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SYNOPSIS 

Particulate matter (PM) has been recognised as a key air pollutant that has significant 

impacts on human health and the surrounding environment. The air quality within 

South Africa is regulated by the ambient air standards as specified in the National 

Environment Management Affair Quality Act (NEMAQA). This legislation identifies 

major air pollutants and their respective limits, including PM10, PM2.5, and dustfall.  

Dustfall monitoring is used as an air quality management tool to monitor the potential 

dust emissions generated during mining and industrial activities. The ASTM 

D1739:1998 dustfall method used in South Africa is a low-tech and cheap monitoring 

method to identify unacceptable levels of dustfall, but the relevance of this is limited to 

remote industrial areas. The sampling site for this study is situated in an urban 

industrial zone located 150 m from the closest residential area. Industrial areas and 

residential areas have dustfall limits of 1200 mg/m2.day and 600 mg/m2.day 

respectively. As dustfall rates are used as a proxy for potential compromised air 

quality, the implementation of this method and associated limits is not appropriate for 

measuring air quality in urban industrial-residential fringes. While other air quality 

monitoring equipment such as active volume samplers exist, they are notoriously 

expensive and not suited for the context of a developing country. 

The dustfall rates and PM10 concentrations were measured on site and the number of 

exceedances of legislative limits were recorded. These were compared to show the 

effectiveness of each monitoring method at showing compromised air quality. The 

particle size, shape and composition of dustfall samples was analysed using SEM-

EDX analysis. Four separate filter mounting methods were attempted but none were 

suitable for single particle analysis. 

Two exceedances of the 24-hour maximum PM10 concentration were recorded in a 2-

week sampling period. Over a 6-week sampling period, no exceedances of the 

industrial dustfall limits were recorded. The major mineral groups identified in the 

dustfall samples were quartz, feldspar, micas, carbonates, iron oxides and zinc oxides. 

The size distribution of particles captured in the dustfall samples showed that less than 

10 % of the area analysed in SEM-EDX analysis was made of PM10. It was also found 

that the mean PM10 concentrations of weekdays was higher than that of weekends. 

Although no exceedances of the industrial dustfall rate were recorded, the two 

exceedances of 24-hour average PM10 concentration indicated that the air quality on 

site may be compromised. The mineralogy found indicated that potential contributing 

sources to dustfall were both anthropogenic and naturogenic. Quartz and iron oxides 

were identified as major mineral groups in PM10, showing that the PM10 on site may 

pose a considerable health risk to workers. The difference in weekday and weekend 

PM10 concentrations can be attributed to industrial activities in the area. 

This research made an important contribution to air quality monitoring method 

investigations in a developing country with many industrial-residential urban fringe 

areas.  
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1. INTRODUCTION 

1.1. Background 

Air pollution is a growing issue that results in two million deaths worldwide annually 

(Kim, et al., 2014). Of this, particulate matter (PM) is a major component of air 

pollution. PM is composed of a mixture of substances that have a diameter of 10 µm 

or less (coarse PM - PM10) or 2.5 µm or less (fine PM - PM2.5). Long term fine PM 

exposure, the more harmful of the two categories, and is reported as the 13th leading 

cause of mortality worldwide (WHO, 2002).  

The National Environmental Management Air Quality Act (NEMAQA) of 2004 

stipulates the maximum concentration of air pollutants allowed within South Africa 

(Minister of Environmental Affairs, 2004). One of the preliminary air quality criteria 

specified in NEMAQA is dustfall, classified as settleable particulate matter of 10 – 100 

µm diameter (Annegarn, 2016). Previous work has linked and recognised dustfall as 

being intrinsically linked to PM pollution. Dustfall monitoring is currently carried out 

using the ASTM D1739:1998 standard stipulated in NEMAQA. This method makes 

use of a dustfall bucket sampler that captures settleablecdust over a 30-day period 

and is known to be ineffective at capturing PM fraction (Kornelius & Kwata, 2010). This 

method therefore only serves as an indicatior of whether a dustfall problem exists or 

not, specifically in industrial and mining areas. This study aims to verify whether the 

ASTM D1739:1998 dust fallout monitoring method is an effective measure of ambient 

air quality. This will be done by assessing whether the standards for dustfall rate and 

PM10 concentration are violated; and the frequency of these violations in relation to 

one another. The results generated from this study can be used to draw conclusions 

on the legislative and health implications of a difference in dustfall and PM10 

concentration measurements in an urban industrial fringe environment. A 

recommendation will then be given on how suitable the ASTM D1739:1998 standard 

is for monitoring air quality in industrial areas in South Africa. 

1.2. Problem statement 

The ASTM D1739:1998 dustfall monitoring standard specified in NEMAQA (2004) is 

known to be a poor air quality management metric, especially in urban environments, 

as it does not show respirable PM exposure. While there are alternative measurement 

methods such as active air volume samplers, these methods are notoriously 

expensive and are impractical for widespread use in a developing country. The ASTM 

D1739:1998 dustfall standard will be implemented in an urban industrial environment 

in conjunction with real time PM10 and PM2.5 active volume samplers. This will be used 

to show whether the ASTM D1739:1998 method can show respirable PM exposure in 

terms of both volume and chemical composition. It will also be used to show whether 

the current standard for dustfall monitoring is a sufficient proxy for dust control and 

potential health risks. This, along with the cost and practicality of each method, will 

inform a recommendation of the most appropriate sampling technique for showing 

respirable PM exposure. 
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1.3. Scope and limitations of study 

The study was undertaken on an urban industrial site on the Cape Flats. The study 

was limited to a six-week period in September and October. The sampling methods 

used have different units of measurement, with dustfall measured in mg/m2.day and 

PM concentration in µg/m3. A direct comparison between these two measurements is 

not possible. The two different methods will instead be compared by assessing 

whether they violate their respective air quality limits and the frequency of these 

violations. The context of South Africa as a developing nation imposes a limit on the 

cost of sampling methods that can be used nationwide. The sampling site, which is in 

an urban industrial-residential fringe, gives a limitation as the two different area types 

have different dustfall rate limits. The location of the samplers will be on the site of the 

complainant (Company A), with two dustfall samplers and two PM samplers placed 

inside the company warehouse. Two sets of replicate dustfall samplers were placed 

in locations outside the warehouse of Company A. 

1.4. Objectives of study 

Based on the problem statement previously outlined, the objectives of the study are 

as follows: 

• Measure dustfall rates and PM10 concentration at an urban industrial site using the 

ASTM D1739:1998 method and an active volume sampler respectively.  

• Measure the particle size, shape and composition of the samples.  

• Determine the suitability of the monitoring methods for showing ambient air quality. 

After this, recommendations will be made on which method should be used to 

measure respirable PM exposure in an urban environment, taking into 

consideration cost, accuracy and practicality. 

1.5. Hypothesis 

The ASTM D1739:1998 dust fallout monitoring method, as stipulated in NEMAQA 

(Minister of Environmental Affairs, 2004), is not a good indicator of ambient air quality 

within urban industrial settings. As a result, the dustfall bucket method and its 

implementation in South African legislation do not provide an effective measure of 

exposure to respirable particulate matter and the health risks associated with it.  

1.6. Key questions 

The key questions for this investigation that will lead to the hypothesis being accepted 

or rejected are as follows: 

• What dustfall monitoring methods and standards exist? 

• What is the composition, shape and size of the PM collected at the study site? 

• What are the potential effects of PM10 exposure to human health? How does size, 

shape, and composition of PM10 affect health? 

• How can the results of different dustfall monitoring methods on site inform 

legislation surrounding monitoring methods and standards?  
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2. LITERATURE REVIEW 

2.1. Particulate matter: a criteria pollutant for air quality 

2.1.1. Air quality guidelines 

The principle of the right to an environment that is not harmful to wellbeing is enshrined 

in Universal Declaration of Human Rights (1948) as well as the South African 

Constitution (1996). This includes air free of harmful concentrations of pollutants. The 

World Health Organisation (2005) lists 28 air pollutants with recommended guidelines, 

which includes particulate matter (PM) concentration. Air pollution (both indoor and 

outdoor) is estimated to cause 2 million premature deaths per year (WHO, 2005) with 

more than half of these in developing countries.  

2.1.2. Sources of particulate matter 

Coarse PM (PM10) has an aerodynamic diameter of 10 µm or less and fine PM (PM2.5) 

has an aerodynamic diameter of 2.5 µm or less. Ultra-fine particles (UFPs) have an 

aerodynamic diameter of 0.1 µm or less (Kim, et al., 2015). PM10 and PM2.5 

concentrations are measured in µg/m3 and UFPs are measured by number of 

particles. PM can originate from multiple outdoor sources and be transported over long 

distances and can eventually become trapped indoors, increasing concentration and 

human exposure (WHO, 2000). Coarse PM often originates from construction, road 

dust and mineral dust. Fine PM often originates from combustion sources, including 

industrial activities, traffic, power generation and biomass burning. The proportion of 

coarse to fine PM concentrations varies between cities and is dependent on local 

economic activities, geography, and meteorology (WHO, 2005). It is acknowledged 

that anthropogenic sources of PM are a higher risk to health than naturogenic sources 

(Brook, et al., 2010). 

2.1.3. Effects of particulate matter on human health 

PM is known to affect respiratory and cardiovascular health, with the elderly, people 

with heart disease and young children being the most vulnerable (Brook, et al., 2010). 

When inhaled, coarse PM becomes lodged in the trachea and bronchi of the lungs, 

fine PM is deposited in the bronchioles and alveoli and UFPs can enter the 

bloodstream (Kim, et al., 2015). PM10 exposure has been linked to the exacerbation 

of chronic respiratory and cardiovascular diseases, decreased lung function, non-fatal 

heart attacks and premature mortality (Samoli, et al., 2008). 

Total daily mortality increases by 1% for every 10 µg/m3 increase in PM10 

concentration (Brook, et al., 2010). Epidemiological studies investigating PM2.5 and 

UFP exposure have shown that these smaller particles are more damaging to health 

than coarse particles (Schwartz, et al., 1996), (Oberdoster, et al., 1995). Toxicological 

studies further yield that the toxicity of PM is enhanced as aerodynamic diameter 

decreases (Donaldson & MacNee, 1998). The effect of long-term PM2.5 exposure is 

greater than that of short-term exposure, with 800 000 premature deaths attributed to 

this, making long-term PM2.5 exposure the 13th leading cause of mortality worldwide 



4 | P a g e  
 

(WHO, 2002). The combination of PM10 exposure with other air pollutants is not well 

understood (Brook, et al., 2010). 

The chemical composition, solubility, charge, oxidative stress potential, surface area, 

particle count and atmospheric stability of PM is thought to change its risk to human 

health (Brook, et al., 2010). Transition metals, particularly iron, are proposed to 

increase the toxicity of PM through non-classical methods such as free-radical 

production (causing tissue inflammation) (Gilmour, et al., 1996). However, knowing 

the concentrations of these metals in PM will not give a definite measure of its toxicity 

as the source of these metal-containing particulates affect their bio-availability 

(Harrison & Yin, 2000). An increase in PM sulphate concentration is linked to an 

increase in mortality, likely because sulphates are a major component of PM2.5 (Pope, 

et al., 1995), (Dockery, et al., 1993). It is therefore important to know the chemical 

composition and physical characteristics and not simply the bulk concentration of PM10 

and PM2.5 monitored as this can give a better indication of the sources of PM and its 

associated health risks. 

2.1.4. Particulate matter and dustfall concentration limits 

The World Health Organisation’s recommendations on maximum PM10 and PM2.5 are 

shown in Table 1. It is further recommended that air pollution should be kept as low 

as possible, especially if levels below the guidelines are achievable (WHO, 2005). 

Annual average PM10 concentrations of 10 µg/m3.year and less have been recorded 

in major international cities and this is achievable with PM source management and 

mitigation (Dockery, et al., 1993). No recommendation is given for the maximum PM 

concentration for specific compositions. The South African maximum PM10 and PM2.5 

concentrations, specified in the National Environmental Management Air Quality Act 

(NEMAQA), are given in Table 1. Four exceedances of the 24-hour PM10 concentration 

limit are allowed per calendar year. The only limit on specific PM10 composition is 

respirable silica dust concentrations in work environments, which is limited to 0.1 

mg/m3 (Department of Labour, 2010). Further epidemiological studies have suggested 

lowering this to 0.025 mg/m3 (Khoza, et al., 2012). 

Table 1: Annual average and 24-hour average PM10 and PM2.5 limits recommended by the World Health 
Organisation (WHO, 2005) and specified in South African legislation (Minister of Environmental Affairs, 
2004). 

