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EXECUTIVE SUMMARY

INTRODUCTION
Eskom Holdings Limits currently operates ten coal-fired power stations, in addition to which it
plans to return to service three of its previously mothballed power stations and to commission
a further four new coal-fired power stations in the short- to medium-term. Airshed Planning
Professionals (Pty) Limited was appointed by Eskom to compile an air quality compliance
assessment and health risk analysis study for current and future baseline operations and
proposed future operations. The specific objectives of the study were as follows:
•

Determine the compliance of existing, return-to-service and proposed Eskom power
stations with current and proposed South African and international ambient air quality
limits, taking cumulative air pollutant concentrations due to other major sources into
account (e.g. industry, household fuel burning, mining, vehicle exhaust emissions).

•

Quantify inhalation-related health risks occurring due to existing, return-to-service and
proposed Eskom power stations, and compare such risks to risks predicted to arise
due to other major sources.

•

Identify which of the existing, eligable Eskom power stations should be targeted for
sulphur dioxide control measure implementation based on health risk considerations,
and quantify the benefits of selected emission control scenarios in terms of improving
compliance and reducing health risks.

The individual and cumulative air quality impacts and health risks due to Mpumalanga and
Gauteng based existing, RTS and proposed power stations are documented in this report.
The impacts and risks due to Tutuka, Lethabo, Komati and Matimba power stations are also
individually documented in a further four reports.
TERMS OF REFERENCE
The specific terms of reference of the Mpumalanga Highveld cumulative scenario planning
study were as follows:
•

Review of adequacy of non-Eskom source and emissions data for the Mpumalanga
Highveld and identification of significant information gaps and measures implementable to
address such gaps.

•

Discussion of information gaps and measures to address gaps with Eskom personnel with
a view to gaining consensus on the most efficient manner of filling critical gaps and
increasing confidence in study outputs.

•

Update emissions inventory for the Mpumalanga Highveld airshed through improving
information on source parameters and emission estimates for critical source groups.
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•

Identification of emission reduction scenarios for Eskom power stations in close
consultation with Eskom personnel, taking into account the age, technology and proximity
of such to sensitive receptors. Obtain written agreement on source and emission data to
be used in the atmospheric dispersion simulations.

•

Atmospheric dispersion modeling of the various emission reduction scenarios including
and excluding other (non-Eskom) sources.

•

Compliance assessment including:

•

-

Evaluation of estimated/measured power station emissions based on local and
international good practice (EC, IPPC, WB) emission limits

-

Evaluation of predicted ambient PM10, SO2 and NOx concentrations for various
averaging periods based on local (SA, SANS) and international good practice (EC,
UK, WB, WHO) air quality criteria. Magnitude, frequency, aerial extent and number of
persons exposed to be quantified.

Health risk assessment, including:
-

Literature review and identification of most applicable dose-response functions.

-

Overlaying of predicted air pollution concentrations for each scenario over spatial
population data and application of dose-response functions to determine the potential
for health effects

-

Spatial representation of health impact potentials due to inhalation exposures to
incremental and cumulative air pollutant concentrations (PM10, SO2, NO2)

STUDY SCOPE AND EMISSION SCENARIOS CONSIDERED
The study included the simulation and assessment of:
•

Eskom power station stack emissions including: current and future emissions of existing
power stations, and estimated emissions from RTS and proposed future power stations.

•

Other sources, specifically fugitive dust emissions from Eskom ash dumps and open cast
mining operations, household fuel burning releases, industrial emissions and vehicle
tailpipe emissions. The extent and spatial location of atmospheric emissions from certain
source types that contribute significantly to air pollution concentrations is certain parts,
e.g. biomass burning and spontaneous combustion at collieries, could not be accurately
quantified and were therefore omitted from the simulations.

•

Particulate, sulphur dioxide and oxides of nitrogen emissions and resultant air pollutant
concentrations.
Emissions of other gases which are released, including carbon
monoxide, various metals and organics and greenhouse gases such as carbon dioxide,
nitrous oxide and methane were not quantified.

Eskom Mpumalanga Highveld Cumulative Scenario Planning Study:
Air Pollution Compliance Assessment and Health Risk Analysis of Cumulative Opeations of Current, RTS and
Proposed Eskom Power Station Located within the Mpumalanga and Gauteng Provinces
Report No.: APP/06/ESKOM-05 Rev 1.0
Page ii

A comprehensive health risk assessment comprises the quantification of actual exposure
(e.g. through detailed personal monitoring and/or time-activity studies taking note of time
spent indoors, outdoor, at work, in transit, etc.) and the quantification of all exposure
pathways (viz. inhalation, ingestion, dermal contact). The health risk assessment undertaken
as part of the current study deviated in terms of the following aspects:
(a) Actual exposure was not quantified. Instead spatial population data from the 2001
census was used, with maximum exposures assumed in residential areas.
(b) Only exposures due to inhalation were quantified through the application of applicable
dose-response functions. This is considered acceptable given that inhalation is the
predominant exposure pathway for the pollutants under investigation.
The following emission scenarios were included in the cumulative compliance and health
risks assessments:

Eskom Sources Included:

Other Sources Included:

Current (2003) emissions
from existing power stations

None
Industry, open cast mining, ash
dumps, household fuel burning,
vehicle exhaust
None
Industry, open cast mining, ash
dumps, household fuel burning,
vehicle exhaust

Future (2009) emissions
from existing power stations,
emissions from RTS and
proposed new stations

Sulphur Dioxide Controls in Place for
Eskom Power Stations
None
None

None
None
90% control for new stations
90% control for new stations and on Kendal,
Lethabo, Majuba, Matla, Tutuka and Duvha
90% control on hew plants and Kendal,
Lethabo and Majuba and 60% control on
Matla, Duvha and Tutuka
90% control on new plants and Kendal,
Lethabo and Majuba

METHODOLOGICAL APPROACH
Emissions inventories were established for Eskom power stations and for various other
significant source types including vehicle tailpipe emissions, industrial emissions, fugitive
releases from open cast mining operations and household fuel burning emissions.
Atmospheric dispersion modelling was undertaken to determine ambient air pollutant
concentrations occurring as a result of the estimated emissions. Dispersion models compute
ambient concentrations as a function of source configurations, emission strengths and
meteorological characteristics, thus providing a useful tool to ascertain the spatial and
temporal patterns in the ground level concentrations arising from the emissions of various
sources.
The US Environmental Protection Agency approved CALPUFF modelling suite was selected
for use in the current study, comprising the CALMET meteorological model, the CALPUFF
dispersion model and the CALPOST result-processing module. CALPUFF is a regional
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Lagrangian Puff model suitable for application in modelling domains of 50 km to 200 km. Due
to its puff-based formulation the CALPUFF model is able to account for various effects,
including spatial variability of meteorological conditions, dry deposition and dispersion over a
variety of spatially varying land surfaces. The simulation of plume fumigation and low wind
speed dispersion are also facilitated.
CALPUFF requires as a minimum the input of hourly average surface meteorological data. In
order to take full advantage of the model’s ability to simulate spatially varying meteorological
conditions and dispersion within the convective boundary layer it is, however, necessary to
generate a three-dimensional wind field for input to the CALPUFF model. The CALMET
model may be used to generate such a three-dimensional wind field for input to the CALPUFF
model.
The CALMET meteorological model contains a diagnostic wind field module that includes
parameterized treatments of terrain effects, including slope flows, terrain channelling and
kinematic effects, which are responsible for highly variable wind patterns. CALMET uses a
two-step procedure for computing wind fields. An initial guess wind field is adjusted for terrain
effects to produce a Step 1 wind field. The user specifies the vertical layers through which
the domain wind is averaged and computed, and the upper air and surface meteorological
stations to be included in the interpolation to produce the spatially varying guess field. The
Step 1 (initial guess) field and wind observational data are then weighted through an objective
analysis procedure to produce the final (Step 2) wind field. Weighting is undertaken through
assigning a radius of influence to stations, both within the surface layer and layers aloft.
Observational data are excluded from the interpolation if the distance between the station and
a particular grid point exceeds the maximum radius of influence specified (EPA, 1995b; Scire
and Robe, 1997; Robe and Scire, 1998).
By using CALMET and CALPUFF in combination it is possible to treat many important
complex terrain effects, including spatial variability of the meteorological fields, curved plume
trajectories, and plume-terrain interaction effects. Maximum hourly average, maximum daily
average and annual average concentrations were simulated through the application of
CALPUFF, using as input the relevant emissions data and the three-dimensional CALMET
data set.
CALPUFF allows for first order chemical transformation modelling to determine gas phase
reactions for SOx and NOx. Chemical transformation rates were computed internally by the
model using the RIVAD/ARM3 Scheme. This scheme allows for the separate modelling of
NO2 and NO, whereas the default MESOPUFF II Scheme only makes provision for the
combined modelling of NOx. The RIVAD/ARM3 scheme treats the NO and NO2 conversion
process in addition to the NO2 and total NO3 and SO2 to SO4 conversions, with equilibrium
between gaseous HNO3 and ammonium nitrate aerosol. The scheme uses user-input ozone
data (together with modelled radiation intensity) as surrogates for the OH concentration
during the daytime when gas phase free radical chemistry is active.
The compliance assessment comprised the following:
-

Evaluation of estimated/measured existing power station emissions based on local
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and international good practice emission limits, including limits specified in the
registration certificates of power stations and limits published by the EC and World
Bank.
-

Evaluation of predicted ambient PM10, SO2 and NOx concentrations for various
averaging periods based on local (SA, SANS) and international good practice (EC,
UK, WB, WHO) air quality criteria.

In the assessment of ambient air quality, attention is paid to the magnitude, frequency and
aerial extent of air quality limit value exceedances. The number of people exposed to air
pollution concentrations in excess of limits is also noted, as estimated based on overlaying
predicted air pollutant concentrations on spatial population data.
In the health risk assessment predicted air pollutant concentrations are superimposed over
spatial population data (obtained from Stats SA for the 2001 Census) and applicable doseresponse relationships applied to estimate the potential for health risks. Dose-response
relationships, expressed as risk estimates, provide the link between exposures to ambient air
pollutant concentrations and the resultant health outcomes. Given the absence of locally
generated risk estimates it is necessary to make reference to the international literature to
identify dose-response functions that are applicable to South Africa. Airshed sub-contracted
Infotox (Pty) Ltd to assist with the identification of risk estimates for application in the current
study. The guidance was provided by Infotox in the form of a report documenting the
recommended risk estimates and assistance of Infotox personnel during the calculation of
health risks by Airshed.
Risk estimates are applied by multiplying the exposure (i.e. population * pollutant
concentration) with the function to obtain an indication of the percentage increase in the
incidence of specific health effects (health endpoints). Actual, reported health statistics are
used to determine what the percentage change means in terms of the number of cases. The
specific health endpoints selected for inclusion in the study are “total non-accidental mortality”
and “respiratory hospital admissions”.

PRINCIPAL STUDY FINDINGS
Measured Ambient Air Quality
Sulphur dioxide concentrations have been measured to exceed short-term air quality limits at
all of the Eskom monitoring stations. Although annual concentrations are within air quality
limits given for the protection of human health, exceedances of thresholds intended for the
protection of ecosystems occur at most stations. The most significant air quality limit
exceedances occur in the vicinity of the Kendal Power Station, with 100 to 200 exceedances
of the hourly limit having occurred over the past three years. Significant frequencies of
exceedance also occur elsewhere, as measured at Elandsfontein, Majuba, Leandra and
Makalu.
Nitrogen dioxide concentrations have been measured to be within air quality limits for at most
of the Eskom monitoring stations. At most marginal, infrequent exceedances of the
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SANS/EC/proposed SA limit occur (e.g. Kendal 2, only 2 hour of exceedance recorded during
2002 and 2005).
Particulate matter concentrations have been measured to exceed short-term (highest daily)
SANS and EC limits at all of the Eskom monitoring stations. Even the lenient SA standard
was observed to have been exceeded at the Elandfontein, Majuba 1, Majuba 3, Kendal 2,
Leandra and Verkykkop stations. The long-term measurements of PM10 exceeded the
SANS limit (40 µg/m³) at the Elandsfontein, Kendal 2 and Leandra stations, with the EC
annual limit (30 µg/m³) being exceeded at most of the monitoring stations. The greatest
frequencies of exceedance of the PM10 limit of 50 µg/m³ occurred at Leandra (almost every
day during 2005), Kendal 2, Camden, Elandsfontein, Makalu and Leandra.
Sources of SO2 and NOx that occur in the region include industrial emissions, blasting
operations at mines and spontaneous combustion of discard coal mines, veld burning, vehicle
exhaust emissions and household fuel burning. The highest ground level concentrations due
to the Eskom Power Station stack emissions are expected to occur during unstable (typically
daytime 10h00 till 15h00) conditions when the plume is mixed to ground in relatively close
proximity to the power station. Local and far-a-field sources are expected to contribute to the
suspended fine particulate concentrations in the region with the Eskom Power Stations
predicted to contribute only marginally to such concentrations. Local sources include wind
erosion from exposed areas, fugitive dust from agricultural and mining operations, particulate
releases from industrial operations, vehicle entrainment from roadways and veld burning.
Household fuel burning also constitutes a significant local source of low-level emissions.
Long-range transport of particulates, emitted from remote tall stacks and from large-scale
biomass burning in countries to the north of South Africa, has been found to contribute
significantly to background fine particulate concentrations over the interior.

Compliance with Ambient Air Quality Limits
In assessing compliance with air quality limits emphasis is placed on:
-

the magnitude of the exceedance (i.e. extent to which pollutant concentrations exceed
the permissible limit value);

-

the frequency of exceedance (i.e. how many times, given as hours or days a year, air
quality limit values are exceeded); and

-

the spatial extent of exceedances (i.e. the area over which frequencies of exceedance
are expected to occur.)

-

the numbers of persons exposed to concentrations in excess of the air quality limit
(exposure potential)

The current SA standards and SANS limits are considered incomplete given that only
threshold concentrations or limit values are proposed without provision being made for
permissible frequencies of exceedance of such thresholds / limit values. The timeframe for
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achieving compliance with such thresholds / limit values is also not stipulated. In the current
study it was therefore assumed that a single exceedance of the SA standard or the SANS
limit value constituted non-compliance with such limits. In order to determine the potential for
compliance given the future stipulation of permissible frequencies of exceedance by the
SANS reference was made to the EC limit which does make provision for such frequencies.
The EC only permits exceedances for 4 hours per year (of 350 µg/m³) and 3 days per year (of
125 µg/m³) for SO2 and 8 hours per year of the 200 µg/m³ limit for NO2.

Current Base Case Operations
The main conclusions reached for the current baseline operations, based on the study
findings, are as follows:
-

Sulphur dioxide (incremental, Eskom Power Stations only) - sulphur dioxide
short-term and daily limits are significantly exceeded due exclusively to current Eskom
Power Station operations in terms of the magnitude, frequency and spatial extent of
exceedance. The SA and SANS annual sulphur dioxide limit, intended for the
protection of human health, is only marginally exceeded within the immediate vicinity
of Kendal Power Station. The EC annual sulphur dioxide limit, intended to protect
ecosystems, is however exceeded for a large portion of the Mpumalanga highveld.

-

Sulphur dioxide (cumulative) - Short-term (10-minute and hourly) sulphur dioxide
limits are exceeded over a large portion of the study area, including over much of the
Vaal Triangle and Mpumalanga Highveld as well as over parts of Ekurhuleni, Joburg
and Tshwane. The frequency and spatial extent of daily limit exceedances are more
restricted and most significant for the Mpumalanga Highveld within the vicinity of
Kendal and Matla Power Stations. Although the spatial extent of exceedance of the
SA and SANS annual sulphur dioxide limit intended for the protection of human health
is limited, the EC annual limit for the protection of ecosystems is exceeded for a large
portion of the Mpumalanga highveld and Vaal Triangle and parts of Joburg, Tshwane
and Ekurhuleni.

-

PM10 (incremental) - Ambient PM10 limit exceedances are restricted to marginal and
infrequent exceedances of daily SANS target and EC limit values (numbers of
occurrences are well within those permitted by the EC)(1).

-

PM10 (cumulative) - Whereas elevated PM10 concentrations are predicted to occur
over much of the region, the highest PM10 concentrations tend to coincide primarily
with household fuel burning and heavy industry areas. PM10 concentrations were
predicted to be generally higher over the Vaal Triangle, Joburg, Ekurhuleni areas and
parts of Tshwane when compared to PM10 levels predicted for the Mpumalanga

1

Predicted PM10 concentrations included both primary particulates released directly by Eskom Power Stations
and secondary particulates formed in the atmosphere due to the conversion of SOx and NOx emissions to
sulphates and nitrates, respectively.
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highveld due to industrial activity and household fuel burning being more intensive in
these regions.
-

Nitrogen dioxide (incremental) - Ambient NO and NO2 limit exceedances are
restricted to marginal and infrequent exceedances of hourly limit values (numbers of
occurrences are within those permitted by the EC).

-

Nitrogen dioxide (cumulative) - The highest NO2 concentrations were predicted to
occur over the major conurbations coinciding with built up areas, and being highest
where zones of high vehicle activity occur together with extensive industrial activity
and/or household fuel burning.
Hourly NO2 limits were predicted to be most
frequently exceeded within the Vaal Triangle, and parts of Joburg, Ekurhuleni and
Tshwane. The annual NO2 limit was only predicted to be exceeded within parts of
Tshwane.

The main conclusion reached is that current baseline Eskom Power Station emissions are
associated with significant non-compliance with relevant ambient sulphur dioxide
limits even in the absence of contributions by “other sources”. Ambient PM10 and NO2
concentrations due exclusively to current baseline Eskom Power Station emissions are
potentially within acceptable ranges, with the need for reduction being dependent on the
potential which exists due to cumulative concentrations resulting from “other sources”.
Assessing source contributions to cumulative concentrations it is evident that Eskom Power
Station operations contribute very significantly to sulphur dioxide air quality limit exceedances
within Mpumalanga and parts of the Vaal region. Whereas Eskom Power Station emissions
do contribute to ambient PM10 and NO2 concentrations, the extent of this contribution particularly given the locations where zones of maximum impact occur and the likely cost of
(additional) mitigation - are unlikely to warrant further mitigation on the basis of current
emissions. Mitigation of NOx emissions from power stations will be beneficial in reducing the
potential for ozone formation. The health risks due to ozone concentrations and the relatively
contribution of power station emissions to ozone formation has however not been addressed
in the current study. This information would be critical to assess whether NOx abatement of
power station emissions represents the most cost-optimised solution to elevated ozone
concentrations.
Future Base Case Operations (No SO2 Abatement)
For future baseline operations, the main conclusions are as follows
-

Sulphur dioxide (incremental) - Sulphur dioxide short-term and daily limits are
significantly exceeded due exclusively to current Eskom Power Station operations in
terms of the magnitude, frequency and spatial extent of exceedance. Whereas given
current emissions, sulphur dioxide limit exceedances were not predicted to occur over
Joburg and its surrounds due exclusively to Eskom Power Station operations, the
future increase in emissions is associated with exceedances over Joburg, Ekurhuleni
and parts of Tshwane. An increase in the frequencies of exceedance due to Eskom
Power Station operations is also predicted for the Vaal Triangle and Witbank areas.
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The SA and SANS annual sulphur dioxide limit, intended for the protection of human
health, is exceeded within relative proximity to Kendal, Matla and Kriel Power Stations
and also at the Komati RTS station and at new power stations (Golf, Bravo, Grootvlei).
The EC annual sulphur dioxide limit, intended to protect ecosystems, is however
exceeded for a large portion of the Mpumalanga highveld.
Exceedances of the Lowest Observed Adverse Effect Levels (LOAELs)(2), as
published by the WHO (2000), due exclusively to Eskom Power Station emissions are
predicted to occur within ~40 km of Kendal Power Station and about ~20 km of
various of the other power stations.
-

Sulphur dioxide (cumulative) - Short-term (10-minute and hourly) sulphur dioxide
limits are exceeded over most of the modelling domain, including the Vaal Triangle
and Mpumalanga Highveld, Ekurhuleni, Joburg and Tshwane. Given current baseline
operations the frequency and spatial extent of daily limit exceedances was more
restricted and most significant for the Mpumalanga Highveld within the vicinity of
Kendal and Matla Power Stations. Under future baseline conditions non-compliance
with daily limits is much more widespread and likely to coincide with areas of dense
human settlement. Although the spatial extent of exceedance of the SA and SANS
annual sulphur dioxide limit intended for the protection of human health remains
relatively limited, the EC annual limit for the protection of ecosystems is exceeded for
a large portion of the Mpumalanga highveld,Vaal Triangle, Joburg, Tshwane and
Ekurhuleni.

-

Nitrogen dioxide (incremental) - Ambient NO and NO2 limit exceedances are
restricted to marginal and infrequent exceedances of hourly limit values (numbers of
occurrences are within those permitted by the EC).

-

Nitrogen dioxide (cumulative) - The highest NO2 concentrations were predicted to
occur over the major conurbations coinciding with key built up areas, and being
highest where zones of high vehicle activity occur together with extensive industrial
activity and/or household fuel burning. Hourly NO2 limits were predicted to be most
frequently exceeded within the Vaal Triangle, and parts of Joburg, Ekurhuleni and
Tshwane. The annual NO2 limit was only predicted to be exceeded within parts of the
Vaal Triangle.

-

PM10 (incremental) - Ambient PM10 limit exceedances are restricted to marginal and
still relatively infrequent exceedances of daily SANS and EC limit values. (Numbers of
occurrences are well within those permitted by the EC to be complied with by 2005 but
approach the permissible frequencies required to be complied with by 2010.)(3)(4).

2
Given as 1000 µg/m³ for short-term exposures and as 250 µg/m³ for daily average exposures to sulphur dioxide
(WHO, 2000).
3

Predicted PM10 concentrations included both primary particulates released directly by Eskom Power Stations
and secondary particulates formed in the atmosphere due to the conversion of SOx and NOx emissions to
sulphates and nitrates, respectively.
Eskom Mpumalanga Highveld Cumulative Scenario Planning Study:
Air Pollution Compliance Assessment and Health Risk Analysis of Cumulative Opeations of Current, RTS and
Proposed Eskom Power Station Located within the Mpumalanga and Gauteng Provinces
Report No.: APP/06/ESKOM-05 Rev 1.0
Page ix

-

PM10 (cumulative)- Whereas elevated PM10 concentrations are predicted to occur
over much of the region, the highest PM10 concentrations tend to coincide primarily
with household fuel burning and heavy industry areas. PM10 concentrations were
predicted to be generally higher over the Vaal Triangle, Joburg, Ekurhuleni areas and
parts of Tshwane when compared to PM10 levels predicted for the Mpumalanga
highveld. This may be due to various sources located within the Mpumalanga not
having been simulated, particularly veld burning and fugitive dust from mining and
agriculture.

The main conclusion reached is that future baseline Eskom Power Station emissions are
associated with significant non-compliance with relevant ambient sulphur dioxide
limits even in the absence of contributions by “other sources”. The magnitude,
frequency and spatial extent of such non-compliance are predicted to increase
significantly when compared to current baseline emissions. Whereas previously sulphur
dioxide limit exceedances were not predicted to occur over Joburg due exclusively to current
Eskom Power Station operations, given the future increase in emissions Eskom Power
Station releases are associated with exceedances over Joburg, Ekurhuleni and parts of
Tshwane. Increased frequencies of exceedance over the Vaal Triangle and Witbank areas
are also predicted to occur as a result of the increase in future emissions from existing Eskom
Power Stations. Ambient PM10 and NO2 concentrations due exclusively to future baseline
Eskom Power Station emissions are potentially within acceptable ranges.

