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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 
Impact Assessment, 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. In addition, it took cognisance of the standards as prescribed by the International 
Finance Corporation (IFC) Performance Standards and the Equator Principles. 

The baseline study have been completed and submitted. It encompasses the project 
description; assessment of the baseline meteorology and existing air quality scenario of the 
area (for further details, reference should be made to the baseline report). 

The main aim of this impact assessment was to establish the ground level concentration 
(GLC) of different pollutants due to the future mining and processing activities. To achieve 
this aim, emissions inventory (i.e. evaluating emission rates from the different sources) and 
dispersion modelling were conducted. Pollutants assessed include: 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), sulfur dioxide (SO2), nitrogen dioxide 
(NO2) and carbon monoxide (CO) at the Environmental and Social Impact Assessment 
(ESIA) area and at selected locations in the vicinity of the Project. 

Results from the operational phase of this Project looking at worst-case scenario (i.e. without 
mitigation measures in place) and the implications for the ambient air quality of the Project 
area are discussed. The main findings are summarised as follows: 

■ Predicted PM2.5 24-hr GLC for daily and annual averaging periods showed areas with 
exceedances that extended some 2200 m from the processing plant / pit area. The 
WHO 24-hr guideline of 25 µg/m³ and the MBS annual limit of 8 µg/m³ were not 
exceeded at the selected receptors, except Kumalindi, with daily GLC of 12.8 µg/m³ 
and annual GLC of 68.4 µg/m³; 

■ The 24-hour MBS standard of 25 µg/m³ for PM10 was exceeded at Chikavala 
(39.5 µg/m³), Kumalindi (154.6 µg/m³), Malingunde (37.9 µg/m³), Ndumila 
(68.4 µg/m3). The predicted annual GLC for the sensitive receptors were below the 
WHO guideline of 20 µg/m³ (no MBS limit for this averaging period) at the selected 
receptors, except at Kumalindi with GLC of 47.3 µg/m³; 

■ Model simulation for the dust deposition rates confirms that areas where the 
residential and non-residential limits of 600 mg/m2/day and 1,200 mg/m2/day were 
extended some 2809 m from the processing plant / pit area. Deposition rates 
predicted for the sensitive receptors were below the standard, except at Kumalindi 
where excceedance was predicted (1244 mg/m2/day). With mitigation measures in 
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place impacts, levels at Kumalindi were reduced to 794 mg/m2/day (not necessarily 
below limit values); 

■ The SO2-1-hr, SO2 24-hr and SO2 1-yr GLCs were below the MBS limits for the 
respective averaging periods on-site and at sensitive receptors. Impacts are not 
anticipated during the operational phase; 

■ Model prediction confirms that NO2 1-hr GLC may exceed the MBS limit of 230 µg/m3 
on-site and at selected receptors: Chikavala (298.7 µg/m³), kumalindi (644.6 µg/m3), 
Malingunde (233.4 µg/m³) and Mningo (262.2 µg/m3). The predicted NO2 1-yr GLC 
returned very low levels that were below the MBS limit of 60 µg/m3. With mitigation 
measure in place, emissions of this pollutant can be reduced by up to 80%; 

■ Model predictions confirm that the CO 1-hr GLC is unlikely to exceed the MBS limit of 
40100 µg/m3 on-site and at off-site locations. Similarly, the predicted CO 8-hr GLC 
was below the MBS limit value (10310 µg/m3), with negligible impact expected on the 
ambient environment. 

Background levels of PM10, PM2.5 and SO2 have been measured above limit levels in the 
ESIA study area, additional emissions from the mining and processing operation without 
mitigation may exacerbate GLC. However, with mitigation measures implemented as part of 
the day-to-day operation of the mine, ambient levels are not expected to exceed the 
respective standards. 
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1 Introduction 
Digby Wells Environmental (hereafter Digby Wells) was requested by Dhamana Consulting, 
on behalf of Sovereign Metals Limited (hereafter Sovereign), to conduct an Air Quality 
Impact Assessment, 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. In addition, it took cognisance of the standards as prescribed by the International 
Finance Corporation (IFC) Performance Standards and the Equator Principles. 

The baseline study have been completed and submitted. It encompasses the project 
description; assessment of the baseline meteorology and existing air quality scenario of the 
area. This impact assessment should be read in conjunction with the air quality baseline 
report. 

2 Terms of Reference 
As part of the Terms of Reference (ToR), Digby Wells undertook an Air Quality Impact 
Assessment (AQIA) of the Project area in compliance with the Malawian EMA, which defines 
the precepts of the ESIA (Guidelines for EIA, Malawi Environmental Affairs Department (Act 
No. 19 of 2017). This AQIA report includes: 

■ Emission Inventory and dispersion modelling; and 

■ Impact Assessment; and 

■ Management and monitoring plan 

3 Assumptions and Limitations 
Assumptions and limitations for the AQIA are listed below: 

■ Power will be generated on-site (during construction and the first few years of 
operation) by 5 of 1 MW high-speed generators and the engines will be diesel fired;  

■ SO2 from diesel consumption was calculated based on sulfur in the fuel of 500 ppm. 
This approach assumes complete conversion of sulfur to SO2. With the generated at 
full capacity, consuming 72 gal/hr (~195.84 kg/hr); and 

■ Modelling assumed a worst-case scenario without mitigation measures in place at 
the mine. 

4 Applicable Standards for the AQIA 
The Malawian Standard Industrial Emissions from Mobile and Stationary Sources-
Specifications (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: 
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■ PM2.5 Daily (WHO guidelines, see Table 4-1); and 

■ TSP (the South African standard (National Dust Control Regulations (2013), 
published in Government Notice 827 in Gazette 36974 on 1 November 2013) shown 
in Table 4-2. 

Table 4-1: WHO (2005) and MBS (2005) Ambient Air Quality Standards 

Pollutant 
WHO and MBS Ambient Air Quality Guideline 

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

CO 
1 Hour 40,100 - 

8 Hours 10,310 - 

SO2 

1 Hour 520  

24-hour 210 20 

1 Year 50  

NO2 

 

1-Hour 230 200 

1 Year 60 40 

PM10  
1-year - 20 

24-hour 25 50 

PM2.5 
1-year 8 10 

24-hour - 25 

 

Table 4-2: 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 
 

5 Impact Assessment Methodology 
The methodology adopted in assessing the potential impacts from the proposed mining 
operation encompasses the following: 
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Figure 5-1: Air Quality Impact Assessment Methodology 

In the impact assessment phase, an emissions inventory was developed, followed by model 
simulations to predict GLC of criteria pollutants. The predicted GLC were compared with the 
applicable standards to assess compliance, informed the recommended mitigation measures 
and the development of a management plan, as well as monitoring requirements. 