 PM10 concentration [µg/m3] PM2.5 concentration [µg/m3] 

Annual 
average 

24-hour 
average 

Annual 
average 

24-hour 
average 

World Health 
Organisation 

20 50 10 25 

South African 
legislation 

40 75 15 25 

The South African limits on dustfall, an environmental nuisance, are 600 mg/m2.day 

and 1 200 mg/m2.day in residential and industrial areas respectively. If dustfall 

monitoring reports show non-compliance with standards, an air quality officer can 

require constant PM10 monitoring at the nuisance site (Minister of Environmental 
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Affairs, 2004). A target dustfall rate of 300 mg/m2.day has been proposed in an 

amendment to the NEMAQA, but an effective date has not been set (Minister of 

Environmental Affairs, 2011). 

2.1.5. Types of aeolian transport 

Atmospheric lifetime, deposition rates and inhalation processes of particles are 

influenced by their size. Particles sizes are usually determined by their aerodynamic 

diameter. Particle transportation modes by size range is shown in Figure 1. Sub-20 

µm particles can spend weeks to years in suspension under the right meteorological 

conditions, only being deposited during rainfall. These particles are therefore less 

likely to be deposited in dustfall samplers in dry conditions. Particles of 20 – 70 µm 

size are more likely to be deposited in dustfall samplers, traveling a short distance in 

moderate winds and potentially further in higher winds. During turbulent wind 

episodes, particles from 100 – 175 µm size can be lifted and deposited into dustfall 

samplers at a 2 m height (Elorza & Gutierrez, 2005). 

 
Figure 1: Particle transportation modes by size range, taken from (Pye & Tsoar, 1987). PM10 particles could 
spend months or years in suspension under favourable meteorological condition. 

2.2. Particulate matter and dustfall monitoring methods 

2.2.1. Particulate matter monitoring methods 

The South African reference methods for monitoring PM10 and PM2.5 concentrations 

are EN 12341:1998 and EN 14907:2005 respectively, as stipulated in NEMAQA 

(Minister of Environmental Affairs, 2004). These standards replaced tapered element 

oscillating microbalance (TEOM) samplers which operated at 50°C, volatising semi-

volatile particles and requiring a correction factor. Both current methods are 

gravitational filter based, using low-volume, high-volume or super high-volume 
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samplers with implementations of variations allowed. These volume samplers are very 

expensive and therefore impractical to implement widely in developing countries. 

Compliance with limits are currently difficult to compare as the implementation of 

variations can lead to differences in measurements of up to 50% (Quincey & 

Butterfield, 2009). It is recognised that the public should be timeously provided with 

PM10 air quality information and these standards make this difficult to do as filters are 

manually weighed. EN 12341 allows for only quartz filters whilst EN 14907 specifies 

that either quartz, glass fibre, PTFE or PFTE-coated glass fibre filters can be used. It 

has been found that quartz and glass fibre filters experience significant mass change 

with changes in humidity and PFTE-coated glass fibre filters experience pore blockage 

in damp conditions. Quartz and glass fibre filters also experience a variation in 

behaviour in humidity between different manufacturers and batches (Brown, et al., 

2006). For this reason, specifying that only “quartz” or “glass fibre” filters can be used 

may not be specific enough. Both standards specify that filters be conditioned pre- and 

post-sampling at 20 ± 1°C and a relative humidity (RH) of 50 ± 5%. This poses the 

problem of sodium chloride, ammonium sulphate and ammonium nitrate containing 

PM absorbing moisture during post-sampling conditioning, increasing the mass of PM 

collected. 

As it is becoming clearer that PM2.5 poses a greater risk to health, accuracy of PM 

sampling becomes more important. PM collected can undergo a change in mass 

because of a change in water content or a loss of semi-volatile materials. Quincey and 

Butterfield (2009) recommend that a revision of these standards include allowable 

particle size range, allowable water content of PM, allowable semi-volatile material 

losses (in sampling and preparation for analysis), efficiency of filter, allowable change 

in filter mass and allowable extent of chemical reactions in PM during and after 

sampling. 

2.2.2. Dustfall monitoring methods 

The reference method for monitoring dustfall in South Africa is ASTM D1739:1998 

(SABS Standards Division, 2011). This makes use of an open topped cylinder with 

vertical sides, a flat bottom, a minimum diameter of 150 mm and a minimum depth of 

two times the diameter. The bucket should be positioned 2 m above the ground and 

in an open area with 20 m radius clearance of structures higher than 1 m (ASTM 

International, 1998). It is not specified whether water should be added to the bucket in 

this version, as the 1982 version detailed. An example of a deployed dustfall sampler 

is shown in Figure 2. 

Concerns about this standard arise as it details that the bucket cannot be placed within 

20 m of a 1 m vertical structure, making this method difficult to implement in an urban 

environment. UFPs can still escape the bucket on hot days as air rises from the bucket 

and fine PM is unlikely to settle during windy days. This method is crude and produces 

low resolution data (12 points per year). Samplers do not collect all particle sizes with 
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equal probability with wind speed and direction playing a dominating role (Elmes & 

Gasparon, 2017). 

 
Figure 2: ASTM D1739 method dustfall sampler on stand with man for scale, taken from (Annegarn, 2015). 

2.3. Particulate matter characterisations 

2.3.1. Analysis methods 

No single analysis technique exists that can obtain size, morphology, composition, 

molecular structure and mixing state of PM. SEM-EDX analysis can be used to 

characterise the size, shape and mineralogical composition of sample particles. The 

benefit to this analysis technique is that a small sample size is required (appropriate 

for dust samples). The disadvantages to this technique are that the analysis is 2D and 

based on exposed particle areas making it unable to reliably calculate mass, any 

volatile particles will be lost under vacuum, smaller field spacing (to analyse PM2.5 and 

smaller particles) increase the analysis time considerably and low-Z elements (such 

as carbon, nitrogen and oxygen) cannot be detected (Elmes & Gasparon, 2017). 

PM collected in samplers is mounted, polished, and analysed using SEM-EDX. Pre-

defined field sizes are set, an example being 2 µm field spacing, which are then 

examined. QEMSCAN 650F makes use of a field emission gun-scanning electron 

microscope (FEG-SEM), high resolution back scattered electron (BSE) detectors, 

energy dispersive X-ray spectroscopy (EDS) detectors and a spectral analysis engine. 

Particles in the fields are distinguished from the background using BSE threshold 

brightness and each particle is split into a pre-defined grid of pixels, each with an x-

ray analysis point. Pixels are assigned an identity using the species identification 

protocol (SIP list) and a false colour map is created for each particle with each colour 

representing a mineralogy or chemical grouping (Centre for Minerals Research, 2014). 

This analysis technique provides the bulk mineralogy, element deportment, particle 

size and shape and particle images of the PM sampled. This resolution of this data is 

determined by the field spacing chosen for analysis. For this reason, UFP are not 

easily characterised using QEMSCAN analysis. 
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2.3.2. Sources of particulate matter and classification of particle types 

PM composition, shape and size are closely linked to the source of PM and are used 

as characterisation methods. High concentrations of nitrous oxides, carbon monoxide, 

sulphur dioxide, organic carbons, elemental carbons, and trace metals in PM2.5 are 

associated with combustion process, high temperatures and industrial activities. UFPs 

are associated with fresh combustion processes and traffic pollution. Ammonia, 

methane, reduced sulphur compounds, resuspended particles and mineral dust are 

associated with surface human (non-combustion) and natural activities. Marine salt 

PM is associated with a proximity to the coast. Secondary pollutants are produced 

from primary pollutants through reaction with UV and moisture, with examples being 

PM2.5-associated sulphates, nitrates, ammonium, and organic compounds. Some 

organic and inorganic acids and volatile organic compounds form in the atmosphere 

too and become part of PM (Brook, et al., 2010). Plastic micro-beads are used in sand-

blasting and would be classified as PM10. 

The bulk chemical composition of PM in the air can vary because of weather patterns, 

amount of sunshine, proximity to the coast, local industrial activities, construction, 

traffic, and agricultural activities (Gwaze, et al., 2007). PM2.5 has a long atmospheric 

life and can build up in an area through suppressed horizontal and vertical mixing in 

the lower atmosphere (brought on by a stationary high-pressure system). Cape Town, 

the area of study, is prone to high pressure systems generated by the South Atlantic 

High-Pressure Cell during winter. The change of PM composition over time and area 

makes it difficult to conduct exposure-response epidemiological studies on individual 

components of PM. 

2.4. Cape Town case study 

2.4.1. Dustfall complaint 

Company A, located in the Cape Flats of Cape Town, lodged a complaint with the City 

of Cape Town on the dustfall experienced on their site. They believed the dust to be 

originating from activities conducted at Company B, located next door. Company B 

commissioned a local dust monitoring company to measure the dustfall experienced 

on their site boundary near the alleged source of dust. The dustfall monitoring 

company made use of the ASTM D1739:98 method, recorded the dustfall over 30 days 

and concluded that the dustfall rate (284 mg/m2.day) fell well below the industrial and 

residential limits as defined in NEMAQA (2004). Company A is not satisfied with this 

report and believes that the dustfall rate was decreased deliberately during monitoring 

and that the air quality experienced on site is harmful to the health of their staff. The 

location of Company A and B in relation to surrounding suburbs in Cape Town is 

shown in Figure 3. 
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Figure 3: Location of the urban industrial site being studied and the surrounding residential areas. The 
residential areas are shown to lie within several hundred metres of the industrial study site, despite their 
differing dustfall rate limits of 600 and 1200 mg/m2.day. 

2.4.2. Cape Town climate 

Cape Town is situated in the south-west of the Western Cape, South Africa and has a 

Mediterranean climate (Csb Köppen climate classification) with mild, wet winters and 

dry summers (Robinson & Henderson-Sellers, 1999). This area experiences an 

average of 515 mm rain and 3 100 hours of sunshine annually (National Oceanic and 

Atmospheric Administration, 1990). A north-westerly wind blows during winter, 

originating from cold fronts arriving over the Atlantic Ocean. During summer, a south-

easterly wind blows, dubbed the “Cape Doctor” for its role in blowing away air pollution. 

Shows a wind-rose of historic predominant wind directions sampled at Cape Town 

International Airport. Major highways, a petrol refinery, wetlands, a medium industrial 

area and a low-income residential area are situated north-west of the site. Major 

highways, low-income residential areas and heavy industrial areas are situated south-

east of the site. The proposed study site is located on the Cape Flats, an area 

dominated by aeolian transport from nearby beaches before the planting of alien 

vegetation and development in the 1850s (Stirton, 1978). 
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Figure 4: Wind-rose of predominant wind directions sampled at Cape Town International Airport from 2000 
- 2018. Retrieved from Cape Town Airport Weather Archive (2018). 

2.4.3. Classification of particulate matter in Cape Town 

Gwaze et al. (2007) studied the microphysical, chemical, and optical properties and 

spatial distribution of aerosol particles over Cape Town as a follow up on the Cape 

Town Brown Haze II study in 2003. Sampling took place during winter at an altitude 

below 2000 m using an Air Borne Streaker sampler aboard the South African Weather 

Service’s Aerocommander 690A ZS-JRB. The sampler used a 10 µm cut off diameter 

collected onto a 0.3 µm pore size polycarbonate filter at a flowrate of 4.5 ± 0.5 l/min. 

SEM-EDX analysis was used to identify particle morphology and elemental 

composition. Based on this, Gwaze et al. classified particles into seven groups, namely 

aggregated soot particles, mineral dust, sulphates, sea-salt, tar balls/fly ash, rod-

shaped particles and “others”. 

Soot particles were identified as small, spherical primary carbonaceous particles and 

had a fractional composition of between 12% to 46% in samples across Cape Town. 

The CBD, Goodwood and Pinelands were associated with high soot fractional 

compositions, attributed to vehicle emissions. The high fractional composition of soot 

in Khayelitsha was attributed to domestic biomass burning. Concentrations of soot 

particles were higher on days with lower relative humidity. Mineral dust particles 

consisted of sodium, magnesium, aluminium, silicon, potassium, calcium, titanium, 

iron, and zinc with a maximum fractional concentration of 2%. Tar balls and fly ash 

particles were classified as spherical with tar balls containing mostly carbonaceous 

particles and fly ash containing traces of metals. Gwaze et al. speculated that fly ash 

particles originated from industrial processes and tar ball particles originated from 

biomass combustion. Together, these two particle types made up between 21% and 

67% of the fractional composition. Sea-salt particles were classified as euhedral and 

tabular crystals and had a maximum fractional contribution of 1.4%. Sulphate particles 

were identified as small, spherical droplets around a core particle with a fractional 

concentration between 9% and 82%.  
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2.4.4. Current air quality monitoring network 

There are seven air quality monitoring stations situated in Cape Town, with the 

Goodwood station found 1 km from the sampling site. These stations are managed by 

the South African Air Quality Information System, managed by the Department of 

Environmental Affairs. Of these seven sampling sites, only 5 monitor PM10 

concentrations with 2 monitoring PM2.5 concentrations (Witi, 2005). This sparse air 

quality data makes it difficult to conclude on contributing sources to PM10 and PM2.5 

pollution.  
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3. METHODOLOGY 

The experimental procedure undertaken for this project included the testing of both 

passive (ASTM:D1739 dustfall samplers) and active (ARA N-FRM sampler) air quality 

measuring tools. The samples collected by the different monitoring tools at the study 

site were then prepared for imaging analysis using two different electron microscopy 

tools, namely the QEMSCAN and Nova NanoSEM. Test methods were developed to 

analyse the sample using these tools, which are detailed below. The data generated 

from the study included particle size, shape and mineralogy of the site-specific 

samples.  

