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EXECUTIVE SUMMARY 

Digby Wells Environmental (hereafter Digby Wells) was requested by Dhamana Consulting, 
on behalf of Sovereign Metals Limited (hereafter Sovereign) to conduct an Air Quality study, 
which will form part of a suite of specialist studies undertaken for the Malingunde Graphite 
Project (the Project). This study was conducted in accordance with Malawian legislation, as 
contained in the Environment Management Act (EMA), No. 19 of 2017. The study also took 
cognisance of the standards as prescribed by the International Finance Corporation (IFC) 
Performance Standards and the Equator Principles. 

In order to begin understanding the specific air quality characteristics of the Project area, a 
two-phased research approach was adopted. Phase I of the study consisted of a field data 
collection exercise to establish existing levels of criteria pollutants, such as particulate matter 
(PM) with aerodynamic diameter greater than 30 micron (total suspended particulate (TSP)), 
PM less than 10 micron and 5 micron (PM10 and PM2.5), benzene, toluene, ethyl-benzene 
and xylene (BTEX), sulfur dioxide (SO2), nitrogen dioxide (NO2) and carbon monoxide (CO) 
at selected locations in the vicinity of the Project to understand the background air quality 
scenario. Results from the aforementioned formed the basis of this report. 

Phase II of the study will assess the potential implications of the proposed Project activities 
and infrastructure on the surrounding air quality. The latter will be conducted during the 
environmental and social impact assessment (ESIA) phase, hence will not be discussed 
further in this baseline report. 

The background meteorology showed that the dominant winds come from the southeast 
(22.16%) and south-southeast (14.34%) respectively. The wind speed intensity capable of 
generating dust (5.4 m/s) will occur for 4.4% of the time. 

The dust deposition rates observed in the area were within the recommended residential 
limit (600 mg/m2/day) until July 2018. Deposition rates measured in the month of July were in 
exceedance of the residential limit at 80% of the sites. It is suspected that regional wind 
erosion activity may have swept through the entire Project area, resulting in the high dust 
deposition rates observed. 

PM10 levels measured over a four-week’s period from the 20th of February to the 21st March 
showed daily levels that were below the Malawi Bureau of Standards (MBS) limit of 
25 µg/m3, with 2 exceedances observed. However, in August, several exceedances were 
observed. These exceedances can be attributed to wind erosion events in the area. The 
levels of PM2.5 measured showed similar signature. PM2.5 levels were below the World Health 
Organisation (WHO) guideline as MBS does not have limit value for PM2.5 daily averaging 
period. In August, exceedances of the WHO 24-hour limit were observed on several 
occasions. The exceedances were assumed to be associated with wind erosion. 
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The ambient levels of gaseous pollutants in the Project area, such as NO2, SO2, and CO 
were measured and results show concentrations of NO2 and CO that were within the MBS 
1-hour and 8-hour limits. SO2 levels were in exceedance of MBS 24-hour limit in August 
2018 for about 5 days (from the 3rd to the 7th). The monitoring site although quiet and 
isolated, has some outdoor recreational areas, which may have been in use from Friday the 
3rd of August. Hence, the assumption that the elevated levels of gaseous pollutants may 
have been due to the build-up of vehicular traffic at the sampling site (Kamuzu Dam). 

The BTEX concentrations measured were very low for the period under survey. Results 
confirm that there were no exceedances of the USEPA-IRIS RFC guidelines. 

Background concentrations of various pollutants measured will serve as “reference” to which 
future measurement can be compared. It was confirmed that background levels were higher 
than regulatory limits, on several occasions. With the knowledge of the aforementioned, it 
confirms the need for appropriate mitigation measures to be implemented as part of the day-
to-day operation of the mine, to avoid exacerbating ambient levels of pollutants. 
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1 Introduction 

Digby Wells was requested by Dhamana Consulting, on behalf of Sovereign Metals Limited 
(hereafter Sovereign) to conduct an Air Quality Baseline Assessment (AQBA) study, which 
will form part of suite of specialist studies undertaken for the Malingunde Graphite Project 
(the Project). This study was conducted in accordance with Malawian legislation, which is 
contained in the Environment Management Act, No. No. 19 of 2017 (EMA). The study also 
took cognisance of the standards as prescribed by the International Finance Corporation 
(IFC) Performance Standards and the Equator Principles. 

1.1 Project Description 

The Project will involve the mining and processing of the high-grade saprolite-hosted flake 
graphite deposit near the settlement of Malingunde, 20 km southwest of the Malawi capital 
city of Lilongwe. The production target estimated is approximately 9.5 Million tonnes (Mt) 
over an approximate 17 year life-of-mine (LoM). Sovereign is targeting the near surface, soft 
saprolite portion of the resource to a maximum depth of approximately 25 m (local plan). 

The Malingunde deposit will be developed using open-pit mining, free-dig operation (this 
implies no digging and blasting) utilising conventional 40 t trucks, excavators and shovel 
operations. The processing plant envisaged for the project will be equipped with a 1970 
tonnes per hour (tph) mineral sizer to break-up any competent rock prior to feeding to the 
scrubber unit. This step is to ensure the maximum amount of ore meets the optimum particle 
size for beneficiation of graphite. A closed-circuit single-stage scrubber integrating a double-
deck vibrating screen is used to achieve the required particle size for the flotation circuit. The 
sized scrubber product will be fed to the flotation circuit which incorporates rougher, 
scavenger and primary and secondary cleaner flotation stages with integrated attritioning 
steps to ensure the correct graphite grades are achieved. The final flotation concentrate is 
filtered and dried before being screened into the separate product size fractions and bagged 
ready for transport. 

The waste tailings material from the processing plant will be disposed on a tailings storage 
facility (TSF). Other infrastructure associated with the Project includes offices, workshops, 
assay laboratory, haul and access roads, water pipelines, warehouses, diesel genset power 
plant and fuel depot. 