5.1 Emissions Inventory 
Emission factors published by the USEPA in its AP-42 document “Compilation of Air 
Pollution Emission Factors” (USEPA, 1995; 1998; 2016) and Australian National Pollutant 
Inventory “Emission Estimation Technique (EET, 2012)” manuals were employed. 

Quoting directly from the USEPA AP-42 (2016), …”air pollutant emission factors are 
representative values that attempt to relate the quantity of a pollutant released to the 
ambient air with an activity associated with the release of that pollutant. These factors are 
usually expressed as the weight of pollutant divided by a unit weight, volume, distance, or 
duration of the activity emitting the pollutant. Such factors facilitate estimation of emissions 
from various sources of air pollution. In most cases, these factors are simply averages of all 
available data of acceptable quality, and are generally assumed to be representative of long-
term averages”. 

The equations and parameters used in the calculations of the emissions anticipated from 
various sources within the proposed operation are discussed in detail below (Table 5-1). 
Criteria pollutant considered encompasses the following pollutants: TSP, PM10 and PM2.5, 
SO2, NO2, and CO. 

Table 5-1: Emission Factor Equations Used for each Activity 

Activity Emission Equation Source Information assumed/provided 

https://en.wikipedia.org/wiki/Pollutant
https://en.wikipedia.org/wiki/Air_pollution
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Activity Emission Equation Source Information assumed/provided 

Materials 
handling 
(including 
conveying) 

( )

( )

( )
4.1

%

3.1
/

/

2

2.2
0016.0



















=
M

U

kEF

sm

TSPtkgTSP

 
Where, 
E = Emission factor (kg dust / t transferred) 
U = Mean wind speed (m/s) 
M = Material moisture content (%) 
 
The PM2.5, PM10 and TSP fraction of the emission factor is 
5.3%, 0 35% and 0 74% respectively. 
 
An average wind speed of 2.47 m/s (site data) was used 
based on the meteorological records from Kamuzu Dam for 
period 2014 – 2016.  

US-EPA 
AP42 Section 
13.2.4, 1998 

The moisture contents of materials 
are as follows: 
Ore:8% 
TSF: 10% (Assumed) 
 
The throughput of ore was 600,000 
tpa 
Mining will  occur during daylight 
hours (Monday to Friday) and the 
processing plant will operate 24 
hrs per day, 7 days per week 

Vehicle 
entrainment on 
unpaved surfaces 

( ) ( ) btwaskEF
VKT
KG )

3
)(*)

12
%(**

6093.1
4536.0

)(
=  

Where, 
E = particulate emission factor in grams per vehicle km 
travelled (g/VKT) 
k = basic emission factor for particle size range and units of 
interest 
s = road surface silt content (%) 
W = average weight (tonnes) of the vehicles travelling the 
road = 40 t  
 
The particle size multiplier (k) is given as 0.15 for PM2.5 and 
1.5 for PM10, and as 4.9 for TSP 
 
The empirical constant (a) is given as 0.9 for PM2.5 and 
PM10, and 4.9 for TSP 
 
The empirical constant (b) is given as 0.45 for PM2.5, PM10 
and TSP 

US-EPA 
AP42 Section 
13.2.2, 1998 

In the absence of site-specific silt 
data, use was made of the default 
silt content: 
Mine Road: 6.9% 
Operational transport activities 
onsite include the transport of ore 
to the plant and waste to the 
stockpile.  
 
Mining will occur during daylight 
hours (Monday to Friday) and the 
processing plant will operate 24 
hrs per day, 7 days per week. 
 
The capacity of the haul trucks to 
be used was given as 40 t. 
 
The layout of the haul roads was 
assumed (25 m). 

Sizer and 
screening 

Primary: 
𝐸𝑇𝑆𝑃 = 0.03 𝑘𝑔 𝑡⁄  𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑑 

Secondary: 
𝐸𝑇𝑆𝑃 = 0.01 𝑘𝑔 𝑡⁄  𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑑 

 
Where, 
E = Default emission factor for high moisture content ore 

NPI, 2012: 
Mining 

The throughput of material was 
provided as 600,000 tpa ore. 

 

Hours of operation were given as 
24 hrs per day, 7 days per week. 

Primary, secondary and tertiary 
sizer at the plant.  

Wind Erosion 

 

USEPA, 1998 The silt contents of materials are 
as follows: 
Ore:3.4% 
Topsoil: 6.9% 
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Activity Emission Equation Source Information assumed/provided 

 TSF: 6.1% (Assumed) 

 

Generator Sets Dafault Emmision Factors for pollutants: 
PM10: 0.1 g/s 
NOx: 8.7 g/s 

CO: 0.4 g/s 

………………………….. 

Power will be generated on-site by 5 of 1 MW high-speed 
generators in an N+2 configuration for a total installed 
continuous capacity of 3 MW. The engines will be diesel 
fired and housed in a power station located adjacent the 
process plant.  
SO2 from diesel consumption was calculated of sulfur in the 
fuel of 500ppm. This approach assumes complete 
conversion of sulfur to SO2. With the generated at full 
capacity, 72 gal/hr (~195.84 kg/hr) is consumed. 
SO2: 0.054 g/s 

 

Caterpillar 
(Technical 
data), 2002  

Parameters applied: 
Exit temperature: 446.8K 
Stack inner diameter: 0.2m 
Exit Velocity: 41,03 m/s 
Release height: 15 m 
Gas exit flow rate: 2.9 m3/s 

 

5.2 Air Quality Dispersion Modelling 
Dispersion models compute ambient concentrations as a function of source configurations, 
emission rates and meteorological characteristics, thus providing a useful tool to ascertain 
the spatial and temporal patterns in GLCs of pollutants arising from the emissions of various 
sources. All emission scenarios were simulated using the USEPA's Preferred / 
Recommended Models: AERMOD modelling system. 

The mesoscale model, known as MM5 (Fifth-Generation Penn State/NCAR Mesoscale 
Model)) is a limited-area, non-hydrostatic, terrain-following sigma-coordinate model designed 
to simulate or predict meso-scale atmospheric circulation. MM5 modelled meteorological 
data set for full three calendar years was obtained from Lakes Environmental in Canada. 
This dataset consists of surface and upper air meteorological data required to run the 
dispersion model. 

5.2.1 Modelling Domain 

The influence of the terrain will vary with the source height and position and the local 
meteorology. Table 5-2 gives an overview of meteorological parameters and basic setup 
options for the AERMOD model runs. 