Cumulative Future Eskom Power Station Operations with SO2 Abatement
The following cumulative emission control scenarios were simulated during the investigation:
Power Station
Kendal
Matla
Duvha
Lethabo
Tutuka
Majuba
New PS (Project Golf)
New PS (Project Bravo)
New PS (near Grootvlei)

Control
Scenario 1(a)
0%
0%
0%
0%
0%
0%
90%
90%
90%

SO2 Control Efficiency
Control
Control
Scenario 2(a)
Scenario 3(a)
90%
90%
90%
60%
90%
60%
90%
90%
90%
60%
90%
90%
90%
90%
90%
90%
90%
90%

Control
Scenario 4(a)
90%
0%
0%
90%
0%
90%
90%
90%
90%

(a) 0% control efficiency on all operational and RTS power stations not listed

Despite representing an improvement over uncontrolled future basecase operations, emission
control scenario 1 (i.e. 90% control on new power stations) would significantly increase the
4
The increase in frequencies of exceedance of the SANS daily PM10 limit of 75 µg/m³ from 1 day per year to 5
days per year is due primarily to the addition of Camden, with 2 or more exceedance days only occurring in the
vicinity of Camden.
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magnitude, frequency and spatial extent of non-compliance compared to current levels.
Control scenario 2, comprising 90% control on new and all eligible existing power stations,
would result in the most significant improvements in air quality, with considerable reductions
in the current magnitude, frequency and spatial extent of non-compliance. Control scenario 3
would also result in significant improvements compared to current operations, whereas
control scenario scenario 4 would be associated with improved conditions when compared to
the uncontrolled future basecase, but represent a significant increase in non-compliance
potentials in the vicinity of the new and RTS stations.

Numbers of Persons Residing within Non-Compliance Areas
To determine the number of persons residing within non-compliance areas the areas of
exceedance of selected air quality limits were superimposed over population density figures
(from the 2001 Census). A synopsis of the findings of this analysis is presented in Table 5.4
for sulphur dioxide and nitrogen dioxide and Table 5.5 for particulates.
Exposure within Sulphur Dioxide Non-Compliance Areas
An estimated ~6.1 million people currently reside in areas where the hourly SO2 limit of 350
µg/m³ is exceeded at least once a year. The EC hourly SO2 limit, which permits a maximum
of 4 exceedances per year of the 350 µg/m³, is associated with ~1.5 million persons exposed
and the UK limit (maximum 24 exceedances) with 0.4 million persons exposed. About 1.7
million persons are predicted to reside in areas where the daily SO2 limit of 125 µg/m³ is
exceeded – taking into account the maximum 3 days/year frequencies permitted by the UK
and EC, only 0.22 million persons reside within the non-compliance zone. Only 41 600
persons are projected to be exposed to the SA annual SO2 limit of 50 µg/m³.
Cumulatively, Eskom power station emissions are predicted to be responsible for the greatest
number of persons residing within areas experiencing a single exceedance of the hourly 350
µg/m³ limit (3.1 million persons – compared to 1.04 million due to household fuel burning and
0.54 million due to industrial emissions) and to the highest number exposed to 3 or more days
exceeding a daily limit of 125 µg/m³ (~79 000 persons, compared to ~50 000 due to
household fuel burning and ~5 000 due to industry). It is however notable that household fuel
burning is more significant in terms of exposure to EC and UK hourly limits (where a certain
frequency of exceedance are permitted, 4 times per year and 24 times per year respectively).
Household fuel burning and industry are also associated with higher exposures to annual SO2
limit exceedances (~26 500 persons due to household fuel burning, ~50 due to industry, none
due to power station emissions).
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No. of Persons Residing within Area predicted to Exceed Sulphur Dioxide Air Quality Limit

Source Groups

Single
Exceedance of EC Hourly Limit
Hourly 350
(350 µg/m³,
µg/m³ Limit
>4x)

Single
Single
Exceedance of
Exceedance of
EC/UK
Daily 125 µg/m³ DailyLimit (125 SA Annual 50
Limit
µm³ Limit
µg/m³, >3x)

UK Hourly
Limit (350
µg/m³, >24x)

All Power Stations Current

3,103,800

341,797

90,990

101,147

79,343

-

Household fuel burning

1,040,903

556,624

159,997

206,117

50,130

26,543

-

-

-

-

-

-

537,541

466,069

69,537

11,575

5,225

52

Mines

-

-

-

-

-

-

Ash dumps

-

-

-

-

-

-

6,076,549

1,527,463

425,751

1,660,943

222,238

41,591

Vehicle exhaust
Industry

All Current (PS and other)

The analysis of exposure potentials within sulphur dioxide limit exceedance areas due to
current emissions from individual power stations resulted in the following findings:
-

Kendal Power Station is currently associated with the greatest sulphur dioxide
exposure potentials regardless of the SO2 limit being assessed, with possible
exposure of up to ~124 000 persons projected.

-

Whereas Lethabo Power Station was predicted to result in the second highest number
of persons exposed to a single exceedance of the hourly limit and the the EC hourly
limit, Matla and Majuba Power Stations resulted in greater exposures to the UK hourly
limit which allows up to 24 hours/year of exceedance.

-

Tutuka Power Station was associated with the lowest sulphur dioxide exposure
potentials across all averaging periods and limits (<1100 persons).

Given the escalation in the emissions of existing power stations and the commissioning of
three RTS and three new power stations, it is predicted that the numbers of persons residing
within exceedance areas will increase by a factor of 2 to 17.
Despite representing an improvement over uncontrolled future basecase operations, emission
control scenario 1 (i.e. 90% control on new power stations) would significantly increase the
number of persons residing within SO2 limit exceedance zones (by a factor of 1.9 to 2.5).
Control scenario 2, comprising 90% control on new and all eligible existing power stations,
would result in the most significant reductions in exposure potentials (exposure potentials of
2% to 14% of current). Control scenario 3 would also result in significant improvements
compared to current operations (exposure potentials of 3% to 15% of current), as would
control scenario 4 (exposure potentials of 21% to 48% of current).
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Exposure within Nitrogen Dioxide Non-Compliance Areas
Approximately 6.9 million persons are predicted to currently reside within areas where the
hourly NO2 limit of 200 µg/m³ is exceeded at least once a year. The EC hourly NO2 limit,
which permits a maximum of 8 exceedances per year, is associated with ~0.6 million persons
exposed and the UK limit (maximum 18 exceedances) with ~0.5 million persons exposed.
Approximately 95 200 persons are projected to be exposed to the SANS/EC/UK annual NO2
limit of 50 µg/m³.
Vehicle exhaust emissions are associated with the greatest nitrogen dioxide exposure
potentials as is evident in the summary table below, projected to be responsible for up to 1.6
million exposures (excluding the potential for cumulative concentrations). Household fuel
burning is the next most significant source of nitrogen dioxide exposures (up to 242 000
persons), followed by industry (up to 39 000 persons). Cumulatively, Eskom Power Stations
are a significantly lower source of nitrogen dioxide exposures (maximum 22 200 persons
exposed to single hourly limit exceedances, with not exceedances of EC and UK limits).
Currently only Lethabo Power Station is predicted to result in nitrogen dioxide hourly limit
exceedance exposures (~390 persons). Given future operations Lethabo Power Station is
predicted to increases exposures to 515 persons, and Camden Power Station to result in 84
persons exposed to single limit exceedances.
Given future increases in nitrogen dioxide emissions due to escalations in existing power
station emissions and the commissioning of 3 RTS and 3 new power stations, Eskom Power
Stations is projected to become a more significant contributer to single exceedances of the
hourly limit than industrial emissions. The total numbers of persons residing within the
exceedance area due to all sources will however marginally increase from 6.9 million to 7.0
million persons.
No. of Persons Residing within Area predicted to Exceed Nitrogen Dioxide Air Quality
Limits
Source Groups

All Power Stations Current
Household fuel burning
Vehicle exhaust
Industry

Single Exceedance of
Single Exceedance of EC Hourly Limit (200 UK Hourly Limit (200 SANS Annual 40 µm³
Hourly 200 µg/m³ Limit
µg/m³, >8x)
µg/m³, >18x)
Limit
22,199
241,778

94,914

23,968

-

1,565,373

532,583

436,960

85,394
-

38,549

27

-

Mines

-

-

-

-

Ash dumps

-

-

-

-

6,884,218

631,925

469,272

95,166

All Sources Current
All Power Stations Future
All Sources Future

160,468

-

-

-

7,001,247

743,591

481,620

97,617

Exposure within PM10 Non-Compliance Areas
Approximately 0.5 million persons are predicted to currently reside within areas where the
current SA daily PM10 standard is exceeded (based on sources quantified). Exposures to
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single exceedances of daily PM10 thresholds of 75 µg/m³ and 50 µg/m³ was estimated to be
in the order of 3.2 million persons and 7.3 million persons respectively. Taking into account
the permissible maximum frequencies of exceedance of the 50 µg/m³ limit, ~1.4 million
persons were projected to be exposed within EC daily limit non-compliance aeas and ~1.2
million within UK daily limit non-compliance areas. It is notable that ~0.5 to ~0.8 million
people were estimated to result in areas in which SANS and EC annual limits were exceeded,
respectively.
Household fuel burning and industrial emissions were estimated to be result in the most
significant exposures to PM10 concentrations in excess of air quality limits. Fugitive dust
from mining emissions was associated with smaller but still significant exposure potentials.
Even cumulatively, current power station emissions were not predicted (in isolation of other
sources) to result in non-compliance with SA, EC, UK air quality limits despite being predicted
to result in ~275 000 persons being exposed to a single exceedance of the daily threshold of
50 µg/m³.

Source Groups

All Power Stations Current

No. of Persons Residing within Area predicted to Exceed PM10 Air Quality Limits
SA Daily Limit
EC Daily Limit (50 UK Daily Limit (50
SANS Annual
EC Annual Limit
(180 µg/m³, >3 x)
µg/m³, >25x)
µg/m³, >35x)
Limit (40 µg/m³)
(30 µg/m³)
-

Household fuel burning
Vehicle exhaust
Industry
Mines
Ash dumps
All Current (PS and other)

All Power Stations Future
All Future

47,451

718,564

637,745

75,320

-

-

-

-

345,800
-

255,123

375,390

283,848

196,172

207,758

19,218

89,914

20,732

19,942

20,428

17

17

17

-

17

486,064

1,411,941

1,189,155

510,261

818,782

-

-

-

-

-

535,345

1,681,507

1,409,174

552,923

882,197

Given future Eskom power station operations it is predicted that there would be an increase in
the numbers of persons exposed to PM10 limits by between 8% and 20%. This significant
increment in exposure potentials is due to a combination of primary and secondary
particulates due to particulate and gaseous power station emissions. Given sulphur dioxide
emission control scenario 1, this increase would be lower (3% to 12% increment in persons
exposed). Emission control scenarios 2, 3 and 4 would result in lower or comparable risks to
current risks due to all sources.

Health Risks due to Inhalation Exposures
Current Base Case Risks
Current emissions from Eskom and other source quantified during the study were predicted to
result in 550 deaths/year and ~117 200 respiratory hospital admissions per year. The main
findings with regard to pollutant and source contributions to such risks were as follows:
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-

Contribution of pollutants - Exposures to PM10 were estimated to be responsible for
69% of the total non-accidental mortality and 90% of the respiratory hospital
admissions. Sulphur dioxide was predicted to be responsible for 28% of the total
non-accidental mortality and 5% of the respiratory hospital admissions. Nitrogen
dioxide was found to be the least significant of the three pollutants considered in
terms of total morbidity and mortality, accounting for only 3% of the total nonaccidental mortality estimated and 4% of the respiratory hospital admissions.

-

Household fuel burning was predicted to result in the most significant health risks,
accounting for 50% of the total non-accidental mortality cases (287 deaths/year) and
50% of the respiratory hospital admissions (~58 000 cases/year) predicted.

-

Industrial sources, including non-Eskom power generation, represented the next
most significant source – responsible for 34% of the mortalities and 35% of the
morbilities.

-

Current Eskom Power Stations were cumulatively calculated to be responsible for 17
non-accidental mortalities per year and 661 respiratory hospital admissions,
representing 3.0% and 0.6% of the total non-accidental mortalities and respiratory
hospital admissions projected across all sources.

-

Vehicle exhaust emissions are estimated to contribute 9% of the estimated
mortalities and 11% of estimated respiratory hospital admissions.

-

Power Stations contributing most significantly to risks related to Eskom’s current
operations were identified as being Kendal (~61%), Matla (~20%), Lethabo (8%) and
Kriel (~7%). Together these four power stations contributed over 95% of the nonaccidental mortality cases and respiratory hospital admissions predicted to occur as
a result of Eskom Power Stations. Sulphur dioxide emissions from Eskom Power
Stations were predicted to be largely responsible for the health risks predicted,
accounting for all of the calculated mortality cases and respiratory hospital
admissions due to power station emissions.

Health Risks due to Future Power Station Operations (excluding SO2 Abatement)
Future Eskom power stations (without SO2 abatement in place), and other sources quantified
during the study, were predicted to result in 1209 deaths/year (representing an increase
factor by 2.2 above current) and ~155 623 respiratory hospital admissions per year (increase
by factor of ~1.3). Prior to considering the main findings with regard to source contributions to
health risk, the following should be noted:
Under future conditions “other sources” such as household fuel burning, vehicles and industry
are predicted to result in greater risks when compared to their current health impact despite
the emissions of such sources being assumed to remain unchanged. The reason for this is
that the increase in emissions from Eskom Power Stations increases the background
concentrations making it more likely that these other sources will cumulatively result in health
Eskom Mpumalanga Highveld Cumulative Scenario Planning Study:
Air Pollution Compliance Assessment and Health Risk Analysis of Cumulative Opeations of Current, RTS and
Proposed Eskom Power Station Located within the Mpumalanga and Gauteng Provinces
Report No.: APP/06/ESKOM-05 Rev 1.0
Page xv

risk threshold exceedances.
The main findings related to the future base case (excluding SO2 abatement) were as follows:
-

Across all source types, sulphur dioxide is estimated to contribute most significantly to
predicted total non-accidental mortality (63%), with PM10 responsible for much of the
respiratory hospital admissions (77%). As for the current base case, nitrogen dioxide
was found to be the least significant of the three pollutants considered in terms of total
morbidity and mortality, accounting for only 2% of the total non-accidental mortality
estimated and 4% of the respiratory hospital admissions.

-

Future Eskom Power Station emissions, including increased releases from existing
stations and the commissioning of three new and three return-to-service stations, were
cumulatively calculated to be responsible for 617 non-accidental mortalities per year
(compared to 17 cases/year currently) and 24 842 respiratory hospital admissions
(compared to 661 cases/year currently). Sulphur dioxide is estimated to be responsible
for 100% of the mortality risks and 99.5% of the hospital admission risks estimated to be
due to power station releases.

-

Eskom power stations are predicted to become the most significant source group in terms
of contributions to estimated total non-accidental mortality due to inhalation exposures
(51% of predicted). The large increase in the contribution of Eskom power station to the
total estimated risk is due to (i) the larger mortality risk assigned to SO2 relative to PM10
and NO2 and (ii) the marked increase in the frequency of exceedance of the threshold
above which health risks are calculated (i.e. 25 µg/m³).

-

Household fuel burning is predicted to represent the second most significant source,
estimated to account for 26% of the mortality risk estimated, followed by industry (17%)
and vehicle exhaust emissions (4%).

-

Due to respiratory hospital admission due to PM10 exposures being assigned a greater
relative risk when compared to SO2 and NO2 exposures, household fuel burning is
predicted to remain the most significant contributor to this health endpoint in future
(accounting for 42% of the estimated RHAs). Industry is estimated to be the next most
significant contributor to respiratory hospital admissions (~30%), followed by Eskom
Power Stations (16%) and vehicle exhaust emissions (9%).

-

Power stations contributing most significantly to future Eskom-related health risks were
the new power stations, viz. Project Golf (49%), Project Bravo (24%) and the proposed
power station near Grootvlei (11%) – followed by the existing Kendal Power Station
(~9%). The significant contribution of the new power stations is due primarily to their
higher energy sent out and associated higher emissions relative to other power stations.
Health risks do not increase in the same order as increases in emissions, but rather tend
to increase more sharply with such changes. The ~4% increase in emissions from
Kendal Power Station is, for example, associated with an ~80% increase in respiratory
hospital admissions and mortalities. The reason for the non-linear relationship is due to

Eskom Mpumalanga Highveld Cumulative Scenario Planning Study:
Air Pollution Compliance Assessment and Health Risk Analysis of Cumulative Opeations of Current, RTS and
Proposed Eskom Power Station Located within the Mpumalanga and Gauteng Provinces
Report No.: APP/06/ESKOM-05 Rev 1.0
Page xvi

the use of a baseline concentration threshold in the health risk calculations (assumed to
be 20 µg/m³ for sulphur dioxide) as discussed previously, with health risks only being
calculated for predicted pollutant concentrations above this threshold. Even marginal
increases in emissions could significantly increase health risks by resulting in more
people being exposed to concentrations in excess of the threshold. It is for this reason
that, whereas future Eskom power station emissions will increase by a factor of 2.2 (i.e.
54%, from 1434 ktpa to 3126 ktpa), mortalities and hospital admissions due to Eskom
power station emissions are projected to increase by factors of 36 and 37, respectively.
Health Risks due to Future Power Station Operations (including SO2 Abatement)
Health risks estimated to occur due to inhalation exposures given the various sulphur dioxide
emission reduction scenarios are compared to current and future base case risks in the table
below.

Emission Scenario
(Cumulative)(a)

Non-accidental Mortality
(deaths/year)

Respiratory Hospital
Admissions (cases/year)

SO2

SO2

PM10

NO2

PM10

NO2

Total Nonaccidental
Mortality
(deaths/year)

Total Respiratory
Hospital
Admissions
(cases/year)

Current Base Case

156

378

16

6,238

106,030

4,960

550

117,228

Future Base Case

766

425

18

30,726

119,367

5,530

1,209

155,623

Control scenario 1

238

405

18

9,557

113,678

5,530

661

128,765

Control scenario 2

96

387

18

3,857

108,721

5,530

502

118,108

Control scenario 3

106

390

18

4,245

109,462

5,530

514

119,237

Control scenario 4
129
395
18
5,188 110,970
(a)Includes future operations of Eskom Power Stations and other sources

5,530

543

121,688

With the implementation of 90% sulphur dioxide controls on the three new power stations (i.e.
emission control scenario 1) total non-accidental mortalities and respiratory hospital
admissions are projected to increase by ~20% and ~10% above current risks, respectively.
Emission control scenario 2, representing the greatest risk reductions, would reduce the
predicted current air pollution related mortality risk by ~9% and limit respiratory admission
increases to 0.8%. Emission scenarios 3 and 4 would similarly reduce mortality risks by 6.5%
and 1.3% respectively, whilst increasing respiratory hospital admissions by 1.7% and 3.8%
respectively.
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ESKOM MPUMALANGA HIGHVELD CUMULATIVE SCENARIO PLANNING STUDY AIR POLLUTION COMPLIANCE ASSESSMENT AND HEALTH RISK ANSLYSIS OF
CUMULATIVE OPERATIONS OF CURRENT AND PROPOSED ESKOM POWER
STATION LOCATED WITHIN THE MPUMALANGA AND GAUTENG PROVINCES

1. INTRODUCTION
Eskom Holdings Limits currently operates ten coal-fired power stations, in addition to which it
plans to return to service three of its previously mothballed power stations and to commission
a further four new coal-fired power stations in the short- to medium-term (Figure 1.1). Eight
of the existing power stations (viz. Arnot, Duvha, Matla, Majuba, Kriel, Tutuka, Hendrina,
Kendal) are located within the Mpumalanga Province. Lethabo Power Station is located in
the Gauteng Province and the other currently operational power station, namely Matimba, is
situated in the Limpopo Province. The return to service stations (RTS) are Grootvlei,
Camden and Komati Power Stations, all of which are located within the Mpumalanga
Province. The approximate locations of three of the proposed power stations have already
been defined, viz. one situated near the existing Matimba Power Station in the Lephalale
District Municipality, Limpopo Province (Matimba B); a second proposed for location near the
existing Kendal Power Station in the vicinity of Witbank, Mpumalanga Provice (Project
Bravo); and a third planned for location within Gauteng, in proximity to the existing Lethabo
Power Station (Project Golf). The location of the fourth proposed new power station has not
yet been finalised, but for the purpose of the current study was defined as being likely to be
located within Mpumalanga Province near the return to service Grootvlei Power Station.
Airshed Planning Professionals (Pty) Limited was appointed by Eskom to compile an air
quality compliance assessment and health risk analysis study for current and future baseline
operations and proposed future operations. The specific objectives of the study are as
follows:
•

Determine the compliance of existing, return-to-service and proposed Eskom power
stations with current and proposed South African and international ambient air quality
limits, taking cumulative air pollutant concentrations due to other major sources into
account (e.g. industry, household fuel burning, mining, vehicle exhaust emissions).

•

Quantify inhalation-related health risks occurring due to existing, return-to-service and
proposed Eskom power stations, and compare such risks to risks predicted to arise
due to other major sources.

•

Identify which of the existing, eligable Eskom power stations should be targeted for
sulphur dioxide control measure implementation based on health risk considerations,
and quantify the benefits of selected emission control scenarios in terms of improving
compliance and reducing health risks.
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Figure 1.1 Location of current, RTS and proposed Eskom Power Stations within the Mpumalanga Highveld Region and its surrounds.
Eskom Mpumalanga Highveld Cumulative Scenario Planning Study:
Air Pollution Compliance Assessment and Health Risk Analysis of Cumulative Opeations of Current, RTS and Proposed Eskom Power Station Located within the Mpumalanga
and Gauteng Provinces
Report No.: APP/06/ESKOM-05 Rev 1.0
Page 1-2

The individual and cumulative air quality impacts and health risks due to Mpumalanga and
Gauteng based existing, RTS and proposed power stations are documented in this report.
The impacts and risks due to Tutuka, Lethabo, Komati and Matimba power stations are also
individually documented in a further four reports.
1.1 Terms of Reference
The specific terms of reference of the Mpumalanga Highveld cumulative scenario planning
study were as follows:
•

Review of adequacy of non-Eskom source and emissions data for the Mpumalanga
Highveld and identification of significant information gaps and measures implementable
to address such gaps.

•

Discussion of information gaps and measures to address gaps with Eskom personnel
with a view to gaining consensus on the most efficient manner of filling critical gaps and
increasing confidence in study outputs.

•

Update emissions inventory for the Mpumalanga Highveld airshed through improving
information on source parameters and emission estimates for critical source groups.

•

Identification of emission reduction scenarios for Eskom power stations in close
consultation with Eskom personnel, taking into account the age, technology and proximity
of such to sensitive receptors. Obtain written agreement on source and emission data to
be used in the atmospheric dispersion simulations.

•

Atmospheric dispersion modeling of the various emission reduction scenarios including
and excluding other (non-Eskom) sources.

•

Compliance assessment including:

•

-

Evaluation of estimated/measured power station emissions based on local and
international good practice (EC, IPPC, WB) emission limits

-

Evaluation of predicted ambient PM10, SO2 and NOx concentrations for various
averaging periods based on local (SA, SANS) and international good practice (EC,
UK, WB, WHO) air quality criteria. Magnitude, frequency, aerial extent and number of
persons exposed to be quantified.

Health risk assessment, including:
-

Literature review and identification of most applicable dose-response functions.

-

Overlaying of predicted air pollution concentrations for each scenario over spatial
population data and application of dose-response functions to determine the potential
for health effects

-

Spatial representation of health impact potentials due to inhalation exposures to
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incremental and cumulative air pollutant concentrations (PM10, SO2, NO2)
1.2 Study Scope and Emission Scenarios Considered
The study included the simulation and assessment of:
•

Eskom power station stack emissions including: current and future emissions of existing
power stations, and estimated emissions from RTS and proposed future power stations.

