantage of this technique is its ability to 
work with very low dust quantities. 

2007,Fe
burary 

Hirofumi Tsuji 
Hisao Makino 
Hideto Yoshida 

Development of a particle size 
distribution measurement method at high 
temperature by use of classification 
during sampling  

2007b 

Zhang W. 
Wang Y. 
Lee S.J. 

Two-phase measurements of wind and 
saltating sand in an atmospheric boundary 
layer.  

2006 
July Dirk Goossens 

Bias in grain size distribution of 
deposited atmospheric dust due to the 
collection of particles in sediment 
catchers 

5 sediment catchers tested are: MDCO 
sampler and four kinds of Inverted frisbee 
samplers. Dust samples caught by catchers are 
finer than the parent dust, and error is of the 
order of 10-20%.Error increased with wind 
speed up to about 4m s-1 after which it tended 
to drop again slightly. Glass marbles and a 
flow deflector ring are used to diminish this 
error. However, a flow deflector ring doesn't 
necessarily lead to better grain size data under 
higher wind speeds. 
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2006 
May 

Mammadou Sow 
Dirk Goossens 
Jean Louis Rajot 

Calibration of the MDCO dust collector 
and of four versions of the inverted 
frisbee dust deposition sampler 

Two types of samplers studied: MDCO and 
inverted frisbee(four versions). Catcher 
efficiency decrease with increasing wind 
velocity and particle size. A flow deflector 
ring improves collector efficiency. Addition of 
glass marble does not seem to improve 
efficiency, but protect settled particles from 
resuspension under high wind velocity. The 
catchers tested are the best catch currently, but 
catching efficiency remain low and it largely 
underestimate the true deposition, therefore a 
reconsideration of the data measured by these 
catchers is required. 

2005 
Dirk Goossens 
Gary London 

Quantification of the dry aeolian 
deposition of dust on horizontal surfaces: 
an experimental comparison of theory and 
measurements 

Eight techniques to quantify the deposition of 
aeolian dust on horizontal surfaces were tested 
in a wind tunnel. Including 3 theoretical 
techniques (the gradient technique, the 
inferential technique without grain-shape 
correction, and the inferential technique 
corrected fro grain shape) and 5 measurement 
techniques (a water surface, a glass surface, a 
metal surface, a vertical array of metal plates 
and an inverted frisbee filled with glass 
marbles).The water surface one can catch 
highest quantity of dust while marble filled 
frisbee and the vertical array of metal plates 
catch the lowest. 

2003 
July 

Zhibao Dong 
Hongyi Sun 
Aiguo Zhao 

WITSEG sampler: a segmented sand 
sampler for wind tunnel test 

A segmented sand sampler for wind tunnel 
study (WITSEG sampler) has been designed 
and evaluated in a wind tunnel. The sampler is 
0.6m high and sectioned into 60 openings that 
can measure the flux profile of blowing sand 
at 10-mm intervals. The WITSEG sampler 
that can measure the detailed variation of 
blown sand flux with height proves to be a 
good tool for studying the flux profile of 
blowing sand. 

2003 Namikas S.L. 

Field measurement and numerical 
modelling of aeolian mass flux 
distributions on a sandy beach.  

2003 

Reid JS 
Jonsson HH 
Maring HB 
Smirnov A 
Savoie DL 
Cliff SS 
Reid EA 
Livingston JM 
Meier MM 
Dubovik O 
Tsay SC 

Comparison of size and morphological 
measurements of coarse mode dust 
particles from Africa   
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2003 

A.D.Ferreira 
D.X.Viegas 
A.C.M.Sousa 

Full-Scale measurements fro evaluation 
of coal dust release from train wagons 
with two different shelter covers 

Two types of dust collectors are tested for 
train wagons. 

2002 

Shahin U.S. 
Holsen T.M. 
Odabasi M. 

Dry deposition measured with a water 
surface sampler: a comparison to modeled 
results.  

2002 

Wiggs GFS 
Leys J. F 
Mctainsh G. H 
Heidenrich S 
Strong C 

A wind tunnel study of the collection 
efficiency of an aerodynamically 
improved 'Frisbee' dust trap  

2001 
Alpert P 
Ganor E. 

Sahara mineral dust measurements from 
TOMS: comparison to surface over the 
Middle East for the extreme dust storm  

2001 
April 

P.J.Witt 
K.G.Carey 
T.V.Nguyen 
Jean Louis Rajot 

Prediction of dust loss from conveyors 
using computational fluid dynamics 
modelling 

The combination of experimental and CFD 
modelling is found to be a powerful tool for 
analyzing dust loss from conveyors and can 
be extended to stockpiles and other 
situations where dust loss is a problem. 
Theoretical techniques are useful for 
predicting deposition of atmospheric dust, 
but they should include a correction for the 
shape of the grains.CAPYR method could 
be tested only partially because only on 
CAPYR was attached to the field tower. 