Table 5-2: Summary of Meteorological and AERMET Parameters 

Number of grids (spacing) 200 m 

Years of analysis January 2014 to December 2016 

Centre of analysis Malingunde (14.142536 S, 33.660542 E) 

Meteorological grid domain 20 km (east-west) x 20 km (south-north) 
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Meteorological grid cell resolution 20 km x 20 km 

Station Base Elevation 1183 m 

MM5-Processed Grid Cell (Grid Cell 
Centre) 

14.142536 S, 33.660542 E 

Anemometer Height 13 m 

Sectors 
The surrounding area land use type was considered to 
be cultivated 

Albedo 0.28 (generated with the AERMOD Model – when the 
land use types are specified) 

Surface Roughness 0.0725 

Bowen Ratio 0.75 

Terrain Option Flat  

 

5.3 Dispersion Model Simulation Results 
The modelling considered the worst case scenario (without mitigation measure in place). 
The model results consist of graphical representation of GLC (in µg/m3) for the different 
pollutants, and TSP rates are presented in mg/m2/day. The daily averages were calculated 
as the 4th highest value (99th percentile). Annual averages were shown as the 1st highest 
value (100th percentile). The predicted daily, monthly and annual GLC for the modelled 
pollutants at selected receptors are provided in Section 6.3.1. 

5.3.1 Isopleth Plots and Evaluation of Modelling Results 

5.3.1.1 PM2.5 Predicted Impacts 

The 24-hour modelled GLC of PM2.5 predicted due to the proposed operation at Malingunde 
returned simulation isopleths shown in Figure 5-2 (PM2.5 daily) and Figure 5-3 (PM2.5 
annual). 

Since MBS does not have a standard for PM2.5 daily, the WHO guideline was used to assess 
impacts in the proposed Project area. The model simulations are worst-case scenario 
(assuming no mitigation measure will be in place at the mine). Areas where the 24-hour 
WHO standard of 25 µg/m³ were exceeded are indicated in Figure 5-2. The GLC predicted 
at the selected sensitive receptors were below the respective daily and annual limit values 
(Table 5-3), except at Kumalindi (due to its proximity to project activities and infrastructure). 
The predicted annual GLCs were compared with the MBS limit of 8 µg/m³, and areas with 
exceedance are indicated in Figure 5-3.  

Table 5-3: Predicted PM2.5 Concentrations at Sensitive Receptors 

Site ID X Y Daily Averaging Period Annual Averaging Period 
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(WHO: 25 µg/m3) (MBS: 8 µg/m3) 

Chikavala 572803,16 8438466,32 11.3 0.7 

Kumalindi 571688,51 8437474,07 68.4 12.8 

Malingunde 569377,51 8433434,23 11. 0.6 

Ndumila 572298,23 8435146,33 17.5 1.2 

Mningo 568479,59 8436257,24 6.7 0.8 

* Red indicates exceedance of the limit 

5.3.1.2 PM10 Predicted Impacts 

The predicted PM10 24-hour GLC  simulation isopleths are shown in Figure 5-4 (PM10 daily) 
and Figure 5-5 (PM10 annual). 

The model simulations assumed worst-case scenario (with no mitigation measure in place at 
the mine). The 24-hour MBS standard of 25 µg/m³ was exceeded at the communities of 
Chikavala (39.5 µg/m³), Kumalindi (154.6 µg/m³) Ndumila (68.4 µg/m3), and Malingunde 
(37.9 µg/m³) (Table 5-4). The predicted annual GLCs were compared with the WHO 
guideline of 20 µg/m³ (no MBS limit for this averaging period); no exceedances were 
observed at selected receptors, except at Kumalindi (Figure 5-5). The predicted daily and 
annual GLCs at the selected sensitive receptors are depicted in Table 5-4. 

Table 5-4: Predicted PM10 Concentrations at Sensitive Receptors 

Site ID X Y 
Daily Averaging Period 

(MBS: 25 µg/m3) 
Annual Averaging Period 

(WHO: 20 µg/m3) 

Chikavala 572803,16 8438466,32 39.5 2.7 

Kumalindi 571688,51 8437474,07 154.6 47.3 

Malingunde 569377,51 8433434,23 37.9 2.1 

Ndumila 572298,23 8435146,33 68.4 4.2 

Mningo 568479,59 8436257,24 24.4 2.8 

* Red indicates exceedance of the limit 

5.3.1.3 TSP Predicted Impacts 

The predicted dust deposition rates (represented as TSP) are shown in Figure 5-6. Model 
simulation for the dust deposition rates confirms that areas where the residential and non-
residential limits of 600 mg/m2/day and 1,200 mg/m2/day were exceeded are located within 
the ESIA study area (within 2000 m at the farthest distance of the Project activities) without 
mitigation measures in place (worst case scenario) (Figure 5-6). For this pollutant, model 
simulation with mitigation measures applied was generated and the resulting isopleths are 
depicted in Figure 5-7. With mitigation measures applied, the areas of exceedance were 
further minimised (within 823 m at the farthest distance of the Project activities), indicating 
effective dust management can be achieved.   
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Deposition rates at the selected receptors were below the residential limit of 600 mg/m2/day, 
except at Kumalindi(Table 5-5). Table 5-5 shows the deposition rates after mitigation and the 
effectiveness of the measures applied. 

Table 5-5: Predicted Dust Deposition Rates at Sensitive Receptors 

Site ID X Y 
Monthly Averaging Period 
(SA Standards: 600 / 1200 

mg/m2/day) 

Monthly Averaging Period 
(SA Standards: 600 / 1200 
mg/m2/day) with mitigation 

Chikavala 572803,16 8438466,32 164 27 

Kumalindi 571688,51 8437474,07 1244 794 

Malingunde 569377,51 8433434,23 135 23 

Ndumila 572298,23 8435146,33 408 64 

Mningo 568479,59 8436257,24 257 44 

* Red indicates exceedance of the limit 

5.3.1.4 SO2 Predicted Impacts 

Model predictions confirm that the SO2 1-hr and SO2 24-hr GLC are all below the MBS limits 
for the different averaging periods (Figure 5-8). Although the predicted impacts from this 
pollutant are low based on model simulations, background levels higher than the MBS limit 
were recorded on site. Hence, additions from mining related activities may result in impact at 
onsite and at the selected receptors (Table 5-6). 