1.2 Terms of Reference 

As part of the Terms of Reference (ToR) Digby Wells undertook an AQBA of the Project 
area in compliance with the Malawian EMA, which defines the precepts of the EIA 
(Guidelines for EIA, 1997). The scope of work outlined below was informed by the 
aforementioned: 

■ Review of the legal context as it relates to air pollutants; 

■ Evaluation of site meteorology; 



Air Quality Baseline Assessment 

Malingunde Flake Graphite Project in Malawi 

SML4726 
 

 

 

Digby Wells Environmental 2 

 

■ Monitoring of background air quality: 

▪ Particulate Matter (PM) - particulate matter with aerodynamic diameter greater 
than 30 micron, known as total suspended particulate (TSP), particulate matter 
with aerodynamic diameter less than 10 micron and 5 micron (PM10 and PM2.5); 

▪ Gases - benzene, toluene, ethyl-benzene and xylene (BTEX), sulfur dioxide 
(SO2), nitrogen dioxide (NO2) and carbon monoxide (CO). 

1.3 Aims and Objectives 

The overall aim of this AQBA study is to establish the background air quality scenario at the 
proposed Project site and surrounding receptors. To achieve the aforementioned, the 
various tasks highlighted in Section 1.2 above were conducted. 

1.4 Assumptions and Limitations 

Assumptions and limitations associated with this study are listed below: 

■ Real-time ambient air quality monitor (AQ-Mesh) which relies solely on battery for 
power supply and strong internet connectivity to collect data intermittent; and 

■ The 2 months of PM10, PM2.5, SO2, NO2 and CO data collected by the 
aforementioned is considered sufficient to understand background conditions. 

2 Specialist Details 

Matthew Ojelede completed his BSc (Hons) degree at the University of Benin, Edo State, 
Nigeria; an MSc in Environmental Science (Wits University) and a PhD in Environmental 
Management from the University of Johannesburg. He has been in the Atmospheric 
Research field since 2005 and now actively involved in air pollution research, impacts on the 
receiving environment, and interpretation of regulatory requirements. Authored and co-
authored research articles in peer-reviewed journals, both local and international. He has 
attended specialised courses in atmospheric dispersion modelling (AERMOD and 
CALPUFF). 

3 Legal Context 

3.1 Legislative and Environmental Policy Framework 

3.1.1 Applicable Standards 

The Malawi Constitution of 1995 lays a strong foundation for policy and legal reform in 
environmental governance. Section 13 declares: 

"The State shall actively promote the welfare and development of the people of Malawi by 
progressively adopting and implementing policies and legislation aimed at achieving the 
following goals: 
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■ (e) To manage the environment responsibly in order to - 

▪ (i) prevent the degradation of the environment; 

▪ (ii) provide a healthy living and working environment for the people of Malawi; 

▪ (iii) accord full recognition to the rights of future generations by means of 
environmental protection and the sustainable development of natural resources; 
and conserve and enhance the biological diversity of Malawi." 

The Malawian Standard (MS737:2005) developed and published by the Malawi Bureau of 
Standards (MBS, 2005) was utilised in assessing background levels of pollutants measured 
in the Project area where applicable (Mapoma et al., 2014). In the absence of MBS 
standards, the following relevant standards were applied: 

■ PM2.5 Daily (WHO guidelines, see Table 3-1); 

■ TSP (the South African standard (National Dust Control Regulations (2013), which 
was published in Government Notice 827 in Gazette 36974 on 1 November 2013) 
shown in  

■ Table 3-2; and 

■ BTEX (the United States Environmental Protection Agency (USEPA) Integrated Risk 
Information System (IRIS) reference inhalation concentration (rfc) for BTEX (Table 
3-3). 

Table 3-1: WHO (2005) and MBS (2005) Ambient Air Quality Standards 

Pollutant 
WHO and MBS Ambient Air Quality Guideline 

Averaging Period MBS Limit (mg/m3) WHO Guideline (mg/m3) 

CO 
1 Hour 40.10 - 

8 Hours 10.31 - 

SO2 

10 Minutes  0.5 

1 Hour 0.52  

24-hour 0.21 0.02 

1 Year 0.05  

NO2 

 

1-Hour 0.23 0.2 

1 Year 0.06 0.04 

PM10  
1-year - 0.02 

24-hour 0.025 0.05 

PM2.5 
1-year 0.008 0.01 

24-hour - 0.025 
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Table 3-2: Acceptable Dust Fallout Rates (using South African Standard) 

Restriction 
Areas 

Dust fallout rate 
(mg/m2/day, 30- 
days average) 

Permitted Frequency of exceeding dust fallout 
rate 

Residential Area D < 600 Two within a year, not sequential months 

Non-Residential Area 600 < D < 1200 Two within a year, not sequential months 

 

Table 3-3: Inhalation Based Health Thresholds for Selected Non Criteria Pollutants  

VOC Pollutants Inhalation Reference Concentration (RfC) (mg/m3) 

Benzene  0.03 (CASRN:71-43-2) 

Ethylbenzene  1 (CASRN:100-41-4) 

Toluene  5 (CASRN:108-88-3) 

Xylene  0.1 (CASRN:1330-20-7) 

3.1.2 IFC Performance Standards  

The Project is also required to fulfil the requirements of the IFC Performance Standards (PS) 
and Equator Principles. 

The IFC's Sustainability Framework consists of: 

■ The Policy on Environmental and Social Sustainability, which defines IFC's 
commitments to environmental and social sustainability; 

■ The Performance Standards, which define clients' responsibilities for managing their 
environmental and social risks; and 

■ The Access to Information Policy, which articulates IFC's commitment to 
transparency. 

IFC's Performance Standards define client roles and responsibilities for managing projects 
and requirements for IFC support. The standards include requirements to disclose 
information. The Guidance Notes are companion documents to the Performance Standards, 
providing guidance to clients in meeting the Performance Standards. 

The IFC Environmental Health and Safety (EHS) Guidelines are technical reference 
documents with general and industry-specific examples of Good International Industry 
Practice (GIIP), as defined in IFC's Performance Standard 3 on Resource Efficiency and 
Pollution Prevention. 

The Equator Principles (EP) ensure projects are developed in a manner that is socially 
responsible and reflect sound environmental management practices. By doing so, negative 



Air Quality Baseline Assessment 

Malingunde Flake Graphite Project in Malawi 

SML4726 
 

 

 

Digby Wells Environmental 5 

 

impacts on project-affected ecosystems and communities should be avoided where possible, 
and if these impacts are unavoidable, they should be reduced, mitigated and/or 
compensated for appropriately. The EPs that are relevant in terms of assessment of impacts 
for the current study are discussed below. 