•

Other sources, specifically fugitive dust emissions from Eskom ash dumps and open cast
mining operations, household fuel burning releases, industrial emissions and vehicle
tailpipe emissions. The extent and spatial location of atmospheric emissions from certain
source types that contribute significantly to air pollution concentrations is certain parts,
e.g. biomass burning and spontaneous combustion at collieries, could not be accurately
quantified and were therefore omitted from the simulations.

•

Particulate, sulphur dioxide and oxides of nitrogen emissions and resultant air pollutant
concentrations. Emissions of other gases which are released, including carbon
monoxide, various metals and organics and greenhouse gases such as carbon dioxide,
nitrous oxide and methane were not quantified.

A comprehensive health risk assessment comprises the quantification of actual exposure
(e.g. through detailed personal monitoring and/or time-activity studies taking note of time
spent indoors, outdoor, at work, in transit, etc.) and the quantification of all exposure
pathways (viz. inhalation, ingestion, dermal contact). The health risk assessment undertaken
as part of the current study deviated in terms of the following aspects:
(c) Actual exposure was not quantified. Instead spatial population data from the 2001
census was used, with maximum exposures assumed in residential areas.
(d) Only exposures due to inhalation were quantified through the application of applicable
dose-response functions. This is considered acceptable given that inhalation is the
predominant exposure pathway for the pollutants under investigation.
The following emission scenarios were included in the cumulative compliance and health
risks assessments:

Eskom Sources Included:

Other Sources Included:

Current (2003) emissions
from existing power stations

None
Industry, open cast mining, ash
dumps, household fuel burning,
vehicle exhaust
None
Industry, open cast mining, ash
dumps, household fuel burning,
vehicle exhaust

Future (2009) emissions
from existing power stations,
emissions from RTS and
proposed new stations

Sulphur Dioxide Controls in Place for
Eskom Power Stations
None
None

None
None
90% control for new stations
90% control for new stations and on Kendal,
Lethabo, Majuba, Matla, Tutuka and Duvha
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90% control on hew plants and Kendal,
Lethabo and Majuba and 60% control on
Matla, Duvha and Tutuka
90% control on new plants and Kendal,
Lethabo and Majuba

1.3 Methodological Approach

1.3.1 Dispersion Simulation Methodology
Dispersion models compute ambient concentrations as a function of source configurations,
emission strengths and meteorological characteristics, thus providing a useful tool to
ascertain the spatial and temporal patterns in the ground level concentrations arising from
the emissions of various sources. Increasing reliance has been placed on ground level air
pollution concentration estimates from models as the primary basis for environmental and
health impact assessments, risk assessments and determining emission control
requirements. Care was therefore taken in the selection of a suitable dispersion model for
the task at hand. The US Environmental Protection Agency approved CALPUFF modelling
suite was selected for use in the current study, comprising the CALMET meteorological
model, the CALPUFF dispersion model and the CALPOST result-processing module.
Most regulatory dispersion models, such as the widely used Industrial Source Complex (ISC)
model and the relatively new AERMOD model, are based on the steady-state plume
assumption, with meteorological inputs for these models assuming a horizontally uniform
flow field. Winds are typically derived from single point measurements, with these models
having limited or no capacity to adjust the windfield to reflect terrain effects. The steadystate flow fields either do not or only partially reproduce the terrain-induced spatial variability
in the wind field. In addition to which, the straight-line trajectory assumption of the plume
models cannot easily handle curved trajectories associated with terrain-induced deflection or
channelling. These limitations of plume models can significantly affect the models ability to
correctly represent the spatial area of impact from sources in complex terrain, in addition to
the magnitude of the peak values in certain instances.
CALPUFF is a regional Lagrangian Puff model suitable for application in modelling domains
of 50 km to 200 km. Due to its puff-based formulation the CALPUFF model is able to
account for various effects, including spatial variability of meteorological conditions, dry
deposition and dispersion over a variety of spatially varying land surfaces. The simulation of
plume fumigation and low wind speed dispersion are also facilitated.
CALPUFF requires as a minimum the input of hourly average surface meteorological data.
In order to take full advantage of the model’s ability to simulate spatially varying
meteorological conditions and dispersion within the convective boundary layer it is, however,
necessary to generate a three-dimensional wind field for input to the CALPUFF model. The
CALMET model may be used to generate such a three-dimensional wind field for input to the
CALPUFF model.
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The CALMET meteorological model contains a diagnostic wind field module that includes
parameterized treatments of terrain effects, including slope flows, terrain channelling and
kinematic effects, which are responsible for highly variable wind patterns. CALMET uses a
two-step procedure for computing wind fields. An initial guess wind field is adjusted for
terrain effects to produce a Step 1 wind field. The user specifies the vertical layers through
which the domain wind is averaged and computed, and the upper air and surface
meteorological stations to be included in the interpolation to produce the spatially varying
guess field. The Step 1 (initial guess) field and wind observational data are then weighted
through an objective analysis procedure to produce the final (Step 2) wind field. Weighting is
undertaken through assigning a radius of influence to stations, both within the surface layer
and layers aloft. Observational data are excluded from the interpolation if the distance
between the station and a particular grid point exceeds the maximum radius of influence
specified (EPA, 1995b; Scire and Robe, 1997; Robe and Scire, 1998).
By using CALMET and CALPUFF in combination it is possible to treat many important
complex terrain effects, including spatial variability of the meteorological fields, curved plume
trajectories, and plume-terrain interaction effects. Maximum hourly average, maximum daily
average and annual average concentrations were simulated through the application of
CALPUFF, using as input the relevant emissions data and the three-dimensional CALMET
data set.
CALPUFF allows for first order chemical transformation modelling to determine gas phase
reactions for SOx and NOx. Chemical transformation rates were computed internally by the
model using the RIVAD/ARM3 Scheme. This scheme allows for the separate modelling of
NO2 and NO, whereas the default MESOPUFF II Scheme only makes provision for the
combined modelling of NOx. The RIVAD/ARM3 scheme treats the NO and NO2 conversion
process in addition to the NO2 and total NO3 and SO2 to SO4 conversions, with equilibrium
between gaseous HNO3 and ammonium nitrate aerosol. The scheme uses user-input ozone
data (together with modelled radiation intensity) as surrogates for the OH concentration
during the daytime when gas phase free radical chemistry is active.
1.3.2 Dispersion Model Data Requirements
1.3.2.1 Receptor Locations and Modelling Domain
A modelling domain was defined in order to encapsulate the existing power stations and the
RTS and proposed power stations, and the maximum impact zones of such stations. The
extent of this domain is demonstrated in Figure 1-1. The meteorology was modelled and the
dispersion of pollutants simulated for the entire area covering ~160 km (east-west) by 108
km (north-south), with ambient ground-level concentrations and deposition levels being
predicted for over 17 280 receptor points. The regular Cartesian receptor grid selected has a
resolution of 1 770 m by 1 770 m. Discrete receptor points were specified for each of the
monitoring station locations to facilitate the simulation of concentrations and deposition at
these locations for application in the validation and calibration of the model.
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1.3.2.2 Meteorological Data Inputs
CALMET was used to simulate the meteorological field within the study area, including the
spatial variations – both in the horizontal and in the vertical - and temporal variations in the
windfield and atmospheric stability. Upper air data required by CALMET include pressure,
geopotential height, temperature, wind direction and wind speed for various levels. No upper
air monitoring stations are located within the Mpumalanga Highveld region with the nearest
SAWS station being located at Irene, Tshwane Municipality. Use was therefore made of
ETA-model data for twelve locations as obtained from the SAWS. Twice daily data were
obtained for five sounding levels. The initial guess field in CALMET was therefore
determined as a combined weighing of surface winds at nine Eskom monitoring stations and
ten SAWS stations, vertically extrapolated using Similarity Theory (Stull, 1997) and upper air
winds.
Eskom monitoring stations for which data were obtained were Verkykkop,
Elandsfontein, Kendal 2, Leandra, Majuba 1, Majuba 3, Makalu, Palmer, and Camden. The
SAWS stations used in the study were Johannesburg, Irene, Vereeniging, Witbank, Leandra,
Ermelo, Standerton, Newcastle, Verkykkop and Bethal (see Figure 1.2).

Figure 1.2 Location of the ETA-model data points as well as Eskom and SAWS
surface monitoring stations for which data were obtained for the simulation of the
meteorological field.
The CALMET meteorological model requires hourly average surface data as input, including
wind speed, wind direction, mixing depth, cloud cover, temperature, relative humidity,
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pressure and precipitation. The mixing depth is not readily measured and needed to be
calculated based on readily available data, viz. temperature and predicted solar radiation.
The daytime mixing heights were calculated with the prognostic equations of Batchvarova
and Gryning (1990), while night-time boundary layer heights were calculated from various
diagnostic approaches for stable and neutral conditions. The data availability for each of the
surface and upper-air stations used in the current study is given in Table 1.1.
Table 1.1 Data availability for surface and upper air data for the period 2001 to 2003.
Data

Surface data
(SAWS)

2001

2002

2003

Johannesburg

100%

100%

96%

Irene

99%

91%

92%

Vereeniging

92%

89%

89%

Witbank

100%

98%

94%

4%

4%

4%

Ermelo

100%

100%

99%

Standerton

90%

97%

95%

Newcastle

92%

100%

95%

4%

4%

4%

Bethal

12%

12%

10%

Verkykkop (VE)

74%

34%

90%

Elandsfontein (EL)

100%

91%

79%

Kendal 2 (K2)

93%

96%

100%

Leandra (LS)

92%

100%

100%

Majuba 1 (J1)

100%

84%

96%

Majuba 3 (J3)

82%

88%

93%

Makalu (MA)

94%

100%

100%

Palmer (PR)

97%

92%

79%

0%

0%

52%

100 %

42 %

76%

Leandra

(1)

Verkykkop

Surface data
(Eskom)

Period

Station

(1)

Camden (CD)
Upper air data

ETA

(2)

Notes:
(1) These SAWS stations only record precipitation once a day.
(2) Camden monitoring station was commissioned in 2003.

A three dimensional meteorological data set for the region was output by the CALMET model
for application in the CALPUFF model. This data set parameterised spatial (horizontal and
vertical) and temporal variations in the parameters required to model the dispersion and
removal of pollutants, including: vertical wind speed, wind direction, temperature, mixing
depths, atmospheric stability, (etc.). Meteorological parameters were projected at various
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heights above the ground, viz.: 20m, 200m, 500m, 1500m, and 3000m. In projecting vertical
changes in the windfield, temperature (etc.) it was possible to accurately parameterize the
atmospheric conditions characteristic of within valley layers, transitional layers and
atmospheric layers located above the terrain. The three-dimensional data set was generated
for the base-case years selected (2001 to 2003) and comprised hourly averages for each
parameter, thus providing information for each time interval required by the non-steady state
CALPUFF dispersion model.

1.3.2.3 Source and Emissions Data Inputs
Source parameter requirements for input into the CALPUFF model include stack height,
stack diameter, exit temperature, exit velocity, elevation of stack base above sea level and
source location. Emissions rates for each pollutant and source were also required as input to
the model. The source and emissions data input in the dispersion simulations are provided
in Section 3.
1.3.3 Model Accuracy
Comparisons between CALPUFF results, and results generated by the Industrial Source
Complex Model Short Term version 3 (ISCST3) model, have shown that CALPUFF is
generally more conservative (Strimatis et al., 1998). The ISC model typically produces
predictions within a factor of 2 to 10 within complex topography with a high incidence of calm
wind conditions. When applied in flat or gently rolling terrain, the USA-EPA (EPA 1986)
considers the range of uncertainty of the ISC to be -50% to 200%. CALPUFF predictions
have been found to have a greater correlation with observations, with more predictions within
a factor of 2 of the observations when compared to the ISC model (Strimatis et al., 1998). It
has generally been found that the accuracy of off-the-shelf dispersion models improve with
increased averaging periods. The accurate prediction of instantaneous peaks are the most
difficult and are normally performed with more complicated dispersion models specifically
fine-tuned and validated for the location.
The duration of these short-term, peak
concentrations are frequently limited to a few minutes and on-site meteorological data are
then essential for accurate predictions.
1.4 Compliance Assessment
The compliance assessment comprises the following:
-

Evaluation of estimated/measured existing power station emissions based on local
and international good practice emission limits, including limits specified in the
registration certificates of power stations and limits published by the EC and World
Bank.

-

Evaluation of predicted ambient PM10, SO2 and NOx concentrations for various
averaging periods based on local (SA, SANS) and international good practice (EC,
UK, WB, WHO) air quality criteria.
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In the assessment of ambient air quality, attention is paid to the magnitude, frequency and
aerial extent of air quality limit value exceedances. The number of people exposed to air
pollution concentrations in excess of limits is also noted, as estimated based on overlaying
predicted air pollutant concentrations on spatial population data.
1.5 Health Risk Assessment
In the health risk assessment predicted air pollutant concentrations are superimposed over
spatial population data (obtained from Stats SA for the 2001 Census) and applicable doseresponse relationships applied to estimate the potential for health risks. Dose-response
relationships, expressed as risk estimates, provide the link between exposures to ambient air
pollutant concentrations and the resultant health outcomes. Given the absence of locally
generated risk estimates it is necessary to make reference to the international literature to
identify dose-response functions that are applicable to South Africa. Airshed sub-contracted
Infotox (Pty) Ltd to assist with the identification of risk estimates for application in the current
study. The guidance was provided by Infotox in the form of a report documenting the
recommended risk estimates (Appendix A) and assistance of Infotox personnel during the
calculation of health risks by Airshed.
Risk estimates are applied by multiplying the exposure (i.e. population * pollutant
concentration) with the function to obtain an indication of the percentage increase in the
incidence of specific health effects (health endpoints). Actual, reported health statistics are
used to determine what the percentage change means in terms of the number of cases.
The specific health endpoints selected for inclusion in the study are “total non-accidental
mortality” and “respiratory hospital admissions”.
1.6 Outline of Report
The baseline environment, including the prevailing meteorology, existing air quality and
pertinent air quality limits, is presented in Section 2. Section 3 comprises a synopsis of the
emissions inventory development for Eskom power stations and other sources. Results from
the compliance assessment and health risk analysis are presenting in Sections 4 and 5
respectively. Recommendations and conclusions are provided in Section 6.
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2. BASELINE ASSESSMENT
The characterisation of the baseline environment comprises the description of the
atmospheric dispersion potential, the regulatory context and the existing air quality of the
study region. The atmospheric dispersion potential impacts on the way in which emissions
from the power stations accumulate, disperse and are removed from the atmosphere.
Information on existing air pollution concentrations provides the basis for verifying baseline
model results and is crucial to the quantification of cumulative air pollution impacts given the
increments in emissions due to the proposed commissioning of the RTS and new power
stations. Regulatory requirements, specifically permissible air quality limits, facilitate the
assessment of the acceptability of measured and predicted air pollutant concentrations.
2.1 Atmospheric Dispersion Potential
A description of the regional climate and macro-scale dispersion potential is given in
Appendix B. The meso-scale meteorology is discussed in this section.
2.1.1 Meso-Scale Wind Field
Following the modelling of the three dimensional meteorological field over the study region,
modelled wind field results were extracted from nine points to facilitate the generation of
period average and diurnal wind roses at surface and upper air levels (Figure 2.1).
Wind roses represent wind frequencies for the 16 cardinal wind directions. Wind frequencies
are indicated by the length of the shaft when compared to the circles drawn to represent a
5% frequency of occurrence. Wind speed classes are assigned to illustrate the frequencies
of high and low wind for each wind vector. The frequencies of calm periods, defined as
periods for which wind speeds are below 1 m/s, are indicated in the centre of the wind rose
(see Figure 2.2).
The period average and diurnal wind roses for the study area are illustrated in Figures 2.3 to
2.8. The wind regime of the study area largely reflects the synoptic scale circulation. The
flow field is dominated by northwesterly winds as may be expected due to the continental
high pressure which persists over the region. The combination of the continental highpressure system with tropical easterly systems, which gives rise to the frequent occurrence
of easterly winds, influences the flow field during much of the year. During winter months
there is a slight increase in the frequency of southwesterlies due to the passage of frontal
systems over the region. The frequency of easterly wind increases from west to east. Winds
are infrequently experienced from the southerly sector for all three periods analysed. The
wind speeds are generally moderate at surface level throughout the period with wind speeds
frequently between 5 to 10 m/s in the upper atmosphere (200m). During the day-time, the
frequency of northwesterly winds increases with easterly winds dominating during night-time.
Lower wind speeds and a greater frequency of calm conditions occur during the night-time as
may be expected.
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Figure 2.1 Location of nine points at which CALMET model results were extracted to
facilitate the generation of period average and diurnal wind roses.

Figure 2.2 Categories and classifications for the wind roses generated for the
current study.
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Figure 2.3: Period wind roses for the study area at surface level.

Figure 2.4: Period wind roses for the study area at 200m above
ground level.
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Figure 2.5: Day-time wind roses for the study area at surface Figure 2.6: Day-time wind roses for the study area at 200m above
level.
ground level.
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Figure 2.7: Night-time wind roses for the study area at surface Figure 2.8: Night-time wind roses for the study area at 200m
level.
above ground level.
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2.1.2 Atmospheric Stability and Mixing Depth
The atmospheric boundary layer constitutes the first few hundred metres of the atmosphere.
This layer is directly affected by the earth’s surface, either through the retardation of flow due
to the frictional drag of the earth’s surface, or as result of the heat and moisture exchanges
that take place at the surface. During the daytime, the atmospheric boundary layer is
characterised by thermal turbulence due to the heating of the earth’s surface and the
extension of the mixing layer to the lowest elevated inversion. Radiative flux divergence
during the night usually results in the establishment of ground-based inversions and the
erosion of the mixing layer. Nighttimes are characterised by weak vertical mixing and the
predominance of a stable layer. These conditions are normally associated with low wind
speeds, hence less dilution potential.
The mixed layer ranges in depth from a few metres (i.e. a stable or neutral layers) during
nighttimes to the base of the lowest-level elevated inversion during unstable, daytime
conditions. The lowest-level elevated inversion is located at a mean height above ground of
1 550 m during winter months with a 78 % frequency of occurrence. By contrast, the mean
summer subsidence inversion occurs at 2 600 m height with a 40% frequency.
Atmospheric stability is frequently categorised into one of six stability classes. These are
briefly described in Table 2.1.
Table 2.1.
conditions
A
B
C
D
E
F

Atmospheric stability classes and associated cloud and windfield

very unstable
moderately unstable
unstable
neutral
stable
very stable

calm wind, clear skies, hot daytime conditions
clear skies, daytime conditions
moderate wind, slightly overcast daytime conditions
high winds or cloudy days and nights
moderate wind, slightly overcast night-time conditions
low winds, clear skies, cold night-time conditions

For elevated releases, the highest ground level concentrations would occur during unstable,
daytime conditions. In contrast, the highest concentrations for ground level non-wind
dependent releases would occur during weak wind speeds and stable (night-time)
atmospheric conditions.

2.2 Legislative and Regulatory Context
The Air Pollution Prevention Act, Act 45 of 1965 is scheduled to be replaced in its entirety by
the National Environmental Management: Air Quality Act, Act 39 of 2004. The Air Quality Act
was assented to by the President and gazetted on 24 February 2005. On 11 September
2005 the Air Quality Act came into force, with the exclusion of sections 21, 22, 36 to 49,
51(1)(f), 51(3), 60 and 61, most of which deal with the licensing of “listed activities”. Given
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that the legislative context is currently in transition, it is necessary to consider the
implications of both the APPA and the AQA as they pertain to the power station operations.
2.2.1 Permitting of Power Stations
Under the APPA air pollution control was administered at a national level by the Department
of Environmental Affairs and Tourism. This Act regulates the control of noxious and offensive
gases emitted by industrial processes, the control of smoke and wind borne dust pollution,
and emissions from diesel vehicles. The implementation of the act is charged to the Chief
Air Pollution Control Officer (CAPCO).
All power stations are listed under Process 29 in the second schedule of the APPA and are
controlled by CAPCO through Best Practicable Means (BPM) using registration certificates.
Scheduled processes represent processes listed in the Second Schedule of the Act that
have the potential to release potentially significant quantities of pollutants. BPM represents
an attempt to restrict emissions while having regard to local conditions, the prevailing extent
of technical knowledge, the available control options, and the cost of abatement.
In the future, under the Air Quality Act, the permitting of “Scheduled Processes” by CAPCO
(DEAT) will be replaced by the licensing of “Listed Activities” by local government. District
municipalities and metropolitan municipalities are tasked with such licensing(5). During the
transitional phase a provisional registration certificate will continue to be valid for a period of
two years. A registration certificate will remain valid for a period of four years, with the
registration certificate holder being required to lodge a renewal application with the licensing
authority within the first three years of the four-year period.
2.2.2 Local and International Ambient Air Quality Limits
Air quality guidelines and standards are fundamental to effective air quality management,
providing the link between the source of atmospheric emissions and the user of that air at
the downstream receptor site. The ambient air quality limits are intended to indicate safe
daily exposure levels for the majority of the population, including the very young and the
elderly, throughout an individual’s lifetime. Such limits are given for one or more specific
averaging periods, typically 10 minutes, 1-hour average, 24-hour average, 1-month
average, and/or annual average.
The ambient air quality guidelines and standards for pollutants relevant to the current study
are presented in subsequent subsections. Air quality limits issued nationally by the DEAT
and SABS(6) are reflected together with limits published by the WHO, EC, World Bank, UK,
Australia and US-EPA.
5

Provincial government may become responsible for this function in the event that: (i) local government is unable
to fulfil the function, (ii) local government requests that the function be taken by province, or (iii) local government
is undertaking a listed activity requiring licensing.
6

The SABS was initially engaged to assist DEAT in the facilitation of the development of ambient air quality
standards. This process resulted in the publication of: (a) SANS 69 - South African National Standard Framework for setting & implementing national ambient air quality standards, and (b) SANS 1929 - South African
National Standard - Ambient Air Quality - Limits for common pollutants. The latter document includes air quality
limits for particulate matter less than 10 µm in aerodynamic diameter (PM10), dustfall, sulphur dioxide, nitrogen
dioxide, ozone, carbon monoxide, lead and benzene. The SANS documents were approved by the technical
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2.2.2.1 Suspended Particulate Matter
The impact of particles on human health is largely depended on (i) particle characteristics,
particularly particle size and chemical composition, and (ii) the duration, frequency and
magnitude of exposure. The potential of particles to be inhaled and deposited in the lung
is a function of the aerodynamic characteristics of particles in flow streams. The
aerodynamic properties of particles are related to their size, shape and density. The
deposition of particles in different regions of the respiratory system depends on their size.
The nasal openings permit very large dust particles to enter the nasal region, along with
much finer airborne particulates. Larger particles are deposited in the nasal region by
impaction on the hairs of the nose or at the bends of the nasal passages. Smaller particles
(PM10) pass through the nasal region and are deposited in the tracheobronchial and
pulmonary regions. Particles are removed by impacting with the wall of the bronchi when
they are unable to follow the gaseous streamline flow through subsequent bifurcations of
the bronchial tree. As the airflow decreases near the terminal bronchi, the smallest
particles are removed by Brownian motion, which pushes them to the alveolar membrane
(CEPA/FPAC Working Group, 1998; Dockery and Pope, 1994).
Air quality guidelines for particulates are given for various particle size fractions, including
total suspended particulates (TSP), inhalable particulates or PM10 (i.e. particulates with an
aerodynamic diameter of less than 10 µm), and respirable particulates of PM2.5 (i.e.
particulates with an aerodynamic diameter of less than 2.5 µm). Although TSP is defined
as all particulates with an aerodynamic diameter of less than 100 µm, and effective upper
limit of 30 µm aerodynamic diameter is frequently assigned. PM10 and PM2.5 are of
concern due to their health impact potentials. As indicated previously, such fine particles
are able to be deposited in, and damaging to, the lower airways and gas-exchanging
portions of the lung.
PM10 limits and standards issued nationally and abroad are documented in Table 2.2. In
addition to the PM10 standards published in schedule 2 of the Air Quality Act, the Act also
includes standards for total suspended particulates (TSP), viz. a 24-hour average
maximum concentration of 300 µg/m³ not to be exceeded more than three times in one
year and an annual average of 100 µg/m³.
During the 1990s the World Health Organisation (WHO) stated that no safe thresholds could
be determined for particulate exposures and responded by publishing linear dose-response
relationships for PM10 and PM2.5 concentrations (WHO, 2005). This approach was not well
accepted by air quality managers and policy makers. As a result the WHO Working Group of
Air Quality Guidelines recommended that the updated WHO air quality guideline document
contain guidelines that define concentrations which, if achieved, would be expected to result

committee for gazetting for public comment, were made available for public comment during the May/June 2004
period and were finalized and published during the last quarter of 2004. Although the SANS documents have
been finalised, it was decided by the DEAT not to adopt these limits but rather to include the previous CAPCO
guidelines as standards in the second schedule of the new Air Quality Act with a view of replacing these with
alternative thresholds in the future. Although the threshold levels to be selected for future air quality standards
are not currently known it is expected that such thresholds will be more stringent than the initial standards
included in the Act and more in line with the SANS limits.
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in significantly reduced rates of adverse health effects. These guidelines would provide air
quality managers and policy makers with an explicit objective when they were tasked with
setting national air quality standards. Given that air pollution levels in developing countries
frequently far exceed the recommended WHO air quality guidelines (AQGs), the Working
Group also proposed interim targets (IT) levels, in excess of the WHO AQGs themselves, to
promote steady progress towards meeting the WHO AQGs (WHO, 2005). The air quality
guidelines and interim targets issued by the WHO in 2005 for particulate matter are given in
Tables 2.3 and 2.4.
Table 2.2 Air quality standard for inhalable particulates (PM10)
Authority
(7)