Table 5-6: Predicted SO2 Concentrations at Sensitive Receptors 

Site ID X Y 
1-hr Averaging 
Period (MBS: 

520 µg/m3) 

24-hr Averaging 
Period (MBS: 

210 µg/m3) 

1-yr Averaging 
Period (MBS: 

50 µg/m3) 

Chikavala 572803,16 8438466,32 5.9 0.5 0.01 

Kumalindi 571688,51 8437474,07 14.2 4.4 1.3 

Malingunde 569377,51 8433434,23 4.8 0.5 0.03 

Ndumila 572298,23 8435146,33 7.4 0.4 0.01 

Mningo 568479,59 8436257,24 8.1 1.1 0.09 

5.3.1.5 NO2 Predicted Impacts 

The predicted 1-hour NO2 GLCs were higher than the MBS standard of 230 µg/m³ at the 
communities of Chikavala (298.7 µg/m³), Kumalindi (644.6 µg/m³), Malingunde (233.4 µg/m³) 
and Mningo (262.2 µg/m3). However, with dilution and dispersal overtime, the predicted NO2 
1-year GLC were below the MBS limit of 60 µg/m3 (Figure 5-11). The predicted GLC at the 
selected sensitive receptors are depicted in Table 5-7, with red indicating receptor(s) where 
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exceedance occurred. Emissions of this pollutant can be mitigated by the use of catalytic 
converters, with ability to reduce emissions by up to 80%, reported in literature1.  

Table 5-7: Predicted NO2 Concentrations at Sensitive Receptors 

Site ID X Y 
1-hr Averaging Period 

(MBS: 230 µg/m3) 
1-yr Averaging Period 

(MBS: 60 µg/m3) 

Chikavala 572803,16 8438466,32 298.7 1.4 

Kumalindi 571688,51 8437474,07 644.6 36.4 

Malingunde 569377,51 8433434,23 233.4 1.7 

Ndumila 572298,23 8435146,33 194.8 1.2 

Mningo 568479,59 8436257,24 264.2 4.4 

* Red indicates exceedance of the limit 

5.3.1.6 CO Predicted Impacts 

Model predictions confirm that the 1-hr CO GLC and 8-hr CO GLC will not exceed the MBS 
limit values of 40 100 µg/m3 and 10 310 µg/m3 respectively at the site and at sensitive 
receptors. The levels predicted are considered to be insignificant, with negligible impacts on 
the surrounding environment (Figure 5-12 and Figure 5-13). The predicted 1-hr CO and 8-hr 
CO GLCs at the selected receptors are depicted in Table 5-8 below. 

Table 5-8: Predicted CO concentrations at Sensitive Receptors 

Site ID X Y 1-hr Averaging Period 
(MBS: 40100 µg/m3) 

8-hr Averaging Period 
(MBS: 10310 µg/m3) 

Ndumila 572298,23 8435146,33 24.2 5.4 

Mningo 568479,59 8436257,24 37.6 14.9 

Chikavala 572803,16 8438466,32 25.4 7.2 

Malingunde 569377,51 8433434,23 23.7 7.9 

                                                 

1 Kalam et al., 2009, Development and test of a new catalytic converter for natural gas fuelled engine, Sadhan a¯  Vol. 34, Part 
3, pp. 467–481 
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Figure 5-2: Predicted 4th highest (99th percentile) daily PM2.5 Concentrations (µg/m3) 
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Figure 5-3: Predicted 1st highest (100th percentile) Annual PM10 Concentrations (µg/m3) 
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Figure 5-4: Predicted 4th highest (99th percentile) daily PM10 Concentrations (µg/m3) 
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Figure 5-5: Predicted 1st highest (100th percentile) Annual PM10 Concentrations (µg/m3) 
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Figure 5-6: Predicted (100th percentile) Monthly TSP Deposition Rates (mg/m2/day) 
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Figure 5-7: Predicted (100th percentile) Monthly TSP Deposition Rates (mg/m2/day) with mitigation 

 



Air Quality Impact Assessment 

Malingunde Flake Graphite Project in Malawi 

SML4726 
 

 

 

Digby Wells Environmental 23 

 

 

Figure 5-8: Predicted SO2 1-hr Concentrations (µg/m3) 
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Figure 5-9: Predicted SO2 24hr Concentrations (µg/m3 
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Figure 5-10: Predicted NO2 1-hr Concentrations (µg/m3) 
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Figure 5-11: Predicted NO2 1-Year Concentrations (µg/m3) 
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Figure 5-12: Predicted CO 1-hr Concentrations (µg/m3) 
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Figure 5-13: Predicted CO 8-hr Concentrations (µg/m3) 
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6 Discussions 
The potential impacts predicted from the mining and processing were appraised using 
predicted GLC and spread of pollutants across the landscape from AERMOD model 
simulations. 

6.1 Findings 
The results presented represent the worst-case scenario, i.e. without mitigation measures in 
place. The main findings of this air quality study are summarised as follows: 

■ Predicted PM2.5 24-hr GLC for daily and annual averaging periods showed areas with 
exceedances that extended some 2200 m from the processing plant / pit area. The 
WHO 24-hr guideline of 25 µg/m³ and the MBS annual limit of 8 µg/m³ were not 
exceeded at the selected receptors, except Kumalindi, with daily GLC of 12.8 µg/m³ 
and annual GLC of 68.4 µg/m³; 

■ The 24-hour MBS standard of 25 µg/m³ for PM10 was exceeded at Chikavala 
(39.5 µg/m³), Kumalindi (154.6 µg/m³), Malingunde (37.9 µg/m³), Ndumila 
(68.4 µg/m3). The predicted annual GLC for the sensitive receptors were below the 
WHO guideline of 20 µg/m³ (no MBS limit for this averaging period) at the selected 
receptors, except at Kumalindi with GLC of 47.3 µg/m³; 

■ Model simulation for the dust deposition rates confirms that areas where the 
residential and non-residential limits of 600 mg/m2/day and 1,200 mg/m2/day were 
extended some 2809 m from the processing plant / pit area. Deposition rates 
predicted for the sensitive receptors were below the standard, except at Kumalindi 
where exceedance was predicted (1244 mg/m2/day). With mitigation measures in 
place, impacts levels at Kumalindi were reduced to 794 mg/m2/day (not necessarily 
below limit values); 

■ The SO2-1-hr, SO2 24-hr and SO2 1-yr GLCs were below the MBS limits for the 
respective averaging periods on-site and at sensitive receptors. Impacts are not 
anticipated during the operational phase; 

■ Model prediction confirms that NO2 1-hr GLC may exceed the MBS limit of 230 µg/m3 
on-site and at selected receptors: Chikavala (298.7 µg/m³), Kumalindi (644.6 µg/m3), 
Malingunde (233.4 µg/m³) and Mningo (262.2 µg/m3). The predicted NO2 1-yr GLC 
returned very low levels that were below the MBS limit of 60 µg/m3. With mitigation 
measure in place, emissions of this pollutant can be reduced by up to 80%; 

■ Model predictions confirm that the CO 1-hr GLC is unlikely to exceed the MBS limit of 
40100 µg/m3 on-site and at off-site locations. Similarly, the predicted CO 8-hr GLC 
was below the MBS limit value (10310 µg/m3), with negligible impact expected on the 
ambient environment. 
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7 Impact Assessment Ranking 
The impacts from the mining and processing of the high-grade saprolite-hosted flake 
graphite deposit were assessed based on the predicted GLC on-site and at the nearby 
receptor(s). This culminates in a significance rating which identifies the most important 
impacts that require mitigation and/or management. 