2000 
June 

Drik Goossen 
Zvi Y.Offer 

Wind tunnel and field calibration of five 
aeolian sand traps 

Five sand traps,BSNE, MWAC, SUSTRA, 
POLCA and saltiphone are calibrated against 
an isokinetic sampler. The absolute 
efficiencies of five samplers are comparable 
and vary between 70% and 120%. And the 
most recommended one by the authors is 
MWAC.  

1999 
August 

Dirk Goossens 
Zvi Offer 

Wind tunnel and field calibration of six 
aeolian dust samplers 

6 samplers are used: BSNE, MWAC, 
SUSTRA,WDFG, MDCO and SARTORIUS. 
The most efficient samplers are the MWAC 
and the SIERRA. The WDFG is more 
effective than the BSNE at velocities below 3 
m/s. The most recommendable sampler for 
field measurements is the BSNE. The MDCO 
collector can be used as an alternative to 
assess horizontal dust flux and air borne dust. 

1998 
Namikas S.L. 
Sherman D.J. 

AEOLUS II:an interactive program for 
the simulation of aeolian sedimentation.  

1998 

Pollet I 
Gabriels D 
Cornelis W 

The catch efficiency of a windblown sand 
collector: a wind tunnel study  

1997 Adams S.J. 
Dust deposition and measurement: a 
modified approach.  
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1997 Kindratenko V. 

Development and Application of Image 
Analysis Techniques for Identification 
and Classification of Microscopic 
Particles.  

1997 
Nickling W. G. 
McKenna Neuman C 

Wind tunnel evaluation of a wedge-
shaped aeolian sediment trap  

1996 

Greeley R. 
Blumberg D.G. 
Willams S.H. 

Field measurements of the flux and speed 
of wind-blown sand.  

1995 Bonvin J. 

Dirt deposit level measurements on 
different glass type in various 
surroundings.  

1995 

Spies P.J. 
McEwan I.K. 
Butterfield G.R. 

On wind velocity profile measurements 
taken in wind tunnels with saltating 
grains.  

1995 
Arens S. M. 
van der Lee G. E. M 

Saltation sand traps for the measurement 
of aeolian transport into the foredunes.  

1995 Vallack HW 
A field evaluation of a Frisbee-type dust 
deposition gauge  

1994 
July 

Dirk Goossens 
Zvi Y.Offer 

An evaluation of the efficiency of some 
eolian dust collectors 

Four surfaces of the collectors tested:1. a free 
water surface: Best both for deposition and 
accumulation; 2.a surface composed two 
superimposed layers of marbles: comparable 
to collector 1, but accumulation is markedly 
lower due to post-depositional erosion; 3.a dry 
and flat surface: Lower deposition than 
collector 1 or 2; 4.a flat but moist surface: 
depositon is lower than collector 3, 
accumulation is smallest due to extremely 
sensitive to erosion. The authors proposed 
marble collector should be used as a standard 
in the future. 

1994 
April 

D.J.Hall 
S.L.Upton 
G.W.Marsland 

Designs for a deposition gauge and a flux 
gauge for monitoring ambient dust 

It described designs for a deposit gauge and 
for a flux gauge intended to monitor 
windborne dust. The addition of a deflector 
ring around the gauge to improve the 
aerodynamic behaviour and of a foam insert to 
improve particle retention. The design also 
has directionally sensitive sampling properties 
which can be usefully used for directional 
sampling, and is resistant to collection in 
reversed wind flows when used in the mode. 

1994 
Mark D. 
Hall D.J. 

Recent developments in airborne dust 
monitoring  
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1993 

Dombrowski N. 
Foumeny E.A. 
Ingham D.B. 
Qi Y.D. 

Modeling of flow characteristics within 
deposition gauges under blowout 
conditions.  

1993 Sevruk B. 
Checking precipitation gauge 
performance.  

1993 

Kimura T. 
Maruyama T. 
Ishimaru T. Design and making of SPC-VII.  