SA standards (Air Quality Act)
RSA SANS limits (SANS:1929,2004)
Australian standards
European Community (EC)
World Bank (General Environmental
Guidelines)
World Bank (Thermal Power
Guidelines)
United Kingdom
United States EPA
World Health Organisation

Maximum 24-hour
Concentration (µg/m³)
180(a)
75(b)
50(c)
50(f)
50(g)

Annual Average Concentration
(µg/m³)
60
40(d)
30(e)
30(h)
20(i)

70(j)

50(j)

150(k)

50(k)

50(l)
150(n)
(p)

40(m)
50(o)
(p)

Notes:
(a) Not to be exceeded more than three times in one year.
(b) Limit value. Permissible frequencies of exceedance, margin of tolerance and date by which limit value should be complied
with not yet set.
(c) Target value. Permissible frequencies of exceedance and date by which limit value should be complied with not yet set.
(d) Limit value. Margin of tolerance and date by which limit value should be complied with not yet set.
(e) Target value. Date by which limit value should be complied with not yet set.
(f) Australian ambient air quality standards. (http://www.deh.gov.au/atmosphere/airquality/standards.html). Not to be exceeded
more than 5 days per year. Compliance by 2008.
(g) EC First Daughter Directive, 1999/30/EC (http://europa.eu.int/comm/environment/air/ambient.htm). Compliance by 1
January 2005. Not to be exceeded more than 25 times per calendar year. (By 1 January 2010, no violations of more than 7
times per year will be permitted.)
(h) EC First Daughter Directive, 1999/30/EC (http://europa.eu.int/comm/environment/air/ambient.htm). Compliance by 1
January 2005
(i) EC First Daughter Directive, 1999/30/EC (http://europa.eu.int/comm/environment/air/ambient.htm). Compliance by 1 January
2010
(j) World Bank, 1998. Pollution Prevention and Abatement Handbook. (www.worldbank.org). Ambient air conditions at
property boundary.
(k) World Bank, 1998. Pollution Prevention and Abatement Handbook. (www.worldbank.org). Ambient air quality in Thermal
Power Plants.
(l) UK Air Quality Objectives. www.airquality.co.uk/archive/standards/php. Not to be exceeded more than 35 times per year.
Compliance by 31 December 2004
(m) UK Air Quality Objectives. www.airquality.co.uk/archive/standards/php. Compliance by 31 December 2004
(n) US National Ambient Air Quality Standards (www.epa.gov/air/criteria.html). Not to be exceeded more than once per year.
(o) US National Ambient Air Quality Standards (www.epa.gov/air/criteria.html). To attain this standard, the 3-year average of the
weighted annual mean PM10 concentration at each monitor within an area must not exceed 50 µg/m³.
(p) WHO (2000) issued linear dose-response relationships for PM10 concentrations and various health endpoints with no
specific guideline provided. WHO (2005) made available during early 2006 proposes several interim target levels (see
subsequent tables).

7

On 9 June 2006 the Department of Environmental Affairs and Tourism gazetted new air quality standards for public comment
(90 day comment period given). The proposed PM10 standards are given as 75 µg/m³ for highest daily (compared to the
current standard of 180 µg/m³) and 40 µg/m³ for annual averages (compared to 60 µg/m³ at present) (Government Gazette No.
28899, 9 June 2006).
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Table 2.3 WHO air quality guideline and interim targets for particulate matter (annual
mean) (WHO, 2005)
Annual Mean Level
WHO interim target-1 (IT-1)

PM10
(µg/m³)
70

PM2.5
(µg/m³)
35

WHO interim target-2 (IT-2)

50

25

WHO interim target-3 (IT-3)

30

15

WHO Air Quality Guideline
(AQG)

20

10

Basis for the selected level
These levels were estimated to be associated with about
15% higher long-term mortality than at AQG
In addition to other health benefits, these levels lower risk
of premature mortality by approximately 6% (2-11%)
compared to WHO-IT1
In addition to other health benefits, these levels reduce
mortality risks by another approximately 6% (2-11%)
compared to WHO-IT2 levels.
These are the lowest levels at which total,
cardiopulmonary and lung cancer mortality have been
shown to increase with more than 95% confidence in
response to PM2.5 in the American Cancer Society (ACS)
study (Pope et al., 2002 as cited in WHO 2005). The use
of the PM2.5 guideline is preferred.

Table 2.4 WHO air quality guideline and interim targets for particulate matter (daily
mean) (WHO, 2005)
Annual Mean Level
WHO interim target-1 (IT-1)

PM10
(µg/m³)
150

PM2.5
(µg/m³)
75

WHO interim target-2 (IT-2)*

100

50

WHO interim target-3 (IT-3)**

75

37.5

Basis for the selected level
Based on published risk coefficients from multi-centre
studies and meta-analyses (about 5% increase of shortterm mortality over AQG)
Based on published risk coefficients from multi-centre
studies and meta-analyses (about 2.5% increase of shortterm mortality over AQG)
Based on published risk coefficients from multi-centre
studies and meta-analyses (about 1.2% increase of shortterm mortality over AQG)
Based on relation between 24-hour and annual levels

WHO Air Quality Guideline
50
25
(AQG)
*
99th percentile (3 days/year)
**
for management purposes, based on annual average guideline values; precise number to be determined
on basis of local frequency distribution of daily means

2.2.3 Sulphur Dioxide
SO2 is an irritating gas that is absorbed in the nose and aqueous surfaces of the upper
respiratory tract, and is associated with reduced lung function and increased risk of
mortality and morbidity. Adverse health effects of SO2 include coughing, phlegm, chest
discomfort and bronchitis. Ambient air quality guidelines and standards issued for various
countries and organisations for sulphur dioxide are given in Table 2.5.
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Table 2.5:
Ambient air quality guidelines and standards for sulphur dioxide for
various countries and organisations
Authority
SA standards (Air Quality Act)
RSA SANS limits
(SANS:1929,2004)
Australian standards
European Community (EC)
World Bank (General
Environmental Guidelines)
World Bank (Thermal Power
Guidelines)
United Kingdom
United States EPA
World Health Organisation
(2000)
World Health Organisation
(2005)

Maximum 10minute
Average
(µg/m³)
500(a)
500(b)

Maximum 1hourly Average
(µg/m³)
-

125(a)

Annual
Average
Concentration
(µg/m³)
50

125(b)

50

-

524(c)
350(d)
-

209 (c)
125(e)

52
20(f)

125(g)

50(g)

150(h)

80(h)

125(k)
365(m)

20(l)
80
50(n)
10-30(o)

266(i)
500(n)
500(p)

350(j)
-

Maximum 24hour Average
(µg/m³)

125(n)
20(p)

(p)

Notes:
(a) No permissible frequencies of exceedance specified
(b) Limit value. Permissible frequencies of exceedance, margin of tolerance and date by which limit value should be complied
with not yet set.
(c) Australian ambient air quality standards. (http://www.deh.gov.au/atmosphere/airquality/standards.html). Not to be exceeded
more than 1 day per year. Compliance by 2008.
(d) EC First Daughter Directive, 1999/30/EC (http://europa.eu.int/comm/environment/air/ambient.htm). Limit to protect health,
to be complied with by 1 January 2005 (not to be exceeded more than 4 times per calendar year).
(e) EC First Daughter Directive, 1999/30/EC (http://europa.eu.int/comm/environment/air/ambient.htm). Limit to protect health,
to be complied with by 1 January 2005 (not to be exceeded more than 3 times per calendar year).
(f) EC First Daughter Directive, 1999/30/EC (http://europa.eu.int/comm/environment/air/ambient.htm). Limited value to protect
ecosystems. Applicable two years from entry into force of the Air Quality Framework Directive 96/62/EC.
(g) World Bank, 1998. Pollution Prevention and Abatement Handbook. (www.worldbank.org). Ambient air conditions at
property boundary.
(h) World Bank, 1998. Pollution Prevention and Abatement Handbook. (www.worldbank.org). Ambient air quality in Thermal
Power Plants.
(i) UK Air Quality Objective for 15-minute averaging period (www.airquality.co.uk/archive/standards/php). Not to be exceeded
more than 35 times per year. Compliance by 31 December 2005.
(j) UK Air Quality Objective (www.airquality.co.uk/archive/standards/php). Not to be exceeded more than 24 times per year.
Compliance by 31 December 2004.
(k) UK Air Quality Objective (www.airquality.co.uk/archive/standards/php). Not to be exceeded more than 3 times per year.
Compliance by 31 December 2004.
(l) UK Air Quality Objective (www.airquality.co.uk/archive/standards/php). Compliance by 31 December 2000.
(m) US National Ambient Air Quality Standards (www.epa.gov/air/criteria.html). Not to be exceeded more than once per year.
(n) WHO Guidelines for the protection of human health (WHO, 2000).
(o) Represents the critical level of ecotoxic effects (issued by WHO for Europe); a range is given to account for different
sensitivities of vegetation types (WHO, 2000).
(p) WHO Air Quality Guidelines, Global Update, 2005 – Report on a Working Group Meeting, Bonn, Germany, 18-20 October
2005. Documents new WHO guidelines primarily for the protection of human health. The 10-minute guideline of 500 µg/m³
published in 2000 remains unchanged but the daily guideline is significantly reduced from 125 µg/m³ to 20 µg/m³ (in line with the
precautionary principle). An annual guideline is given at not being needed, since “compliance with the 24-hour level will assure
lower levels for the annual average”.

It is important to note that the WHO air quality guidelines (AQGs) published in 2000 for
sulphur dioxide have recently been revised (WHO, 2005). Although the 10-minute AQG of
500 µg/m³ has remained unchanged, the previously published daily guideline has been
significantly reduced from 125 µg/m³ to 20 µg/m³. The previous daily guideline was based
on epidemiological studies. WHO (2005) makes reference to more recent evidence which
suggests the occurrence of health risks at lower concentrations. Although WHO (2005)
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acknowledges the considerable uncertainty as to whether sulphur dioxide is the pollutant
responsible for the observed adverse effects (may be due to ultra-fine particles or other
correlated substances), it took the decision to publish a stringent daily guideline in line with
the precautionary principle. The WHO (2005) stipulates an annual guideline is not needed
for the protection of human health, since compliance with the 24-hour level will assure
sufficiently lower levels for the annual average. Given that the 24-hour WHO AQG of 20
µg/m³ is anticipated to be difficult for some countries to achieve in the short term, the WHO
(2005) recommends a stepped approach using interim goals as shown in Table 2.6.

Table 2.6 WHO air quality guidelines and interim guidelines for sulphur dioxide (WHO,
2005)
24-hour Average Sulphur
Dioxide (µg/m³)
125

10-minute Average Sulphur
Dioxide (µg/m³)

WHO interim target-1 (IT-1)
(2000 AQF level)
WHO interim target-2 (IT-2)
50(a)
WHO Air Quality Guideline
20
500
(AQG)
(a) Intermediate goal based on controlling either (i) motor vehicle (ii) industrial emissions and/or (iii) power
production; this would be a reasonable and feasible goal to be achieved within a few years for some
developing countries and lead to significant health improvements that would justify further improvements (such
as aiming for the guideline).

2.2.4 Oxides of Nitrogen
NOx, primarily in the form of NO, is one of the primary pollutants emitted during
combustion. NO2 is formed through oxidation of these oxides once released in the air.
NO2 is an irritating gas that is absorbed into the mucous membrane of the respiratory tract.
The most adverse health effect occurs at the junction of the conducting airway and the gas
exchange region of the lungs. The upper airways are less affected because NO2 is not
very soluble in aqueous surfaces. Exposure to NO2 is linked with increased susceptibility
to respiratory infection, increased airway resistance in asthmatics and decreased
pulmonary function.
The standards and guidelines of most countries and organisations are given exclusively for
NO2 concentrations. South Africa's NO2 standards are compared to various widely
referenced foreign standards and guidelines in Table 2.7. In addition, South Africa also
publishes standards for oxides of nitrogen (NOx).
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Table 2.7
Ambient air quality guidelines and standards for nitrogen dioxide for
various countries and organisations
Authority

Instantaneous
Peak (µg/m³)

Maximum 1hourly
Average
(µg/m³)

Maximum
24-hour
Average
(µg/m³)

Maximum 1month
Average
(µg/m³)

Annual
Average
Concentration
(µg/m³)

940(a)

376(a)

188(a)

150(a)

94

-

200(b)

-

-

40(b)

-

226(c)
200(d)

-

56
40(e)

-

-

150 (as
NOx)(f)

-

-

SA standards (Air Quality
(8)
Act)
RSA SANS limits
(SANS:1929,2004)
Australian standards
European Community (EC)
World Bank (General
Environmental Guidelines)
World Bank (Thermal
Power Guidelines)
United Kingdom
United States EPA
World Health Organisation
(2000, 2005)

150(g)

100(g)

-

200(h)

-

-

-

-

-

-

40(i)
30(j)
100(k)

-

200(l)

-

40(l)

Notes:
(a) No permissible frequencies of exceedance specified
(b) Limit value. Permissible frequencies of exceedance, margin of tolerance and date by which limit value should be complied
with not yet set.
(c) Australian ambient air quality standards. (http://www.deh.gov.au/atmosphere/airquality/standards.html). Not to be exceeded
more than 1 day per year. Compliance by 2008.
(d) EC First Daughter Directive, 1999/30/EC (http://europa.eu.int/comm/environment/air/ambient.htm). Averaging times
th
represent the 98 percentile of averaging periods; calculated from mean values per hour or per period of less than an hour
taken throughout the year; not to be exceeded more than 8 times per year. This limit is to be complied with by 1 January
2010.
(e) EC First Daughter Directive, 1999/30/EC (http://europa.eu.int/comm/environment/air/ambient.htm). Annual limit value for
the protection of human health, to be complied with by 1 January 2010.
(f) World Bank, 1998. Pollution Prevention and Abatement Handbook. (www.worldbank.org). Ambient air conditions at
property boundary.
(g) World Bank, 1998. Pollution Prevention and Abatement Handbook. (www.worldbank.org). Ambient air quality in Thermal
Power Plants.
(h) UK Air Quality Provisional Objective for NO2 (www.airquality.co.uk/archive/standards/php). Not to be exceeded more than
18 times per year. Compliance by 31 December 2005.
(i) UK Air Quality Provisional Objective for NO2 (www.airquality.co.uk/archive/standards/php). Compliance by 31 December
2005.
(j) UK Air Quality Objective for NOx for protection of vegetation (www.airquality.co.uk/archive/standards/php). Compliance by
31 December 2000.
(k) US National Ambient Air Quality Standards (www.epa.gov/air/criteria.html).
(l) WHO Guidelines for the protection of human health (WHO, 2000). AQGs remain unchanged according to WHO (2005).

2.3 Baseline Air Quality
The objective of the baseline assessment is to understand the extent of current air pollution
levels in the region and to identify the main contributing sources to such levels. In the
baseline air quality characterisation use was made of existing ambient air pollution data from
Eskom’s various monitoring stations.

8

On 9 June 2006 the Department of Environmental Affairs and Tourism gazetted new air quality standards for public comment
(90 day comment period given). The proposed NO2 standards are given as 200 µg/m³ for highest daily and 40 µg/m³ for annual
averages (in line with the SANS limits) (Government Gazette No. 28899, 9 June 2006).
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2.3.1 Monitored Ambient Air Quality
Eskom has undertaken monitoring of ambient SO2, NOx and PM10 concentrations in the
vicinity of its currently operational power stations (Figure 1.2). In addition to the ongoing
monitoring station network, Eskom also undertook a monitoring campaign for Grootvlei
Power Station during the January 1984 to December 1988 period. The data availability for
the current monitoring stations is given in Table 2.9. Data availability for the monitoring
campaign undertaken in the 1980s is not known.
Monitored maximum SO2, NO2 and PM ground level concentrations from current stations for
the period 2001 to 2005 are summarised and frequencies of exceedances of relevant air
quality limits given in Tables 2.10 to 2.15. In the frequencies of exceedance tables reference
is made to data availabilities so as to provide the context within which to interpret the
significance of the reported frequencies.

Table 2.8
Parameters monitored for the current Eskom ambient air quality
monitoring stations with the monitoring period for which data were obtained and
analysed for the purpose of the current study indicated
Monitoring stations
Camden (ID)
Elansfontein (EL)
Majuba 1 (J1)
Majuba 3 (J3)
Kendal 2 (K2)
Leandra (LS)
Makalu (MA)**
Palmer (PR)***
Verkykkop (VE)

SO2
X
X
X
X
X
X
X
X
X

Pollutants
NO2
X
X

X
X
X
X

PM10
X
X
X
X
X
X
X
X
X

Monitoring period
2003 – 2005
2001 – 2005
2001 – 2005
2001 – 2005
2001 – 2005
2001 – 2005
2001 – March 2005
2001 – 2003
2001 – 2005

** Makalu closed down in April 2005
*** Palmer closed down in January 2004
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Table 2.9 Highest hourly, highest daily and annual average SO2 concentrations recorded at Eskom monitoring stations during 2001-2005
Monitoring
Station
Camden
Elandsfontein
Majuba 1
Majuba 3*
Kendal 2
Leandra
Makalu**
Palmer***
Verkykkop

Highest Hourly Averages (µg/m³)
2001
NM
458
631
631
1408
874
534
398
270

2002
NM
657
550
550
1777
537
602
262
759

2003
249
741
560
560
2112
563
798
408
366

2004
306
610
678
387
2175
594
623
60
91

Highest Daily Averages (µg/m³)
2005
403
932
767
576
1887
662
463
no data
581

2001
NM
110
78
78
220
216
111
112
50

2002
NM
108
84
84
286
82
112
115
62

2003
48
138
129
129
381
117
101
147
78

2004
59
127
154
99
302
130
124
16
17

Period Averages (µg/m³)
2005
108
154
154
149
274
172
84
no data
271

2001
NM
27
11
11
31
27
16
8
10

2002
NM
31
12
12
43
16
17
8
11

2003
9
28
18
18
47
23
19
16
14

2004
13
26
22
20
35
31
21
5
11

2005
20
28
29
26
40
29
17
no data
25

*2005 Low data capture due to faulty power
** Makalu closed down in April 2005
*** Palmer closed down in January 2004

Table 2.10 Frequencies of exceedance of EC hourly limits and SA daily limits for SO2 at Eskom monitoring stations during 2001-2005
Monitoring
Station
Camden
Elandsfontein
Majuba 1
Majuba 3*
Kendal 2
Leandra
Makalu**
Palmer***
Verkykkop

EC
SANS
Number of hours >350µg/m³
Number of days >125µg/m³
Monitoring
Station
2001
2002
2003 2004
2005
2001
2002
2003 2004
2005
NM
NM
0
0
0
NM
NM
0
0
0 Camden
5
4
3
12
19
0
0
1
1
3 Elandsfontein
11
4
28
29
41
0
0
1
5
6 Majuba 1
NA
NA
NA
3
8
NA
NA
NA
0
1 Majuba 3*
56
166
202 117
153
6
20
27
12
16 Kendal 2
30
8
19
35
49
3
0
0
1
2 Leandra
4
11
6
13
4
0
0
0
0
0 Makalu**
2
0
2
0 no data
0
0
2
0 no data Palmer***
0
1
1
0
4
0
0
0
0
14 Verkykkop

Data Availability (%)
2001
NM
44
76
97
62
60
78
93
83

2002
NM
87
42
77
43
27
12
82
67

2003
67
68
11
97
25
21
97
73
36

2004
98
92
83
76
98
98
98
3
94

2005
91
96
76
49
98
99
27
no data
93

*2005 Low data capture due to faulty power
** Makalu closed down in April 2005
*** Palmer closed down in January 2004
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Table 2.11 Highest hourly, highest daily and annual average PM10 recorded at Eskom monitoring stations during 2001-2005
Monitoring
Station
Camden
Elandsfontein
Majuba 1
Majuba 3*
Kendal 2
Leandra
Makalu**
Palmer***
Verkykkop

Highest Hourly Averages (µg/m³)
2001
NM
510
1145
1627
699
632
807
387
1007

2002
NM
495
225
469
2705
4310
348
442
561

2003
707
820
180
1265
2431
672
445
314
292

2004
670
698
353
591
no data
1357
3286
498
245

Highest Daily Averages (µg/m³)
2005
766
970
345
540
597
861
238
no data
253

2001
NM
109
383
237
215
118
127
74
265

2002
NM
88
56
111
739
904
106
79
91

2003
91
202
37
208
199
144
122
57
51

2004
102
150
89
128
no data
209
165
70
161

Period Averages (µg/m³)
2005
143
143
83
168
92
220
49
no data
60

2001
NM
53
16
30
87
37
34
30
26

2002
NM
32
8
23
68
47
11
28
23

2003
23
42
19
32
57
46
26
26
15

2004

2005

31
36
21
29
no data
68
35
39
9

36
42
20
34
24
137
18
no data
16

Table 2.12 Frequencies of exceedance of SA, SANS and EC daily given for PM10 at Eskom monitoring stations during 2001-2005

Monitoring
Station
Camden
Elandsfontein
Majuba 1
Majuba 3*
Kendal 2
Leandra
Makalu**
Palmer***
Verkykkop

SA
SANS
Number of days
>180µg/m³
Number of days >75µg/m³
2004
2005
2001
2002
2003
2004
2005
0
0
NM
NM
4
3
16
0
0
25
4
22
13
26
0
0
4
0
0
2
1
0
0
10
12
no data
0
151
36
15 no data
8
1
14
11
7
18
93
332
0
0
13
1
16
26
0
0
no data
0
1
0
0 no data
0
0
4
1
0
2
0

EC / WHO
Data Availability (%)
Number of days >50µg/m³
2001
2002
2003
2004
2005
NM
NM
42
35
82
87
43
59
72
111
6
2
0
12
4
32
28
209
92
54 no data
38
50
25
32
278
332
59
1
45
64
0
25
14
7
1 no data
14
4
1
4
4