3.1. Site layout 

The experimental procedure began with the implementation of a sampling strategy 

and installation of the different samplers at the industrial study site. Four distinct 

locations were chosen for the dustfall samplers to generate sample replicates 

(represented in Figure 5). The dustfall samplers at the fourth sampling location 

became dislodged from their position within the first few days of sampling, so this 

location was excluded from the study. 

 

Figure 5: Zoomed in view of study site set up; where the position of the samplers is shown by the coloured 
circles. The red circles signify the position of the samplers used for this study, where a is within Company 
A’s warehouse and referred to as ‘Indoor’; b is on a window ledge outside the warehouse and referred to 
as ‘Window’ and c is on a balcony outside of Company A’s office space and referred to as ‘Outdoor’. The 
orange dot represents the previous position of a dustfall sampler used in an alternative study (Dustwatch, 
2017). 
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3.2. Equipment installation and specifications 

The real time volume samplers were placed on a ledge inside the entrance of the 

warehouse at sampling site (shown as position (a) on Figure 5) to prevent theft or 

vandalism and provide a constant power supply. All dust samplers were installed in 

pairs to ensure that there were replicates of each sample, improving the ability to 

validate results. 

3.2.1. Dustfall samplers 

The dustfall samplers comprised of plain white buckets with diameters of 17.4 cm and 

17.8 cm. The buckets were fastened securely to their proposed location using duct 

tape. An example of the dustfall samplers as placed on site is given in Figure 6. 

 
Figure 6: Dustfall sampler set up on window location of study site. Sampler buckets pictured have a 
diameter of 17.8 cm. 

Two dustfall sampler locations were on elevated surfaces with heights greater than 2 

m, as stipulated by the ASTM D1739:1998 standard. The window location, which was 

only elevated by 1.5 m, was used as a third location with this height could not be found. 

Due to the spatial restrictions of the site, the samplers were unable to adhere to the 

proposed clearance of 20 m radius of 1 m tall structures. Samples from the dustfall 

sampler were generated biweekly, twice as frequent as the ASTM D1739:1998 

standard, for higher resolution data. 

3.2.2. Active volume samplers 

Two active volume samplers, the ARA N-FRM Sampler and the MinVol Tactical Air 

Sampler (TAS), were initially installed to measure PM10 and PM2.5 concentrations 

respectively. The MiniVol sampler malfunctioned and PM2.5 concentrations on-site 

were not recorded. This also prevented any PM10 replicate data from being recorded 

using this device. 
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3.2.2.1. Sampler assembly 

The ARA sampler captures the specified particle size via Federal Reference Method 

(FRM)-style inertial separation using an impactor. Air flows through an omni-directional 

PM10 inlet and any particulate matter that is larger than the desired cut off size (in this 

case PM10) is captured by the impactor, while the remaining matter is captured on the 

filter paper (Elmes & Gasparon, 2017). The filter paper is contained within a filter 

holder that is attached to the impactor. The omni-directional PM10 inlet is equipped 

with a screened inlet and a wind deflector and follows the EPA prescribed Reference 

Method inlet. A diagram of the sampler equipment items listed is given in sFigure 7. 

 
Figure 7: Schematic of the equipment configurations for PM10, PM2.5 and TSP sampler attachment. The 
PM10 configuration was assembled on site.  

The active volume samplers were then assembled in a clean environment on site 

according to the instructions from their respective operating manuals.  

3.2.2.2. Loading of sampler 

For the active volume sampler set up, the filter papers that were used to capture PM 

were weighed before arriving on site. The flowrate through the ARA was set to 16.7 

l/min, matching with the EPA standards (Elmes & Gasparon, 2017). The sampler was 

set to run over 99 hours. The ARA sampler was equipped with a Real Time Particulate 

(RTP) profiler and meteorological sensors to measure the PM10 concentration, air 

flowrate, temperature, air pressure and accumulated volume continuously. These 

parameters were logged as time-indexed 5-minute averages.  

Once installed, the ARA sampler was connected to a power supply with 30-40 hours 

of battery for backup. After the desired sampling time was completed, the filter holder 

was removed from the sampler and the filter paper was collected using a filter cassette. 

The filter samples were initially collected weekly, but this was later changed (after 1 

October 2018) to include one-day runs to prevent the filter papers from becoming 

overloaded. 
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A key limitation of PM10 samplers are their prohibitive cost, as this makes using 

multiple samplers for data replication purposes difficult. 

3.2.3. Supplementary equipment 

A pilot low cost air micro-sampler, developed by UWC, was also installed on site. This 

tool measured the relative humidity and temperature every minute. This sampler was 

placed in the same position as the ARA sampler. The data generated for temperature 

and relative humidity from this sampler was used to draw information on the potential 

effect that meteorological impacts factors have on the PM10 concentrations at the site. 

Along with this, an application for 5-minute interval meteorological data was approved 

by the South African Weather Service, but this data was not received in time for 

analysis. 

3.3. Sample preparation 

The samples generated from the different monitoring methods were collected from the 

site, weighed and prepared using various test method techniques for SEM and 

QEMSCAN analysis. For the samples to be analysed by the QEMSCAN, they needed 

to be embedded in resin blocks (30 mm in diameter). This ensures that no loose 

material had the potential to contaminate the vacuum chamber.  

3.3.1. Bulk dust sample preparation 

3.3.1.1. Sample transportation 

The dust buckets from all the site locations were covered with lids after they were 

removed from their positions to ensure no new material entered the bucket and that 

none of the captured material could escape. The buckets were then transported so 

they could be measured and analysed. 

3.3.1.2. Lab preparation 

A set of beakers were sterilised using acetone and weighed using an analytical 

balance. The beakers were used to collect the dust samples from the buckets. The 

buckets were sprayed with deionised water to dislodge the particles from the buckets’ 

inner surface. Deionised water was used to ensure the mineral composition of the bulk 

dust samples was not altered. The liquid contents from the bucket were then 

transferred to the clean beakers. The beakers were then placed into an oven overnight 

to remove the excess water present. Once the water had evaporated, the beakers 

were weighed again using the same analytical balance to minimise the measurement 

uncertainty.  

The total mass of the dust from each bucket was calculated by subtracting the weight 

of empty and full beakers. This mass was used to calculate the dustfall rate for the 

different time periods (see Equation 1 in the appendix). The resultant dustfall rates 

could then be compared to the stipulated limits to find if they were violated and the 

frequency of these violations.  
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3.3.1.3. Limitations 

One of the limitations of this method of liberating dust from the sampler is the loss of 

semi-volatile material because of the use of the oven. While this is a minor cause for 

concern, the loss of the semi-volatiles was not quantifiable and did not prevent the 

project objective from being realised.  

The samples were collected from the beakers and placed on a sheet wax of paper so 

that they could be made into resin blocks for SEM-EDX analysis using QEMSCAN.  

3.3.2. QEMSCAN sample block preparation 

To prepare the resin blocks, pure LR 30 epoxy resin (AMT composites) was warmed 

an oven and mixed with LH 30 medium hardener (AMT composites) in a 5:1 ratio. 

Thereafter 0.5 g of graphite was weighed for each dust sample and rolled to remove 

any clumps that may be present. The graphite was mixed with the dust sample to allow 

for individual particles to be more easily identified in QEMSCAN analysis. While this 

is a common step utilised for QEMSCAN blocks, it is reserved for samples that do not 

contain carbon as graphite has a high carbon content. 

The graphite-bulk dust mixture was placed in 30 mm diameter block moulds that were 

sprayed with silicon. The resin mixture was poured into the mould and stirred in a 

figure of eight pattern for 5 minutes to evenly disperse the particles, prevent settling 

and remove some of the bubbles present in the resin mixture. The blocks were then 

placed in a vacuum chamber operating at 0.85 bar for 10 minutes to further remove 

any trapped bubbles and cured in a pressure pot overnight. Printed labels were stuck 

onto each block using extra resin and cured in the oven at 50°C until dry. 

After curing, the blocks were grinded and polished using the Struers TegraDoser to 

expose the dust particles for SEM-EDX analysis. The blocks were first grinded on a 

200-grit pad to remove the excess resin along the rim of the block. The blocks were 

then grinded and polished on a 1200 grit pad for 1-minute intervals using water as a 

lubricant to expose the dust particles, where the level of exposure was assessed by 

examining the blocks under an optical microscope. The blocks were then polished 

using a 6 µm water-based diamond suspension for 7 minutes on the same pad and 

using 3 µm suspension for 10 minutes thereafter. The blocks were lightly washed with 

dishwashing liquid and rinsed between each polishing stage. The quality of the final 

polish was checked once more using the optical microscope. Once the blocks were 

sufficiently polished they were placed in an oven to dry once more for at least an hour. 

The samples were then carbon coated using the Quorum Q150T E carbon coater and 

placed in the QEMSCAN vacuum chamber for degassing.  
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3.3.3. Filter paper sample preparations 

3.3.3.1. Filter substrate choice and challenges 

Two different sampling substrates, quartz fibre and polycarbonate filters, were utilised 

to capture PM10 on site. For the first filter paper samples, quartz filters were utilised as 

this corresponds to the permissible filter substrates as stipulated in EN 12341 and EN 

14907, and the polycarbonate filters were not yet available for use.  

The type of filter paper that is used within the sampler is highly dependent on the 

composition of the PM10 being captured as well as the type of analysis being used for 

individual particle characterisation (Elmes & Gasparon, 2017). While quartz fibre filters 

are often used, should the mineralogy of the area contain quartz, it may not be easily 

differentiated from the sampling substrate. Quartz filters are also depth filters (Elmes 

& Gasparon, 2017), so if the particle loading on the filter is high the resolution of the 

particles becomes poor. The particles are trapped both on the surface and within the 

filter structure (Elmes & Gasparon, 2017), making it difficult to identify individual 

particles. Polycarbonate filters are advantageous as they have low blank values and 

do not entrap particles within their own filter matrix but are more expensive than quartz 

filters and are difficult to handle. The two different filter types were viewed under a 

NanoSEM to analyse the content captured on each filter type and the particle loading.  

3.3.3.2. Filter paper mounting methods 

Various methods were investigated to try to mount the filter papers within a block of 

resin. The first method that was investigated involved placing a section of the filter 

paper in a silicon coated 30 mm diameter block mould and pouring the same resin and 

hardener mixture used for the dust sample blocks over the filter. The block was then 

placed under vacuum and cured as described in section 3.3.2. The PM10 is trapped 

on the surface of the filter, so care was needed to ensure the dust layer was not 

removed when polishing the block. The filter block was hand polished using the 1200 

grit pad and water until the filter paper was exposed. This mounting method was found 

to be unsuccessful as the filter paper did not lie flat within the resin, which resulted in 

the filter paper becoming warped with segments that were unable to be reached 

without completely grinding off the sections of the filter paper. An example of the first 

attempt of polishing is shown in Figure 8. 
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Figure 8: Trial 1 of filter paper mounting in resin using a Quartz filter paper sample from the 25th of 
Septemper. The first attempt at mounting the filter was deemed unsucessful as the filter paper is 
overexposed on the left hand side of the block but underexposed on the right hand side, and bubbles are 
visible on the block surface.  The topography of the filter paper is shown to be uneven.  

After finding the importance of keeping the filter paper flat and level, an alternative 

method was developed where blank resin blocks are moulded, cured, and polished in 

the same fashion as done for the bulk dust samples, and the filter paper is placed on 

the flat block thereafter to prevent it from warping. The blank blocks were coloured in 

prior to polishing to find when the block was flat across the entire surface. The filter 

paper was attached to the blocks in 3 separate ways: 

1. The filter was placed face up on the blank block while resin was poured over 

the top. The resin was then left to dry and cure 

2. The filter paper was placed face down so that the PM10 dust was directly on 

the resin block. 

3. The blank block was dipped in resin and the filter paper was placed face down 

and peeled off to try trap the PM on the surface within the resin.  

The 3 new methods were tested using the polycarbonate filter. The last method of 

peeling off the filter paper was at once considered unsuccessful because no PM was 

removed from the polycarbonate filter surface. The first two methods of pouring resin 

over the filter were tested. The blocks were delicately hand polished to try preventing 

overexposure. The paper became near translucent once it was mounted on the block 

and identifying when the filter paper was exposed became impossible. The chosen 

filter was also lightly loaded as it was only used for a single day run, so the dust on 

the filter was not easily seen. Examples of these filter blocks are shown in Figure 9.  
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Figure 9: Trial 2 and 3 of filter paper mounting, where the filter paper was placed face up (left) and face 
down (right). Polycarbonate filter paper from the 18th of October was utilised as the test substrate. The 
polycarbonate filter paper is undistinguishable on the left hand block, while the right hand block did not 
wear down far enough to expose the dust layer. 