1993b 

Hall D.J. 
Irwin J.G. 
Stone B.H. 
Upton S.L. 

Aerodynamic considerations in 
precipitation collector design.  

1993 

Shao Y 
Mctainsh G. H 
Leys J. F 
Raupach M. R 

Efficiency of sediment samplers for wind 
erosion measurement   

1993 Sterk G. 

Description and calibration of sediment 
samplers.Sahelian Wind Erosion 
Research Project, Report III.  

1993 

Hall D.J. 
Upton S.L. 
Marsland G.W. 

Improvements in dust gauge 
design.In:Couling,S.(Ed.),Measurements 
of Airborne Pollutants.  

1992 
Vallack HW 
Chadwick MJ 

A field comparison of dust deposition 
gauge performance at two sites in 
Yorkshire  

1991 

International 
Standards 
Organisation  

Measurement of atmospheric deposit 
horizontal deposit gauge method   

1991 Lindroth A. 

Reduced loss in precipitation 
measurements using a new wind shield 
for rain gauges.  

1991 
Janssen W. 
Tetzlaff G. 

Entwicklung und Eichung einer 
registrierenden Suspensionfalle. SUSTRA  The suspended sediment trap 

1991 
Garland J.A. 
Nicholson K.W. 

A review of methods for sampling large 
airborne particles and associated 
radioactivity.  

1991 
Leys J. F 
Raupach M. R 

Soil flux measurements using a portable 
wind erosion tunnel.  

1991 
Spaan.W.P. 
Van den Abeele.G.D. 

Wind borne particle measurements with 
acoustic sensors.  

1990 

Kuntze H. 
Beinhauer R. 
Tetzlaff G. 

Quantification of soil erosion by 
wind,I.Final Report of the BMFT project.  

1990 Sherman D.J. 
A method for measuring aeolian sediment 
transport rates.  
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1990 

Orange D 
Gac J-Y 
Probst J-L 
Tanre D 

Mesur du depot au sol des aerosols 
desertiques. Une methode simple de 
prelevement: le capteur pyramidal.  

1990 

Spaan.W.P. 
van Dirk P. 
Hollemans W. 
Eppink L.A.A.J. 

Wind erosion measurements on 
Schiermonnikoog,Report II.  

1989 
Ralph M.O. 
Hall D.J. 

Performance of the British Standard 
Directional Dust Gauge.  

1989 
Stout J.E. 
Fryrear D.W. 

Performance of a wind-blown particle 
sampler.  

1989 

ASTM(American 
Society for Testing 
and Materials) 

Standard test method for the collection 
and measurement of dustfall.  

1988 
Hall D.J. 
Upton S.L. A passive isokinetic sampler.  

1988 

H.Trhyuiy 
R.Vrins 
P.Hofschreuder 

The tunnel impactor:A multiple inertial 
impactor for coarse particles 

The tunnel impactor will be a useful aid in 
establishing the size distribution of coarse 
particles. 

1988 
January 

D.J.Hall 
S.L.Upton 

A wind tunnel study of the particle 
collection efficiency of an inverted 
Frisbee used as a dust deposition gauge 

Both British Standard Deposit Gauge and a 
proposed ISO cylindrical gauge are proved to 
be significantly better dust collectors, 
generally falling in efficiency with increasing 
wind speed. Collection efficiency is enhanced 
by coating the Frisbee with a thin layer of 
liquid paraffin at higher wind speeds.Also,the 
inverted Frisbee is quite sensitive to tilt 
relative to the mean wind direction. 

1988 Folland C.K. 

Numerical models of the rain gauge 
exposure problem. Field experiments and 
an improved collector design.  

1987 
Burton R.M. 
Lundgren D.A. 

Wide range aerosol classifier: a size 
selective sampler for large particles.  

1986 Hall D.J. 

The precipitation collector for use in the 
secondary national acid deposition 
network.  

1986 Fryrear D.W. A field dust sampler BSNE Big Spring Number Eight 

1986 Hofschreuder P. 
The aerosol tunnel sampler: A total 
airborne dust sampler.  

1985 
June 

D.J.Hall 
R.A.Waters 

An improved, readily available dustfall 
gauge 

An inverted Frisbee appears to have better 
aerodynamic characteristics than most existing 
dustfall gauges at that time. 
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1985 
Dec J.A.Businger 

Evaluation of the accuracy with which 
dry deposition can be measured with 
current micrometeorological techniques 

A number of corrections and possible errors in 
the determination of try deposition fluxes are 
identified. An overview is given of the various 
micrometeorological methods for dry 
deposition and some limitations are identified. 