The impact assessment consists of: 

• Impact definition: The definition statement (description) should include the activity 
(source of impact), predicted change, receptor as well as whether the impact is 
direct, indirect or cumulative. 

• Impact evaluation: Impacts are evaluated according to the methodology provided, 
often using judgement and values as much as science-based criteria and standards. 

The impact assessment methodology requires that each potential impact identified is clearly 
described including the following: 

• Extent (spatial scale) - will the impact affect the national, regional or local 
environment or only that of the site? 

• Duration (temporal scale) - how long will the impact last? 

• Magnitude (severity) - will the impact be of high, moderate or low severity? 

• Probability (likelihood of occurrence) - how likely is it that the impact may occur? 

To determine the environmental significance (importance) of each identified potential impact, 
a numerical value has been assigned to each of the above criteria (Table 7-1). The following 
formula is used to calculate the environmental consequence of each impact: 

Consequence = Duration + Extent + Magnitude 

Table 7-1: Consequence Criteria 

 Description Criteria Score 

D
ur

at
io

n 

Permanent / 
Unknown Impact or change will remain permanently. 5 

Long-term 
Impact remains for longer than 10 years; Impact will still 
occur in the closure phase, but will not remain 
permanently. 

4 

Medium-term  Impact duration is 5-10 years. 3 

Short-term  Impact duration is < 5 years. 2 
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Transient Very short duration. 1 

Ex
te

nt
 

National / 
Unknown 

Affects the resources of the country; impact 
experienced nation-wide. 

4 

Regional/District Affects the resources of the region or district. 3 

Local Affects the area surrounding the Project and nearby 
villages. 

2 

Site-specific Localised; confined within the mining licence area. 1 

M
ag

ni
tu

de
 

Very High / 
Unknown 

Extreme effect – where natural, cultural or social 
functions or processes permanently cease. 

10 

High 
Severe effect – where natural, cultural or social 
functions are altered to the extent that they temporarily 
cease. 

8 

Moderate 
Moderate effect – the affected environment is altered 
but natural, cultural or social functions continue, albeit 
in a modified way. 

6 

Low 
Minimal effect – affects the environment in such way 
that natural, cultural or social functions and processes 
are not affected. 

4 

Negligible Minimal or negligible effect. 2 

The consequence of an environmental is rated based on the calculated value as per Table 
7-2 and the likelihood of occurring in Table 7-3 below: 

Table 7-2: Consequence Scale 

Level Environmental Community & 
Government Rating 

Very 
High 

Severe long term environmental 
impact which extends to regional or 
national level. Extensive clean-up 
required after incidents. 
Rehabilitation efforts proven to be 
unsuccessful. Severe breach of 
Government regulations or non-
compliance with likely suspension 

Extreme impact on 
community. High number of 
concern, complaints or 
interest from local 
community. Health effects 
resulting in multiple 
disabling illnesses among 
employees and community. 

17 - 19 
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Level Environmental 
Community & 
Government Rating 

of operations 

High Major environmental impact. 
Impact may extend beyond the 
lease boundary. Significant clean-
up effort required using site and 
external resources. Ongoing or 
recurring breach of regulations and 
standards. Rehabilitation difficult or 
unlikely to be successful. 

Major impact on community. 
Increasing rate of 
complaints, repeated 
complaints from the same 
area (clustering). Evidence 
of health impacts resulting 
in irreversible community 
and worker illnesses.  

14 - 16 

Moderate Moderate environmental impact 
confined within the lease boundary. 
Medium term (typically within a 
month) clean-up. Multiple repeat 
exceedances of regulatory 
requirement. Rehabilitation and 
closure of moderate difficulty. 

Moderate impact on 
community. Regular rate of 
concerns or complaints, 
repeated complaints from 
the same area (clustering). 
Reversible health effect 
resulting from acute, short 
term exposure or 
progressive chronic 
condition, infectious 
disease. 

11 - 13 

Low Low environmental impact 
contained within area impacted by 
operations. Short term (typically 
within a week) clean-up. Single 
repeat exceedance of regulatory 
requirement related to low impact 
activity. Single exceedance of 
regulatory requirement for high 
impact activity. 

Low impact on community. 
Small numbers of sporadic 
complaints. Reversible 
health effect of some 
concern, medical treatment 
required. 

8 - 10 

 Very 
Low 

No or very low environmental 
impact confined to a small area 
within the area impacted by 
operations. Clean-up undertaken 
within a few hours. Single 
exceedance of regulatory 
requirement (e.g. licence, permit or 

No or very low impact on 
community. Isolated 
complaint. No health impact. 

4 - 7 
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Level Environmental 
Community & 
Government Rating 

consent condition; legislation or 
regulation) related to low impact 
activity.  

 

Table 7-3: Likelihood / Probability of Impact Occurring 

 Description Criteria Score 

Pr
ob

ab
ili

ty
 

Almost 
Certain / 

Don't Know 

The impact is expected to occur; Consequence is likely to 
be of a high frequency; > 90% chance. 

5  

Highly Likely 
The impact will probably occur or has occurred elsewhere 
before; Likely occurrence/consequence within a 12 month 
period; > 50% chance of occurrence in this period. 

4 

Likely 
The impact will occur under certain circumstances; Likely 
occurrence/consequence within a 12 month period; 
Approx. 30 - 50% chance of occurrence this period. 

3 

Unlikely 
The impact could occur under certain circumstances; 
Consequence could occur within a one to five year 
timeframe; < 30% chance of occurrence in this period. 

2 

Rare 

Consequence may occur in exceptional circumstances; 
Consequence has rarely occurred in the industry and is 
not expected in the life of the project; < 5% chance of 
occurrence. 

1 

The risk assessment matrix in Figure 7-1 is used to determine the overall significance of 
environmental and social impacts, based on the overall consequence and probability of each 
impact. 