3.3.3.3. Filter washing 

The last attempt at removing the PM10 trapped on the filter paper involved washing the 

filter and drying it out in a similar fashion to what was done for the dust bucket samples. 

The experimental set up included the use of a vacuum pump in the hopes that the 

suction created from the vacuum would dislodge the PM and allow it to enter the 

filtrate. A porcelain Büchner funnel was attached to a glass Büchner flask with a rubber 

stopper. The rubber stopper was used to create a tight seal so that no air could enter 

the flask. A vacuum pump nozzle was attached to the Büchner flask hose barb, and 

the pump was turned on so that vacuum conditions were created within the flask. The 

loaded filter paper was then placed face down and sprayed with deionised water. The 

filtrate residue was then trapped in the flask and could be prepared into a block. The 

experiment unfortunately proved to unsuccessful as minimal dust residue was 

dislodged from the filer paper.  

3.3.4. NanoSEM Filter sample preparation  

The most successful attempt at finding the composition of the PM on the filter papers 

was achieved by examining them under the NanoSEM. The samples were prepared 

for analysis by coating small metal stubs with carbon glue and attaching 1 cm x 1 cm 

filter paper blocks to the glue. The top corner of each filter paper block was coated 

with a small amount of carbon glue to increase the conductivity of the sample. This 

allows the NanoSEM to identify the elemental composition of the sample more easily 

using the Energy Dispersive X-ray (EDX) spectra. Both quartz and polycarbonate filter 

samples were prepared so that they were able to be compared.  
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3.4. Imaging analysis using electron microscopy tools 

The size, shape and composition of the samples needed to be defined to achieve the 

study objectives. This was achieved using scanning electron microscopy (SEM) and 

energy dispersive X-ray spectroscopy (EDX). While SEM-EDX is able to determine 

the elemental composition of the particles, the mass fractions are unable to be 

quantified because only 2D geometrical information may be generated, which does 

not account for the full particle shape and volume (Elmes & Gasparon, 2017). The 

resultant data was hence classified according to particle count and area to improve 

the accuracy of the results. 

3.4.1. QEMSCAN 

QEMSCAN is an auto-SEM that can predict and classify the mineralogy of the 

samples. The Field Electron Gun (FEG) takes the element information generated from 

the EDX spectra and computes the mineralogy of the sample using a mineral library 

system called SIP (Species Identification Protocol). The SIP is filled with user-specified 

criteria that matches the EDX spectra and BSE data from a measurement point to a 

mineral class.  

To operate the QEMSCAN, the blocks entering the QEMSCAN must first be carbon 

coated using the Quorum Q150T E carbon coater to disperse the electron charge in 

the sample. The beam current was then optimised at 10nA on the Faraday Cup; a tool 

devised to catch charged particles in vacuum. The block holding chamber was put 

under vacuum at a pressure of less than 1x10-4 Pa. Backscatter Detector calibration 

(BSE values) were then related to each other and the particles were measured using 

the QS iMeasure programme. Once these steps were completed the Particle Mineral 

analysis, in the form of field image mapping was able to occur. The QEMSCAN blocks 

were measured under a field size of 1000 µm, while the FEG was set to take single 

field steps of 2 µm.  

The SIP (Species Identification Protocol) list, which is the reference mineral identifier 

used by the QEMSCAN, is typically defined by the user of the programme on the basis 

of what they speculate is within their sample, but because the sample composition 

was unknown  general SIP list was used. This was used in combination with a 

secondary SIP list that was classified as ‘Dust Porous’ which was developed for 

mineral dusts. The use of a pre-defined SIP list limits the mineralogy classifications 

that may be made, but this may only be refined after several iterations of particle 

analysis are completed. 

3.4.1.1. Particle data processing 

The particles were then classified by the particle size, shape and area fractions using 

‘calculations’ (equations defined to extract the metrics discussed) within the 

processing software used for the resultant QEMSCAN data (iDiscover).  

3.4.1.2. Particle metrics 

The calculations utilised within this study are summarised in Table 2. 
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Table 2: Calculations utilised for determining the particle count, overall sample area and mineral area 
percentage. The calculations were done in reference to the entire particle and not individual grains by 
referencing the calculations with “Host”  

Calculation Equation 

Particle count Host.ParticleCount() 

Host Area Host.Area() 

Area % Host.AreaPercent(Mineral) 

 

Particle shape was assessed by determining the extent of roundness of each particle 

across the different locations and time periods, where roundness was defined as 

follows (Little, 2016): 

𝑹 =
𝟒 ∗ 𝑨𝒓𝒆𝒂

𝝅. 𝑳𝒐𝒏𝒈 𝒂𝒙𝒊𝒔𝟐
 

Equation 1 

 

The data generated from the QEMSCAN analysis was then utilised to estimate the 

potential sources of the PM and the health risks associated with the angularity of PM10 

sample.  

3.4.2. NanoSEM 

The NanoSEM is an unautomated SEM that can capture the elemental composition of 

samples at high resolutions. The different filter paper types were analysed to try 

generating some data on the elemental composition of the PM10 data. The NanoSEM 

was utilised as an alternative to using QEMSCAN as the filter papers were unable to 

be mounted into resin blocks successfully. 

The BSE images of the different filter papers reaffirm that quartz filter papers are not 

ideal for individual particle analysis as the quartz fibres are very distinct. An example 

of heavy particle loading is given by the quartz filter paper image on the top right of 

Figure 10. The heavy particle loading prevents individual particles from being identified 

and categorised. The use of the quartz filter paper may only be used if the quartz fibres 

can be differentiated from the particles found in the original sample.  

3.4.2.1. Limitations 

The filter paper mounting techniques had varying levels of success, with most them 

generating data that could not be analysed. This suggests that further research must 

be done of filter paper mounting techniques for SEM analysis. The composition of the 

PM10 from the ARA sampler was thus unable to be classified, which limits the 

comparison of the composition captured by the different sampling methods. 
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Figure 10: Back Scattered Electron (BSE) images of quartz filter paper (top) and the polycarbonate filter 
paper (bottom). The individual quatz fibres may be identied as the thin stands in the picture on the left. The 
quartz filter paper on the right hand side is heavily loaded. All particles viewed under a magnification of 
5000x and a beam voltage of 20 keV. 

3.5. Measurement Uncertainty 

The measurement uncertainty of the different equipment types utilised in this study 

was evaluated to find the variability this may cause within the generated results. The 

variables that were measured for this study include the PM10 concentration, 

temperature, relative humidity, air flowrate and sample mass. 

The relative humidity and temperature were obtained from a pilot micro-sampler and 

so there is no calibration data available for this equipment. While there is no 

information available on the calibration for these factors, they are only used as 

explanatory tools for potential factors that PM10 concentration. This means that the 

uncertainty associated with these measurements does not relate to the study 

hypothesis or prevent it from being tested and verified, so it may be regarded as 

insignificant.  

Another source of uncertainty within this study is the fraction of dust that was lost when 

the buckets were being washed out, but due to the smaller size fractions being 

microscopic, the loss is unable to be quantified. Human error is another source of 

uncertainty that is difficult to quantify without intensive study. 

The uncertainty associated with the sampler is dependent on several factors such as 

the calibration of the impactor, beta rays and frequency readings for the optical 
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sensors, and the drawn air flowrate as stated above. The calibration of the sampler is 

reliant on the calibration certificate from the equipment manufacturer, flowrate 

calibration as needed for different sampling sites, and replicate data, which was unable 

to be generated due to the MiniVol sampler breaking. While these factors are important 

in ensuring the measurement uncertainty is decreased, this does not give surety for 

PM2.5 and PM10 cut-off sizes and measurement traceability. (Aggarwal et al., 2013). 

The calibration of equipment requires data to be duplicated in a controlled environment 

using test aerosols, but it is difficult to manufacture PM10 accurately. 

The uncertainty associated with the sampler output concentration is accounted for 

using the correction factor, as this is dependent on the physical measurement of the 

filter paper with an analytical balance and the air flowrate through the sampler.  

The two main variables that enable the study objectives to be achieved are hence the 

masses obtained from the analytical balance as this enables the dust fall rates from 

the site to be calculated and the correction factor to be calculated. Both calculations 

are essential in deciding whether the dustfall samplers are a poor proxy of ambient air 

quality as stated in the study hypothesis. 

The percentage difference of the standard flowrate from the actual flowrate remains 

below 0.25% for flowrates within the range of 15.5 – 16.5 l/min, which indicates that 

the uncertainty associated with the air flowrate is low. The uncertainty from the air 

flowrate was calculated according to the following equation: 

𝑢𝑐(𝑥) = √∑ 𝑢𝑖
2(𝑥)

𝑁

𝑖=1

 

Equation 2 

 

The uncertainty for the analytical balance was taken from the manufacturer 

specifications. The uncertainty from the main parameters in this study is summarised 

in Table 3. 

Table 3: Sources of error for the key variables identified within the study and their uncertainty   

Variable Units Value Description Uncertainty 

m g 0.0055 Mass 0.0006 

�̇� l/min 16.7 Air flowrate 0.00223 

c µg/m3 45.8 Concentration 0.0023 
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4. RESULTS 

4.1. Dustfall monitoring results 

Dustfall rates were sampled with 17.4 cm and 17.8 cm diameter plastic buckets that 

met the ASTM D1739 standard requirement of a minimum diameter of 15 cm and a 

height double that of the diameter (ASTM International, 1998). The first sampling 

period took place from 17 September 2018 – 1 October 2018, the second period from 

2 October 2018 – 18 October 2018 and the third period from 18 October 2018 – 2 

November 2018. Dustfall rates were sampled in three locations of the sampling site 

two samplers per site (for replication purposes). Dustfall was measured inside the 

entrance of the sampling site warehouse, alongside the PM10 sampler (indoor sample), 

on a windowsill of the warehouse (window sample) and on the balcony of an office 

building next to the warehouse (outdoor sample). The ASTM D1739 method requires 

samples to be taken as 30-day periods, but 14 – 16 days periods were chosen for this 

study to obtain higher resolution data and more than one sample for single particle 

analysis during the experimental period. The standard also requires that the samplers 

be placed 2 m above ground with a 20 m radius clearance of any structures taller than 

1 m (ASTM International, 1998). The three sampling locations were chosen as no 

placement that perfectly fitted this description could be found on site. 

4.1.1. Dustfall rates 

Table 4: Dustfall rate [mg/m2.day] measured with samplers at three locations on sampling site from 17 
September 2018 – 2 November 2018. During period 2, the two indoor samplers were blown off the ledge on 
the first day and placed on the ground directly below the following day. *Period 1 window B sample was 
not completely dry before weighing. 

Sampling site 
First period 

[mg/m2.day] 

Second period 

[mg/m2.day] 

Third period 

[mg/m2.day] 

Indoor A 475 303 780 

Indoor B 402 396 772 

Window A 707 556 1077 

Window B 1378* 435 906 

Outdoor A 633 588 911 

Outdoor B 668 579 703 

*The period 1 window B sample dustfall rate was not considered as there was some 

uncertainty as to whether it was completely dry before weighing. Indoor dustfall rates 

were lower than the outdoor sample (outdoor and window) dustfall rates. Period 3 (18 

October 2018 – 2 November 2018) was the warmest and driest period and showed 

the highest dustfall rates. No sampler reported rates above the industrial area limit 

(1 200 mg/m2.day) but there were nine exceedances of the residential area limit (600 

mg/m2.day) (Minister of Environmental Affairs, 2004).  

4.1.2. Particle size distribution and mineralogical comparisons 

Dustfall samples from the 3 sampling locations for period 1 and period 2 were scanned 

and categorised by particle count, size, mineralogy and morphology at a field size of 

1000 µm with a field step of 2 µm, resulting in a smallest quantifiable particle diameter 



25 | P a g e  
 

of 2.8 µm. The samples from period 3 were unable to be processed using QEMSCAN 

due to experimental time limitations. Four separate filter mounting methods (for quartz 

fibre and polycarbonate filters) were tested but none were found suitable for SEM-

EDX field mapping. Replicates of the dustfall samples could not be made as there was 

too little dust in each sample (0.1 – 0.3 g) to make two SEM-EDX samples. The 

number of particles analysed per dustfall sample can be found in Table 10 in the 

appendix. 

The particle count vs eight size fractions (ranging from 2.8 µm to 250 µm diameter) 

was plotted in Figure 11. This showed that particles of diameters less than 2.8 µm 

made up the largest size fraction across all sampling locations, with the indoor 

samples having the highest proportion at 60%. The lower limit of 2.8 µm was chosen 

as this was the smallest particle diameter that could be analysed at 2 µm field spacing.  