1984 

Pleim J.E. 
Venkatram A. 
Yamartino R. 

ADOM/TADAP Model Development 
Program. Volume 4:The Dry Deposition 
Module.  

1984 
Ralph M.O. 
Barrett C.F. 

A wind tunnel study of the efficiency of 
three deposit gauges.  

1982 White B.R. 
Two-phase measurements of saltating 
turbulent boundary layer flow. 

 

1982 Sievering H. 
Profile measurements of particle dry 
deposition velocity at an air-land interface 

 

1981 
Baba J. 
Komar P.D. 

Measurements and analysis of settling 
velocities of natural quartz sand grains. 

 

1980 

Hicks B. B.  
M. L. Wesely 
J. L. Durham 

Critique of methods to measure dry 
deposition: Workshop summary  

 

1979 

Goodman G.T. 
Inskip M.J. 
Smith S. 
Parry G.D.R 
Burton M.A.S 

The use of moss-bags in aerosol 
monitoring.In:Morales,C.(Ed.) ,Saharan 
Dus.Mobilization,Transport,Deposition. 

 

1979 
Jones J. R 
Willetts B. B 

Errors in measuring uniform aeolian sand 
flow by means of an adjustable trap 

 

1979 Steen B. 

Techniques for measuring dry deposition. 
Summary of WMO Expert Meeting on 
Dry Deposition. 

 

1978 
Drew R.T. 
Lippmann M. 

Calibration of air sampling 
instruments.In:Air Sampling Instruments 
for Evaluation of Atomspheric 
Contaminants 

 

1978 Furtado V.C. 

Air movers and samplers.In:Air Sampling 
Instruments for Evaluation of 
Atmoshperic Contaminants. 

 

1978 Leatherman S. P A new aeolian sand trap design  

1977 Steen B. 
A new simple isokinetic sampler for the 
determination of particle flux. 

 

1977 

APHA(American 
Public Health 
Association) 

Models of Air Sampling and 
Analysis.2nd edition, 

 

1977 Skärby L. 

Correlation of moss analysis to direct 
measurement by deposit gauge of 
cadmium,lead,and copper. 

 

1976 
Ralph M.O. 
Barrett C.F. 

A wind-tunnel study of the efficiency of 
deposit gauges-interim report. 
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1976 IS:5182(Part IV) 
Indian Standard Methods for 
Measurement of Air Quality 

 

1976 

Bush A.W. 
Cross M. 
Gibson R.D. 
Owst A.P. 

The collection efficiency of directional 
dust gauges. 

 

1975 Ganor E. 

Atmospheric dust in 
Israel.Sedimentological and 
meteorological analysis of dust 
deposition. 

 

1974 
Svasek J.N. 
Terwint J.H.J. 

Measurements of sand transport by wind 
on a natural beach. 

 

1973 
Gaudet L. 
Winter K.G. 

Measurement of the Drag of Some 
Characteristic Excrescences Immersed in 
Turbulent Boundary Layers. 

 

1973 
Billford I.H. 
Gillette DA An automated particle analysis system. 

 

1972 
Belyaev S.P. 
Levin L.M. 

Investigation of aerosol aspiration by 
photographing particle tracks under flash 
illumination. 

 

1972 
British Standards 
Institution  

Methods for the measurement of air 
pollution V.Directional dust gauges. 

 

1972 
Gillette DA 
Blifford IH 

Measurements of aerosol size 
distributions and vertical fluxes of 
aerosols on land subject wind erosion 

 

1971 

Byers R.L. 
J.W.Davis 
E.White  
R.McMilan 

 A computerized method for size 
characterization of atmospheric aerosols 
by the scanning electron microscope. 

 

1969 IS:5182(Part II) 
Indian Standard Methods for 
Measurement of Air Quality 

 

1969 
British Standards 
Institution  

Methods for the measurement of air 
pollution I. Deposit gauges. 

 

1966 
Kohler A. 
Fleck W. 

Comparative Dust-Precipitation and Dust-
Concentration Measurements 

 

1965 
Smith R.M. 
Twiss P.C. 

Extensive gauging of dust deposition 
rates. 

 

1964 
Lucas D.H. 
Moore D.J. 

The measurement in the field of pollution 
by dust. 