2001
NM
96
97
73
91
98
97
93
92

2002
NM
90
77
56
93
97
99
82
90

2003
2004
2005
67
99
93
77
87
96
97
70
26
57
58
33
98 no data
89
99
92
90
95
80
19
78
3 no data
98
67
85

* Problems with TEOM in 2005
** Problems with TEOM
***Makalu closed down in April 2005
****Palmer closed down in January 2004
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Table 2.13 Highest hourly, highest daily and annual average NO2 concentrations recorded at Eskom monitoring stations during the
period 2001-2005
Monitoring
Station

Highest Hourly Averages (µg/m³)
2001

2002

2003

2004

Highest Daily Averages (µg/m³)
2005

2001

2002

NM

2003

NM

2004

2005

2001

NM

94

63

128

119

106

105

123

Kendal 2

172

726

145

152

201

51

64

56

33

71

14

14

15

12

16

Makalu**

117

199

87

100

60

49

49

44

55

24

14

15

14

16

13

5

4

4

2 no data

5

8

9

9

104

76

72

15

no data

48

24

24

Verkykkop

118

153

114

27

184

22

53

36

5 no data
12

91

NM

NM
9

4

2005

NM

Palmer***

35
31

2004

140

25

28

2003

Elandsfontein

29

34

2002

Camden

37

21

Period Averages (µg/m³)

10

7

7

8

7

9

13

Table 2.14 Frequencies of exceedance of SA, SANS and EC daily given for NO2 at Eskom monitoring stations during 2001-2005
Monitoring
Station
Camden
Elandsfontein

SA

SANS / EC

Number of hours >382µg/m³
2001 2002 2003 2004 2005

Number of hours >200µg/m³
2001 2002 2003 2004 2005

Data Availability (%)
Monitoring
Station

NM

NM

NM

0

0

NM

NM

NM

0

0 Camden

0

0

0

0

0

0

0

0

0

0 Elandsfontein

2001

2002

2003

2004

2005

NM

NM

67.0

71.2

98.3

97.0

97.0

42.0

78.8

92.3

Kendal 2

0

0

0

0

0

0

2

0

0

2 Kendal 2

87.0

93.0

98.0

87.6

74.4

Makalu**

0

0

0

0

0

0

0

0

0

0 Makalu**

97.0

99.0

99.6

97.3

27.4

Palmer***

0

0

0

no
0 data

0

0

0

no
0 data

Verkykkop

0

0

0

0

0

0

0

0

0

Palmer***

93.0

99.0

78.0

2.6

no data

0 Verkykkop

88.0

89.0

76.0

0.8

74.6

** Makalu closed down in April 2005
*** Palmer closed down in January 2004
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Sulphur dioxide concentrations have been measured to exceed the EC hourly limit(9) at all of
the Eskom monitoring stations. The daily limit issued by the SA, SANS and EC is exceeded
at seven of the nine monitoring stations (all except Camden and Makalu; near exceedance at
Makalu). No exceedance of the DEAT and SANS annual limit given for the protection of
human health (50 µg/m³) was measured to occur at any of the stations. The EC annual limit
issued for the protection of ecosystems (20 µg/m³) was however exceeded at six stations,
namely, Elandsfontein, Majuba 1, Majuba 3, Kendal 2, Leandra and Verkykkop.
The most significant frequencies of exceedance of the EC sulphur dioxide hourly limit
(indicative of exceedances of the SA 10-minute average limit) have been measured to occur
at Kendal 2 (100 to 200 incidences per year over the last three years). Significant
frequencies of exceedance also occur at Elandsfontein, Majuba 1, Leandra and Makalu.
Exceedances of the SA daily sulphur dioxide limit are most significant at Kendal 2 (12 to 27
days over the past three years), with significantly lower frequencies at other stations.
Nitrogen dioxide concentrations have been measured to be within air quality limits for most
stations and years. At the Kendal 2 station the SANS limit given for hourly averages was
measured to have been exceeded during 2002 and 2005. Exceedances of hourly nitrogen
dioxide limits were recorded to occur relatively infrequently (only 2 hours per year at Kendal
2).
Particulate matter concentrations have been measured to exceed short-term (highest daily)
SANS and EC limits at all of the Eskom monitoring stations. Even the lenient SA standard
was observed to have been exceeded at the Elandfontein, Majuba 1, Majuba 3, Kendal 2,
Leandra and Verkykkop stations. The long-term measurements of PM10 exceeded the
SANS limit (40 µg/m³) at the Elandsfontein, Kendal 2 and Leandra stations, with the EC
annual limit (30 µg/m³) being exceeded at most of the monitoring stations. The greatest
frequencies of exceedance of the PM10 limit of 50 µg/m³ occurred at Leandra (almost every
day during 2005), Kendal 2, Camden, Elandsfontein, Makalu and Leandra.
Sources of SO2 and NOx that occur in the region include industrial emissions, blasting
operations at mines and spontaneous combustion of discard coal mines, veld burning,
vehicle exhaust emissions and household fuel burning.
The highest ground level
concentrations due to the Eskom Power Station stack emissions are expected to occur
during unstable (typically daytime 10h00 till 15h00) conditions when the plume is mixed to
ground in relatively close proximity to the power station.
Various local and far-a-field sources are expected to contribute to the suspended fine
particulate concentrations in the region with the Eskom Power Stations predicted to
contribute only marginally to such concentrations. Local sources include wind erosion from
exposed areas, fugitive dust from agricultural and mining operations, particulate releases
from industrial operations, vehicle entrainment from roadways and veld burning. Household
fuel burning also constitutes a significant local source of low-level emissions. Long-range
transport of particulates, emitted from remote tall stacks and from large-scale biomass
9

No DEAT or SANS limits are issued for SO2 for an hourly averaging period. An exceedance of the EC hourly
limit (350 µg/m³), which represent an equivalence air quality objective, is however likely to indicate an exceedance
of the DEAT and SANS limits given for a 10-minute averaging period (500 µg/m³).
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burning in countries to the north of South Africa, has been found to contribute significantly to
background fine particulate concentrations over the interior (Andreae et al., 1996; Garstang
et al., 1996; Piketh, 1996). Further information on sources of emission is presented in
Section 3.3.2.
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3. EMISSIONS INVENTORY
An emissions inventory is necessary to provide the source and emissions data required as
input to the atmospheric dispersion simulations. The establishment of an emissions inventory
comprises the following: (i) identification of sources of emission; (ii) identification of types of
pollutants being released; (iii) determination of pertinent source parameters (e.g. stack
heights and diameters, gas exit velocities and temperatures); and (iv) quantification of each
source’s emissions.
Source and emissions data were collated for the following emission scenarios:
Incremental:
-

Current operating conditions – Existing Eskom Power Stations with base case
(2003) emissions;

-

Future operating conditions – Eskom power stations including existing power
stations (emissions data used for the year 2009), return to service power stations
(Camden, Komati and Grootvlei) and new power stations.

Cumulative:
-

Current operating conditions (baseline) - comprising of basecase Eskom power
station emissions (2003 basecase emissions) as well as non-Eskom sources (viz.
domestic fuel burning, wind erosion from ash dumps, vehicle tailpipe emissions, on
the industry).

-

Future operating conditions - comprising of Eskom sources including existing
power stations (emissions data used for the year 2009), return to service power
stations and new power stations, as well as non-Eskom sources, namely household
fuel burning, wind erosion from ash dumps, vehicle tailpipe emissions and industry.

Emission Control Scenarios:
-

90% SO2 control efficiency on new Eskom power stations;

-

90% SO2 control efficiency on new Eskom power stations and selected existing
power stations, specifically Kendal, Lethabo, Majuba, Matla, Duvha and Tutuka;

-

90% SO2 control efficiency on new Eskom power stations and the existing Kendal,
Lethabo and Majuba power stations and 60% SO2 control efficiency on Matla, Duvha
and Tutuka power stations;

-

90% SO2 control efficiency on new Eskom power stations and the existing Kendal,
Lethabo and Majuba power stations.
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Source and emissions data collated for Eskom power stations, including current, future and
emission control scenarios are presented in Section 3.1. Emissions estimated for other
sources are presented and discussed in section 3.2.
3.1 Eskom Power Station Stack Emissions
3.1.1 Current Operating Conditions (Current Baseline)
The largest source of emissions at the Eskom Power Stations is the main stacks. Source
parameters for these sources required for input to the dispersion modelling study include
stack height and diameter, gas exit velocity and gas exit temperature. Such information,
provided by Eskom personnel, is summarised in Table 3.1.
Annual emission rates for SO2, NOx (as NO and NO2) and PM10 are presented in Table 3.2
as provided by Eskom personnel. Although emissions were provided as total particulates
released such emissions were assumed to be in the PM10 size range given the abatement
measures in place and the fact that coarser particulates are readily removed by such
devices.
Table 3.1

Stack parameters for current Eskom power stations
Number of
Stacks
2
2
2
1
1
2
2
2
2
2

Station
Hendrina
Arnot
Kriel
Matla 1-3
Matla 4-6
Duvha
Lethabo
Kendal
Tutuka
Majuba

Table 3.2
2003

Diameter
(m)
11.14
11.06
14.3
14.3
12.47
12.47
11.95
13.51
12.3
12.3

Exit Velocity
(m/s)
19.42
20.25
16.62
19.4
25.51
23.78
25.28
24.08
24.9
29.83

Temperature
(°K)
402
411
403
397
397
403
399
399
403
403

Emissions (in tonnes per annum) for current operating conditions for

Power Station
Hendrina
Arnot
Kriel
Matla
Duvha
Lethabo
Kendal
Tutuka
Majuba
Notes:

Height
(m)
155
195
213
213
275
300
275
275
275
220

SO2 (tpa)
2003
90,875
89,870
134,340
221,466
182,076
171,929
321,441
122,551
98,976

NO (tpa)(a)
2003
29,936
30,971
43,315
61,291
46,488
76,374
73,282
34,067
25,780

NO2 (tpa)(b)
2003
937
969
1,355
1,918
1,455
2,390
2,293
1,066
807

Particulates (tpa)(c)
2003
2,898
17,999
8,611
4,827
3,017
5,776
3,495
5,234
550
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(a) NOx emissions (reported as NO2) were converted to NO and 98% taken as being emitted from the stacks (pers com. John
Keir, 2 June 05).
(b) 2% of the NOx emissions (reported as NO2) were taken as representing the NO2 emissions from the stacks (pers com. John
Keir, 2 June 05).
(c) Particulate emissions assumed to be PM10 due to the gas abatement technology in place

Monthly and diurnal emission variations for the current Eskom power stations were
calculated based on the energy outputs per day (given for the period 2000 – 2005) and per
hour (given for the period 2003). These emission variations were assumed to remain
unchanged for future operations on the existing power stations. Temporal variations in the
emissions projected for the proposed new power stations were based on average temporal
emission variation profiles for all the existing power stations excluding Tutuka, Lethabo and
Majuba. Eskom personnel provided the energy outputs as well as the total emissions per
year. Seasonal diurnal variations are illustrated in Figure 3.1 to 3.4.

SUMMER MONTHS - DIURNAL TREND IN ENERGY SENT OUT PER POWER STATION
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Figure 3.1. Summer diurnal profiles for Eskom Power Statins based on the energy
output for 2003
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SPRING MONTHS - DIURNAL TREND IN ENERGY SENT OUT PER POWER STATION
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Figure 3.2. Spring diurnal profiles for Eskom Power Statins based on the energy
output for 2003

WIINTER MONTHS - DIURNAL TREND IN ENERGY SENT OUT PER POWER STATION
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Figure 3.3. Winter diurnal profiles for Eskom Power Statins based on the energy
output for 2003
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AUTUMN MONTHS - DIURNAL TREND IN ENERGY SENT OUT PER POWER STATION
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Figure 3.4. Summer diurnal profile for Eskom Power Statins based on the energy
output for 2003

3.1.2 Future Operating Conditions - Excluding SO2 Control
In future Eskom will increase the current production at each station resulting in increased
coal consumption rates and consequently greater emissions. Future emissions for existing
power stations were based on projected 2009 emissions (Table 3.3) as provided by Eskom
personnel. In addition to the existing power stations, the future emission scenario was
assumed to include releases from the RTS stations and from three new 4800 MW power
stations within the Mpumalanga and Gauteng Provinces.
The return to service power stations were assumed to operate at peak load factors during the
periods 06h00 to 09h00 and 18h00 to 20h00. For Komati and Grootvlei a base and peak
load of 30% and 90% was assumed. For Camden a base load of 50% was assumed with a
peak load of 90%. Projected emissions and stack parameters used for future operations of
existing power stations and for the proposed new power stations are given in Tables 3.3 and
3.4 respectively.
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Table 3.3

Emissions for future existing and proposed power station operations

Power Station

SO2 (tpa)

NO (tpa)(a)

NO2 (tpa)(b)

Particulates (tpa)(c)

Hendrina

98,503

32,449

1,015

3,141

Arnot

99,756

34,378

1,076

19,979

Kriel

147,160

47,448

1,485

9,433

Matla

224,602

62,159

1,945

4,896

Duvha

215,801

55,099

1,724

3,575

Lethabo

186,490

82,843

2,592

6,266

Kendal

336,084

76,620

2,398

3,654

Tutuka

168,564

46,858

1,466

7,199

Majuba

152,008

39,594

1,239

845

New PS (Project Golf)

413,769

45,510

1,424

4,333

New PS (Project Bravo)

413,769

45,510

1,424

4,333

New PS (near Grootvlei)

413,769

45,510

1,424

4,333

Camden (50% base)

19,729

7,727

592

4,938

Camden (90% peak)

35,512

13,908

1,066

8,889

Komati (30% base)

31,474

8,760

274

3,324

Komati (90% peak)

94,423

26,280

822

9,972

Grootvlei (30% base)

18,568

7,149

402

4,569

Grootvlei (90% peak)
Notes:

55,705

21,447

1,206

13,707

(a) NOx emissions (reported as NO2) were converted to NO and 98% taken as being emitted from the stacks (pers com. John
Keir, 2 June 05).
(b) 2% of the NOx emissions (reported as NO2) were taken as representing the NO2 emissions from the stacks (pers com. John
Keir, 2 June 05).
(c) Particulate emissions assumed to be PM10 due to the gas abatement technology in place

Table 3.4

Stack parameters future existing and proposed power station operations

Station
Hendrina
Arnot
Kriel
Matla 1-3
Matla 4-6
Duvha
Lethabo
Kendal
Tutuka
Majuba
New PS (Project Golf)
New PS (Project Bravo)
New PS (near Grootvlei)
Camden (50% base)
Camden (90% peak)
Komati (30% base)
Komati (90% peak)
Grootvlei (30% base)
Grootvlei (90% peak)

Number of
Stacks

Height
(m)
2
2
2
1
1
2
2
2
2
2
2
2
2
4
4
2
2
2
2

155
195
213
213
275
300
275
275
275
220
220
220
220
154.5
154.5
121
121
152.4
152.4

Diameter
(m)
11.14
11.06
14.3
14.3
12.47
12.47
11.95
13.51
12.3
12.3
12.82
12.82
12.82
8.74
8.74
10
10
8.99
8.99

Exit Velocity
(m/s)
19.42
20.25
16.62
19.4
25.51
23.78
25.28
24.08
24.9
29.83
26
26
26
8
12.42
8
14.13
8
17.61

Temperature
(°K)
402
411
403
397
397
403
399
399
403
403
403
403
403
429
429
416
416
401
401
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3.1.3 Sulphur Dioxide Emission Reduction Scenarios
A range of sulphur dioxide control methods are being investigated by Eskom for potential
implementation on existing and new power stations. The control efficiencies of such
methods range typically from 30% (achievable using spray dryers) to 80% (top end dry
fluidised gas dusulphurisation) and as high as 90% (given successful wet fluidised
desulphurisation).
In prioritising existing power stations to be included in emission reduction scenarios attention
was paid to: (i) the remaining life of the power station, (ii) the individual pollution potential and
related health risk associated with the power station given the number of persons residing
within the threshold exceedance zone, and (iii) the potential for cumulative concentrations,
and hence, impacts due to collocation with other significant Eskom and non-Eskom sources
of sulphur dioxide. The implementation of sulphur dioxide controls is only considered
feasible by Eskom for power stations with a remaining life of 25 years or greater. These
power stations are listed in Table 3.5. Kriel Power Station, having only 24 years of operation
remaining, was excluded on this basis.
Table 3.5 Existing Eskom Power Stations considered for inclusion in emission
reduction scenarios

Power
Station
Kendal
Matla
Duvha
Lethabo
Tutuka
Majuba

No. of Years of
Operation Remaining
37
28
28
34
35
44

Individual Pollution
Potential & Health
Risk
1
2
4
3
6
5

Potential for
Cumulative Impacts
given Other Existing
Sources
Very significant
Very significant
Significant
Very significant
Possible
Less likely

Proposal of New
Power Station in
Vicinity (Potential for
Future Increase in
Cumulative
Concentrations)
Project Bravo
(Project Bravo)
(Project Bravo)
Project Golf

From the information presented in Table 3.5 it is evident that from an air quality view point
the existing power stations to be considered for sulphur dioxide control could be qualitatively
ranked as follows: (i) Kendal, (ii) Lethabo, (iii) Matla, (iv) Duvha, (v) Tutuka / Majuba.
Following a workshop with Eskom personnel, the following emission reduction scenarios
were identified for inclusion in the study:
-

Scenario 1 - 90% SO2 control efficiency on new Eskom power stations;

-

Scenario 2 - 90% SO2 control efficiency on new Eskom power stations and selected
existing power stations, specifically Kendal, Lethabo, Majuba, Matla, Duvha and
Tutuka;
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-

Scenario 3 - 90% SO2 control efficiency on new Eskom power stations and the
existing Kendal, Lethabo and Majuba power stations and 60% SO2 control
efficiency on Matla, Duvha and Tutuka power stations;

-

Scenario 4 - 90% SO2 control efficiency on new Eskom power stations and the
existing Kendal, Lethabo and Majuba power stations.

A synopsis of the sulphur dioxide emission control efficiencies assumed for each of the
above-mentioned cumulative emission control scenarios is given in Table 3.6,
Table 3.6 Synopsis of sulphur dioxide emission control efficiencies assumed for each
of the cumulative control scenarios
Power Station
Kendal
Matla
Duvha
Lethabo
Tutuka
Majuba
New PS (Project Golf)
New PS (Project Bravo)
New PS (near Grootvlei)

Control Scenario 1 Control Scenario 2 Control Scenario 3 Control Scenario 4
90%
90%
90%
90%
60%
90%
60%
90%
90%
90%
90%
60%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%
90%

3.2 Other Sources of Atmospheric Emission
Sources, other than Eskom’s power stations, which contribute to ambient air pollutant
concentrations within the study region include:
•
•

•
•
•
•
•

Stack, vent and fugitive emissions from industrial operations;
Fugitive emissions from mining operations, including mechanically generated dust
emissions and gaseous emissions from blasting and spontaneous combustion of
discard coal dumps;
Vehicle entrainment of dust from paved and unpaved roads;
Vehicle tailpipe emissions;
Household fuel combustion (particularly use of coal and wood);
Biomass burning (veld fires); and,
Various other fugitive dust sources, e.g. agricultural activities and wind erosion of
open areas.

Atmospheric emissions were quantified and simulated for the following sources during the
current study:
•

Gaseous and particulate emissions from industrial operations and non-Eskom
power stations;
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•
•
•
•

Household fuel burning, including the burning of coal, wood and paraffin for lighting,
heating and cooking purposes;
Fugitive emissions from open cast coal mining operations;
Wind-blown dust emissions from Eskom’s ash dumps and dams; and
Vehicle tailpipe emissions.

The extent and spatial location of atmospheric emissions from vehicle entrainment, biomass
burning and spontaneous combustion that contribute significantly to air pollution
concentrations in certain parts of the study area could not be accurately quantified and were
therefore omitted from the simulations.
3.2.1 Industrial Emissions and Non-Eskom Power Generation
Industrial sources within the Eskom study are include the following:
Mpumalanga
Region

Emissions from coal combustion by metallurgical and petrochemical industries represents the
greatest contribution to total emissions from the industrial / institutional / commercial fuel use
sector within the Mpumalanga region.
The metallurgical group is estimated to be responsible for at least ~50% of the particulate
emissions from this sector. This group includes iron and steel, ferro-chrome, ferro-alloy and
stainless steel manufacturers (includes Highveld Steel & Vanadium, Ferrometals, Columbus
Stainless, Transalloys, Middelburg Ferrochrome).
Petrochemical and chemical industries are primarily situated in Secunda (viz. Sasol Chemical
Industries). The use of coal for power generation and the coal gasification process represent
significant sources of sulphur dioxide emissions. (Particulate emissions are controlled through
the implementation of stack gas cleaning equipment.)
Other industrial sources include: brick manufacturers which use coal (e.g. Witbank Brickworks,
Quality Bricks, Corobrik, Hoeveld Stene, Middelwit Stene) and woodburning and wood drying by
various sawmills (Bruply, Busby, M&N Sawmills) and other heavy industries (use coal and to a
lesser extent HFO for steam generation). The contribution of fuel combustion (primarily coal) by
institutions such as schools and hospitals to total emissions is relatively due to the extent of
emissions from other groups.

Vaal Triangle

Industrial and mining activities were estimated to be responsible for at least 77%, 26% and
~25% of the particulates, sulphur dioxide and nitrogen oxide emissions within the Vaal Triangle.
Significant and potentially significant emitters within this sector include:
Vanderbijlpark - Iscor Vanderbijlpark Works, Vitro Building Products and Davesteel (Cape
Gate) as significant sources of particulates. Other potentially significant sources include Africa
Cables, Dorbyl Heavy Engineering and Slagment. Potentially significant sources, which have
not yet been quantified, include Heckett Multiserv (located next to Iscor Vanderbijlpark Works),
Sharon Wire Mill, Van Riels Stene and Zeekoeistene.
Sasolburg - Significant sources of emissions include: the Sasol Chemical Industries Complex,
Natref, Omnia Fertiliser, Karbochem, Safripol and Sigma Colliery. The Wonderwater stripmining operation, which represents a further source of fugitive dust emissions, has not yet been
quantified. Sigma and Wonderwater are both Sasol Mining Operations.
Vereeniging - Iscor Vereeniging (Vaal Works), Rand Water Board and the New Vaal Colliery
represent of the most significant sources of particulate emissions. Other sources include
Brickveld Stone, SCAW, Coverland Roof Tiles and Lime Distributers. It is anticipated that
Vereeniging Refractories and Vereeniging Foundaries would represent significant sources of
particulate emissions, although emissions data are not available for these plants.
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Meyerton - Based on the emission estimates the largest sources of industrial/mining related
emissions within Meyerton include the industries of Metalloys, Blitz Concrete Woks and EMSA in
addition to various ceramic processes, viz. Ocon Bricks, Vaal Potteries and Meyerton Brick &
Tile. The Iscor Glen Douglas Dolomite Query is the only known quarrying/mining activity in the
area.
Coal, coking coal and HFO use by industries within the Vaal Triangle are responsible for a large
portion of the total particulate emissions from the industrial / institutional / commercial fuel use
sector. Much of the particulate emissions associated with coking coal is due to the production of
this fuel. Coal represents the main fuel type used by the commercial and institutional sector
although anthracite, diesel and wood are also used to a lesser extent. The most significant
group contributing to fuel burning emissions from the industrial, commercial, institutional fuel
burning sector within the Vaal Triangle include:
iron and steel industries - associated with 50% of the total particulate emissions from the
industrial / institutional / commercial fuel use sector (includes Iscor Vanderbijlpark Works;
Iscor Vaal Works).
chemical and petrochemical sector - associated with 30% of the total particulate emissions
from this sector (includes Sasol Chemical Industries and NATREF which are located in
Sasolburg).
Other groups include: brick manufacturers which use coal (e.g. Brickveld Stene, Ocon Bricks)
and other industries (use coal and to a lesser extent HFO for steam generation). The
contribution of fuel combustion (primarily coal) by institutions such as schools and hospitals is
relatively small given the extent of emissions from other groups.
City of Joburg

The most significant groups contributing to fuel burning emissions from the industrial fuel
burning sector within Joburg are:
Zwartkoppies pumping station - this station which uses coal-fired boilers is actually located
just south of the political boundries of the City of Joburg.
Brickworks, which primarily use coal for the firing of bricks in clamp kilns (including African
Brick and Corobrik).
Given the limited extent of industrial operations within Joburg it is expected that fuel burning by
the commercial and institutional sectors could represent a significant contribution to total nondomestic fuel combustion in this metropole. Unfortunately fuel use data are not readily available
for operations such as hospital and school boilers.