Across all samples, 75 - 90% of the particles analysed were sub-10 µm in diameter, 

showing that the ASTM D1739 method can capture PM10. The mass fraction of PM10 

in the dustfall samples could not be calculated because of the low analysis resolution 

and large variety of mineral and chemical species present in the sample. 

The largest mineralogical classes represented across all the dustfall sampling 

locations over the 4 week sampling period (Period 1 and Period 2) by pixel area 

percentage were quartz, iron oxide, carbonates, feldspar, mica and aluminosilicates 

as shown in Figure 11. The window and indoor locations had notable fractions of zinc 

clusters (classified as zinc balls in QEMSCAN analysis). 

The largest mineral class in all locations and across most particle size classes was 

quartz with an overall particle area range of 66-60% in the three locations and periods. 

The proportion of quartz was higher for coarser particles (>63 µm diameter) compared 

to finer particles across all locations. Iron oxides were the next most abundant mineral 

class in all window and outdoor samples, with a range of 9 – 17 %. Carbonates and 

feldspar minerals were more frequent in the indoor samples, with area ranges of 4 – 

9 % and 4 – 7 % respectively. Aluminosilicates were most frequent within the 20 – 175 

µm size fraction of outdoor samples, ranging from 4 – 7 %. The fraction of mica across 

sample locations ranged from 3 – 5 % across periods, decreasing in period 2. The 

mineral fraction of zinc balls ranged from 0.1 – 2 %, with an increase in concentration 

occurring in all locations in period 2. 
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Figure 11: Particle size distribution of bulk dust samples in three locations on site based on area % (left) 
and number of particles (right) analysed using QEMSCAN. The most frequently occurring mineral groups 
across all locations are identified by the legend above. The particle size bins are classified by iDiscover 
according to the effective diameter of the host particle. * Period 2 indoor sample generated from dustfall 
sampler that fell from its assigned position whilst on site.  

* 
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Figure 12: Mineralogy of PM10 particles on site across all locations. Quartz, iron oxides, aluminosilicates 
and mica were the most abundant mineral classes, with quartz having the highest area fraction in all 
samples except window and outdoor period 2 . Period 2 window and outdoor samples have a higher 
proportion of iron oxides period 2 indoor samples have a higher proportion of carbonates. *Period 2 indoor 
sample generated from dustfall sampler that fell from its assigned position whilst on site. 

The mineralogical composition of PM10 (2.8 – 10 µm) is of relevance as different 

compositions have different associated health risks (Brook, et al., 2010). The 

investigation of PM10 mineralogy was made more difficult by the low resolution of 

analysis, with 1 – 3 % of pixels marked as “other” mineral class. Quartz is the most 

abundant species in this size group across all samples (17 – 26%), except for period 
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2 window and outdoor samples. Iron oxides and aluminosilicates are the next most 

abundant mineral group (10 – 23 % and 8 – 19 % respectively). The mineralogical 

profile of PM10 particles in window and outdoor samples differs more significantly 

across the two periods than that of the indoor samples. The proportion of iron oxides, 

carbonates and zinc balls increases in all locations in period 2. The proportion of 

sulphides, chlorite and titanium minerals were low throughout all the sample locations 

and periods, suggesting that these are not a major constituent of particles in this size 

class. 

4.1.3. Particle shape 

The shape of the particles was assessed in terms of roundness, where lower 

roundness fractions signify more angular particles. The roundness of the particles was 

analysed using the same size fractions classified in the particle size distribution 

analysis. The mineralogy within the different roundness categories is displayed using 

the image grid as generated in iDiscover, using the general SIP list. 

 
Figure 13: Particle roundness distribution for 2.8 – 63 µm particles in period 1 outdoor sample. Particles 
placed in “other” along the roundness axis were too small to determine their roundness because of the 
low single field resolution. The outdoor sample analysed did not include particles larger than 250 µm. The 
false colour mineral image key is given on the right.  
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Particles were considered round if they had a roundness factor of 0.8 or more. Particle 

roundness vs particle count was analysed for particles of 2.8 – 63 µm diameter. The 

roundness of particles smaller than 2.8 µm could not assessed because the pixel 

resolution was too low to accurately define the shape of individual particles. This limits 

the ability of this analysis to show the number of angular and fine particles in the 

sample which are acknowledged to be more damaging to lung tissue (Dockery, et al., 

1993). Particles larger than 63 µm diameter were excluded from this analysis as these 

made up less than 5% of each sample.  

Most particles with a diameter of 2.8 – 10 µm have a roundness ratio fraction of 0.6 – 

0.8. The proportion of round particles compared to other particle shapes is low across 

all sample locations and both time periods, suggesting that most particles sampled are 

more angular. 
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Figure 14: Particle size distribution of bulk dust samples in three different locations on site on the basis of 
roundness from QEMSCAN. The extent of roundness across all locations is identified by the legend above, 
where R<1 is closest to a perfect circle. The particle size bins are classified by iDiscover according to the 
effective diameter of the host particle. *Sample generated from dustfall sampler that fell from its assigned 
position whilst on site. 

4.1.4. Single particle analysis images 

The major mineral classes across the three locations and their respective QEMSCAN 

images and elemental compositions are given in Table 5.  

Table 5: Individual particle false colour and back scattered electron (BSE) images and elemental 
composition of most abundant mineral classes in bulk dust samples analysed using QEMSCAN. 
Representative particles were taken from the period 2 outdoor sample particles between 20 – 63 µm for 
better particle resolution.  

Mineral class False coloured image BSE image 
Elemental 

Composition 

Quartz 

 
 

O: 53 % 
Si: 47 % 

Iron oxides 

  

Fe: 63 % 
O : 37 % 

Carbonate 

 
 
 
 
 

 

 

O:   48 % 
Ca: 40 % 
C:   12 % 

Feldspar 

  

O:   49 % 
Al:  11 % 
Ca: 0.8 % 
Na: 8.2 % 
Si:  31 % 

Mica 

  

O:    43 % 
Si:   19 % 
Mg: 14 % 
Al:   6 % 
Fe:  6 % 
Other: 12% 

Aluminosilicate 

 
 

O:   47 % 
Ca:  20 % 
Si:   18 % 
Mg: 15 % 

Zinc 
agglomerates 

(balls) 

 
 

Varying mix of 
zinc and un-
identified 
matrix 
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Other* 

*Composed of various minerals identified in minute amounts, for 
example: galena and sphalerite. Mineral types that had lower 
concentrations than these classes were also grouped into this 
category. 

The quantitative mapping and elemental compositions gathered from QEMSCAN can 

be compared to the qualitative analysis performed by Nova NanoSEM. The NanoSEM 

was useful for morphological classifications as it can capture clearer images of the 

particles. The Nano-SEM analysis in this experiment was used to analyse particle 

loading on quartz and polycarbonate filters and only gave the elemental composition 

of particles analysed. 

 
Figure 16: BSE images of loaded quartz (left) and polycarbonate membrane (right) filter papers captured 
using the NanoSEM. The quartz fibres of the filter in the left-hand image can be identified as the long, thin 
material. 

  

Figure 15: BSE images of individual zinc balls captured in QEMSCAN analysis. The zinc mineral is shown 
as light spheres with the surrounding matrix identified as “other” mineral class by general SIP list used in 
iDiscover. All particles viewed under a magnificati 
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Table 6: Individual Back Scattered Electron (BSE) images and elemental composition of particles from 
quartz and polycarbonate filter papers taken using Nova NanoSEM. All particles viewed under a 
magnification of 5000x and a beam voltage of 20 keV. 

Potential mineral class Particle photo Elemental composition 

Quartz 

 

 

Si:   57 % 

O:   42 % 

Na: 1 % 

 

O:    64 % 

Si:   35 % 

Na: 0.3 % 

Zinc ball agglomerate 

 
O:   54 % 

Ca: 14 % 

Zn: 11 % 

Si:  10 % 

Cl:   7 % 

Na:  5  % 

Iron oxide 

 

O:   75 % 

Fe: 25 % 

The particles examined under the NanoSEM were chosen by inspection. The 

elemental composition of filter paper particles was not directly compared to that of the 

dustfall samples because the filter paper could not be discerned from individual 

particles during bulk elemental analysis. 

4.2. PM10 concentration monitoring results 

PM10 concentration was sampled and recorded using an ARA N-FRM active mini-

volume sampler placed on a ledge at the entrance of the sampling site warehouse. 

This was in the same position as the “indoor” dustfall samplers. A TAS MiniVol active 

sampler was deployed in the same position as a replicate at the beginning of the 

sampling period, but this malfunctioned and produced no results. PM10 concentrations 

were sampled from 17 September 2018 – 1 October 2018 continuously, with a break 

of under 45 minutes on 21 September, 25 September, and 28 September for filter 

replacement. The PM10 concentration was recorded with a real-time profiler (a light-

scattering dust sensor) and averaged every 5 minutes. The doors of the warehouse 

housing the PM10 sampler and the 2 indoor dustfall samplers were closed after 

business hours (8 AM – 5 PM Mondays – Thursdays, 8 AM – 2 PM Fridays) and over 

weekends. There were 5 cm gaps at the bottom of the warehouse doors, which are 5 

m wide, and on the corner of the warehouse where samplers were located. This allows 

air to draw into the warehouse from the bottom of the doorway when the doors are 

closed. 

2.5 µm 

5 µm 
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4.2.1. 24-hour average PM10 concentration 

Two exceedances of the South African 24-hour maximum PM10 concentration (75 

µg/m3.24h) were recorded during the 13-day sampling period (both of which are 

weekdays). Seven exceedances of the WHO 24-hour PM10 concentration 

recommended limit (50 µg/m3.24h) were recorded during this period, all of which were 

weekdays. The standard deviation and coefficients of variation for each 24-hour PM10 

concentration are shown in Table 9 in the appendix. Coefficients of variation for these 

results range from 0.50 – 1.4, showing all the means had a large variation of PM10 

concentration. 

 
Figure 17: 24-hour average corrected PM10 concentration [µg/m3.24h] (correction factor = 1.23) sampled 

from 17 September 2018 – 29 September using an ARA N-FRM mini-volume sampler (1 m3/h). The 5-minute 

average recorded by the real time profiler (particle counter) was corrected using the mass concentration 

of the filter sample collected. The sampler was placed 2 m above ground on a ledge inside the sampling 

site warehouse. 

4.2.2. PM10 concentration correction factor 

The PM10 concentration recorded by the real-time profiler was adjusted using a 

correction factor based on the mass concentration of the filter sample collected in the 

first run as specified in the instrument manual (ARA Instruments, 2018). The change 

in 24-hour PM10 concentration averages for the corrected versus uncorrected results 

is shown in Figure 18.  

The corrected 24-hour average PM10 concentrations were larger than the 

corresponding uncorrected 24-hour average PM10 concentrations. This increased the 
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number of exceedances of the South African and WHO 24-hour PM10 concentration 

limits to that reported in Figure 17. The period of 30 September 2018 – 1 October 2018 

shows very low average corrected 24-hour PM10 concentration, potentially from the 

real-time profiler sensor malfunctioning. These values were therefore excluded from 

Figure 17. 

 
Figure 18: 24-hour average corrected and uncorrected 24-hour PM10 concentration means [µg/m3.24h] from 

17 September 2018 to 1 October 2018. The 75 µg/m3.24h South African maximum concentration and 50 
µg/m3.24h WHO maximum concentration are shown. 

4.2.3. Application of seasonal and trend PM10 concentration decomposition 

The corrected PM10 5-minute average concentration readings from 17 September 

2018 – 1 October 2018 were decomposed using Local Estimated Scatterplot 

Smoothing (LOESS) into seasonal and trend graphs using R, subdivided by weekday 

and weekend periods. This equation is given in Equation 4 in the appendix. The 

seasonal component considers daily variations with weekly periodicity with 

decomposition averaging this to zero. The trend component shows the slowly varying 

average after accounting for seasonal variation. The trend and original corrected PM10 

concentration data over 17 September 2018 – 1 October 2018 are shown in Figure 19 

and Figure 20 respectively. Figure 19 shows a trend of higher PM10 concentration 

spikes recorded by the real-time profiler over weekday periods compared to weekend 

periods with an overall range of 190 µg/m3. Figure 20 shows the same increase and 

decrease in PM10 concentrations per day and lower concentrations over weekends, 

but much less clearly. 

 

 

 

WHO 
limit 

SA 
limit 
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Figure 19: PM10 5-minute average corrected concentration trend [µg/m3] (sampled with a mini-volume 
sampler) from 17 September 2018 to 1 October 2018, sub-divided into weekday periods and weekend 
periods. 