3.1.2.1 Equator Principle 2: Social and Environmental Assessment 

For each project assessed as being either Category A or Category B, the borrower has to 
conduct a Social and Environmental Assessment (“Assessment”) process to address, as 
appropriate and to the EPFI’s satisfaction, the relevant social and environmental impacts 
and risks of the proposed project. The Assessment should also propose mitigation and 
management measures relevant and appropriate to the nature and scale of the proposed 
project. 

3.1.2.2 Equator Principle 3: Applicable Social and Environmental Standards 

The EHS Guidelines contain the performance levels and measures that are normally 
acceptable to IFC and are generally considered to be achievable in new facilities at 
reasonable costs by existing technology. If the levels and measures presented in the EHS 
Guidelines are lower than those from the host country, projects then adopt the more 
stringent guideline. 

The World Bank has set out guideline for “Environmental, Health, and Safety Guidelines 
MINING (IFC-EHSG Mining, 2007). In the aforementioned, it is emphasised that issues 
associated with mining activities (and including ore processing facilities) may occur during 
the exploration, development and construction, operation, closure and decommissioning, 
and post-closure phases, hence recommendations for their management is critical.  

Further, in the context of this assessment, the IFC-EHSG, 2007 document emphasised that: 

“Management of ambient air quality at mine sites is important at all stages of 
the mine cycle. Airborne emissions may occur during each stage of the mine 
cycle, although in particular during exploration, development, construction, 
and operational activities. The principal sources include fugitive dust from 
blasting, exposed surfaces such as tailings facilities, stockpiles, waste 
dumps, haul roads and infrastructure, and to a lesser extent, gases from 
combustion of fuels in stationary and mobile equipment” 

In the EHS Guideline: Environmental – Air Emissions and Ambient Air Quality (IFC, 2007) 
the general management approach to monitor and mitigate air emissions are spelt out. The 
guideline document specified the following: 

“At facility level, impacts should be estimated through qualitative or 
quantitative assessments by the use of baseline air quality assessments and 
atmospheric dispersion models to assess potential ground level 
concentrations” 
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In addition, the applicable WHO guideline values, which the IFC subscribes to, are defined 
(IFC-EHS Guideline: Environmental - Air Emissions and Ambient Air Quality, 2007). 

Although Malawi has legislative requirements in place as mentioned above, the absence of 
in-country standards for some pollutants meant the WHO Air Quality Guidelines were 
applied in such situation. 

4 Health Implications of Pollutants 

The main pollutants of concern often associated with mining operations encompass TSP, 
PM10 and PM2.5, BTEX, SO2, NO2, and CO (Fenger, 2002, Harrison and van Grieken, 1998). 
These pollutants result from a wide range of activities, i.e. blasting, excavation, hauling of 
material ore, material handling and combustion emissions from diesel engines on site. 

4.1.1 Particulate Matter 

In terms of health effects, PM size is relevant in terms of health because it determines where 
in the respiratory system a given particle is deposited (WHO, 2000). Fine particles are 
thought to be more damaging to human health than coarse particles as larger particles are 
less respirable in that they do not penetrate deep into the lungs compared to smaller 
particles (Manahan, 1991). Larger particles are deposited into the extra-thoracic part of the 
respiratory tract while smaller particles are deposited into the smaller airways leading to the 
respiratory bronchioles (WHO, 2000). 

Numerous epidemiological studies conducted in Europe and in other parts of the world have 
shown adverse health effects of exposure to PM10 and PM2.5 at concentrations that are 
currently observed in Europe and the rest of the world. WHO estimated that approximately 
700 annual deaths from acute respiratory infections in children aged 0–4 years could be 
attributed to PM10 exposure in the European Region in the late 1990s alone. Population 
health effects of exposure to PM in adults are dominated by mortality associated with long-
time exposure to fine PM (PM2.5). Short-term and long-term health effects associated with 
exposure to particulate matter are presented in   
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Table 4-1. 

4.1.1.1 Short-Term Exposure 

Recent studies suggest that short-term exposure to PM is associated with health effects, 
even at low concentrations of exposure. Various studies undertaken during the 1980s and 
early 1990s have looked at the relationship between daily fluctuations in PM and mortality at 
low levels of exposure. Pope et al (1992) studied daily mortality in relation to PM10 

concentrations in Utah Valley during the period 1985 - 1989. A maximum daily average 
concentration of 365 µg/m3 was recorded with effects on mortality observed at 
concentrations of < 100 µg/m3. The increase in total daily mortality was 13% per 100 µg/m3 
increase in the 24 hour average. Studies by Schwartz (1993) in Birmingham recorded daily 
concentrations of 163 µg/m3 and noted that an increase in daily mortality was experienced 
with an increase in PM10 concentrations. Relative risks for chronic lung disease and 
cardiovascular deaths were higher than deaths from other causes. 

Morbidity effects associated with short-term exposure to fine PM include increases in lower 
respiratory symptoms, medication use and small reductions in lung function. Pope and 
Dockery (1992) studied panels of children in Utah Valley in winter during the period 1990 – 
1991 and observed daily PM10 concentrations range of between 7 – 251 µg/m3. Peak 
expiratory flow was decreased and respiratory symptoms increased when PM10 
concentrations increased. Pope and Kanner (1993) utilised lung function data obtained from 
smokers with mild to moderate chronic obstructive pulmonary disease in Salt Lake City. The 
estimated effect was a 2% decline in Forced Expiratory Volume over one second for each 
100 µg/m3 increase in the daily PM10 average. 

4.1.1.2 Long-Term Exposure 

Long-term exposure to low concentrations (~10 µg/m3) of PM is associated with mortality 
and other chronic effects such as increased rates of bronchitis and reduced lung function 
(WHO, 2000; 2002). 

Studies have indicated an association between lung function and chronic respiratory disease 
and airborne PM. Older studies by Chestnut et al (1991) found that Forced Vital Capacity 
(FVC)1 decreases with increasing annual average particulate levels with an apparent 
threshold at 60 µg/m3. Using chronic respiratory disease data, Schwartz (1993) determined 
that the risk of chronic bronchitis increased with increasing particulate concentrations, with 
no apparent threshold. 