Tshwane
Municipality

The large number of ceramic processes located within this conurbation is notable (including
PPC, Wesbrix, Sabrix, Pretoria Brickworks, Corobrik, Cullinan Refractories, Era Stene, Excelsior
Brickworks). Such processes include brick manufacturers, refractory operations and cement
producers. Refractory operations primarily use tunnel kilns with clamp kilns being used in the
manufacture of clay bricks. Cement manufacturers use rotary kilns. Fuel use data are still being
obtained for industrial operations located within Tshwane. Coal is expected to be the main fuel
in use by the ceramic processes operating in Tshwane.

Ekurhuleni
Metro

Further sources of emissions within this sector includes diesel combustion by incinerator
operations, and fuel combustion for steam generation within agricultural industries (e.g. chicken
farms). Gas-fired boilers are used by certain industries, e.g. a large-scale glass manufacturer
located in Olifantsfontein (Consol Glass).
A wide range of industry types are located within this metropole. Detailed fuel use figures for
Alrode and Heidelburg municipalities indicate the predominant use of coal in this region.
The most significant groups contributing to fuel burning emissions from the industrial fuel
burning sector within Ekurhuleni are chemical industries (e.g. NCP) and food and tobacco
processes (including SA Breweries, British American Tobacco, Eskort). Other source groups
include: metallurgical processes (ranging from precious metal refining to foundry operations,
including Impala Platinum, Scaw Metals and Iscor Dunswart), non-metallurgical processes
(including brick, cement and refractory brick manufacture) and pulp and paper operations
(including Sappi Fine Papers).

In addition to the Eskom power stations, three other coal-fired power stations located within
the modelling domain generate electricity for the national grid, viz. Pretoria West and Rooiwal
situated within Tshwane and Kelvin located within Joburg. In the estimation of emissions for
the coal-fired power stations reference was made to emission factors provided by Eskom
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(Eskom, 2000; 2002) and US Environmental Protection Agency AP42 Emission Factors
given for external combustion of bituminous coal (EPA, 1998).
Emissions from the industrial and non-Eskom power generation sectors were quantified
based on emissions data obtained from industries, data which were already in the public
domain and emission estimates from emission factor application. The relative extent of
sulphur dioxide, particulate and nitrogen oxide emissions from industrial sources is illustrated
in Figures 3.5, 3.6 and 3.7 respectively.

Figure 3.5 Relative extent of sulphur dioxide emissions from industrial and nonEskom power generation operations within the study area
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Figure 3.6 Relative extent of fine particulate emissions from industrial and non-Eskom
power generation operations within the study area

Figure 3.7 Relative extent of nitrogen oxide emissions from industrial and non-Eskom
power generation operations within the study area
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Sasol Secunda is a significant source but relatively isolated source of SO2 and NOx
emissions on the Mpumalanga highveld. Iron and steel and related industries situated in
Witbank and Middelburg represent smaller but more numerous sources. A number of
significant sources are situated in the Vaal Triangle, Ekurhuleni Metro and within Tshwane
Metro, particularly west of the Pretoria CBD.
The most significant industry-related particulate emissions occur within the Vaal Triangle,
specifically in the Vanderbijlpark and Vereeniging areas. As for sulphur dioxide, significant
sources are also collocated in close proximity within Ekurhuleni Metro, Pretoria West and in
the vicinity of Witbank and Middelburg.

3.2.2 Household Fuel Burning
Despite the intensive national electrification programme a large number of households
continue to burn fuel to meet all or a portion of their energy requirements. The main fuels
with air pollution potentials used by households within the study region are coal, wood and
paraffin. These fuels continue to be used for primarily two reasons: (i) rapid urbanisation and
the growth of informal settlements has exacerbated backlogs in the distribution of basic
services such as electricity and waste removal, and (ii) various electrified households
continue to use coal due particularly to its cost effectiveness for space heating purposes and
its multi-functional nature (supports cooking, heating and lighting functions). The extent of
household coal, wood and paraffin burning is illustrated in Figures 3.8, 3.9 and 3.10
respectively. The distribution patterns of fuel use is linked with the former townships and
informal residential areas.
Coal is relatively inexpensive and is easily accessible in the region due to the proximity of the
region to coal mines and the well-developed local coal merchant industry. Coal burning
emits a large amount of gaseous and particulate pollutants including sulphur dioxide, heavy
metals, total and respirable particulates including heavy metals and inorganic ash, carbon
monoxide, polycyclic aromatic hydrocarbons, and benzo(a)pyrene. Polyaromatic
hydrocarbons are recognised as carcinogens. Pollutants arising due to the combustion of
wood include respirable particulates, nitrogen dioxide, carbon monoxide, polycyclic aromatic
hydrocarbons, particulate benzo(a)pyrene and formaldehyde. Particulate emissions from
wood burning within South Africa have been found to contain about 50% elemental carbon
and about 50% condensed hydrocarbons. Wood burning is less widely used compared to
coal burning. Although many of the wood burning residential areas tend to coincide with
areas of coal burning there are some exceptions where only wood is burned, e.g.
Johannesburg inner city and sections of Turfontein. The main pollutants emitted from the
combustion of paraffin are NO2, particulates carbon monoxide and polycyclic aromatic
hydrocarbons. The use of paraffin is of concern not only due to emissions from its
combustion within the home, but also due to its use being associated with accidental
poisonings (primarily of children), burns and fires.
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The numbers and spatial distribution of households using various fuel types were estimated
based on energy use statistics and household numbers from the 2001 Census. Typical
monthly fuel use figures, given by Afrane-Okese (1995) for various house types, were used
together with the numbers of households using the various fuel types to estimate the total
quantities of fuels being consumed. Quantities of fuels used were estimated on a
community-by-community basis and selected emission factors applied to calculate resultant
emissions. The emission factors selected for use in the study are given in Table 3.7. Total
annual household fuel consumption and associated emissions for the entire study are are
summarised in Table 3.8.
Table 3.7 Emission factors selected for use in the estimation of atmospheric emission
occurring as a result of coal, paraffin and wood combustion by households
Fuel
Coal
Paraffin
Wood

SO2 (g/kg)

Emission Factors
NO (g/kg)

PM10 (g/kg)

11.6(a)
0.1(b)
0.2(c)

4(d)
1.5(e)
1.3(c)

12(f)
0.2(e)
17.3(c)

(a) Based on sulphur content of 0.61% and assuming 95% of the sulphur is emitted. The lowest percentage
sulphur content associated with coal used by local households was used due to previous overpredictions of
sulphur dioxide concentrations within residential coal burning areas. Previous predictions were significantly
above measured sulphur dioxide concentrations. With the assumption of a sulphur content of 0.61%,
predicted sulphur dioxide concentrations are slightly above, but within an order of magnitude, of measured
concentrations.
(b) Based on sulphur content of paraffin (<0.01% Sulphur).
(c) Based on US-EPA emission factor for residential wood burning (EPA, 1996).
(d) Based on the AEC household fuel burning monitoring campaign (Britton, 1998) which indicated that an
average of 150 mg/MJ of Nox was emitted during cooking and space heating. Given a calorific value of 27
Mj/kg, the emission rate was estimated to be ~4 g/kg.
(e) US-EPA emission factors for kerosene usage (EPA, 1996).
(f) Initially taken to be 6 g/kg based on 2001 synopsis of studies pertaining to emissions from household coal
burning (Scorgie et al., 2001). Results from simulations using this emission factor undertaken as part of the
current study indicated that fine particulate concentrations within household coal burning areas are
underpredicted by a factor of two. This emission factor was therefore scaled to 12 g/kg in order to facilitate
the more accurate simulation of airborne fine particulates within household coal burning areas.

Table 3.8. Estimated total annual household fuel consumption and associated
emissions for the study area
Fuel Combusted
Coal burning households
Wood burning households
Paraffin burning households
TOTAL

Number of
Households(a)

Quantity of
Fuel Used(a)
(tpa)
340 123
340 109
34 490
7 036
471 201
116 481

Annual Emissions
PM10 (tpa)
SO2 (tpa)
NOx (tpa)
2041 (93.4%) 3 945 (99.7%) 1 360 (88.1%)
122 (5.6%)
1 (0.0%)
9 (0.6%)
23 (1.1%)
12 (0.3%)
175 (11.3%)
2 186
3 958
1 544

(a) Extrapolated based on household energy use data from THE 2001 Census and typical individual household fuel use figures
published by Afrane-Okese (1995).
(b) Emissions estimated based on emission factors given in Table
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Figure 3.8 Spatial distribution in household coal burning within the study area
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Figure 3.9 Spatial distribution in household wood burning within the study area
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Figure 3.10 Spatial distribution in household paraffin burning within the study area

Eskom Mpumalanga Highveld Cumulative Scenario Planning Study:
Air Pollution Compliance Assessment and Health Risk Analysis of Cumulative Opeations of Current, RTS and Proposed Eskom Power Station Located within the Mpumalanga
and Gauteng Provinces
Report No.: APP/06/ESKOM-05 Rev 1.0
Page 3-17

Figure 3.11 Location of household fuel burning areas simulated during the study in relation to operational, RTS and proposed Eskom
Power Stations
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Emissions were calculated individually for a total of 120 area sources so as to accurately
account for spatial distributions in fuel consumption intensivities and hence emissions.
The location of the 120 household fuel burning sources (burning coal, wood, and/or
paraffin) in relation to the existing Eskom Power Stations is shown in Figure 3.11.
The demand for residential space heating, and hence the amount of fuel burning, has
been found to be strongly dependent on the minimum daily temperature. Seasonal
trends in space heating needs, and therefore in coal burning emissions, were estimated
by calculating the quantity of "heating-degree-days" (HDD), i.e. the degrees below a
minimum daily temperature of 8°C (Annegarn and Sithole, 1999). Diurnal trends in fuel
burning, documented in the local literature, were also taken into account in estimating
temporal variations in household fuel burning emissions (Annegarn and Grant, 1999).
Taking seasonal and diurnal variations in fuel use, and therefore emissions, into account
it was estimated that the maximum emissions during a hour of peak burning (e.g. cold
winter day, between 06h00 and 07h00 or 18h00 and 20h00) were a factor of 10 higher
than an hourly emission rate taken as an average throughout the year.
3.2.3 Vehicle Exhaust Emissions
Air pollution from vehicle emissions may be grouped into primary and secondary
pollutants. Primary pollutants are those emitted directly into the atmosphere, and
secondary, those pollutants formed in the atmosphere as a result of chemical reactions,
such as hydrolysis, oxidation, or photochemical reactions. The significant primary
pollutants emitted by motor vehicles include carbon dioxide (CO2), carbon monoxide
(CO), hydrocarbon compounds (HC), sulphur dioxide (SO2), nitrogen oxides (NOx),
particulate matter (PM) and lead. Secondary pollutants include nitrogen dioxide (NO2),
photochemical oxidants (e.g. ozone), hydrocarbon compounds (HC), sulphur acid,
sulphates, nitric acid and nitrate aerosols. Emission estimates where undertaken for
sulphur dioxide (SO2), nitrous oxide (NO), nitrogen dioxide (NO2) and particulate matter
(PM) for the current study.
In the estimation of petrol-driven vehicle emissions the following steps were followed:
•

The petrol-driven vehicle fleets were characterised based on the 1992
technology mix and the 1995 engine capacity profiles collated for the Vehicles
Emission Project (Terblanche, 1995).

•

Technology mix information is given in Terblanche (1995) for, Johannesburg,
the Vaal Triangle and Pretoria. The Johannesburg and Vaal Triangle data
were taken to be representative of the technology mix and engine capacities
within the Mpumalanga Highveld region.
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•

A more recent national vehicle population data base was obtained from
Stellenbosch Automotive Engineering to supplement the spatially-resolved
1992 technology mix and 1995 engine capacity data obtained from Terblanche
(1995). The national vehicle parc data, obtained by Stellenbosch Automotive
Engineering for use in the recent Octane Study, comprises detailed information
on petrol-driven vehicles sold between 1970 and 2002 including: engine
capacity, need for lead replacement petrol, presence of fuel injection and
catalytic converters (etc.). The 1995 spatially-resolved engine capacity data
were found to be very similar to the more current national vehicle population
information and were therefore retained for use in the emissions estimations.
The more recent national data however provided valuable data on the
percentage of vehicles within the current live population which are fitted with
catalytic converters (7.3%) and on the growth rate of catalytic converter use in
new vehicles (47.3% of new cars purchased in 2002 were equipped with
catalytic converters, with an annual average growth rate of 3.9% noted based
on the 1990-2002 period).

•

Annual unleaded petrol sales data, obtained from SAPIA per magisterial district
for 2004, were used to estimate the total vehicle kilometers traveled using fuel
consumption rates suited to each engine capacity class and general fuel type.
(Petrol consumption rates range from 7.7 to 15.1 liters per 100 km) (Wong,
1999).

•

Locally developed emission factors published by Wong (1999) were applied
taking into account variations in such factors for different energy capacities.
Emission factors used are given in Table 3.9. Emissions were calculated by
multiplying the emission factors by the total vehicle kilometers traveled (VKT)
estimated on the basis of the 2004 fuel sales data.

Table 3.9 Emission factors for petrol and diesel-driven vehicles.

Pollutant

Units

Petrol-driven Vehicles
Sources: Wong
Sources: Wong
(1999)
(1999)
Catalytic
Non-catalytic

Diesel-driven Vehicles
Sources: Stone
Sources: Wong
(2000)
(1999)(a)
Diesel - LCVs
Diesel - M&H

NOX
g/km
0.93
2.15
1.82
11.68
SO2
g/km
0.015
0.043
0.796
1.54
Particulates
g/km
0.293
0.64
(a) Emission factors given by Wong (1999) for diesel-driven LCVs within the coastal areas assumed to be
representative of highveld areas.

In the estimation of diesel-driven vehicle emissions the following steps were followed:
•

Average percentages of light commercial vehicles (LCVs) and medium and
heavy commercial vehicles (M&HCVs) within the national diesel vehicle fleet
were obtained from Stone (2000).
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•

Diesel consumption rates were obtained for LCVs, MCVs and HCVs for coastal
and highveld applications from Stone (2000) and Wong (1999). Such rates
varied from 10.5 to 24.4 litres per 100 km.

•

Annual diesel sales data, obtained from SAPIA per magisterial district for 2004,
were used to estimate the total vehicle kilometres travelled using fuel
consumption rates suited to each vehicle weight category.

•

Locally developed emission factors published by Stone (2000) were applied
taking into account variations in vehicle weight categories and altitudes
(coastal, highveld factors) (Table 3.9). Emissions were calculated by
multiplying the emission factors by the total vehicle kilometres travelled (VKT)
estimated on the basis of the 2004 fuel sales data.

The vehicle emissions were calculated per magisterial district within the study area
(Table 3.10). These emissions were assigned to various national and regional routes
(see Figure 3.12) by applying vehicle count data obtained from Mikros Traffic Monitoring
(Pty) Ltd for the period 2004 and 2005. The remaining emissions data that could not be
assigned to specific routes were then distributed over the remaining regional roads
within Mpumalanga and the Vaal Triangle.
Table 3.10 Total annual emissions due to vehicles
Area
Belfast
Carolina
Ermelo
Amersfoort
Volksrust
Standerton
Bethal
Middelburg
Witbank
Kriel
Highveld Ridge
Vrede
Frankfort
Heilbron
Sasolburg
Balfour
Nigel
Delmas
Bronkhorstspruit
Springs
Culinan
Heidelberg
Vereeniging
Vanderbijlpark
Alberton

SO2
27.49
9.33
43.97
2.58
7.35
30.79
29.14
81.05
148.70
6.76
62.60
3.37
6.99
3.63
65.01
11.47
25.14
28.57
27.02
40.21
7.42
15.12
88.18
53.36
150.20

Emissions tpa
NO
NO2
1,386.84
154.09
466.17
51.80
2,208.07
245.34
128.01
14.22
356.86
39.65
1,559.89
173.32
1,498.90
166.54
4,070.90
452.32
7,536.26
837.36
332.12
36.90
3,098.58
344.29
169.81
18.87
346.61
38.51
177.36
19.71
3,281.51
364.61
559.39
62.15
1,252.47
139.16
1,442.56
160.28
1,313.55
145.95
1,928.18
214.24
364.17
40.46
738.54
82.06
4,291.18
476.80
2,588.80
287.64
7,382.69
820.30

PM
84.30
26.01
129.02
6.57
14.32
98.41
106.49
238.31
477.06
15.51
156.90
10.15
17.95
7.68
200.60
23.67
67.80
88.39
53.58
63.86
16.67
31.91
177.16
102.38
345.10
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Area
Benoni
Boksburg
Brakpan
Brits
Germiston
Krugersdorp
Johannesburg
Kempton Park
Roodepoort
Randburg
Pretoria
Westonaria
Wonderboom

SO2
89.84
92.80
43.93
68.57
178.54
92.89
694.29
161.53
110.00
243.60
539.61
26.39
55.19

Emissions tpa
NO
NO2
4,293.03
477.00
4,445.02
493.89
2,132.23
236.91
3,403.72
378.19
8,683.91
964.88
4,558.37
506.49
33,414.52
3,712.72
7,772.05
863.56
5,182.92
575.88
11,420.55
1,268.95
25,732.43
2,859.16
1,273.01
141.45
2,627.16
291.91

PM
133.22
143.97
84.81
177.60
355.46
209.10
1,171.58
271.44
119.62
230.51
772.88
46.18
76.23

As the routes were assumed to be straight lines (see Figure 3.13), the length of the
roads obtained were multiplied by a factor of 1.4 to accommodate the curved nature of
these sources. In addition, based on vehicle emissions from the N4, it was calculated
that 20% and 10% of the fuel usage from light and heavy commercial vehicles
respectively, would be used outside the study area. As the routes within the
Johannesburg and Pretoria magisterial districts are largely congested, emissions were
assigned to the main national routes that pass over this area (i.e. the N4, N1, M1, N12,
N17 and the N3). The remaining emissions were distributed over area sources assigned
to built-up areas (see Figure 3.14).
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Figure 3.12 Road network and magisterial districts within the study area.
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Figure 3.13 The layout of the road sources for dispersion modeling purposes.

Figure 3.14 Spatial apportionment of vehicle emissions over Pretoria, Johannesburg
and surrounding areas
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3.2.4 Fugitive Dust Emissions from Open Cast Mining
Open-cast mining operations located within the study area were identified using the
Department of Minerals and Energy’s (2006) directory entitled Operating and Developing
Coal Mines in the Republic of South Africa 2005. The location of these mines, primarily
collieries, and the extent of the open cast pits were informed by 1:50 000 topographical maps
and the Eskom Coalfields Map of South Africa published by Barker & Associates (5th Edition
– 2001). A list of the open cast mines situated within the study area is given in Table 3.11.
Table 3.11 Open-cast mines situated within the study area

MINING HOUSE
ANGLO AMERICAN - ANGLO COAL
ANGLO AMERICAN - ANGLO COAL
ANGLO AMERICAN - ANGLO COAL
ANGLO AMERICAN - ANGLO COAL

COLLIERY
Kleinkopje Colliery
Landau Colliery
Goedehoop Colliery
Kriel Colliery

Scale of OpenUnderground cast Operations
PS
Operations (tpa Producted) Supplied
4400
3400
600
x
4000 Kriel PS
Lethabo
15100 PS
x
300
x
1200
x
1190
2300
x
2340
x
300
120

ANGLO AMERICAN - ANGLO COAL
New Vaal Colliery
GLENCORE COAL INVESTMENTS - DUIKER MINING LIMITED Waterpan Colliery
Mpumalanga Collieries Division
Tselentis Colliery
Mpumalanga Collieries Division
Spitzkop Colliery
GLENCORE COAL INVESTMENTS - DUIKER MINING LIMITED Atcom (TESA)
iMpunzi Collieries Division
Arthur Taylor Colliery
EYSIZWE COAL
Glisa Colliery
COASTAL FUELS
Droogvallei Section
GOLANG COAL - ANKER, ESKOM ENTERPRISES & SEBENZA
MINING
Golang Colliery
x
GOLANG COAL - ANKER, ESKOM ENTERPRISES & SEBENZA
MINING
Golfview Section
METOREX - WAKEFIELD INVESTMENTS
Bankfontein Section
Stuart
Coal
Delmas
STUART COAL GROUP
Coliery
SUMO COLLIERY
Kopermyn Colliery
WOESTALLEEN COLLIERY
Weostalleen Colliery
B&W MINING
Wesselton Colliery
BENICON COAL
Mavella Colliery
FERGUSON-TOLMAY COAL
Haasfontein Colliery
GEDULD BRICKWORKS & COAL MINING
Graspan Colliery
KUYASA MINING
Ikhwezi Colliery
SASOL LIMITED - SASOL MINING
Sigma Mine
SASOL LIMITED - SASOL MINING
Wonderwater Section
SASOL LIMITED - SASOL MINING
Syferfontein Colliery
BHP Billiton - Ingwe Coal Corporation Limited
BHP Billiton - Ingwe Coal Corporation Limited
BHP Billiton - Ingwe Coal Corporation Limited
BHP Billiton - Ingwe Coal Corporation Limited
BHP Billiton - Ingwe Coal Corporation Limited
BHP Billiton - Ingwe Coal Corporation Limited

Optimum Colliery
Eikeboom Section
Khutala
Rietspruit Colliery
Douglas Colliery
Middelburg Mine

x
x

ND
1100
391
492
400
700
900
ND
500
1000
800 Kendal PS
4200
ND
3600
Hendrina
13100 PS
ND
600
2700
5000
17000 Duvha PS
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Figure 3.15 Location of open cast mines simulated during the study in relation to operational, RTS and proposed Eskom Power
Stations
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Open cast mines are associated with significant dust emissions, sources of which include
land clearing, blasting and drilling operations, materials handling, vehicle entrainment,
crushing, screening (etc.). In order to provide a detailed estimate of the emissions from each
mine based on emission factor equations significant information would need to obtained on
the operations at each mine (e.g. timing and number of blasts, type and quantity of
explosives used, truck capacities, haulage routes, crusher capacities, dust mitigation
measures in place and their associated control efficiencies, etc.). The collection of such
information and the compilation of detailed mine-specific emissions inventories were not
within the scope of the current study. Instead reference was made to previously compiled
mine-specific emission inventories compiled for collieries, with relationships being sought
between the scale of the operation (tpa production) and the total estimated PM10 emissions.
The relationship, y = -3E-05x + 0.5518, was derived where y = tonnes PM10 per kt coal, and
x is the kt of coal producted. Based on the production rates of the mines listed in Table 3.11
it was estimated that a total of ~25 470 tpa PM10 is released. Based on dispersion
simulations, taking potential pit retention into account, it was estimated that a total of ~3057
tpa PM10 is likely to leave the boundaries of the mine and contribute to ambient air pollutant
concentrations.
3.2.5 Wind-blow Dust from Eskom’s Ash Dams and Dumps
A preliminary study was undertaken to quantify wind-blown dust from Eskom’s ash dams and
dumps for simulation in the current study. Parameters which have the potential to impact on
the rate of emission include the extent of surface compaction, moisture content, ground
cover, the shape of the dam, particle size distribution, wind speed and precipitation. Any
factor that binds the erodible material, or otherwise reduces the availability of erodible
material on the surface, decreases the erosion potential of the fugitive source. High moisture
contents, whether due to precipitation or deliberate wetting, promote the aggregation and
cementation of fines to the surfaces of larger particles, thus decreasing the potential for dust
emissions. Surface compaction and ground cover similarly reduces the potential for dust
generation. The shape of a disposal dump influences the potential for dust emissions
through the alteration of the airflow field. The particle size distribution of the material on the
disposal site is important since it determines the rate of entrainment of material from the
surface, the nature of dispersion of the dust plume, and the rate of deposition, which may be
anticipated (Burger, 1994; Burger et al., 1995).
An hourly emissions file was created for each ash dam. The calculation of an emission rate
for every hour of the simulation period was carried out using the ADDAS model. This model,
developed by Airshed for specific use by Eskom in the quantification of fugitive emissions
from its ash dumps, is based on the dust emission model proposed by Marticorena and
Bergametti (1995). The model attempts to account for the variability in source erodibility
through the parameterisation of the erosion threshold (based on the particle size distribution
of the source) and the roughness length of the surface. In the quantification of wind erosion
emissions, the model incorporates the calculation of two important parameters, viz. the
threshold friction velocity of each particle size, and the vertically integrated horizontal dust
flux, in the quantification of the vertical dust flux (i.e. the emission rate).
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Site layout maps were obtained, where available, to determine the location, dimensions and
orientations of the ash dumps. Where no such maps were available reference was made to
recent satellite imagery and topographical maps. Particle size distribution data from the
Matimba ash dump (Table 3.12) were used in the emission estimates given that no sitespecific data in this regard could be obtained.
Table 3.12 Particle size distribution for the materials found on the ash dump
Ash
µm
600
404.21
331.77
272.31
223.51
183.44
150.57
123.59
101.44
83.26

Ash
Fraction
0.0472
0.0269
0.0296
0.0336
0.0404
0.0503
0.0609
0.0687
0.0728
0.0739

µm
68.33
56.09
46.03
37.79
31.01
25.46
17.15
14.08
7.78
3.53

fraction
0.072
0.0669
0.0607
0.0537
0.0471
0.0407
0.0628
0.0528
0.0285
0.0105

3.2.6 Biomass Burning
In order to estimate the extent of biomass burning the average area burned within the region
was estimated during a previous study (Scorgie et al., 2005). Satellite imagery was obtained
to identify and quantify burn scar areas. Burn scar images generated included 5-year
composite scar plots (1995-2000) and plots indicating the extent of areas burned during a
single fire season. A synopsis of the information generated is presented in Table 3.13.