 
Figure 20: Original PM10 5-minute average corrected concentrations [µg/m3] from 17 September 2018 to 1 

October 2018, n = 2598. 
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4.2.4. Weekend and weekday PM10 concentration statistical comparison 

 
Figure 21: Distribution of corrected 5-minute average PM10 concentration [µg/m3] (sampled with a mini-

volume sampler) for weekdays and weekend days from 17 September 2018 – 29 September 2018. The 
normal mean of each dataset is shown with a cross on the box-and-whisker diagram. 

Figure 21 shows that the weekday corrected PM10 concentration mean (64 µg/m3) is 

higher than the weekend corrected PM10 concentration mean (35 µg/m3). The 

interquartile range of PM10 concentration on weekdays (81 µg/m3) is larger than that 

on weekends (56 µg/m3). To find the significance of the difference in these means, A 

Tukey-Kramer HSD test at a 95% confidence level was performed. This test assumes 

that the observations are independent within and among groups, the groups are 

normally distributed and there is equal within-group variance across groups. Equation 

5 in the appendix shows the equations used for this calculation. Table 7 shows that 

the difference between the weekday and weekend corrected PM10 concentration 

means is larger than the mean criteria and is therefore significantly different. 

Table 7: Tukey-Kramer HSD test results for single factor ANOVA of weekday and weekend corrected PM10 

concentration means [µg/m3] (nweekday = 2436 and nweekend = 1151) and qcrit = 2.772 for 𝜶 = 0.05 and 3585 

degrees of freedom. Sample period: 17 September 2018 – 29 September 2018. 

Difference of 
means 

Standard error q-Statistic p-Value Mean criteria 

29.1 1.25 23.3 5.9×10-14 3.45 

4.2.5. Daytime and night time PM10 statistical comparison 

PM10 5-minute average concentrations for 17 September 2018 – 29 September 2018 

were blocked into 10 AM – 2 PM and 10 PM – 2 AM time periods (n = 47 each) and 

grouped into weekdays and weekend days. Figure 22 shows the spread of PM10 5-

minute average concentrations for weekday and weekend morning and night periods. 
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Figure 22: Corrected PM10 5-minute average concentration [µg/m3] of weekday and weekend morning 
(10AM – 2PM) and night (10PM – 2AM) periods from 18 September – 29 September 2018. The normal mean 
of each dataset is shown with a cross inside the box-and-whisker diagram. 

The weekday morning PM10 concentration mean (59 µg/m3) is lower than the weekday 

night mean (89 µg/m3) and higher than the weekend morning mean (13 µg/m3). The 

weekend night PM10 concentration mean (28 µg/m3) is lower than the weekday night 

mean but is higher than the weekend morning mean. Weekday morning and night 

periods show a similar corrected PM10 concentration interquartile range (75 µg/m3). A 

Tukey-Kramer HSD test on the significance of the difference in these means at a 95% 

confidence level was performed. Table 8 shows that the difference of means for each 

pair listed is larger than the respective mean criteria. There is therefore a significant 

difference between the corrected PM10 concentration means of weekday mornings 

and night periods, weekend morning and night periods, weekday and weekend 

morning periods and weekday and weekend night periods. 

Table 8: Tukey HSD test results for single factor ANOVA of weekday morning (WDM), weekday night (WDN), 

weekend morning (WEM) and weekend night (WEN) corrected PM10 concentration means [µg/m3] (nWDM = 

422, nWDE = 422, nWEM = 147 and nWEE = 147) and qcrit = 3.633 for 𝜶 = 0.05 and 1134 degrees of freedom. 

Group pair 
Difference 
of means 

Standard 
error 

q-
Statistic 

p-Value 
Mean 
criteria 

Significant 
difference 

WDM-WDN 29.4 2.26 12.9 -3x10-13 8.21 Yes 

WDM-WEM 46.2 3.15 14.7 -3x10-13 11.4 Yes 

WEM-WEN 14.9 3.83 3.88 3x10-3 13.9 Yes 

WEM-WDM 60.7 3.15 19.3 -3x10-13 11.4 Yes 

4.2.6. Factors affecting PM10 concentration 

4.2.6.1. Relative humidity 

The ambient relative humidity and temperature was measured with a PM10 micro-

sampler in the same location as the PM10 active sampler. This sampler recorded 

relative humidity and temperature every minute from 17 September 2018 – 26 

September 2018 and 28 September 2018 – 29 September 2018. Data from 27 

September 2018 was excluded as the micro-sampler humidity sensor malfunctioned. 
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Data points for relative humidity were matched with 5-minute average corrected PM10 

concentrations using their timestamp. A simple linear regression was carried out with 

ambient relative humidity [%] as the dependant variable and corrected PM10 5-minute 

average concentration [µg/m3] as the independent variable. 

 
Figure 23: Recorded corrected PM10 concentration [µg/m3] vs relative humidity [%] recorded with micro-

sampler for 17 September 2018 – 26 September 2018 and 28 September 2018 – 29 September 2018. N = 
2230, with trendline of R2 = 0.01 and  𝒚 =  −𝟏. 𝟐𝟕𝒙 +  𝟐𝟏𝟒.  

Figure 23 and a small R2 value show that there is a no linear relationship between 

relative humidity and corrected PM10 concentration for a relative humidity of 35 - 

99.9%. 

4.2.6.2. Temperature 

A simple linear regression was carried out with ambient temperature [°C] as the 

dependant variable and corrected PM10 5-minute average concentration [µg/m3] as 

the independent variable. Figure 24 and a small R2 show that there is a no linear 

relationship between temperature and corrected PM10 concentration for temperatures 

from 6 – 26 °C. 



39 | P a g e  
 

 
Figure 24: Recorded corrected PM10 concentration and predicted corrected PM10 concentration [µg/m3] vs 
temperature [°C] recorded with micro-sampler for 17 September 2018 – 26 September 2018 and 28 

September 2018 – 29 September 2018. N = 2230, with trendline of R2 = 0.005 and 𝒚 = −𝟓. 𝟖𝟑𝒙 + 𝟐𝟎𝟕.  

4.2.6.3. Wind speed 

The hourly windspeed for 17 September 2018 – 29 September 2018 was retrieved 

from the Cape Town Airport Weather Archive (2018). Data points for windspeed [m/s] 

were matched with 5-minute average corrected PM10 concentrations using their 

timestamp. 

A simple linear regression was carried out with windspeed [m/s] as the dependant 

variable and corrected PM10 5-minute average concentration [µg/m3] as the 

independent variable. Wind direction was not considered in this model. As windspeed 

was provided as integers, the data was adjusted by adding a random number between 

0 and 1 and subtracting 0.5. This allows for the dispersion of wind data to be easier 

visualised. Figure 25 and a small R2 value show that there is no linear relationship 

between windspeed and corrected PM10 concentration for windspeeds of 0 – 13 m/s. 
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Figure 25: Recorded corrected PM10 concentration and predicted corrected PM10 concentration [µg/m3] vs 

adjusted hourly windspeed [m/s] taken from Cape Town Airport Archive for 17 September 2018 – 29 
September 2018. N = 294, R2 = 0.03 and 𝒚 =  −𝟏𝟎. 𝟖𝒙 +  𝟏𝟓𝟐. 
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5. DISCUSSION 

5.1. Dustfall monitoring results 

Dustfall rates measured at the industrial sampling site from 17 September 2018 – 2 

November 2018 showed no exceedances of the industrial area dustfall rate limit of 

1 200 mg/m2.day but showed nine exceedances of the residential dustfall rate limit of 

600 mg/m2.day, as seen in Table 4. These rates are above the 284 mg/m2.day 

reported on the same site in March 2017 (Dustwatch, 2017). With regards to air quality 

legislation, if dustfall rates measured in a monitoring report requested by an air quality 

officer are found to be non-compliant, then the officer may require that continuous 

ambient air quality monitoring be undertaken in the form of PM10 and PM2.5 sampling 

(Minister of Environmental Affairs, 2004). Given that considerable levels of PM10 and 

PM2.5 were found in the bulk dust sample measured by the dust samplers, it can be 

argued that the recorded dustfall rate calculated is not a robust indicator of the 

potentially harmful airborne PM experienced in an area as it gives no indication of size 

distribution of the dust collected. 

Interrogating what was investigated, the dustfall rates measured are above residential 

limits showing that the air quality on-site could be compromised, even though the 

industrial dustfall limit is not exceeded. From the results captured, air quality 

(particularly PM10 and PM2.5 concentrations) could be hazardous to the health of 

workers on-site and in the area. Without the industrial limit being surpassed, PM 

monitoring is unlikely to be undertaken on-site, despite the lower limit being exceeded. 

In this way, the legislation surrounding dustfall rates risks not identifying potential 

health hazards. A target dustfall rate of 300 mg/m2.day has been set in the NEMAQA 

(Minister of Environmental Affairs, 2011), but no date for when this will be in effect has 

been set. In consideration of the extent of the sampling, dustfall rates were not 

sampled in nearby residential areas (150 m away) and it is uncertain whether 

residential dustfall rates are exceeded here. Sampling was not carried out here 

because a public space in this area where the dustfall samplers would be undisturbed 

could not be found. 

Of the sampling sites investigated, the outdoor sample (placed on the balcony of the 

sampling site office building) and the window sample (placed on a windowsill outside 

the sampling site warehouse) showed higher dustfall rates than indoor sample placed 

inside the warehouse. This is possibly because these samplers were exposed to more 

dust from blowing wind outside the warehouse. Period 2 indoor sample dustfall rates 

could be lower than other periods because these samplers were blown off their ledge 

on the first day and placed upright on the ground the following day (sampling in a lower 

position for a slightly shorter time). Period 3 showed the highest dustfall rates out of 

all periods, possibly because of higher temperatures and less rain and moisture as 

summer approached (shown in Figure 27 in the appendix). 
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5.2. 24-h average PM10 concentration 

There were two exceedances of the South African 24-hour maximum PM10 

concentration (75 µg/m3.24h) recorded during the 13-day sampling period (both of 

which are weekdays). Only four 24-hour exceedances are allowed at a monitoring site 

during one calendar year (Minister of Environmental Affairs, 2011). These results show 

that the air quality on this site may be compromised and a risk to the health of workers, 

in contradiction to the results shown by the dustfall samplers. Seven exceedances of 

the WHO 24-hour PM10 average limit (50µg/m3.24h) were recorded during this 

sampling period (all of which are weekdays) (WHO, 2005). This further supports that 

the concentration of PM10 on-site may be a risk to the health of workers. 

The concentrations of PM10 do not indicate the concentration of PM2.5 on-site, which 

is recognised to be a greater risk to cardiovascular and respiratory health (Schwartz, 

et al., 1996), (Oberdoster, et al., 1995). PM10 and PM2.5 sampling was attempted with 

a TAS MiniVol active sampler, but this malfunctioned on the first day of sampling and 

another PM sampler could not be obtained. No replicate of PM10 concentrations could 

therefore be obtained during this study. 

The combination of 24-hour PM10 concentrations above those stipulated in legislation 

and dustfall rates above residential limits show that there is a strong possibility of the 

air quality on the sampling site being compromised, despite industrial dustfall limits not 

being exceeded. The 24-hour PM10 concentration exceedances recorded, which better 

signify associated health risk, show that dustfall rate limits do not effectively flag 

potential compromised air quality and health risks. 

5.3. PM10 concentration correction factor 

A correction factor, using the mass concentration recorded on the first PM10 sampling 

run, was applied to all real-time profile PM10 5-minute average recordings. This was 

done as the profiler is originally calibrated for a generic assumption of density and 

volume of PM10 particles (Aggarwal, et al., 2013). The calibration factor adjusts these 

readings to better profile the particulate matter of the sampling site. For the period of 

30 September 2018 – 1 October 2018 the real-time profile recorded very low 24-hour 

PM10 concentration averages and these values were excluded. Before calibration, one 

exceedance of the 24-hour PM10 concentration is still recorded. The correction factor 

applied increased all 24-hour concentration averages by 23%. 

5.4. Application of seasonal and trend PM10 concentration decomposition 

The corrected PM10 5-minute average composition recorded by the real-time profiler 

was decomposed into seasonal and trend plots (represented by Figure 19), sub-

divided by weekday and weekend periods. A daily increase and decrease of PM10 

concentration is seen in the trend decomposition, possibly because of industrial 

activity during working hours. During weekend periods, the same daily increase and 

decrease is seen, but the peak PM10 concentrations reached are significantly lower 

than that of weekdays. Traffic and domestic bio-mass burning in nearby residential 
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areas could contribute to the peaks in PM10 concentration seen daily during both 

weekday and weekend periods. 

A Tukey-Kramer HSD test was performed to find whether the difference in weekday 

and weekend PM10 mean concentrations was significant. The outcome was that the 

weekday PM10 mean concentration (which was larger) was significantly different from 

that of weekends. This could be because of increased traffic and industrial activity 

(major sources of PM10) on weekdays. This test consisted of 10 weekdays and 3 

weekend days. Finding the significance in this difference could be improved by 

sampling over a longer period (a minimum of 30 days). 