Few studies have been undertaken documenting the morbidity effects of long-term exposure 
to PM (  

                                                 

1 FVC, is defined as the amount of air that can be forcibly exhaled from the lungs after taking the deepest breath possible 
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Table 4-1). Recently, the Harvard Six Cities Study showed increased respiratory illness rates 
among children exposed to increasing PM, sulphate and hydrogen ion concentrations in 
ambient environment (Francine et al., 2006). Relative risk estimates suggest an 11% 
increase in cough and bronchitis rates for each 10 µg/m3 increase in annual average 
particulate concentrations. 
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Table 4-1: Short-term and long-term health effects associated with exposure to PM  

Pollutant Short-term exposure Long-term exposure 

Particulate 
matter 

▪ Lung inflammatory reactions 

▪ Respiratory symptoms 

▪ Adverse effects on the 
cardiovascular system 

▪ Increase in medication usage 

▪ Increase in hospital admissions 

▪ Increase in mortality 

▪ Increase in lower respiratory 
symptoms 

▪ Reduction in lung function in children 

▪ Increase in chronic obstructive 
pulmonary disease 

▪ Reduction in lung function in adults 

▪ Reduction in life expectancy 

▪ Reduction in lung function 
development 

(Source: WHO, 2004) 

4.1.2 BTEX 

Vehicular traffic and emission from fossil fuels consumption (wood, coal and petroleum 
products) results in the release of BTEX with more than 90% estimated to come from 
anthropogenic sources (gasoline vapours, vehicle exhaust, and chemical production) 
((Agency for Toxic Substances and Disease Registry (ATSDR), 2000; ATSDR, 2007a; 
ATSDR, 2007b; ATSDR, 2010; Commission for European Communities (CEC, 1998).  

Evidence from studies in humans suggests that BTEX exposure above regulatory limits can 
have reproductive, developmental, respiratory and immune effects. Specific effects include 
sperm abnormalities, reduced foetal growth, low birth weight, cardiovascular disease and 
respiratory dysfunction. Some effects are seen from exposure to the BTEX chemicals 
individually, and others were seen from exposure to the combination (www.tedx.org). In 
addition to the aforementioned health effects, short and long term effects of high levels of 
exposure are summarised in Table 4-2. 

Table 4-2: Short and Long Term Health Effects of Exposure to BTEX 

Short term (Acute) to high levels of VOCs  Long term  (Chronic) to high levels of VOCs 

▪ Eye, nose and throat irritation ▪ Increased risk of: 

▪ Headaches ▪ Cancer 

▪ Nausea / Vomiting ▪ Liver damage 

▪ Dizziness ▪ Kidney damage 

▪ Worsening of asthma symptoms ▪ Central Nervous System damage 

▪ Skin and sensory irritation  

▪ Loss of coordination  

Source: MDH, 2015; ODH, 2014 

https://www.google.co.za/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjX65OXnIfXAhVDI8AKHfwwAhQQFggpMAA&url=https%3A%2F%2Fwww.atsdr.cdc.gov%2F&usg=AOvVaw3wPvAhOlVtD0mGq7ASW7Ix
http://www.tedx.org/
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4.1.3 SO2 

SO2 forms part of the entire group of sulfur oxides (SOx) and constitutes the component of 
greatest concern. Emissions that lead to high concentrations of SO2 generally also lead to 
the formation of other SOx. In the context of this project, the main source of SO2 emissions is 
the use of heavy equipment burning fuel containing sulfur. SO2 can have adverse effects on 
public health and the environment (Alberta Health & Wellness, 2006). 

Short-term exposures to SO2 can affect the human respiratory system, making breathing 
difficult. Children, the elderly, and those who suffer from asthma are particularly sensitive to 
effects of SO2. 

SO2 can react with other compounds in the atmosphere to form small particles. These 
particles contribute to PM pollution in the atmosphere. At high concentrations, gaseous SO2 
can harm trees and plants by damaging foliage and decreasing growth. SO2 and other sulfur 
oxides can contribute to acid rain which can harm sensitive ecosystems. 

4.1.4 NO2 

Some nitrogen dioxide is formed naturally in the atmosphere by lightning, while some is 
produced by plants, soil and water. However, only about 1% of the total amount of NO2 

found in air is formed this way. 

In terms of this Project, NO2 will be generated mainly from the vehicular emissions and 
generator sets. Exposure to elevated levels of NO2 presents the possibility of respiratory 
problems. This pollutant inflames the lining of the lungs, reducing immunity to lung infections 
– exacerbating the occurrence of wheezing, coughing, colds, flu and bronchitis (Kraft et al., 
2005). 

Increased levels of nitrogen dioxide can have significant impacts on people with asthma 
because it can cause more frequent and more intense asthma attacks. Children with asthma 
and older people with heart disease are most at risk. 

4.1.5 CO 

CO, a poisonous, colourless, odourless and tasteless gas is known to be widely associated 
with incomplete combustion of material containing carbon such as gasoline, kerosene, oil, 
propane, coal, or wood. 

CO is harmful when breathed because it displaces oxygen in the blood and deprives the 
heart, brain, and other vital organs of oxygen. Exposure to high concentrations of CO can 
result in loss of consciousness and suffocation. Prior to the aforementioned, tightness across 
the chest, headache, fatigue, dizziness, drowsiness, or nausea are common symptoms. 
Symptoms vary widely from person to person. CO poisoning may occur sooner in those 
most susceptible: young children, elderly people, people with lung or heart disease, people 
at high altitudes, or those who already have elevated CO blood levels, such as smokers. 
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The United States Occupational Safety and Health Administration (OSHA) guideline prohibit 
worker exposure to more than 50 parts of the gas per million parts of air averaged during an 
8-hour time period (OSHA, 2009). 

5 Baseline Environment 

5.1 Project Area 

The predominant land used in the ESIA Study Area is subsistence agriculture. Every 
available space is cultivated. Based on observations during the site visit, more than 80% of 
the daily household chores take place outdoors. Cooking in un-vented kitchens or open 
spaces and burning of leaves and branches shed by native vegetation are common 
occurrences. 

In addition, it is not uncommon to see children of both genders play around their yards on 
dirt surfaces, on the road and any available space. Bicycles constitute the majority of traffic 
on the road coupled with few cars. All the above mentioned activities have implications on air 
quality. 