The assessment approach considers the impact prior to any potential management controls 
or mitigation measures, and then assesses the residual impact following the implementation 
of controls and mitigation strategies. The significance rating is based on the criteria provided 
in Table 7-1 and Table 7-2. 
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Figure 7-1: Significance Analysis from the Consequence vs Likelihood Assessment 

 

Table 7-4: Interpretation of Significance Analysis  

Significance of 
the Residual 

Impact 

Implications for Project 

Positive Impacts Negative Impacts 

Very low 
significance 

Negligible effects Negligible effects 

Low significance Some benefits Acceptable effect 
Moderate 
significance 

Appreciable improvements to, 
or will sustain, existing 
resources 

Effect is serious enough to cause 
concern. Changes to project 
design should be considered. 

High significance Very substantial improvement 
to existing resources 

Unacceptable effect. The project 
should not proceed unless the 
design is changed so that the 
significance of this impact is 
reduced to acceptable levels. 

Very high 
significance 

Extremely beneficial and 
enduring effect. 

An automatic fatal flaw. The project 
should not proceed unless the 
design is changed so that this 
impact is eliminated or its 
significance is reduced to 
acceptable levels. 
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7.1 Potential Impacts 
The sections below provide the description of the potential impacts anticipated during the 
construction phase (considered short-term), from the mining and processing of the high-
grade saprolite-hosted flake graphite deposit during operation and activities associated with 
the decommissioning phase of the project. 

7.1.1 Construction Phase 

7.1.1.1 Activities Assessed 

Construction of the Project infrastructure will occur in phases, encompassing smaller 
activities that are transient in nature. As part of the Construction Phase of the project, the 
following activities are identified that may impact on the ambient air quality of the study area 
(Table 7-5): 

■ Clearing of vegetation and stripping and removal of topsoil; 

■ Excavation of ground in preparation for infrastructure development and excavation of 
open pit; and 

■ Loading, hauling, tipping and spreading of materials. 

Table 7-5: Interactions and Impacts 

Interaction Impact 
Clearing, excavation, hauling, tipping and 
spreading of materials 

Generation of TSP, PM10, and PM2.5 leading to a 
nuisance effect, and a reduction in air quality. 

7.1.1.1.1 Impact Description 

Clearing, stripping, excavation, hauling, tipping and spreading of materials (including soils 
and construction materials) on site during the phase will be a source of emissions that may 
impact on ambient air quality. Associated activities often result in the generation of fugitive 
dust comprising TSP, PM10 and PM2.5, especially from dirt roads and open surfaces. The 
aforementioned activities will be conducted in phases, will be transient and localised in 
nature, and is expected to have minimal impacts on the ambient air quality 

7.1.1.1.2 Management Objectives 

The management objective is to ensure that GLC on-site and at sensitive receptors are 
below the regulatory limits for the protection of the environment, human health and 
wellbeing. 

7.1.1.1.3 Impact Rating 

Mitigation measures will be implemented (Table 7-6) to ensure that and the proposed mine 
operates within compliance to the MBS and WHO standards. 
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Table 7-6: Significance Ratings for Clearing, Excavation, Hauling, Tipping and 
Spreading of Materials 

Activity and Interaction: Clearing, Excavation, Hauling, Tipping and Spreading of Materials 

Impact Description: Emissions result in nuisance impacts and reduction in air quality 

Prior to Mitigation / Management Consequence Significance 

Duration 
Short-Term 
(2) 

During this phase, impact duration 
is ˂5 years 

Low (-8) Acceptable 
Extent Local (2) 

Impacts will affect the surrounding 
the Project and nearby villages 

Magnitude Low (4) Minimal effect 

Probability Likely (3) 
Impacts will occur under certain 
circumstances (~30 – 50%) 

Mitigation / Management Actions 

▪ Application of wetting agents, dust suppressant or binders on the exposed areas (including 
excavated material and dirt roads); 

▪ Only clear areas demarcated for immediate construction/preparatory works; 

▪ The drop heights when tipping should be minimised; 

▪ Enforce adherence to set speed limits; and 

▪ Conduct activity judiciously on windy days (≥5.4 m/s. 

Post- Mitigation 

Duration 
Short-Term 
(2) 

During this phase, impact duration 
is ˂5 years 

Very Low (-4) Negligible 

Extent Site-
specific (1) 

Localised and confined within 
specific activity 

Magnitude 
Negligible 
(1) 

Minimal or negligible effect after 
mitigation measures are applied 

Probability Unlikely (2) 
Impacts may occur under certain 
circumstances (< 30%) 

Interpretation of Significance Analysis: The significance will be low (negative) prior to mitigation and 
very low (negative) after mitigation measures are applied  

7.1.2 Operational Phase 

7.1.2.1 Activities Assessed 

As part of the Operational Phase, the following activities will be sources of emissions that 
may have an impact on the air quality of the Project area (Table 7-7): 

■ Material handling (excavation and tipping); 
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■ Hauling of material; 

■ Sizing and screening; 

■ Wind erosion; and 

■ Generator sets. 

Table 7-7: Interactions and Impacts 

Interaction Impact 
Material handling The release of particulates such as TSP, PM10, and PM2.5 

from these activities will result in nuisance effect, reduction in 
the quality of air, with potential health and environmental 
implications from exposure 

Hauling of material 
Sizing and screening 
Wind erosion 

Generator Sets The release of pollutants, such as PM10, NO2, SO2 and CO 

7.1.2.1.1 Impact Description 

The model predictions showed that emissions from the operational phase activities will result 
in exceedances of standards and applicable guidelines for Project emissions, such as TSP, 
PM10 and PM2.5, and NO2. Although the exceedances/impacts are confined within the ESIA 
study area, villages such as Chikavala, Kumalindi, Ndumila, and Malingunde are likely to be 
exposed. The main sources of dust are emissions from mine haul roads, followed by wind 
erosion of stockpiles. 

7.1.2.1.2 Impact Rating 

Mitigation measures will be implemented (Table 7-8 - Table 7-10) to ensure that the 
proposed mine operates within compliance to the MBS and WHO standards. 

Table 7-8: Significance Ratings for Material Handing, Hauling, Wind Erosion 

Activity and Interaction: Material Handing, Hauling, Wind Erosion 

Impact Description: Nuisance and health effects from exposure to airborne 
fine particulates 

 

Prior to Mitigation / Management Consequence Significance 

Duration 
Long-Term 
(4) 

Impact will occur for the project 
life (16 years) 

Moderate (-12) Unaccptable 
Extent Local (2) 

Impacts will affect the area 
surrounding the Project and 
nearby villages 

Magnitude Moderate (6) Moderate effect 
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Activity and Interaction: Material Handing, Hauling, Wind Erosion 

Probability 
Highly Likely 
(4) 

Impacts will probably occur (> 
50% chance of occurrence) 

Mitigation / Management Actions 

▪ Application of wetting agents, dust suppressant or binders on dirt road and exposed areas; 

▪ The area of disturbance must at all times be kept to a minimum and no excavation must occur 
outside of demarcated mining areas, especially on windy days (wind speed ≥ 5.4 m/s); 

▪ Enforce adherence to set speed limits; and 

▪ The drop heights when loading onto trucks and at tipping points should be minimised. 