Table 3.13. Extent of area burnt - given as a composite area for the 1995-2000 period,
as a total area for the 2000 fire season and indicating average and peak burn areas
over 10-day periods.
Conurbation /
Region

Total Area
of region
2
km

Total area
2
burnt km
over
dataset
1995-2000

2

Area burnt Average % Peak % of
Average
Peak km
Average
2
2
during fire
of area
area burnt km of area
of area
km of area
season
burnt in 10 in 10 days burnt in 10 burnt in 10 burnt per
2000
days
days
days
year

Johannesburg

7 560

2 112

168

0.22%

0.28%

16.37

20.97

597.69

Vaal Triangle

2 434

615

25

0.20%

0.13%

4.77

3.07

174.02

Mpumalanga
Highveld

37 271

4 304

472

0.09%

0.16%

33.36

58.98

1217.75

4 579

1 086

127

0.18%

0.35%

8.41

15.85

307.14

Tshwane

The percentage of the total modelling domain predicted to have been burnt during the 19952000 period was estimated to have been ~16%. Emission factors derived during SARAFIEskom Mpumalanga Highveld Cumulative Scenario Planning Study:
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2000 (Southern African Fire-Atmosphere Research Initiative), as published by Andreae et al.
(2000), were obtained for application in the estimation of atmospheric emissions from veld
fires (Table 3.14).
Table 3.14. Emission factors used in the quantification of atmospheric emissions
from biomass burning
Pollutant
NOX
SO2
TPM
PM2.5

Emission Factor
3.1
0.6
10
5

Unit
g / kg dry matter
g / kg dry matter
g / kg dry matter
g / kg dry matter

The quantity of "dry matter" per unit area is approximately 4.5 ton per hectare for savanna
areas. Total annual emissions were estimated based on the average annual area burnt
taking into account the composite 1995-2000 burn scar areas. Peak emissions were
calculated based on the maximum area burnt in any 10-day period.

3.2.7 Synopsis of Estimated Emissions from “Other Sources”
The total emissions in tonnes per annum for each of the source groups quantified during the
study are summarised in Table 3.13. Industry and power generation comprised the most
significant contributor to sulphur dioxide and fine particulate emissions. Household fuel
burning and vehicle exhaust emissions comprise important
Table 3.15 Estimated total annual emissions from ‘other sources’ within the study area

Pollutant

PM10 (tpa)
SO2 (tpa)
NO (tpa)

Pollutant

PM10 (tpa)
SO2 (tpa)
NO (tpa)

Emissions (tpa)
Industrial &
Open Cast
Ash Dumps
Non-Eskom
Household
Mining
Biomass
(Wind
Vehicles
Fuel Burning
Burning
Power
(Fugitive
Entrainment)
Generation
Dust)
1917
5167
23008
4371
6352
3057
311784
3958
3373
620
152224
1544
163418
3204
Percentage Contribution to Total Emissions from ‘Other Sources’
Industrial &
Open Cast
Ash Dumps
Non-Eskom
Household
Mining
Biomass
(Wind
Vehicles
Power
Fuel Burning
(Fugitive
Burning
Entrainment)
Generation
Dust)
49.9
9.5
13.8
6.6
9.0
11.2
97.5
1.2
1.1
0.2
47.5
0.5
51.0
1.0

TOTAL
43873
319735
320390

TOTAL
89
100
100

Vehicle exhaust emissions and industrial releases are the most significant sources of NO
emissions with industry also constituting the predominant source of sulphur dioxide
emissions due to ‘other sources’ quantified. Significant sources of low level PM10 emissions
include industry, household fuel burning, vehicles, open cast mining and biomass burning.
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3.2.8 Source Contributions to Air Pollutant Concentrations
The extent of emissions is not a concise indicator of contributions to ground level air pollution
concentrations and health and environmental risks. Such contributions are also a function of
the height of emission and the distance between the source and sensitive receptors.
The significance of domestic fuel burning emissions is enhanced due to three factors: (i) the
low level of emissions, (ii) the coincidence of peak emissions, typically a factor of 10 greater
than it total annual emissions were averaged, with periods of poor atmospheric dispersion
(i.e. night-time, winter-time), and (iii) the release of such emissions within high human
exposure areas with high contributions to both indoor and outdoor pollution concentrations.
The significance of biomass burning is similarly enhanced as a localised source of episodic
emissions due the low level of release and the fact that most emissions occur during the burn
season.
The significance of vehicle emissions in terms of the contribution to air pollutant
concentrations and health risks is similarly enhanced by the low level at which emissions
occur and the proximity of such releases to high exposure areas. Vehicle emissions also
tend to peak in the early morning and evenings at which time atmospheric dispersion
potentials are reduced.
The significance of fuel burning within industrial and power generation sectors in terms of
their contributions to air pollutant concentrations and public health risks is frequently lower
than would be expected given the extent of emissions. This is due to these sources
generally being characterised by constant, high level releases with such emissions also likely
to be more remote from residential settlement compared to household fuel burning and
vehicle emissions.
Emissions from industrial operations, open cast coal mines and ash dumps, vehicle exhaust
emissions and residential fuel burning were simulated to determine background air pollutant
concentrations within the study region. The dispersion simulation results are presented in
Section 4. Although simulated sulphur dioxide and nitrogen dioxide concentrations due to
local sources are anticipated to be relatively representative of ambient air pollutant
concentrations, simulated fine particulate concentrations are expected to be significantly
lower than measured concentrations. The reason being that various other sources, not
quantified as part of previous studies, contribute significantly to suspended particulate
concentrations in the region, particularly veld burning emissions and long-range transport
aerosols. It will therefore not be possible to validate the air dispersion model on the basis of
comparisons between predicted and measured PM10 concentrations.
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4. ATMOSPHERIC DISPERSION RESULTS AND DISCUSSION
Source and emissions data were collated and dispersion simulations undertaken for
individual power stations and other source groups (industry, household fuel burning, vehicle
exhaust, ash dumps, open cast mines). Cumulative dispersion simulations were run for the
following cumulative emission scenarios:
(a) Incremental (due to Eskom only):
-

Current operating conditions – Existing Eskom Power Stations with base case
(2003) emissions;

-

Future operating conditions – Eskom power stations including existing power
stations (emissions data used for the year 2009), return to service power stations
(Camden, Komati and Grootvlei) and new power stations.

(b) Cumulative (due to Eskom and Other Sources):
-

Current operating conditions (baseline) - comprising of basecase Eskom power
station emissions (2003 basecase emissions) as well as non-Eskom sources (viz.
domestic fuel burning, wind erosion from ash dumps, vehicle tailpipe emissions, on
the industry).

-

Future operating conditions - comprising of Eskom sources including existing
power stations (emissions data used for the year 2009), return to service power
stations and new power stations, as well as non-Eskom sources, namely household
fuel burning, wind erosion from ash dumps, vehicle tailpipe emissions and industry.

(c) Emission Control Scenarios:
Power Station
Kendal
Matla
Duvha
Lethabo
Tutuka
Majuba
New PS (Project Golf)
New PS (Project Bravo)
New PS (near Grootvlei)

Control
Scenario 1(a)
0%
0%
0%
0%
0%
0%
90%
90%
90%

SO2 Control Efficiency
Control
Control
Scenario 2(a)
Scenario 3(a)
90%
90%
90%
60%
90%
60%
90%
90%
90%
60%
90%
90%
90%
90%
90%
90%
90%
90%

Control
Scenario 4(a)
90%
0%
0%
90%
0%
90%
90%
90%
90%

(a) 0% control efficiency on all operational and RTS power stations not listed
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4.1 Comparison of Modelled to Monitored Air Pollutant Concentrations
In the verification of dispersion model results, predicted concentrations arising due to
cumulative basecase emissions from Eskom and other sources were compared to measured
concentrations recorded at Eskom and other monitoring stations. Data from the Eskom
monitoring stations of Camden (CD), Elandsfontein (EL), Majuba 1 (J1), Majuba 3 (J3),
Kendal 2 (K2), Leandra (LS), Makalu (MA), Palmer (PR) and Verkykkop (VE) were compared
to simulated results at the monitoring sites. Air quality monitoring data from non-Eskom
owned monitoring stations which are in the public domain were also collated to demonstrate
model performance in areas where no monitoring is conducted by Eskom. A synopsis of the
stations used, the station/data owners and the period of monitoring available is given in
Table 5.1.
Table 4.1 Air quality monitoring data from, available in the public domain, used for
verification of dispersion model results
Station
Sasolburg Industrial
Boiketlong
AJ Jacobs
Sasolburg Hospital
Bertha Village
Vanderbijlpark CBD
Vereeniging
Orange Farm
Buccleuch
Alexandra
Kempton Park
Diepsloot
Rosslyn
Clewer Park
Strydompark
Soweto
New Town
Bosjesspruit

Data Owner
Sasol
Sasol
Sasol
Sasol
New Vaal
Mintek
Mintek
City of Joburg
City of Joburg
City of Joburg
Airkem
City of Joburg
Tshwane Metro
APOLCOM
Mintek
CSIR
City of Joburg
Sasol

PM10
July 2001 - July 2002

2000-2001
1990-1,1994-5
1990-1,1994-5
2004-5
2005
Jan 2003 - Sep 2004
2002-3
June - Nov 2004
2000-1
1996-9

SO2
July 2001 - July 2002
July 2001 - July 2002
July 2001 - July 2002
July 2001 - July 2002

NOx
July 2001 - July 2002

1992-3

1992-3

2004-5
2005
Jan 2003 - Sep 2004
2002-3

2005
Jan 2003 - Sep 2004
2002-3

Nov 2003 - July 2004
2000-1

Nov 2003 - July 2004
2000-1

Jan 1990 - June 1993 Jan 1990 - June 1993
April 1999 - June 2002
July 2001 to June 2002 July 2001 to June 2002 July 2001 to June 2002

Modelled SO2, NOx and PM10 concentrations simulated for current Eskom Power station
operations and “other (quantifiable) sources” are compared to monitored concentrations (as
recorded by Eskom during 2003) in Table 5.2. Measured and modelled highest hourly,
highest daily and annual average air pollutant concentrations are given in the table for each
of the Eskom monitoring stations. The ratio between measured and modelled concentrations
is also presented. Given that the US-EPA gives the range of uncertainty in dispersion model
results as being –50% to 200% only model predictions falling outside of this range when
compared to monitored concentrations were flagged as being unrepresentative (i.e.
measured to modelled ratios of <0.5 or >2.0). Flagged values are indicated in bold print in
the table. The measured and modelled frequencies of exceedance of air quality limits are
compared in Table 5.2. Modelled and monitored air pollutant concentrations and modelled
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and measured frequencies of exceedance of air quality limits are depicted in Figures 5.1 to
5.9 for the three pollutants being investigated (Figures 5.1 to 5.5 for SO2, Figures 5.6 to 5.8
for NO2 and Figures 5.9 to 5.11 for PM10).
Table 4.2 Comparison of monitored and modelled air pollutant concentrations for
current baseline operations (Eskom Power Stations and “other sources”, 2003)
Monitoring
Station
Verkykkop
Elandsfontein
Kendal2
Leandra
Majuba1
Majuba3
Makalu
Palmer
Camden

Verkykkop
Elandsfontein
Kendal2
Leandra
Majuba1
Majuba3
Makalu
Palmer
Camden

Verkykkop
Elandsfontein
Kendal2
Leandra
Majuba1
Majuba3
Makalu
Palmer
Camden

Measured SO2 (µg/m³)
Highest
Highest
Annual
hourly
daily
average
366
78
14
741
138
28
2112
381
47
563
117
23
560
129
18
560
129
18
798
101
19
408
147
16
249
48
9
Modelled SO2 (µg/m³)
Highest
Highest
Annual
hourly
daily
average
239
36
5
490
152
26
2430
374
41
362
142
21
1382
184
18
1007
125
13
705
88
17
75
29
2
138
57
10
Ratio between Measured and
Modelled SO2 Concentrations
Highest
Highest
Annual
hourly
daily
average
0.46
0.36
0.65
0.66
1.10
0.94
1.15
0.98
0.87
0.64
1.22
0.90
1.80
1.19
0.64
1.80
0.97
0.71
0.88
0.87
0.88
0.18
0.20
0.14
0.55
1.18
1.15

Measured NO2 (µg/m³)
Highest
Highest
Annual
hourly
daily
average
114
36
9
106
25
7
144
56
15
NM
NM
NM
NM
NM
NM
NM
NM
NM
87
44
14
72
24
4
94
21
4
Modelled NO2 (µg/m³)
Highest
Highest
Annual
hourly
daily
average
67.0
11.4
1.4
137.7
51.4
8.0
172.3
36.0
6.0
143.9
41.8
6.2
101.4
24.8
3.0
134.5
17.5
3.2
166.4
21.9
3.9
27.0
8.3
0.7
44.4
16.1
3.2
Ratio between Measured and
Modelled NO2 Concentrations
Highest
Highest
Annual
hourly
daily
average
0.32
0.16
0.59
2.06
1.30
1.15
1.20
0.64
0.40

1.91
0.37
0.47

0.50
0.35
0.77

0.28
0.17
0.80

Measured PM10 (µg/m³)
Highest
Highest
Annual
hourly
daily
average
292
51
15
820
202
42
2431
199
57
672
114
46
180
37
19
1265
208
32
445
122
26
314
57
26
707
91
23
Modelled PM10 (µg/m³)
Highest
Highest
Annual
hourly
daily
average
67
22
2
154
56
5
119
53
6
102
46
6
104
39
3
128
43
3
415
55
11
32
11
1
70
29
3
Ratio between Measured and
Modelled PM10 Concentrations
Highest
Highest
Annual
hourly
daily
average
0.23
0.42
0.12
0.19
0.28
0.13
0.05
0.26
0.10
0.15
0.40
0.13
0.58
1.06
0.17
0.10
0.21
0.11
0.93
0.45
0.42
0.10
0.19
0.03
0.10
0.31
0.15
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Table 4.3 Comparison of monitored and modelled frequencies of exceedance of air quality limits due to current baseline operations
(Eskom Power Stations and “other sources”, 2003) (Data availabilities given in brackets after measured frequencies.)

Monitoring
Station
Verkykkop
Elandsfontein
Kendal2
Leandra
Majuba1
Majuba3
Makalu
Palmer
Camden

Frequencies of Exceedance (hours or days per year) of:
Hourly EC SO2 limit Daily SANS SO2 limit Hourly SA NO2 limit
Hourly SANS NO2 Daily NO2 limit of 191 Daily SANS PM10
Daily EC PM10 limit
of 350 µg/m³
of 125 µg/m³
of 382 µg/m³
limit of 200 µg/m³
µg/m³
limit of 75 µg/m³
of 50 µg/m³
Measured Predicted Measured Predicted Measured Predicted Measured Predicted Measured Predicted Measured Predicted Measured Predicted
1 (36%)
0 (36%)
0 (76%)
0
0 (76%)
0
0 (76%)
0
0 (98%)
0
1 (98%)
0
0
0
3 (68%)
1 (68%)
0 (42%)
0
0 (42%)
0
0 (42%)
0 22 (77%)
0 59 (77%)
2
6
2
202(25%)
0 (98%)
0
0 (98%)
0
0 (98%)
0 15 (98%)
0 54 (98%)
2
204 27 (25%)
17
19 (21%)
0 (21%)
NM
0
NM
0
NM
0 18 (99%)
0 32 (99%)
0
2
1
28(11%)
1 (11%)
NM
0
NM
0
NM
0
0 (97%)
0
0 (97%)
0
35
1
NM
0
NM
0
NM
0
9 (57%)
0 27 (57%)
0
14
1
6 (73%)
0 (73%)
0 0 (99.6%)
0 0 (99.6%)
0 16 (95%)
0 45 (95%)
4
7
0 0 (99.6%)
2 (73%)
2 (73%)
0 (78%)
0
0 (78%)
0
0 (78%)
0
0 (78%)
0
7 (78%)
0
0
0
0 (67%)
0 (67%)
0 (67%)
0
0 (67%)
0
0 (67%)
0
4 (67%)
0 42 (67%)
0
0
0

NM – not measured
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Figure 4.1 Comparison of simulated highest hourly average sulphur dioxide concentrations due to Eskom Power Stations and “other
sources” with measured highest hourly concentrations (2003).
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Figure 4.2 Comparison of simulated highest daily average sulphur dioxide concentrations due to Eskom Power Stations and “other
sources” with measured highest daily concentrations (2003).
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Figure 4.3 Comparison of simulated annual average sulphur dioxide concentrations due to Eskom Power Stations and “other
sources” with measured annual average concentrations (2003).
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Figure 4.4 Comparison of simulated frequencies of exceedance of the EC hourly sulphur dioxide limit of 350 µg/m³ due to Eskom
Power Stations and “other sources” with measured frequencies (2003).
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Figure 4.5 Comparison of simulated frequencies of exceedance of the SA/SANS/EC/WHO daily sulphur dioxide limit of 125 µg/m³ due
to Eskom Power Stations and “other sources” with measured frequencies (2003).
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Figure 4.6 Comparison of simulated highest hourly average nitrogen dioxide concentrations due to Eskom Power Stations and
“other sources” with measured highest hourly concentrations (2003).
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Figure 4.7 Comparison of simulated annual average nitrogen dioxide concentrations due to Eskom Power Stations and “other
sources” with measured annual average concentrations (2003).
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Figure 4.8 Comparison of simulated frequencies of exceedance of the SANS/EC/WHO hourly nitrogen dioxide limit of 200 µg/m³ due
to Eskom Power Stations and “other sources” with measured frequencies (2003).
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Figure 4.9 Comparison of simulated highest daily average PM10 concentrations due to Eskom Power Stations and “other sources”
with measured highest daily concentrations (2003).
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Figure 4.10 Comparison of simulated annual average PM10 concentrations due to Eskom Power Stations and “other sources” with
measured highest daily concentrations (2003).
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Figure 4.11 Comparison of simulated frequencies of exceedance of the SANS daily PM10 limit of 75 µg/m³ due to Eskom Power
Stations and “other sources” with measured frequencies (2003).
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4.1.1 Comparison of Modelled and Predicted SO2
Generally there was very good comparison between the monitored and predicted ground
level SO2 concentrations at the various monitoring sites, with most of the monitoring stations
falling within the accuracy range of the model, i.e. ratio of >0.5 and <2.0 (Tables 5.1 and 5.2;
Figure 5.1 to 5.5).
At the Palmer (PR) station the predicted ground level concentrations were lower than the
monitored concentrations for highest hourly (all three years), highest daily (2003) and annual
averaging periods (2003). This could be attributed to other sources not being accounted for
at the monitoring site during modelling. Similarly, “other sources” located to the south of the
modelling domain and not included in the simulations are likely to have resulted in the
underprediction of annual average sulphur dioxide concentrations recorded at Verkykkop
monitoring station. Due to improved estimates of household coal burning emissions from
areas located east of Sasolburg (Zamdela) it was possible to improve the sulphur dioxide
concentration predictions at Makalu.
4.1.2 Comparison of Modelled and Predicted NO2
Measured and monitored nitrogen oxide concentrations compared relatively well at at most of
the station with the exception of Palmer and Verkkykkop for reasons given above. Annual
nitrogen dioxide levels at the Kendal 2 and Makalu sites are also underpredicted (Table 5.1
and 5.2; Figures 5.6 to 5.8). Although predicted highest daily nitrogen dioxide concentrations
were found to be higher than those measured at Elandsfontein, it is notable that the data
availability at this station is only 42% for 2003.
4.1.3 Comparison of Modelled and Predicted PM10
Although predicted ground level concentrations for PM10 did not compare well with
monitored data at the various Eskom monitoring stations despite the formation of secondary
pollutants being accounted for in the modelling (Table 5.1 and 5.2; Figures 5.9 to 5.11).
This is to be expected given that certain sources anticipated to contribute significantly to
suspended particulate concentrations at these locations could either not be accounted for in
the modelling (most notably veld burning, vehicle entrainment along unpaved roads) or are
located outside of the modelling domain (long-range regional aerosols from distant biomass
burning and aeolian dust).
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5. COMPLIANCE WITH AMBIENT AIR QUALITY LIMITS
The National Environmental Management: Air Quality Act makes provision for the setting and
implementation of air quality standards which are, by their nature, legally binding. Although
the current and proposed SA air quality standards are not considered complete it is
imperative to assess the extent to which predicted air pollutant concentrations comply with
such ambient air quality limits so as to demonstrate future risks of legislative noncompliance. Non-compliance with ambient air quality limits also provides a first estimate of
the potential for health risks which may occur as a result of the projected air pollution levels.
In assessing compliance with air quality limits emphasis is placed on:
-

the magnitude of the exceedance (i.e. extent to which pollutant concentrations
exceed the permissible limit value);

-

the frequency of exceedance (i.e. how many times, given as hours or days a year, air
quality limit values are exceeded); and

-

the spatial extent of exceedances (i.e. the area over which frequencies of
exceedance are expected to occur.)