According to the USEPA (2016), sensitive receptors encompass but are not limited to 
“hospitals, schools, daycare facilities, elderly housing and convalescent facilities. These are 
areas where the occupants are more susceptible to the adverse effects of exposure to toxic 
chemicals, pesticides, and other pollutants”. In addition to the aforementioned, the definition 
covers human settlements where involuntary exposures are likely to occur. Several villages 
are in the vicinity of the ESIA Study Area, such as Biliati, Chikavala, Chinole, Chitimbe, 
Chitsulo, Katawa, Kumalindi, Kubale, Kokotani, Ndumila-1 and Ndumila-2. 

Figure 5-1 shows that there is limited buffer between some of the villages and the project 
infrastructure and some households may have to be relocated. 

  

https://www.google.co.za/url?sa=t&rct=j&q=&esrc=s&source=web&cd=14&cad=rja&uact=8&ved=0ahUKEwir28KDkofRAhXLAcAKHRzQAj4QFghLMA0&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FOccupational_Safety_and_Health_Administration&usg=AFQjCNFSdOs-q1vvjmLjRrc7PjcnTLQ1xw&bvm=bv.142059868,d.d2s
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Figure 5-1: ESIA Study Area 
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5.2 Meteorology 

In Malawi, the climate is tropical, dominated by a rainy season from November to April and 
followed by a dry season from the months of May to August. Three years’ worth of hourly 
weather MM5 (Fifth-Generation Penn State/NCAR Mesoscale Model) data (2015 - 2017) 
from Lakes Environmental Software was used in conjunction with site specific data to 
generate wind rose plots and determine the local prevailing weather conditions in the ESIA 
Study Area. This dataset is a limited-area, non-hydrostatic, terrain-following sigma-
coordinate model designed to simulate or predict meso-scale atmospheric circulation. Onsite 
meteorological data (Kamuzu Dam Weather Station) for the same period was analysed and 
used in combination with the modelled data to understand background meteorology. 

Dispersion of atmospheric pollutants is a function of the prevailing wind characteristics at 
any site. The vertical dispersion of pollution is largely a function of the wind field. The wind 
speed determines both the distance of downward transport and the rate of dilution of 
pollutants. The generation of mechanical turbulence is similarly a function of the wind speed, 
in combination with the surface roughness (Cowherd et al, 1998; Cowherd et al, 2010). 

The amount of PM generated by wind is highly dependent upon the wind speed. Below the 
wind speed threshold for a specific particle type, no particulate matter is liberated, while 
above the threshold, particulate matter liberation tends to increase with wind speed. The 
amount of particulate matter generated by wind is dependent also on the surface properties, 
for example, whether the material is crusted, the fraction of erodible particles, and the 
particle size distribution (Fryrear et al., 1991). 

Wind roses generally comprise of 16 spokes which represent the frequencies and the 
directions from which winds blew during the period. The colours reflect the different 
categories of wind speeds. The dotted circles provide information regarding the frequency of 
occurrence of wind speed and different categories. The figures at the bottom of the legend 
represent the frequency at which calms occurred (periods with wind speed <0.5 m/s). 

The spatial and annual variability in the wind field for the proposed ESIA Study Area is 
evident in Figure 5-2. The modelled data showed dominant winds blow from the southeast 
(22.16%) and south southeast (14.34%) respectively. Secondary winds were from northeast 
(13%), east northeast (10.39%), east southeast (8.11%), east (7.33%) and north northeast 
(5.71%). Calm conditions (wind speeds 5.04 m/s) occurred 1.75% of the time. The site data 
showed very similar results (Figure 5-2 and Figure 5-3), with the dominant winds from south 
southeast (21.3%) and southeast 12.2%). There is a high degree of agreement between 
both sets of data. 

There is some diurnal variation in the meteorological data shown in Figure 5-4. The 
predominant wind direction at night is from the southeast (38.48%) and south southeast 
(23.60%). In the morning hours, the dominant winds are from the southeast (19.25%) and 
northeast (17.96%). In the afternoon, winds from the northeast (17.76%) and north northeast 
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(12.37%) will dominate, in the evenings; winds from south southeast (19.29%) and east 
northeast (13.06%) dominates. 

 

Figure 5-2: Surface Wind Rose (modelled data) 
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Figure 5-3: Surface Wind Rose (Kamuzu Dam Weather Station) 
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Figure 5-4: Diurnal variations of wind at night-time (00:00 – 06:00), morning 06 (00:00 – 
12:00), afternoon (12:00 – 18:00) and evening (18:00 – 00:00) 

The seasonal signature show winds from the south east and south southeast dominant 
during the wet and the dry season. The wind class frequency distribution per sector is given 
in Figure 5-6 (modelled data) and Figure 5-7 (site data). A common conclusion from both 
sets of data is that the wind speed threshold for generating dust (≥5.4 m/s) is low in the area. 
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Figure 5-5: Seasonal variability of winds in rainy season (September – April) and dry 
season (May– August) 
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Figure 5-6: Wind Class Frequency Distribution (Modelled Data) 

 

 

Figure 5-7: Wind Class Frequency Distribution (Kamuzu Dam Weather Station) 

5.2.1 Wind Speed 

One of the factors that favour the suspension dispersal of pollutants in the atmosphere is the 
intensity of the wind speed regime. Wind speed greater than 5.4 m/s leads to erosion of 
loose dust PM and enhances the degree of dispersion across the landscape (Table 5-1 and 
Figure 5-8). Wind speed data from a site near the ESIA Study Area (Kamuzu Dam) revealed 
some similarities to the modelled data, with high wind speed in the months of August through 
to November each year (Figure 5-9). Figure 5-8 and Figure 5-9 show that wind speed 
greater than 5.4 m/s occur every month with increases observed for October and November. 
Although average wind speed is generally below 5.4 m/s, it can be seen from Table 5-1 that 
there is potential for wind erosion each month. In total, the modelled data estimated 14 days 
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in a year recorded wind speed greater than 5.4 m/s. While 17 days in a year was estimated 
from site specific data. 