Post- Mitigation 

Duration 
Long-Term 
(4) 

Impact will occur for the project 
life (16 years) 

Very Low (-9) Acceptable 
Extent Site-specific 

(1) 
Localised and confined within the 
ESIA study area 

Magnitude Low (4) Minimal effect 

Probability Unlikely (2) 
Impacts may occur under certain 
circumstances (< 30%) 

Interpretation of Significance Analysis: The significance will be moderate (negative) prior to mitigation 
and very low (negative) after mitigation measures are applied 

Table 7-9: Significance Ratings for Sizing and Screening 

Activity and Interaction: Sizing and Screening 

Impact Description: Nuisance and health effects from exposure to fine particulates 

Prior to Mitigation / Management Consequence Significance 

Duration 
Long-Term 
(4) 

Impact will occur for the project 
life (16 years) 

Low (-9) Acceptable 
Extent Local (2) 

Impacts will be localised to the 
area surrounding the activity 

Magnitude Low (4) Minimal effect 

Probability Likely (3) 
Impacts will occur under certain 
circumstances (~30 – 50%) 

Mitigation / Management Actions 

▪ Application of fogging system at the sizing and screening unit; 

▪ Enclosure of sizer/screening unit; 

▪ The drop heights into the unit at tipping points should be minimised. 
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Activity and Interaction: Sizing and Screening 

Post- Mitigation 

Duration Long-Term 
(4) 

Impact will occur for the project 
life (16 years) 

Very Low (-7) Negligible 
Extent 

Site-specific 
(1) 

Localised and confined to the 
immediate vicinity of this activity 

Magnitude Negligible (2) Negligible effect 

Probability Unlikely (2) 
Impacts may occur under certain 
circumstances (< 30%) 

Interpretation of Significance Analysis: The significance will be low (negative) prior to mitigation and 
very low (negative) after mitigation measures are applied 

Table 7-10: Significance Ratings for Generator Sets 

Activity and Interaction: Generator Sets  

Impact Description: Emission of gases, such as NO2, SO2 and CO 

Prior to Mitigation / Management Consequence Significance 

Duration Long-Term 
(4) 

Impact will occur for the project life 
(16 years) 

Moderate (-12) Unaccptable 
Extent Local (2) 

Impacts will affect the surrounding 
the Project and nearby villages 

Magnitude Moderate (6) Moderate effect 

Probability Highly Likely 
(4) 

Impacts will probably occur (> 
50% chance of occurrence) 

Mitigation / Management Actions 

▪ Use of catalytic converter to bring down the levels of NO2 emitted;  

▪ Use of low sulfur fuel; and 

▪ Ensure the generator sets are maintained and operate at optimal conditions. 

Post- Mitigation 

Duration 
Long-Term 
(4) 

Impact will occur for the project 
life (16 years) 

Very Low (-7) Negligible 
Extent 

Site-specific 
(1) 

Localised and confined to the 
immediate vicinity of this activity 

Magnitude Negligible (2) Negligible effect 

Probability Rare (1) 
Impact may occur in exceptional 
circumstances 
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Activity and Interaction: Generator Sets  

Interpretation of Significance Analysis: The significance will be moderate (negative) prior to mitigation 
and very low (negative) after mitigation measures are applied 

7.1.3 Decommissioning Phase 

7.1.3.1 Activities Assessed 

As part of the Decommissioning Phase the following activities have been identified that may 
impact on the ambient air quality of the study area i.e. increasing the level of pollutants in the 
atmosphere (Table 7-11): 

■ Demolition and removal of all infrastructure, including transporting materials offsite; 
and 

■ Rehabilitation, including spreading of soil, re-vegetation and profiling or contouring.  

Table 7-11: Interactions and Impacts of Rehabilitation 

Interaction Impact 
Dismantling of mine infrastructure 
and rehabilitation 

Nuisance dust and possible health implications from exposure 
to airborne particulate matter 

7.1.3.1.1 Impact Description 

During this activity, demolition of infrastructure, transporting and handling of materials will 
occur. The potential for impacts during this phase will depend on the extent of demolition 
and rehabilitation efforts during closure but are expected to be short term. The impacts on 
the local ambient air quality during the decommissioning phase will be similar to that of the 
construction phase. Any implication this activity will have on ambient air quality will be short-
term and localised. 

7.1.3.1.2 Impact Rating 

Mitigation measures will be implemented (Table 7-12) to ensure that and the proposed mine 
operates within compliance to the MBS and WHO standards. 

Table 7-12: Significance Ratings for Decommissioning and Rehabilitation 

Activity and Interaction: Decommissioning and Rehabilitation 

Impact Description: Dust generation and Reduction in Air Quality 

Prior to mitigation/ management Consequence Significance 

Duration 
Short-Term 
(2) 

During this phase, impact 
duration is ˂5 years 

Low (-8) Unacceptable 

Extent Local (2) 
Impacts will affect the surrounding 
the Project and nearby villages 
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Activity and Interaction: Decommissioning and Rehabilitation 

Magnitude Low (4) Minimal effect 

Probability Likely (3) 
Impacts will occur under certain 
circumstances (~30 – 50%) 

Mitigation/ Management actions 

▪ Application of wetting agents, dust suppressant or binders on dirt road and exposed area; 

▪ Demolition must be conducted in phases; 

▪ Limit demolition to non-windy days; 

▪ Enforce adherence to set speed limits;  

▪ The drop heights when loading onto trucks and at tipping points should be minimised;  

▪ Rehabilitated landscape should be vegetated; and 

▪ Implement routine maintenance and vegetation of rehabilitated areas. 

Post- mitigation 

Duration 
Short-Term 
(2) 

During this phase, impact 
duration is ˂5 years 

Very Low (-4) Negligible 

Extent 
Site-specific 
(1)Very 
Limited (1) 

Localised and confined within 
specific activity 

Magnitude Negligible (1) 
Minimal or negligible effect after 
mitigation measures are applied 

Probability Unlikely (2) 
Impacts may occur under certain 
circumstances (< 30%) 

Interpretation of Significance Analysis: The significance will be low (negative) prior to mitigation and 
very low (negative) after mitigation measures are applied 

8 Environmental Management Plan 

8.1 Activity with Significant Air Quality Impacts 
This section lists the main aspects that are expected to impact on the ambient air quality the 
most, due to the mining and processing of the high-grade saprolite-hosted flake graphite 
deposit (Table 8-1), based on dispersion models simulation results. 