 

1954 Watson H.H. 
Errors due to anisokinetic sampling of 
aerosols 

 

1952 Chepil W.S 
Improved rotary sieve for measuring state 
and stability of dry soil structure. 

 

1951 Bouoyocous G.J. 
A recalibration of the hydrometer method 
for making mechanical analysis of soils. 
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Appendix 5.The literature list on the aspect of Dust control 
Time Name Article Comments/ Conclusions 

2002 
Feb 

Cheol-Woo Park 
Sang-Joon Lee 

Verification of the shelter 
effect of a windbreak on coal 
piles in the POSCO open 
storage yards at the kwang-
Yang works. 

Aporous wind fence of porosity around 30% was found to be 
useful for reducing the wind speed without the formation of a 
recirculating bubble behind the fence. 

1997 

Lambert C.E. 
Dulac F. 
Dayan U. 

Control of atmospheric 
export of dust from North 
Africa by the North Atlantic 
Oscillation  
  

1994 
Sherman D.J. 
Lyons W. 

Beach state controls on 
aeolian sand delivery to 
coastal dunes.  

1990 
Ghose M.K. 
Sinha D.K. 

Air pollution control plan 
in coal mining areas.  

1988 
A.R.Borges 
D.X.Viegas 

Shelter effect on a row of 
coal piles to prevent wind 
erosion 

The use of porous barriers seems a better overall 
protecting effect for the various wind directions. It is 
more economical and easier to build. But requires the 
detailed consideration of the effect of the inclination of 
the pile surface and the local direction of the flow. 

1979 Nakashima Y. 
A fundamental study on the 
blown sand control.  

1977 
Dec 

C.J.Phillips 
B.B.Willetts 

A review of selected 
literature on sand 
stabilizations  

1972 
Hayes W. 
Moulin C. 

Designing wind erosion 
control systems in the 
Midwest region. 
Control of atmospheric 
export of dust by the North 
Atlantic Oscillation.  

1965 
Wu Z 
Liu Y 

A preliminary study on 
blown sand movement and 
its control( in Chinese)  

1960 Znamenskii A.I 

Experimental investigation 
of wind erosion of sand land 
and the control of drifting 
sand  
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Appendix 6 to 9 lists the frequency of occurrences of some important 
authors and their articles 
 
Appendix6. The authors and articles about Generation  
Gillette D.A. (6) 

Time Article 

1989 
Spatial and temporal variability of dust production caused by wind erosion in the 
United States. 

1980 Threshold velocities for input of soil particles into the air by desert soils. 

1978 
A wind tunnel simulation of the erosion of soil: Effect of soil 
texture,sandblasting,wind speed,and soil consolidation on dust production. 

1977 Fine particulate emissions due to wind erosion 

1974 
On the production of soil wind erosion aerosols having the potential for long range 
transport 

1974 
The influence of wind velocity on the size distributions of aerosols generated by the 
wind erosion of soils. 

 
Beneriee S.K. (3) 

Time Article 

1997 Physico-chemical characteristics of air-borne dust emitted by coal washery in India. 
1996 Air pollution due to coal washery project and its abatement measures. 
1995 Status of air pollution caused by coal washery project in India. 

 
Ghose M.K. (3) 

Time Article 
1997 Physico-chemical characteristics of air-borne dust emitted by coal washery in India. 
1995 Status of air pollution caused by coal washery project in India. 

1989 
Pollution due to air borne dust particles in coal mining,its monitoring and abatement 
measures. 

 
 

 103



Appendix7. The authors and articles about Spreading 
Willetts B.B. (8) 

Time Article 
1996 Observation of collisions of saltating grains with a granular bed from high-speed cine-

film. 
1995 An experimental study of multiple grain-size ejecta produced by collisions of saltating 

grains with a flat bed. 
1994 On the prediction of bed-load transport rate in air. 
1993 Adaptation of the near-surface wind  to the development of sand transport. 
1991 Numerical model of saltation cloud. 
1985 Inter-saltation collisions. 
1984 The Hanstholm Experiment 1982.Sand Grain Saltation on a Beach. 
1996 Observation of collisions of saltating grains with a granular bed from high-speed cine-

film. 
 