A Tukey-Kramer HSD test was performed on the PM10 mean concentrations of 

weekday morning, weekday night, weekend morning and weekend night periods. The 

outcome of this was that the difference between each of these mean PM10 

concentrations was significant. Both night periods (weekday and weekend) had a 

larger mean PM10 concentration than their respective morning periods. This could be 

because of pollutants concentrating in the atmosphere above the city overnight. During 

the day, thermal radiation from human activity (cars, industrial processes) and urban 

surfaces (paved roads, parking lots and buildings) heats the air above it, carrying with 

it particulate matter and other pollutants. As temperatures fall overnight, the air above 

the city cools and descends, concentrating pollutants in the air in the city (Finardi, et 

al., 1997). Figure 26 shows how pollutants become concentrated in urban areas 

overnight. 

 
Figure 26: Sketch of urban boundary layer and urban pollution plume for a windy day (a) and night (b). 𝜽 
represents a gradient in windspeed. This sketch shows how pollution can become trapped and 
concentrated overnight as the air over a city cools and decends. Taken from (Stull, 1988) 

Although a Tukey-Kramer HSD test is not the right statistical test for time series data 

without a replicate, this was performed to show some indication of statistical 

significance between the periods assessed. This result does not affect the aims of this 

study. 
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5.5. Factors affecting PM10 concentration 

5.5.1. Relative humidity 

Ambient temperature and relative humidity were measured with a PM10 micro-sampler 

in the same location of the ARA active mini-volume PM10 sampler. The temperature 

and relative humidity sensors malfunctioned for one day during the sampling period 

and this data was not included in determining a relationship between these factors and 

PM10 concentration recorded. 

No linear relationship between relative humidity and PM10 concentration over the 

sampling period was found, shown by the low R2 value in Figure 23. This included a 

range of 35 – 99.9% relative humidity. There is potential that this relationship is not 

linear and suits a different model or that it is not an overriding factor. The sampling 

period included a range of relative humidity but was limited to mostly characteristic 

Mediterranean spring weather (warm and dry with little rain). This is not a good 

representation of other South African provinces, which are dominated by temperate 

and veld climatic zones with summer rain and dry winters (Robinson & Henderson-

Sellers, 1999). 

5.5.2. Temperature 

No linear relationship between temperature and PM10 concentration was found, as 

seen in Figure 24. This analysis was limited by a temperature range of 6 – 36 °C. The 

relationship of relative humidity and temperature to PM10 concentration was not 

analysed as it was outside the scope of this study. Low temperatures could be 

associated with high PM10 concentrations because of heavy traffic during mornings 

and nights, when temperatures are lower (Giri, et al., 2008). 

5.5.3. Wind speed 

The hourly windspeed for the sampling period was retrieved from the Cape Town 

Airport Weather Archive. This was reported in integers and was randomised to allow 

for better visualisation of the relationship between windspeed and PM10 concentration. 

This data was used as the meteorological data requested from and approved by the 

South African Weather Service was not received in time for analysis. The wind data 

retrieved did not include wind direction which was not included in the model. In a study 

at three sites in the UK, Jones et al. (2010) found a non-linear relationship between 

windspeed and PM10 concentrations with PM10 concentrations increasing until 4 m/s 

and decreasing thereafter (without considering wind direction). Smith et al. (2001) 

concluded that wind direction was a crucial factor in determining any relationship 

between PM10 and wind, its mode of transport. 

5.6. Particle size distribution trends and mineralogical comparisons 

5.6.1. Particle size distribution 

Particle size distribution of dustfall samples varied in both location and time. The area 

percentage of sub-10 µm particles for each sample was below 10 %, despite 

significant amounts of PM10 captured by active-volume samplers. This inferred that 
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the dustfall sampler does not effectively capture these small particles. Mass 

percentage was not used to draw this conclusion because the considerable number 

of pixels categorised as “other” mineral class, the general SIP list (not refined for urban 

dust) and large pixel size used in analysis made this unreliable. For each sample 

analysed, sub-100 µm particles made up most of the area analysed (measured in 

µm2). This supports the theory that the upper limit of wind transportable particle 

diameter is 100 µm (Kreidenweis & Mozurkewich, 2012). The variation between the 

number of particles in each size class and the area fraction of each size class could 

be attributed to varying meteorological conditions or changing dust sources. As 

samplers were replaced every two weeks, no valid comparison can be drawn between 

the effects of weather on particle size distribution in dustfall samples. 

5.6.2. Mineralogy across all particle sizes 

The main mineral classes found across all particle sizes of dustfall samples were 

quartz, iron oxides, carbonates, feldspar, mica, zinc clusters (defined as zinc balls) 

and aluminosilicates. The abundance of these classes varied across all dustfall 

samples analysed. This suggests that the general composition of dustfall sampled on 

site during the four-week period remained similar across the three sampling locations. 

The mineralogy across all particle classes can be used to consider the potential 

sources (anthropogenic and naturogenic) of dustfall sampled. 

The sampling site is surrounded by three main rock formations, namely the Table 

Mountain Sandstone Group, the Malmesbury Shale Group and the Cape Granite 

Group (Compton, 2004). The site itself is in the Cape Flats, an area dominated by 

calcareous sands (Gerber, 1976). The composition of the Cape Granite includes three 

of the most abundant mineral classes found in the samples, namely quartz, feldspar 

and micas (biotite in particular). The composition of the Table Mountain Sandstone 

Group includes >95 % quartz and some phyllosilicates, such as micas. The 

Malmesbury Shale Group composition includes quartz, carbonates (such as calcite) 

and flakes of clay minerals (Compton, 2004). The presence of these minerals in the 

sample shows that a potential contributing dust source could be mineral dust from the 

weathering and erosion of local rock formations. The presence of minerals such as 

apatite, grouped under “other” in Figure 11, could be explained by fugitive dust from 

the nearby Philippi Horticultural Area contributing to the dustfall sample. This mineral 

is used to manufacture phosphate fertilizers used in farming. 

The sampling site is situated in an urban industrial area and close to where 

sandblasting of steel takes place. The composition of sandblasting grit used for this 

application includes 40 – 50 % amorphous silica, 15 – 35 % iron oxides, 15 – 25 % 

magnesium oxide and 5 – 10 % calcium oxide (Blastrite, 2018). As these minerals are 

found in the dustfall sample and the grit used for this application ranges in 40 – 140 

µm diameter, it is possible that this grit could contribute to the anthropogenic sources 

of dust captured, although further source identification would need to have been done. 
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The nearby sandblasting process removes rust from steel and could contribute iron 

oxide fragments to the dustfall sampled. 

The presence of zinc oxide agglomerates in the dustfall sample could be attributed to 

diesel combustion source dust contributions (FSX, 2012). The sampling site 

experiences some vehicular traffic on-site and is situated close to major highways. 

Other possible anthropogenic dust sources include road dust and biomass burning. 

5.6.3. PM10 particle mineralogy 

As no suitable filter sample mounting method was found during the study, the particle 

size distribution, size and mineralogy of filter samples could not be analysed. It is 

assumed that the composition of the PM10 particles captured in the dustfall samples 

are similar to those captured on the filter sample. The mineralogical composition of 

dustfall sample PM10 particles is important because this size fraction can enter the 

human respiratory system and is associated with negative health impacts (Donaldson 

& MacNee, 1998). It is acknowledged that different PM10 compositions have different 

effects on health (Kim, et al., 2014). Attention should be paid to the high quartz, zinc 

oxide and iron oxide content of PM10 particles analysed, quantified in area percentage 

in Figure 12. PM10 quartz particles are associated with respiratory diseases such as 

silicosis (Donaldson & MacNee, 1998) and iron oxide- and zinc oxide-containing 

particles are proposed to increase the toxicity of PM through non-classical methods 

such as free-radical production (causing tissue inflammation) (Gilmour, et al., 1996). 

The quantification of sub-2.8 µm particle mineralogy was hindered by the low 

resolution of the analysis. The presence of organic and semi-volatile content in PM10 

particles, known to be harmful to respiratory and cardiovascular health (Klingenberg 

& Winneke, 1990), could not be quantified as these were either lost during preparation 

of dust samples for analysis or could not be detected in a graphite and resin block 

analysed at 25 keV. 

5.6.4. Comparison of PM10 composition to that of past studies 

Gwaze et al. (2007) sampled PM10 in the lower atmosphere during a Cape Town winter 

brown haze event over the greater metropolitan area. The sampled PM10 were classed 

as 7 major particle types, namely soot aggregates, mineral dust, sulphates, sea salt, 

tar balls/fly ash, rod particles and “other” particles. Sulphates ranged from 0 – 82 % in 

relative abundance, with soot aggregates (attributed to vehicle emissions and biomass 

burning) ranging from 25 – 60 %. Across 12 samples, 25 – 75% of particle area was 

classified as “other” composition. Mineral dust made up 0 – 5 % of particle area 

analysed across samples. 

Soot aggregates, sulphates, rod-particles and sea salt were not found in this study 

and could not be compared to the results of Gwaze et al. (2007). Soot aggregates 

would not be detected in a 25 keV analysis mounted in a graphite and resin block. 

Mineral dust made up a larger fraction of particle area analysed in this study, compared 

to that of Gwaze et al. (2007). This could be because dustfall sampling took place 
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closer to the ground where mineral dust is more abundant and few of these particles 

are transported to 2000 m above the earth. 

5.7. Particle shape 

It was not possible to assess the roundness of PM2.8 as the resolution of the single 

particle analysis was too low. For the same reason, the roundness classification of 

PM10 particles was uncertain. This limits the conclusions that can be drawn on the 

potential health effects and dust sources according to PM10 particle shape. The particle 

roundness and mineralogy for 2.8 – 63 µm diameters can be used to suggest possible 

dustfall sources. Rounder particles of quartz, feldspar and micas are more likely to be 

naturogenic, textually mature mineral dust. Angular particles of iron oxides, silica and 

magnesium oxides are suspected to come from sandblasting activities (an 

anthropogenic source). 

The majority of PM10 particles were classified with a roundness of less than 0.8, with 

less than 5 % classified as round. This suggests that these particles could be 

anthropogenic in origin. Both anthropogenic and angular PM10 have been associated 

with negative respiratory and cardiovascular health effects (Brook, et al., 2010), (Pope, 

et al., 1995). 

5.8. SEM images 

The elemental composition of selected particles in the filter samples were compared 

to the particle mineralogy analysis of the dustfall samples. From this, examples of 

particles classified in the single particle analysis could be found on the filter samples, 

as shown in Table 6. This infers that the dustfall sample particles analysed were similar 

to those captured on the filter samples. 

The quartz filter photos generated from the NanoSEM revealed that the particle 

loading on these filters was too high for single particle analysis as the particles would 

overlap and be indistinguishable from silica fibres. While the NanoSEM photos show 

that particles can be easier distinguished on the polycarbonate filters, these are 

incredibly delicate and difficult to mount and were not analysed in single particle 

analysis. 

5.9. Single particle analysis uncertainty 

The measurement of uncertainty of single particle analysis results was not calculated 

as there was too little dust per dustfall sample to create a replicate. For the same 

reason, XRF validation of single particle analysis results was not possible.  
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6. CONCLUSIONS 

The aim of this study was to determine whether the ASTM D1739 dustfall monitoring 

method and its implementation, as stipulated in NEMAQA (Minister of Environmental 

Affairs, 2004), are a good indicator of ambient air quality within urban industrial 

settings as well as provide an effective measure of exposure to respirable particulate 

matter and the health risks associated with it. The objectives addressed in the study 

are discussed below. 

6.1. Objective 1: Measure dustfall rates and PM10 concentration on-site using 

the ASTM D1739 method and an active volume sampler respectively. 

Dustfall rates were measured at three locations on-site every two weeks from 17 

September – 2 November using as close of a method to ASTM D1739 as possible. 

The deviations from the standard were because of no locations with a suitable 

clearance radius being found. Two samplers were deployed per location to serve as 

replicates. No exceedances of the industrial area dustfall rate (1200 mg/m2.day) were 

recorded on-site but nine exceedances of the residential area dustfall rate (600 

mg/m2.day) were recorded. Samples were taken every two weeks to increase the 

resolution of data and for analysis of multiple samples in single particle analysis (as 

dustfall samples weighed under 0.3 g). 

PM10 concentration was measured, averaged and recorded every 5-minutes from 17 

September – 1 October 2018 on-site using an ARA N-FRM active mini-volume 

sampler. This was placed in the same location as the indoor dustfall sampler. Data 

from 30 September – 1 October was excluded as the dust sensor malfunctioned. A 

TAS MiniVol active sampler was deployed in the same location on the first day of 

sampling, but this malfunctioned and no data was recorded. For this reason, there was 

no replicate of PM10 concentration measurements. After applying a correction factor 

(calibrating the dust sensor to the composition of local dust), 2 exceedances of the 

South African 24-hour PM10 concentration limit (75 µg/m3.24h) were recorded. Only 4 

exceedances of this limit are allowed per calendar year per sampling site. The ARA 

PM10 sampler was deployed outdoors after this sampling period, but the dust sensor 

malfunctioned, and this data was not included in the analysis. 