Table 8-1: Most Significant Impacts 

Operational Phase 

Aspects Potential Significant Impacts 

Hauling of material on dirt roads Results in the release of TSP, PM10 and PM2.5 

with effect and possible health implications from 
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exposure to airborne  emissions 

Operation of the generator sets 
Results in the release gaseous pollutants, NO2 in 
particular, with possible health implications from 
exposure 

8.2 Summary of Mitigation and Management 
Table 8-2 provides a summary of the activity, environmental aspects and impacts on the 
receiving environment. Information on the mitigation, relevant legal requirements, 
recommended management plans, timing of implementation, and roles / responsibilities of 
persons implementing the Environmental, Management Plan (EMP) are highlighted. 
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Table 8-2: Proposed Mitigation and Management Measures 

Activities Potential Impacts Aspects 
Affected Phase Mitigation  Standard to be Achieved/Objective Targets 

Construction of 
infrastructure 

Reduction in air quality due to 
generation of dust  Air quality Construction 

The use of dust suppressants and binders on exposed 
areas; 
Limit activity to non-windy days (with wind speed 
≥ 5.4 m/s); 
The area of disturbance at all times must be kept to a 
minimum;  
The drop heights when loading onto trucks and at tipping 
points should be minimised; and 
Set speed limits on haul roads and enforce them. 

Malawi Standard Bureau (MBS, 2005). 
Ambient air quality – limits for common 
pollutants; 
South African dust standard 
WHO air quality guidelines. Global update 
2005. 

Meet the regulatory limits for 
the following pollutants: TSP, 
PM10, PM2.5 

Material handling, 
hauling, tipping  

Reduction in air quality due to 
generation of dust  Air quality Operation 

The use of dust suppressants and binders on exposed 
areas; 
Limit activity to non-windy days ( ≥ 5.4 m/s); 
The area of disturbance at all times must be kept to a 
minimum;  
The drop heights when loading onto trucks and at tipping 
points should be minimised; 
Monitoring of ambient levels of pollutants: TSP, PM10, 
PM2.5, and 
Set speed limits on haul roads and enforce them. 
 

Malawi Standard Bureau (MBS, 2005). 
Ambient air quality – limits for common 
pollutants; 
South African dust standard; 
WHO air quality guidelines. Global update 
2005. 

Meet the regulatory limits for 
the following pollutants: TSP, 
PM10, PM2.5 

Sizing/screening Reduction in air quality due to 
generation of dust  Air quality Operation 

Application of fogging system at the sizing and screening 
unit; 
Enclosure of sizer/screening unit; 
The drop heights into the unit at tipping points should be 
minimised. 

Malawi Standard Bureau (MBS, 2005). 
Ambient air quality – limits for common 
pollutants. 
WHO air quality guidelines. Global update 
2005 

Meet the regulatory limits for 
the following pollutants: TSP, 
PM10, PM2.5 

Generator sets 
Reduction in air quality due to 
generation of gases, such as NO2, 
SO2 and CO  

Air quality Operation 

Use of catalytic converter to bring down the levels of NO2 
emitted;  

Use of low sulfur fuel; and 

Ensure the generator sets are maintained and operate at 
optimal conditions; 
Monitoring of gases, such as NO2, SO2 and CO 

Malawi Standard Bureau (MBS, 2005). 
Ambient air quality – limits for common 
pollutants. 
WHO air quality guidelines. Global update 
2005 

Meet the regulatory limits for 
the following pollutants: NO2, 
SO2, CO 

Demolition and removal 
of infrastructure 
Rehabilitation of project 
area 

Reduced air quality due to dust 
generation  Air quality Decommissioning 

Use of dust suppressant on dirt roads and exposed 
areas; 

The dismantling area must be done in phases; 

Drop heights when offloading must be minimised; and 

Limit demolition activities to non-windy days; 

Rehabilitated landscape should be vegetated 

Malawi Standard Bureau (MBS, 2005). 
Ambient air quality – limits for common 
pollutants. 
South African dust standard 
WHO air quality guidelines. Global update 
2005 

Meet the regulatory limits for 
the following pollutants: TSP, 
PM10, PM2.5 
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9 Recommendations 
Based on the results presented in this report, the following recommendations will be applied 
to this air quality study: 

■ Administer mitigation measures in line with current best engineering practice, as 
described in the impact assessment above (i.e. use of dust suppressants / binders on 
haul roads and exposed areas, set maximum speed limits on haul roads and to have 
these limits enforced, enclosure of the sizing/screening unit, etc.); 

■ Monitoring of particulate matter, such as TSP, PM10, PM2.5 and gases (NO2, SO2 and 
CO) should resume few months prior to the commencement of mining operation. This 
is crucial to ensure data is available to assess the effectiveness of management and 
mitigation measure that will be implemented. This will ensure that the mining 
operation are compliant with the MBS, WHO and other relevant standards during 
operation;  

■ The current monitoring locations should be reviewed prior to the commencement of 
mining operation; and 

■ Regular review of management actions and target to ensure the mine operates within 
compliance to regulatory standards. 

10 Conclusion 
The air quality study was undertaken to understand the future impacts the mining and 
processing of the high-grade saprolite-hosted flake graphite deposit may have on the 
ambient air quality of the Project area. Pollutants quantified and evaluated in this 
assessment encompassed TSP, PM10, PM2.5, NO2, SO2, and CO. 

The modelling results presented in this report confirm that exceedances of TSP, PM10, 
PM2.5daily and NO2 1-hr were observed at the Project site and outside the ESIA study area, 
with potential to impact on sensitive receptors (Chikavala, Kumalindi, Malingunde and 
Mningo) in the vicinity of the Project infrastructure. However, with mitigation measures in 
place, as demonstrated with the dust fallout rates (with mitigation), the GLC can be reduced 
considerably. For the other pollutants, the predicted GLCs were below the relevant MSB limit 
values at the ESIA study area and at sensitive receptors. 

The significance analysis shows that impacts will be low (construction), moderate (operation) 
and low (decommissioning) phases. 

Dispersion model simulations confirm that particulate emissions will be exacerbated by 
hauling activities, while the generator sets represent the main source of NO2. Good 
housekeeping, effective monitoring programme and implementation of mitigation measures 
will lower emissions and ensure compliance to the regulatory standards. Such mitigation 
measures should be factored into the day-to-day operation at the mine. 
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