Zhibao Dong and Xiaoping Liu (7) 

Time Article 
2003 The blown sandflux over a sandy surface : a wind tunnel investigation on the fetch effect 
2002 
December Aeolian sand transport:a wind tunnel model 
2002 April The flus profile of a blowing sand cloud: a wind tunnel investigation 
2002a Impactentrainment relatonship in a saltating cloud. 
2001 October Velocity profile of a sand cloud blowing over a gravel surface 
2001 Aerodynamic roughness of fixed sandy beds. 
1999 Modeling the roughness properties of artificial soil clouds. 

Haff P.K. (6) 
Time Article 

1993 
Grain scale simulations of loose sedimentary beds:the example of grain-bed impacts in 
aeolian saltation. 

1991 Wind modification and bed response during saltation of sand in air. 
1988 Simulation of eolian saltation. 
1988 The impact process in aeolian saltation:two-dimentional simulations. 
1987 Steady state saltation in air. 
1986 The grain-bed impact process in aeolian saltation. 
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Appendix8. The authors and articles about Settling 
Goossens D. (18) 

Time Article 
2005 Long-term accumulation of atmospheric dust in rocky deserts 
2001 The aeolian dust accumulation curve. 

2000 
Dry aeolian dust accumulation in rocky deserts: a medium-term field experiment based 
on short-term wind tunnel simulation 

2000 
Airborne particle accumulation and composition at different locations in the northern 
Negev desert 

1997 
Long-term aeolian loess accumulation modelled in the wind tunnel:the Molenberg 
case(central loess belt,Belgium). 

1996 
Meteorological and sedimentological analysis of the severe dust storm in the Negev 
Desert on 2 November 1994. 

1995 Field experiments of eolian dust accumulation on rock fragment substrata 
1995 Comparisons of day-time and night-time dust accumulation in a desert region. 

1993 
Eolian deposition of dust over symmetrical hills:an evaluation of wind tunnel data by 
means of terrain measurements 

1993 
Wind tunnel experiments and field investigations of eolian dust deposition on 
photovoltaic solar collectors. 

1990 A wind tunnel simulation and field verification of desert dust deposition 

1989 
Height distortion and the sedimentation of dust on topographic scale 
models:considerations and simulations. 

1988 
Loess Erosion and Loess Deposition in the Negev Desert:Theoretical Modelling and 
Wind Tunnel Simulations. 

1988 The effect of surface curvature on the deposition of loess:a physical model. 
1988 Scale model simulations of the deposition of loess in hilly terrain. 

 
Offer Z.Y. (7) 

Time Article 
2005 Long-term accumulation of atmospheric dust in rocky deserts 

2000 
Airborne particle accumulation and composition at different locations in the northern 
Negev desert 

1995 Comparisons of day-time and night-time dust accumulation in a desert region. 

1993 
Eolian deposition of dust over symmetrical hills:an evaluation of wind tunnel data by 
means of terrain measurements 

1993 
Wind tunnel experiments and field investigations of eolian dust deposition on 
photovoltaic solar collectors. 

1990 A wind tunnel simulation and field verification of desert dust deposition 

1988 
Loess Erosion and Loess Deposition in the Negev Desert:Theoretical Modelling and 
Wind Tunnel Simulations. 
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Appendix9. The authors and articles about Measurement 
Hall D.J. (9) 

Time Article 
1994 April Designs for a deposition gauge and a flux gauge for monitoring ambient dust 
1994 Recent developments in airborne dust monitoring 
1993b Aerodynamic considerations in precipitation collecor design. 

1993 
Improvements in dust gauge design.In:Couling,S.(Ed.),Measurements of Airborne 
Pollutants. 

1989 Performance of the British Standard Directional Dust Gauge. 
1988 A passive isokinetic sampler. 

1988 January 
A wind tunnel study of the particle collection efficiency of an inverted frisbee used as a 
dust deposition gauge 

1986 The precipitation collector for use in the secondary national acid deposition network. 
1985 June An improved,readily available dustfall aguge 

Goossens D. (6) 
Time Article 

2007 April 
Techniques to measure the dry aeolian deposition of dust in arid and semi-arid 
landscapes: a comparative study in West Niger 

2006 July 
Bias in grain size distribution of deposited atmospheric dust due to the collection of 
particles in sediment catchers 

2006 May 
Calibration of the MDCO dust collector and of four versions of the inverted frisbee dust 
deposition sampler 

2005 
Quantification of the dry aeolian deposition of dust on horizontal surfaces: an 
experimental comparison of theory and measurements 

1999 August Wind tunnel and field calibration of six aeolian dust samplers 
1994 July An evaluation of the efficiency of some eolian dust collectors 

 
Upton S.L. (5) 

Time Article 
1994 April Designs for a deposition gauge and a flux gauge for monitoring ambient dust 
1993b Aerodynamic considerations in precipitation collecor design. 