 

Figure 5-8: Monthly Maximum Wind Speed (Modelled) 

 

 

Figure 5-9: Monthly Maximum Wind Speed (Kamuzu Dam) 
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Table 5-1: Monthly Wind Speed Records (Data from Kamuzu Dam in Bold) 
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Wind Speed (MM5) 7.3 8.1 7.8 8.8 7.9 8.9 7.4 9.1 8.3 10.8 10.4 7.6 

Wind Speed (Kamuzu) 5.0 4.7 5.4 5.1 5.4 5.6 6.4 7.7 7.5 7.5 4.9 3.7 

5.2.2 Temperature 

The monthly maximum and monthly averages temperature for the ESIA Study area is given 
in Table 5-2, and represented graphically in Figure 5-10 and Figure 5-11. The maximum 
temperatures exceeded 30°C from the months of October to March, with 33°C recorded as 
the highest temperature (October). The monthly averages between the modelled data and 
data from Kamuzu Dam showed strong similarities (Table 5-2). 

 

Figure 5-10: Average Monthly Temperature (Modelled) 
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Figure 5-11: Average Monthly Temperature (Kamuzu Dam) 

 

Table 5-2: Monthly Temperature Records (Data from Kamuzu Dam in Bold) 
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Monthly Max.(MM5) 30 31 31 29 27 26 25 27 28 33 31 32 

Monthly Ave (MM5) 23 23 22 20 17 15 15 17 19 21 23 23 

Monthly Ave 
(Kamuzu) 

22 21 21 20 19 18 18 20 22 25 17 16 

5.2.3 Precipitation 

The monthly average rainfall and annual averages for the period under review is reported in 
Table 5-3 for the three-year period (2015-2017). The graphs generated from the modelled 
data and data from Kamuzu Dam meteorological station are presented in Figure 5-12 and 
Figure 5-13. The monthly average rainfall of 322 mm occurred in December as estimated 
from the modelled data. Data from Kamuzu Dam recorded the highest rainfall of 356 mm in 
the month of January. Although the modelled data predicted some precipitation for the 
months of September, October and November, at Kamuzu Dam there was no rainfall 
recorded in September and October, with very little rain in November (Figure 5-13). The 
annual average rainfall reached 922 mm (modelled) and 777 mm (Kamuzu Dam) 
respectively. 
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Figure 5-12: Total Monthly Precipitation (Modelled) 

 

 

Figure 5-13: Total Monthly Precipitation (Kamuzu Dam) 
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Table 5-3: Total Monthly Precipitation Records (Data from Kamuzu Dam in Bold) 
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Ave. Rainfall (MM5) 201 87 61 60 0 2 1 6 13 95 73 322 922 

Ave Rainfall (Kamuzu) 356 194 68 18 4 0 0 0 0 1 14 121 777 

5.2.4 Relative Humidity 

The data in Table 5-4 are representative of the relative humidity for the ESIA StudyESIA 
Study Area. The monthly relative humidity averages ranged between 65% and 75% 
respectively. The highest monthly averages in relative humidity were observed in May 
(71%), June (75%) and July (75%) (Figure 5-14). The estimates from the modelled data are 
slightly different from the data collected at Kamuzu Dam with the maximum observed during 
the months of January, February and March each year (Figure 5-15). This is not unusual 
with modelled and measured data. 

 

Figure 5-14: Average Monthly Relative Humidity (Modelled) 
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Figure 5-15: Average Monthly Relative Humidity (Kamuzu Dam) 

 

Table 5-4: Average Monthly Relative Humidity (Data from Kamuzu Dam in Bold) 
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Monthly Ave 
(Modelled) 

65 65 67 69 71 75 75 71 69 66 62 62 68 

Monthly Ave  
(Kamuzu Dam) 

82 84 82 75 65 60 58 48 41 43 34 46 60 

5.3 Existing Air Quality Scenario 

Prior to the influx of people, vehicles and construction equipment to the ESIA Study Area an 
assessment of the background scenario was imperative. The ambient levels of pollutants 
such as BTEX, TSP, PM10 and PM2.5, NO2, SO2 and CO were assessed on site and at 
surrounding receptors. The concentrations measured in this baseline data collection survey 
are discussed in detail below. 

Figure 5-16 shows the monitoring locations in relation to the ESIA boundary and surrounding 
receptors. The monitoring sites are labeled SML 01 to SML 07 (dust), BTEX (Malingunde 
and BKGD) and AQ-Mesh (real-time monitor that measures PM10, PM2.5. NO2, SO2 and CO 
simultaneously). A brief description of the monitoring locations is provided in Table 5-5. 
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Figure 5-16: Malingunde Monitoring Locations 
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Table 5-5: Description of the Monitoring Sites (Datum WGS84. Projection UTM36L) 

Site name Location Description Site category Pictures 

Dust  
Settlements within the residential dwellings in 
the vicinity of the Project 

North, East, Southwest, West, south and 
southeast of the ESIA Study Area 

Village settlements 

 

BTEX Residential area and Kamuzu Dam Southeast of the ESIA Study Area Village settlements 

 

PM10, PM2.5, NO2, SO2 and CO Kamuzu Dam Southeast of the project site Village settlements 
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5.3.1 Particulate Matter 

5.3.1.1 Dust Fallout 

5.3.1.1.1 Sampling Methodology and Analysis 

The dust fallout is measured following the methodology prescribed in ASTM D1739-98 
(2010) – Standard Test Method for Collection and Measurement of Dust Fallout (Settleable 
Particulate Matter) adopted in South Africa. Monitoring is on-going at 7 single dust fallout 
monitoring sites (SML 01 to SML 07). The selection of sampling sites was in accordance 
with the guideline, which stipulates monitoring at a nearby sensitive receptor coupled with 
sites covering the main compass points around the ESIA Study Area. 

This method uses a passive wet dust collector, which comprises of a vertical pole of 
approximately 2 metres above the ground, and a 5 litre bucket with a surface area of 
227 cm2 (Lewis, 1983; Lodge 1988). Each bucket contains 4 litres of distilled water to which 
copper sulfate - CuSO4 (25 mg-1 solution) was added. The presence of CuSO4 in solution 
prevents algae growth (Krah et al., 2004). Due to complications in accessing distilled water, 
the use of tap water was advised as an alternative; each time this is used, a blank sample of 
tap water is collected and sent along with exposed samples to the laboratory for analysis. 
The exposure period recommended sampling window of 30±2 days, set out in dust fallout 
monitoring methodology. 