6.2. Objective 2: Analyse sample particulate matter size, composition and 

shape. 

Only the particle size, composition and shape of dustfall samples were analysed using 

QEMSCAN as no mounting method for filter samples could be found. The filter 

samples were analysed using SEM imaging and elemental composition analysis. This 

analysis showed that quartz filter samples would not be suitable for QEMSCAN 

analysis because of high loading factors and the inability to differentiate between silica 

fibres and silica particles sampled. 

A limitation of the QEMSCAN analysis was that the resolution was too low to detect 

PM2.5 particles, with a particle diameter of 2.8 µm being the smallest detectable at 2 

µm pixel spacing. The particle size distribution and corresponding area fraction of 
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dustfall samples showed that the ASTM S1739 sampling method is not effective at 

capturing PM10 and sampled mostly particles of 20 µm – 100 µm diameter. The 

calculation of the efficiency of this method could be improved by using the mass 

fraction of particles, but this was not practical as the large analysis pixel size and 

unrefined SIP list made this calculation unreliable. 

Using the mineralogy across all size classes (measured by percentage of area 

analysed), potential naturogenic and anthropogenic dustfall sources were deliberated. 

The presence of significant fractions of quartz, feldspar, micas and carbonates 

suggested mineral dust (formed from the weathering and erosion of local geological 

formations) was a potential dustfall source. Moderate fractions of phosphate minerals, 

such as apatite, suggested fugitive dust from a nearby agricultural area contributed to 

dust fallout on-site. Zinc oxide clusters found were attributed to diesel combustion from 

nearby traffic. Iron oxide, magnesium oxide, calcium oxide and silica minerals 

combined were suggestive of steel sandblasting activities as a potential dustfall 

source. 

The mineralogy of PM10 particles (limited to 2.8 µm – 10 µm diameter) included 

significant fractions of quartz and iron oxide and minor fractions of zinc oxide clusters. 

All three mineral classes are acknowledged to negatively affected respiratory health 

(Donaldson & MacNee, 1998) (Gilmour, et al., 1996). This shows that the PM10 

composition on-site could be a potential health risk to workers (with the PM10 

concentrations of these compositions currently unknown). The fraction of semi-volatile 

and organic components in PM10 could not be calculated as these were lost in sample 

preparation and QEMSCAN method chosen respectively. 

The shape of sub-2.8 µm particles could not be analysed because of the low analysis 

resolution. The shape classification of PM10 particles was uncertain for the same 

reason. The roundness of PM10 particles could be used to show the possible health 

risks associated with PM10 found on-site, as more angular particles are more 

damaging to lung tissue (Brook, et al., 2010), (Pope, et al., 1995). The roundness of 

10 – 63 µm particles was used to suggest dust sources, with naturogenic sources such 

as fugitive dust being more texturally matured and rounded. 

6.3. Objective 3: Determine the suitability of monitoring methods for 

indicating ambient air quality. 

The industrial dustfall limit of 1200 mg/m2.day, as stipulated in NEMAQA (Minister of 

Environmental Affairs, 2004), was not exceeded for any of the samples taken from 17 

September – 2 November 2018. Of the 17 samples taken, nine exceedances of the 

residential dustfall limit (600 mg/m2.day) were recorded. As the site is zoned for 

industrial use, this lower limit exceedance will not prompt an air quality officer to 

mandate continuous PM10 sampling on-site. During the PM10 sampling period (17 

September – 29 September 2018), 2 exceedances of the South African 24-hour PM10 

concentration (75 µg/m3.24h) were recorded. As only 4 exceedances of this limit are 
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allowed per calendar year, this shows that the air quality on-site may be compromised 

and a risk to the health of workers. 

The difference in dustfall limits for residential and industrial areas might therefore not 

suitable for urban industrial areas (where the sampling site is found). The nearest 

residential areas are 100 m and 650 m away for prevailing winter and summer wind 

directions respectively. Dustfall was not measured in nearby residential areas as a 

suitable public space could not be found. 

Most developed countries have moved from dustfall monitoring to PM10 monitoring as 

they have the resources to do so. Some developing countries with notoriously poor air 

quality (India and China, for example) have invested in PM sampling to help manage 

their air quality. As South Africa does not have the resources to monitor PM10 and 

PM2.5 as extensively as in developed countries, dustfall monitoring methods are 

preferred and implemented first as they are cheap. 

The ASTM D1739 method and corresponding dustfall legislation did not signal a 

potential compromise in air quality on-site. This method does not show temporal 

distribution of dustfall as the 30-day sampling period produces low-resolution data. If 

analysed, the dustfall sample collected can give a general composition of dust 

captured, but the efficiency of the sampler for collecting PM2.5 and PM10 is difficult to 

calculate without high-resolution single particle analysis. Active-volume PM samplers 

can record semi-volatile PM particles using a dust sensor, but these will be lost to 

evaporation in dustfall samplers (either during sampling or sample preparation). 

Current PM active-volume samplers are too expensive to implement as extensively as 

in developed countries, but the emergence of low-cost, easy to assemble dust profilers 

may remove the problem of cost. 

6.4. Hypothesis 

The ASTM D1739 dustfall monitoring method and its implementation in South African 

legislation did not show a potential reduction in air quality as the industrial dustfall limit 

was not exceeded. PM10 active-volume sampling showed a potential compromise of 

air quality as two 24-hour PM10 concentrations were exceeded. The hypothesis that 

the ASTM D1739 dustfall monitoring method and its implantation are not a good 

indicator of ambient air quality within urban industrial settings is accepted. The dustfall 

monitoring method did not show an effective measure of exposure to respirable 

particulate matter (PM2.5 and PM10) and the health risks associated with this.  
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7. RECOMMENDATIONS 

It is recommended that sampling of both dustfall and PM10 concentrations should be 

conducted for longer periods and over different seasons in the year. This will make a 

comparison between these two monitoring methods more reliable. Factors influencing 

PM10 concentration (such as relative humidity, temperature, windspeed and wind 

direction) should be investigated. This analysis should be expanded to non-linear 

models. Higher resolution wind speed data with wind direction should be obtained to 

make this relationship analysis more dependably. Time-series statistical analysis 

techniques should be used to analyse future results with replicates. 

The PM10 concentration measurements from the Goodwood air quality monitoring 

station should be obtained and compared to the PM10 concentrations measured on 

site. A replicate PM10 sampler should be used to validate PM10 concentration 

measurements but, as these are expensive, a low-cost dust sensor method should be 

investigated for this task. As PM2.5 is recognised to be more harmful to health, this 

concentration should be measured with an active-volume sampler simultaneously. 

Personal exposure PM10 monitors should be deployed to on-site workers to quantify 

their PM exposure and the risks associated with this. As semi-volatiles were lost during 

dustfall sample preparation and from the filter sample, a new sampling method to 

account for semi-volatiles should be investigated. 

Dustfall sampling should be conducted with more than one replicate (preferably three) 

to better validate results. Dustfall rates in nearby residential areas should be measured 

too. More mounting techniques for filter sample analysis should be attempted and 

carnuba wax block mounting for filters and dustfall samples should be tested (at 20 

keV) to identify any carbonaceous material. A smaller pixel size spacing for single 

particle analysis should be used (for example, 1 µm) so that the size, shape and 

mineralogy of PM2.5 particles can be better identified. The sources of dust should be 

investigated further, with samples from sources analysed in single particle analysis. 

This will allow for better differentiation between naturogenic and anthropogenic 

particles and better mitigation strategies for PM sources identified. The SIP list used 

in single particle analysis should be refined to minerals more likely to be found in local 

dust. Finally, there is little control over the air quality in Cape Town and there is a 

potential for small point sources to result in a cumulative decrease in air quality.  
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9. APPENDIX 

9.1. Sample calculation 

9.1.1. Dustfall monitoring results 

Dust from dustfall samplers is transferred to beakers by washing out with de-ionised 

water. Dust solution in beakers are then dried in an oven until all water is evaporated. 

𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 = 𝑑𝑢𝑠𝑡 𝑖𝑛 𝑏𝑒𝑎𝑘𝑒𝑟 − 𝑒𝑚𝑝𝑡𝑦 𝑏𝑒𝑎𝑘𝑒𝑟 

𝐷𝑢𝑠𝑡𝑓𝑎𝑙𝑙 𝑟𝑎𝑡𝑒 =
𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡

𝜋 ×
𝑏𝑢𝑐𝑘𝑒𝑡 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟

4

2

× 𝑑𝑎𝑦𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑖𝑛𝑔

 Equation 3 

9.1.2. PM10 concentration seasonal and trend decomposition using LOESS 

The PM10 5-minute average concentrations are decomposed using LOESS in R (a 

statistical programming software) according to the following equation. 

𝑃𝑀10 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑡 = 𝑆𝑒𝑎𝑠𝑜𝑛𝑎𝑙𝑡 + 𝑡𝑟𝑒𝑛𝑑𝑡 + 𝑟𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟 Equation 4 

The seasonal component considers daily variations with weekly periodicity with 

decomposition averaging this to zero. The trend component shows the slowly varying 

average after accounting for seasonal variation. 

9.1.3. Tukey-Kramer HSD test 

𝑛𝑖 is the size of the group sample 𝑖 and 𝑛𝑗 is the size of group sample 𝑗. The critical 

values for this distribution are presented in the Studentised Range q Table, based on 

𝛼, 𝑘 and 𝑑𝑓𝑤. 

𝑞 =
�̅�𝑚𝑎𝑥 − �̅�𝑚𝑖𝑛

𝑠. 𝑒
; 𝑠. 𝑒 = √

𝑀𝑆𝑊

2
(

1

𝑛𝑖
+

1

𝑛𝑗
) Equation 5 

�̅�𝑚𝑎𝑥 − �̅�𝑚𝑖𝑛 > 𝑞𝑐𝑟𝑖𝑡√
𝑀𝑆𝑊

2
(

1

𝑛𝑖
+

1

𝑛𝑗
) 

 

𝑞 = √2𝑡 𝑎𝑛𝑑 𝑡 =  
�̅�𝑚𝑎𝑥 − �̅�𝑚𝑖𝑛

√
𝑀𝑆𝑊

2 (
1
𝑛𝑖

+
1
𝑛𝑗

)

 
 

9.2. Corrected 24-hour PM10 concentration average data and errors 

Table 9: Corrected 24-hour mean PM10 concentration [g/m 3.24h] for 17 September 2018 - 29 September 
2018 and the associated standard deviation [g/m3] and coefficient of variation for each value. Coefficients 
of variation range from 0.5 – 1.4. 

Date 
24-hour corrected 

PM10 concentration 
mean [µg/m3.24h] 

24-hour corrected PM10 
concentration standard 

deviation [µg/m3] 

Coefficient of 
variation 

17 Sep 2018 30.1 41 1.4 

18 Sep 2018 61.3 57 0.93 

19 Sep 2018 75.3 42 0.56 

20 Sep 2018 64.0 47 0.74 

21 Sep 2018 52.8 56 1.1 

22 Sep 2018 20.8 23 1.1 
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Date 
24-hour corrected 

PM10 concentration 
mean [µg/m3.24h] 

24-hour corrected PM10 
concentration standard 

deviation [µg/m3] 

Coefficient of 
variation 

23 Sep 2018 28.9 28 0.97 

24 Sep 2018 25.6 30 1.2 

25 Sep 2018 76.7 57 0.75 

26 Sep 2018 101 50 0.50 

27 Sep 2018 72.0 49 0.68 

28 Sep 2018 58.8 45 0.77 

29 Sep 2018 30.5 43 1.4 

9.3. Dustfall analysis result supplementary information 

Table 10: Total particle count for Period 1 and 2 across the sampling locations on site. *Period 2 indoor 
sample generated from dustfall sampler that fell from its assigned position whilst on site. 

Location 
Particle count 

Period 1 Period 2 

Window 10233 18303 

Outdoor 8837 10371 

Indoor 5050 *27552 
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9.4.  Cape Town meteorological data for sampling period 

The maximum temperature, maximum windspeed and daily precipitation for the dustfall sampling period is shown in Figure 27. The 

24-hour corrected PM10 concentration average is shown for 17 September 2018 – 1 October 2018. 

 
Figure 27: Primary axis: Daily maximum windspeed [knots], maximum temperature [°C] and precipitation [mm] for dustfall sampling period (17 September 2018 - 2 
November 2018).  Secondary axis: 24-hour corrected PM10 concentration [µg/m3.24h] for 17 September 2018 – 1 October 2018. Retrieved from Cape Town Airport 
Weather Archive (2018). Period 1 is shown in the pink block, period 2 in the yellow block and period 3 in the blue block.
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9.5. Ethics clearance forms 
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