1993 
Improvements in dust gauge design.In:Couling,S.(Ed.),Measurements of Airborne 
Pollutants. 

1988 A passive isokinetic sampler. 

1988 January 
A wind tunnel study of the particle collection efficiency of an inverted frisbee used as a 
dust deposition gauge 
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Appendix 10 Terminology 
Some commonly used terms for describing the properties of water and sediment are 
defined here. 
 
1. Density: this is the mass per unit volume. 
2. Specific weight: this is the weight per unit volume. The relationship between density 
and specific weight is  

γ = ρg                                                                        (A10.1) 
where γ = specific weights. 
          ρ = density, and  
          g 0  gravitational acceleration. 
 
3. Specific gravity: this is the ratio of specific weight of a given material to the specific 
weight of water at 4 °C or 39.2 °F . The average specific gravity of sediment is 2.65. 
4. Nominal diameter: this is the diameter of  a sphere having the same volume as the 
particle. 
5.Sieve diameter: this is the diameter of a sphere equal to the length of the side of a 
square sieve opening through which the particle can just pass.As an approximation , the 
sieve diameter is equal to the nominal diameter. 
6. Full diameter: this is the diameter of a sphere that has a specific gravity of 2.65 and has 
the same terminal fall elocity as the particle when each is allowed to settle alone in 
quiescent, distilled water. The standard fall diameter is the fall diameter determined at  a 
water temperature of 24 °C. 
7. Fall velocity: this is the average terminal settling velocity of a particle falling alone in 
quiescent distilled water of infinite extent. When the fall velocity is measured at 24 °C,  it 
is called the standard fall velocity. 
8. Angle of repose: this is the angle of slope formed by a given material under the 
condition of incipient sliding. 
9. Porosity:  this is  a measure of the volume of voids per unit volume of sediment, i.e., 

p = Vv/Vt = (Vt-Vs)/Vt                                                   (A10.2) 
where p = porosity, 
          Vv = volume of voids, 
          Vt = total volume of sediment, including that due to voids, and  
          Vs = volume of sediment excluding that due to voids. 
10. Viscosity: this is the degree to which a fluid resists flow under an applied force. 
Dynamic viscosity is the constant of proportionality relating the shear stress and velocity 
gradient, i.e. , 

τ = μ (du/dy)                                                                  (A10.3) 
where  τ = shear sress, 
            μ = dynamic viscosity, and  
            du/dy = velocity gradient. 
Kinematic viscosity is the ratio between dynamic viscosity and fluid density,i.e., 

                                                 v = μ/ ρ                              
(A10.4) 

where v = kinematic viscosity and  
           ρ = fluid density. 
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Dust source tpyes: 
(Ina Tegen, Contribution to the atmospheric mineral aerosol load from land surface 
modification, 1995) 
 
There are six source types by the classification from Ina. they are: 
 
Natural Sources 
   NS  Deserts and sparsely vegetated soils; 
Old Disturbed Sources 
   OA  cultivated eroded soils; and 
   OE   uncultivated eroded soils; 
Recently Disturbed Sources 
   RB   Saharan/ Sahelian boundary shift; 
   RC   recently cultivated areas; and 
   RD   recently deforested areas. 
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	3.1.1 Ecology and agriculture
	3.1.2 Nuisance effects
	3.1.3 Health and safety Effects
	Coarse non-respirable dust is threatening human health if people get in contact with air, soil or water contaminated by hazardous particles. But the health effect of mineral dust is mostly referred to respirable dust which is beyond the scope of this research. The study on fine particles were endeavored from very early time since it threats people’s life health. The severe consequence of respirable dust has been recognized very well and scientists have developed many effective countermeasures to control its generation ensuring human safety. The information on health effect can be found in enormous bibliography relating respirable mining dust. 
	In addition, from the human safety point of view, some certain dust, for example from coal and sulphide ores can cause explosions (Field, 1982; Trade Union Congress, 2001).  The explosion incident depends on many factors. As this problem is more related to fine fraction of the dust, it is also beyond the scope of the present research. It is thus do not have detailed explanation on it here. Readers who are interested in this aspect can get the knowledge from numerous published papers since it is not a newly developed trouble any more.  