5.3.1.2 Results 

The dust deposition rates measured in the ESIA Study Area for the months of December 
2017 to July 2018 are presented in Table 5-6 and discussed graphically in Figure 5-17 
below. The exposure period each month complied with the standard operating procedure of 
30 days (±2 days). Data recovery for dust buckets was ~71%, with missing data from 
SML 01 and SML 07 for the months of January, February, March, June and July 2018. 
These results were analysed and compared with the South African National Dust Control 
Standard which classifies deposition rates into residential and non-residential. 

Deposition rates measured were below the recommended residential limit of 600 mg/m2/day 
until June 2018. In July, four of the sites out of a total of five sites with data exceeded the 
residential limit. With regards to the green dotted line, it represents the limit below which the 
dust fallout levels are permissible for residential areas. The red dotted line represents the 
limit below which the dust fallout levels are permissible for non-residential areas. 
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Table 5-6: Malingunde Dust Fallout Results 

Site 

Dust levels measured in mg/m2/day 

Site location Site category Applicable Standard (Residential limit) 

D
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-1
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18
 

Fe
b-

18
 

M
ar

-1
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A
pr

-1
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M
ay

-1
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Ju
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18
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8 

SML 01 

Malawi 

Residential 

600 mg/m2/day 

(residential) 

50 0 0 0 0 0 0 0 

SML 02 Residential 56 284 98 149 141 143 346 1219 

SML 03 Residential 14 127 110 124 131 125 209 323 

SML 04 Residential 128 131 0 0 54 141 454 700 

SML 05 Residential 40 366 77 207 127 93 378 672 

SML 06 Residential 103 150 173 155 79 64 246 684 

SML 07 Residential 2 0 0 0 0 0 0 0 

Exceedance of residential limit 0% 0% 0% 0% 0% 0% 0% 80% 

*Higher than the standard 
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Figure 5-17: Dust Fallout Rates (December 2017 to July 2018) 
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5.3.1.3 PM10/PM2.5 Concentration 

5.3.1.3.1 Sampling Methodology and Analysis 

A representative monitoring site was selected, where the real-time particulate monitor was 
installed – AQ-Mesh® with capability to monitor PM10 and PM2.5 simultaneously. In order to 
capture the ambient airborne particulate matter concentration in the ESIA Study Area, the 
instrument resolves pollutants concentrations into hourly and daily averaging periods. The 
data recorded in the CSV (comma-separated values) format was exported directly into 
Microsoft® Excel for analysis and interpretation. Figure 5-18 shows the AQ-Mesh® real-time 
monitor at Kamuzu Dam sampling background levels of pollutants. 

 

Figure 5-18: AQ-Mesh® Real-Time Monitor at Kamuzu Dam 

5.3.1.3.2 Results 

Figure 5-19 and Figure 5-20 show the PM10 concentrations at the ESIA Study Area. 
Although the instrument was setup in February of 2018, it struggled to maintain connectivity 
due to the intermittent / complete loss of telecommunication signals. Connectivity was 
established in February/March, but was lost in April and only re-established again in August 
2018 temporarily for a period of three weeks. The technicians are still trying to diagnose the 
reasons for the aforementioned and provide permanent solution. 
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PM10 levels observed in the months of February and March were below the MBS limit of 
25 µg/m3, with only 2 exceedances observed (Figure 5-19). However, in August, several 
exceedances were observed (Figure 5-20). The levels of PM2.5 measured showed similar 
signature. PM2.5 levels were below the WHO guideline as MBS do not have limit for daily 
averaging period (Figure 5-21). In August, exceedances were observed, with ambient 
concentration above the WHO limit on several occasions (Figure 5-22). The reason for the 
exceedances observed may be due to localised high wind episodes eroding fine PM from 
open areas and dirt roads in the area. 
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Figure 5-19: Ambient PM10 24-hour concentrations (February and March 2018) 
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Figure 5-20: Ambient PM10 24-hour concentrations (August 2018) 
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Figure 5-21: Ambient PM2.5 24-hour concentrations (February and March 2018) 
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Figure 5-22: Ambient PM2.5 24-hour concentrations (August 2018) 
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5.3.2 Gaseous Pollutants (BTEX, NO2, SO2 and CO) 

5.3.2.1 BTEX Sampling Methodology and Analysis 

Two monitoring sites have been set up in the ESIA Study area. The Radiello® cartridges 
were set at two locations, one at a background site (Kamuzu Dam) with limited vehicle 
access and the other within the community with lots of biomass burning from cooking and 
bush fire. BTEX levels measured will serve as baseline to future perturbation will be 
compared for regulatory and compliance purposes. The BTEX are usually exposed for 14 
days and then samples are collected and sent to the laboratory for chemical analysis. 

5.3.2.2 BTEX Results 

Table 5-7 and Table 5-8 show the results of the BTEX levels measured from January 2018 
to May 2018. The results are compared to the USEPA-IRIS RFC guidelines in order to 
assess background levels. The ambient levels were within the IRIS RFC guideline. The 
results confirm that exposure levels in the Project area are very low with negligible impact 
based on ambient air quality. The BTEX levels measures at the two different sites were very 
similar in concentration. 

Table 5-7: BTEX (Residential Area) 

Sampling Period  
Benzene Toluene Ethyl-benzene Xylene 

mg/m3 mg/m3 mg/m3 mg/m3 

January 2018 0.0018 0.0005 0.0010 0.0006 

February 2018 0.0001 0.0001 0.0001 0.0001 

March 2018 0.0001 0.0001 0.0001 0.0001 

April 2018 0.0001 0.0001 0.0001 0.0001 

May 2018 0.0006 0.0006 0.0001 0.0003 

 USEPA_IRIS 
Limits (mg/m3) 

0.03* 1* 5* 0.1* 

 

Table 5-8: BTEX (Background) 

Sampling Period  
Benzene Toluene Ethyl-benzene Xylene 

mg/m3 mg/m3 mg/m3 mg/m3 

January 2018 0.0018 0.0006 0.0010 0.0006 

February 2018 0.0001 0.0001 0.0001 0.0001 

March 2018 0.0001 0.0001 0.0001 0.0001 

April 2018 0.0001 0.0001 0.0001 0.0001 
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Sampling Period  
Benzene Toluene Ethyl-benzene Xylene 

mg/m3 mg/m3 mg/m3 mg/m3 

May 2018 0.0008 0.0006 0.0001 0.0003 

 USEPA_IRIS 
Limits (mg/m3) 

0.03* 1* 5* 0.1* 

5.3.2.3 NO2 , SO2, CO Sampling Methodology and Analysis 

The same real-time monitor, the AQ-Mesh® used in sampling particulate matter was used to 
measures the ambient concentration of NO2, SO2 and CO in the Project area. The data was 
recorded in the CSV (comma-separated values) format, and exported directly into Microsoft® 
Excel for analysis and interpretation. Detail discussion of the AQ-Mesh is provided in Section 
5.3.1.3.1. 

5.3.2.4 NO2, SO2, CO Results 

Figure 5-23 shows the result of the NO2 levels measured in the months of February and 
March 2018. The instrument that was scheduled to monitor ambient levels continuously 
malfunctioned due to loss of internet connectivity which the instrument strongly relied on to 
transmit data to the server. The ambient concentrations measured are very low compared 
against the MBS 1-hour limit of 0.23 mg/m3. In August 2018 (Figure 5-24), connectivity was 
established again and the instrument samples for a period of three weeks. The 
concentrations measured were shown to be lower than the MBS limit, with no exceedance 
observed. The record will serve as baseline to which future measurements can be compared 
with to assess impacts and compliance. 

Figure 5-25 shows the result of the SO2 levels measured in the months of February and 
March 2018. The ambient concentrations measured during February and March of 2018 
were very low and within the MBS limit of 0.21 mg/m3. However, the ambient concentrations 
measured from 3 to 7 August 2018 (Figure 5-26) showed ambient levels that were at the 
MBS 24-hour limit and above. Although the activities taking place on that day cannot be 
verified, it is strongly believed that the traffic volume was high on those days leading to the 
high concentrations of SO2 measured. 

Figure 5-27 shows the result of the CO levels measured in the months of February and 
March 2018. The ambient concentrations measured during February and March of 2018 
were very low and within the MBS limit of 10.1 mg/m3. The ambient concentrations 
measured in August 2018 (Figure 5-28 ) showed ambient levels that were also within the 
MBS 24-hour limit. 
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Figure 5-23: Ambient NO2 1-hour concentrations (February/March 2018) 
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Figure 5-24: Ambient NO2 1-hour concentrations (August 2018) 
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Figure 5-25: Ambient SO2 24-hour concentrations (February/March 2018) 
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Figure 5-26: Ambient SO2 24-hour concentrations (August 2018) 
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Figure 5-27: Ambient CO 24-hour  concentrations (February/March 2018) 
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Figure 5-28: Ambient CO 24-hour concentrations (August 2018) 

 



Air Quality Baseline Assessment 

Malingunde Flake Graphite Project in Malawi 

SML4726 
 

 

 

Digby Wells Environmental 31 

 

6 Potential Impacts 

6.1 Construction Phase 

The construction phase will comprise land clearing and development of the Project and 
associated infrastructure. In order to determine the significance of the potential for impacts it 
was imperative to conduct background assessment of air quality in the proposed Project 
area, and findings have been discussed in this report. Pollutants likely to be emitted during 
this phase, both PM and gases will serve as reference for future assessment when 
appraising impacts. It is left to be seen if emissions released during this phase will 
exacerbate background levels of the pollutants measured. 

6.1.1 Operational Phase 

During the operational phase, emissions will most likely be skew towards fugitive emissions 
generation from the haul roads and wind erosion of storage facilities. During this phase 
different activities ranging from soil stripping, excavation, handling and storage of materials; 
transportation of workforce and materials will be conducted. Dust generation will be a 
prominent feature of these activities for the LoM. 

The potential impacts anticipated during this phase will be assessed at a later stage with 
AERMOD dispersion model. Pollutants of interest that will be modelled from line, area and 
volume sources include PM and gaseous pollutants discussed earlier. 

Model simulations will be generated from worst case scenario, assuming that all sources of 
pollutants are without mitigation measures in place. On the other hand, model simulation 
with mitigation measures in place to highlight the benefits of mitigation on the surrounding 
ambient air quality will be compared with standards to appraise compliance. 

6.1.2 Decommissioning Phase 

This will be short-term as concurrent rehabilitation will be conducted, removal of 
infrastructure will only disturb a small area and the final rehabilitation focussing on top of the 
decommissioned facilities. Since the process of reshaping and restructuring the top of the 
discard facilities is going to be temporary, impacts on air quality will likely be minimal. 

7 Conclusion 

The baseline meteorology showed that the dominant winds blows from the southeast 
(22.16%) and south southeast (14.34%) respectively. Wind speed intensity greater than 
5.4 m/s will occur for 4.4% of the time based on the modelled data. The site data returned a 
much lower percentage (0.2%). 
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The dust deposition rates observed in the Project area were generally within the 
recommended residential limit (600 mg/m2/day), except July 2018. In July, exceedances 
were observed at 80% of the monitoring sites. With majority of the sites in exceedance, the 
elevated PM in the atmosphere can be attributed to a regional wind storm event. 

PM10 levels observed in the months of February and March were below the MBS limit of 
25 µg/m3, with only 2 exceedances observed. However, in August, several exceedances 
were observed. The levels of PM2.5 measured showed similar signature to the PM10. PM2.5 

levels were below the WHO guideline as MBS do not have limit for daily averaging period. In 
August, the PM2.5 levels showed several exceedances of MBS limit of 25 µg/m3. 

The gaseous pollutants in the Project area i.e. NO2 and CO concentrations were within the 
MBS limits, SO2 levels were in exceedance of the MBS 24-hour limit for several days. These 
exceedances are likely due to the influx of vehicle in the area. 

The main outcome of this study is that a comprehensive understanding of the background air 
quality now exists. Background concentrations of various pollutants measure will serve as 
“reference” to which future measurement can be compared. It is confirmed that background 
levels are sometimes higher than regulatory limits. With the knowledge of the 
aforementioned, it further stresses the need for adequate mitigation measures to be factored 
into its day-to-day operation of the mine, to avoid exacerbating ambient levels of pollutants. 
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