-

the numbers of persons exposed to concentrations in excess of the air quality limit
(exposure potential)

Isopleth plots illustrating spatial variations in predicted air pollutant concentrations and
frequencies of air quality limit exceedances are given in Appendix C for all emission
scenarios simulated.
A synopsis of the predicted maximum SO2, NO2 and PM10 concentrations occurring due to
each source / source group modelled and given cumulative emission scenarios is presented
in Tables 5.1, 5.2 and 5.3 and the magnitude and frequency of air quality limit exceedances
noted. The spatial extent of exceedances due to current basecase (Eskom only and
cumulative) and future basecase (Eskom only and cumulative) emission scenarios are
illustrated in Figures 5.1 to 5.12 and discussed in Sections 5.1 and 5.2. Variations in the
distances of exceedance of sulphur dioxide air quality limits due to the emission control
scenarios considered are illustrated in Figures 5.13 to 5.18 and discussed in Section 5.3.
The number of persons exposed to concentrations in excess of local and international
ambient air quality limits are provided in Table 5.4 for each of the incremental and cumulative
emission scenarios and discussed in Section 5.4.
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Table 5.1 Predicted maximum SO2 concentrations due to individual sources / source groups and cumulative emission scenarios run
and comparison of concentrations with relevant air quality limits

Emission Scenario

Source / Source Group

Frequency of Frequency of
Exceedance Exceedance
of 350µg/m³ of 125µg/m³
(hours/year) (days/year)

851

111

12

2.4

0.9

0.2

42

2

Duvha Current

1361

160

12

3.9

1.3

0.2

76

2

Hendrina Current

1620

185

17

4.6

1.5

0.3

113

5

Kendal Current

2750

298

29

7.9

2.4

0.6

270

18
5

Current Eskom Operations Arnot Current

Other Sources

Maximum
Highest
Annual
Highest Daily
Hourly as
Average as
as Fraction of
Highest Hourly Highest Daily
Annual
Fraction of
Fraction of
(µg/m³)
(µg/m³)
Average (µg/m³)
SA Daily Limit
EC Limit of
SA Annual
of 125 µg/m³
350 µg/m³
Limit of 50
µg/m³

Kriel Current

1354

153

17

3.9

1.2

0.3

87

Lethabo Current

1434

165

16

4.1

1.3

0.3

117

8

Majuba Current

1228

191

14

3.5

1.5

0.3

67

3

Matla Current

1543

191

18

4.4

1.5

0.4

128

9

Tutuka Current

1113

142

9

3.2

1.1

0.2

29

2

All Power Stations Current

4600

299

44

13.1

2.4

0.9

277

27

Household fuel burning

1685

420

82

4.8

3.4

1.6

465

71

Vehicle exhaust
Industry

122

8

1

0.3

0.1

0.0

0

0

1576

200

56

4.5

1.6

1.1

295

26

945

124

13

2.7

1.0

0.3

58

3

Duvha Future

1613

190

14

4.6

1.5

0.3

107

4

Hendrina Future

1756

201

18

5.0

1.6

0.4

126

6

Kendal Future

2875

312

30

8.2

2.5

0.6

283

19
6

Future Eskom Operations Arnot Future

Kriel Future

1484

167

19

4.2

1.3

0.4

108

Lethabo Future

1555

179

17

4.4

1.4

0.3

135

8

Majuba Future

1887

294

21

5.4

2.3

0.4

133

12

Matla Future

1565

194

19

4.5

1.5

0.4

132

9

Tutuka Future

1531

196

12

4.4

1.6

0.2

71

4

Komati RTS

2507

267

39

7.2

2.1

0.8

272

40
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Emission Scenario

Cumulative

Source / Source Group

Maximum
Highest
Annual
Highest Daily
Hourly as
Average as
as Fraction of
Highest Hourly Highest Daily
Annual
Fraction of
Fraction of
(µg/m³)
(µg/m³)
Average (µg/m³)
SA Daily Limit
EC Limit of
SA Annual
of 125 µg/m³
350 µg/m³
Limit of 50
µg/m³

Frequency of Frequency of
Exceedance Exceedance
of 350µg/m³ of 125µg/m³
(hours/year) (days/year)

Camden RTS

2377

237

43

6.8

1.9

0.9

349

49

Grootvlei RTS

1310

196

18

3.7

1.6

0.4

104

11

Project Golf

5216

318

39

14.9

2.5

0.8

332

36

Project Bravo

3532

289

32

10.1

2.3

0.6

265

28

New PS near Grootvlei

3520

329

28

10.1

2.6

0.6

253

29

All Power Stations Future

5383

381

65

15.4

3.0

1.3

362

54

Scenario 1

5353

326

57

15.3

2.6

1.1

350

51

Scenario 2

2837

239

49

8.1

1.9

1.0

350

50

Scenario 3

2838

240

50

8.1

1.9

1.0

350

50

Scenario 4

3434

270

54

9.8

2.2

1.1

350

50

All Current

4603

431

93

13.2

3.4

1.9

495

87

All Future

6078

441

103

17.4

3.5

2.1

544

104

Scenario 1

5354

434

96

15.3

3.5

1.9

507

94

Scenario 2

2863

416

88

8.2

3.3

1.8

472

75

Scenario 3

2863

417

89

8.2

3.3

1.8

477

76

Scenario 4

3500

420

91

10.0

3.4

1.8

484

79
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Table 5.2 Predicted maximum NO2 concentrations due to individual sources / source groups and cumulative emission scenarios run
and comparison of concentrations with relevant air quality limits

Emission Scenario

Source / Source Group

Current Eskom Operations Arnot Current

Future Eskom Operations

154

21

1.7

0.8

0.0

0

1

0

Duvha Current

142

19

1.6

0.7

0.0

0

0

0

Hendrina Current

185

22

1.8

0.9

0.0

0

1

0

Kendal Current

170

29

2.4

0.9

0.1

0

1

0

Kriel Current

149

24

1.9

0.7

0.0

0

1

0

Lethabo Current

271

41

3.5

1.4

0.1

1

3

0

Majuba Current

127

11

1.1

0.6

0.0

0

0

0

Matla Current

149

29

2.2

0.7

0.1

0

0

0

81

13

1.3

0.4

0.0

0

0

0

All Power Stations Current

419

47

8.1

2.1

0.2

1

3

0

Household fuel burning

567

141

20.0

2.8

0.5

7

86

0

Vehicle exhaust

649

140

49.1

3.2

1.2

49

482

0

Tutuka Current

Other Sources

Highest Hourly
(µg/m³)

Maximum
Frequency of
Frequency of
Frequency of
Highest Hourly Annual Average
Exceedance of Exceedance of Exceedance of
Highest Daily Annual Average as Fraction of as Fraction of
SA limit of
SANS limit of
SA limit of
SANS Limit of SANS Annual
(µg/m³)
(µg/m³)
382µg/m³
200µg/m³
191µg/m³
200 µg/m³
Limit of 40
(hours/year)
(hours/year)
(days/year)
µg/m³

Industry

527

48

9.7

2.6

0.2

2

9

0

Arnot Future

160

23

1.8

0.8

0.0

0

1

0

Duvha Future

154

21

1.8

0.8

0.0

0

0

0

Hendrina Future

190

24

2.0

1.0

0.0

0

1

0

Kendal Future

176

30

2.5

0.9

0.1

0

1

0

Kriel Future

157

26

2.1

0.8

0.1

0

1

0

Lethabo Future

293

43

3.7

1.5

0.1

1

4

0

Majuba Future

185

14

1.5

0.9

0.0

0

1

0

Matla Future

150

29

2.3

0.8

0.1

0

0

0

Tutuka Future

111

18

1.6

0.6

0.0

0

0

0

Eskom Mpumalanga Highveld Cumulative Scenario Planning Study:
Air Pollution Compliance Assessment and Health Risk Analysis of Cumulative Opeations of Current, RTS and Proposed Eskom Power Station Located within the Mpumalanga
and Gauteng Provinces
Report No.: APP/06/ESKOM-05 Rev 1.0
Page 5-4

Emission Scenario

Cumulative

Source / Source Group

Highest Hourly
(µg/m³)

Maximum
Frequency of
Frequency of
Frequency of
Highest Hourly Annual Average
Exceedance of Exceedance of Exceedance of
Highest Daily Annual Average as Fraction of as Fraction of
SA limit of
SANS limit of
SA limit of
(µg/m³)
(µg/m³)
SANS Limit of SANS Annual
382µg/m³
200µg/m³
191µg/m³
200 µg/m³
Limit of 40
(hours/year)
(hours/year)
(days/year)
µg/m³

Komati RTS

171

24

2.3

0.9

0.1

0

2

0

Camden RTS

253

24

2.7

1.3

0.1

1

3

0

Grootvlei RTS

136

20

1.6

0.7

0.0

0

0

0

Project Golf

160

21

1.9

0.8

0.0

0

1

0

Project Bravo

176

20

1.7

0.9

0.0

0

1

0

New PS near Grootvlei

127

22

1.9

0.6

0.0

0

0

0

All Power Stations Future

486

61

11.5

2.4

0.3

1

5

0

All Current

771

143

51.2

3.9

1.3

50

494

0

All Future

771

144

52.3

3.9

1.3

51

503

0

Eskom Mpumalanga Highveld Cumulative Scenario Planning Study:
Air Pollution Compliance Assessment and Health Risk Analysis of Cumulative Opeations of Current, RTS and Proposed Eskom Power Station Located within the Mpumalanga
and Gauteng Provinces
Report No.: APP/06/ESKOM-05 Rev 1.0
Page 5-5

Table 5.3 Predicted maximum PM10 concentrations due to individual sources / source groups and cumulative emission scenarios
run and comparison of concentrations with relevant air quality limits

Emission Scenario

Source / Source Group

Current Eskom Operations Arnot Current

Annual
Average
(µg/m³)

Maximum
Frequency of Frequency of Frequency of Frequency of
Annual
Average as Exceedance of Exceedance of Exceedance of Exceedance of
50µg/m³
25µg/m³
Fraction of
180µg/m³
75µg/m³
(days/year)
(days/year)
(days/year)
(days/year)
Annual Limit
of 40 µg/m³

25

2.6

0.3

0.1

0

0

0

11

0.6

0.1

0.0

0

0

0

0

8

0.7

0.1

0.0

0

0

0

0

Kendal Current

15

1.0

0.2

0.0

0

0

0

1

Kriel Current

16

1.5

0.2

0.0

0

0

0

0

Lethabo Current

14

1.1

0.2

0.0

0

0

0

1

Majuba Current

5

0.4

0.1

0.0

0

0

0

0

18

1.0

0.2

0.0

0

0

0

1

8

0.7

0.1

0.0

0

0

0

0

56

5.5

0.7

0.1

0

1

3

17

Mines

414

175.8

5.5

4.4

155

294

316

352

Ash dumps

572

32.5

7.6

0.8

16

36

43

74

Household fuel burning

511

97.1

6.8

2.4

52

177

247

308

Duvha Current
Hendrina Current

Matla Current
Tutuka Current
All Power Stations Current
Other Sources

Highest Daily
(µg/m³)

Highest Daily
as Fraction of
Daily Limit of
75 µg/m³

Vehicle exhaust

2

20

6.0

0.3

0.2

0

0

0

1

5872

559.0

78.3

14.0

201

247

264

292

28

2.9

0.4

0.1

0

0

0

4

12

0.7

0.2

0.0

0

0

0

0

8

0.8

0.1

0.0

0

0

0

0

Kendal Future

16

1.1

0.2

0.0

0

0

0

1

Kriel Future

17

1.7

0.2

0.0

0

0

0

0

Lethabo Future

15

1.2

0.2

0.0

0

0

0

1

Industry
Future Eskom Operations Arnot Future
Duvha Future
Hendrina Future

Majuba Future

7

0.6

0.1

0.0

0

0

0

0

Matla Future

18

1.0

0.2

0.0

0

0

0

1

Tutuka Future

11

0.9

0.1

0.0

0

0

0

0
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Emission Scenario

Source / Source Group

Maximum
Annual
Frequency of Frequency of Frequency of Frequency of
Average as Exceedance of Exceedance of Exceedance of Exceedance of
180µg/m³
75µg/m³
50µg/m³
25µg/m³
Fraction of
Annual Limit
(days/year)
(days/year)
(days/year)
(days/year)
of 40 µg/m³

Komati RTS

29

4.5

0.4

0.1

0

0

0

8

Camden RTS

10

1.6

0.1

0.0

0

0

0

0
0

Grootvlei RTS

Cumulative

Highest Daily
(µg/m³)

Highest Daily
as Fraction of
Daily Limit of
75 µg/m³

Annual
Average
(µg/m³)

6

0.6

0.1

0.0

0

0

0

Project Golf

17

1.2

0.2

0.0

0

0

0

1

Project Bravo

16

1.0

0.2

0.0

0

0

0

1

New PS near Grootvlei

22

1.2

0.3

0.0

0

0

0

1

All Power Stations Future

92

9.0

1.2

0.2

0

5

12

38

All Current

5916

575.6

78.9

14.4

201

296

336

352

All Future

5933

578.6

79.1

14.5

202

298

337

352
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5.1 Compliance Assessment of Current Baseline Operations
In assessing compliance of current baseline operations attention is paid to (a) incremental air
pollutant concentrations due exclusively to Eskom power station emissions, and (b)
cumulative air pollutant concentrations due to Eskom power station emissions in combination
with emissions from “other sources” (as defined in Section 3).
5.1.1 Incremental Air Pollution due Exclusively to Current Base Case Eskom Power
Station Operations
Predicted air pollutant concentrations and frequencies of exceedance due exclusively to
current (2003) Eskom Power Station emissions are illustrated in isopleth plots given in
Appendix C and summarised in Tables 5.1, 5.2 and 5.3. The spatial extent of single
exceedances of sulphur dioxide, NO2 and PM10 limits are summarised in Figures 5.1, 5.3
and 5.5, respectively.
The main findings are as follows:
-

Sulphur dioxide - Sulphur dioxide short-term and daily limits are significantly
exceeded due exclusively to current Eskom Power Station operations in terms of the
magnitude, frequency and spatial extent of exceedance.
The SA and SANS annual sulphur dioxide limit, intended for the protection of human
health, is only marginally exceeded within the immediate vicinity of Kendal Power
Station. The EC annual sulphur dioxide limit, intended to protect ecosystems, is
however exceeded for a large portion of the Mpumalanga highveld (Figure 5.1).
Despite relatively widespread non-compliance with SO2 air quality limits exceedances
of the Lowest Observed Adverse Effect Levels (LOAELs)(10) published by the WHO
(2000) were predicted to be relatively restricted to within close proximity of power
stations. It is however notable that the WHO (2005) has recently revised its sulphur
dioxide guidelines, reducing its daily guideline from 125 µg/m³ to 20 µg/m³, the basis
for this being that time-series studies of hospital admissions for cardiac disease have
shown “no evidence of a concentration threshold within the range of 5-40 µg/m³…”.

-

Nitrogen dioxide - Ambient NO and NO2 limit exceedances are restricted to marginal
and infrequent exceedances of hourly limit values (numbers of occurrences are within
those permitted by the EC).

10

Given as 1000 µg/m³ for short-term exposures and as 250 µg/m³ for daily average exposures to sulphur dioxide
(WHO, 2000).
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-

PM10 - Ambient PM10 limit exceedances are restricted to marginal and infrequent
exceedances of daily SANS target and EC limit values (numbers of occurrences are
well within those permitted by the EC)(11).

The main conclusion reached is that current baseline Eskom Power Station emissions
are associated with significant non-compliance with relevant ambient sulphur dioxide
limits even in the absence of contributions by “other sources”. Ambient PM10 and NO2
concentrations due exclusively to current baseline Eskom Power Station emissions are
potentially within acceptable ranges, with the need for reduction being dependent on the
potential which exists due to cumulative concentrations resulting from “other sources”.
5.1.2 Cumulative Air Pollution due to Current Baseline Emissions from Eskom Power
Stations and “Other Sources”
Predicted air pollutant concentrations and frequencies of exceedance due to current (2003)
Eskom Power Station emissions including “other sources” are illustrated in isopleth plots
given in Appendix C and summarised in Tables 5.1, 5.2 and 5.3. The spatial extent of single
exceedances of sulphur dioxide, NO2 and PM10 limits are summarised in Figures 5.2, 5.4
and 5.6, respectively.
The main findings are as follows:
-

Sulphur dioxide - Short-term (10-minute and hourly) sulphur dioxide limits are
exceeded over a large portion of the modelling domain, including over much of the
Vaal Triangle and Mpumalanga Highveld as well as over parts of Ekurhuleni, Joburg
and Tshwane. The frequency and spatial extent of daily limit exceedances are more
restricted and most significant for the Mpumalanga Highveld within the vicinity of
Kendal and Matla Power Stations. Although the spatial extent of exceedance of the
SA and SANS annual sulphur dioxide limit intended for the protection of human
health is limited, the EC annual limit for the protection of ecosystems is exceeded for
a large portion of the Mpumalanga highveld and Vaal Triangle and parts of Joburg,
Tshwane and Ekurhuleni.

-

PM10 - Whereas elevated PM10 concentrations are predicted to occur over much of
the region, the highest PM10 concentrations tend to coincide primarily with household
fuel burning and heavy industry areas. PM10 concentrations were predicted to be
generally higher over the Vaal Triangle, Joburg, Ekurhuleni areas and parts of
Tshwane when compared to PM10 levels predicted for the Mpumalanga highveld due
to industrial activity and household fuel burning being more intensive in these regions.

11

Predicted PM10 concentrations included both primary particulates released directly by Eskom Power Stations
and secondary particulates formed in the atmosphere due to the conversion of SOx and NOx emissions to
sulphates and nitrates, respectively.
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-

Nitrogen dioxide - The highest NO2 concentrations were predicted to occur over the
major conurbations coinciding with built up areas, and being highest where zones of
high vehicle activity occur together with extensive industrial activity and/or household
fuel burning. Hourly NO2 limits were predicted to be most frequently exceeded within
the Vaal Triangle, and parts of Joburg, Ekurhuleni and Tshwane. The annual NO2
limit was only predicted to be exceeded within parts of Tshwane.

By comparing the incremental and cumulative air pollutant concentrations it may be
concluded that Eskom Power Station operations contribute very significantly to sulphur
dioxide air quality limit exceedances within Mpumalanga and parts of the Vaal region.
Whereas Eskom Power Station emissions do contribute to ambient PM10 and NO2
concentrations, the extent of this contribution - particularly given the locations where zones of
maximum impact occur and the likely cost of (additional) mitigation - are unlikely to warrant
further mitigation on the basis of current emissions. Mitigation of NOx emissions from power
stations will be beneficial in reducing the potential for ozone formation. The health risks due
to ozone concentrations and the relatively contribution of power station emissions to ozone
formation has however not been addressed in the current study. This information would be
critical to assess whether NOx abatement of power station emissions represents the most
cost-optimised solution to elevated ozone concentrations.
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Figure 5.1 Areas of exceedance of sulphur dioxide limits due to
current baseline Eskom Power Station emissions (excluding
“other sources”) (incremental).

Figure 5.2 Areas of exceedance of sulphur dioxide limits due to
current baseline Eskom Power Station emissions and
emissions from “other sources” (cumulative).
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Figure 5.3 Areas of exceedance of nitrogen dioxide limits due
to current baseline Eskom Power Station emissions (excluding
“other sources”) (incremental).

Figure 5.4 Areas of exceedance of nitrogen dioxide limits due
to current baseline Eskom Power Station emissions and
emissions from “other sources” (cumulative).
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Figure 5.5 Areas of exceedance of PM10 limits due to current
baseline Eskom Power Station emissions (excluding “other
sources”) (incremental).

Figure 5.6 Areas of exceedance of PM10 limits due to current
baseline Eskom Power Station emissions and emissions from
“other sources” (cumulative).
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5.2 Compliance Assessment of Future Baseline Operations
As for the current base case, attention is paid to (a) incremental air pollutant concentrations
due exclusively to Eskom power station emissions, and (b) cumulative air pollutant
concentrations due to Eskom power station emissions in combination with emissions from
“other sources”.
5.2.1 Incremental Air Pollution due Exclusively to Future Baseline Eskom Power
Station Operations
Predicted air pollutant concentrations and frequencies of exceedance due exclusively to
future Eskom Power Station emissions – including the Camden, Komati and Grootvlei RTS
power stations and three new 4800 MW power stations (Project Bravo, Project Golf and new
power station at Grootvlei) are illustrated in isopleth plots given in Appendix C and
summarised in Tables 5.1 to 5.3. The spatial extent of single exceedance of sulphur dioxide,
NO2 and PM10 limits are summarised in Figures 5.7, 5.9 and 5.11, respectively.
The main findings are as follows:
-

Sulphur dioxide - Sulphur dioxide short-term and daily limits are significantly
exceeded due exclusively to current Eskom Power Station operations in terms of the
magnitude, frequency and spatial extent of exceedance. Whereas given current
emissions, sulphur dioxide limit exceedances were not predicted to occur over Joburg
and its surrounds due exclusively to Eskom Power Station operations, the future
increase in emissions is associated with exceedances over Joburg, Ekurhuleni and
parts of Tshwane. An increase in the frequencies of exceedance due to Eskom
Power Station operations is also predicted for the Vaal Triangle and Witbank areas.
The SA and SANS annual sulphur dioxide limit, intended for the protection of human
health, is exceeded within relative proximity to Kendal, Matla and Kriel Power
Stations and also at the Komati RTS station and at new power stations (Golf, Bravo,
Grootvlei). The EC annual sulphur dioxide limit, intended to protect ecosystems, is
however exceeded for a large portion of the Mpumalanga highveld.
Exceedances of the Lowest Observed Adverse Effect Levels (LOAELs)(12), as
published by the WHO (2000), due exclusively to Eskom Power Station emissions are
predicted to occur within ~40 km of Kendal Power Station and about ~20 km of
various of the other power stations.

-

Nitrogen dioxide - Ambient NO and NO2 limit exceedances are restricted to marginal
and infrequent exceedances of hourly limit values (numbers of occurrences are within
those permitted by the EC).

12

Given as 1000 µg/m³ for short-term exposures and as 250 µg/m³ for daily average exposures to sulphur dioxide
(WHO, 2000).
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-

PM10 - Ambient PM10 limit exceedances are restricted to marginal and still relatively
infrequent exceedances of daily SANS and EC limit values. (Numbers of occurrences
are well within those permitted by the EC to be complied with by 2005 but approach
the permissible frequencies required to be complied with by 2010.)(13)(14).

The main conclusion reached is that future baseline Eskom Power Station emissions are
associated with significant non-compliance with relevant ambient sulphur dioxide
limits even in the absence of contributions by “other sources”. The magnitude,
frequency and spatial extent of such non-compliance are predicted to increase
significantly when compared to current baseline emissions. Whereas previously
sulphur dioxide limit exceedances were not predicted to occur over Joburg due exclusively to
current Eskom Power Station operations, given the future increase in emissions Eskom
Power Station releases are associated with exceedances over Joburg, Ekurhuleni and parts
of Tshwane. Increased frequencies of exceedance over the Vaal Triangle and Witbank
areas are also predicted to occur as a result of the increase in future emissions from existing
Eskom Power Stations.
Ambient PM10 and NO2 concentrations due exclusively to future baseline Eskom Power
Station emissions are potentially within acceptable ranges, with the need for reduction being
dependent on the potential which exists due to cumulative concentrations resulting from
“other sources”.

13

Predicted PM10 concentrations included both primary particulates released directly by Eskom Power Stations
and secondary particulates formed in the atmosphere due to the conversion of SOx and NOx emissions to
sulphates and nitrates, respectively.

14

The increase in frequencies of exceedance of the SANS daily PM10 limit of 75 µg/m³ from 1 day per year to 5
days per year is due primarily to the addition of Camden, with 2 or more exceedance days only occurring in the
vicinity of Camden.
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Figure 5.7 Areas of exceedance of sulphur dioxide limits due to
future baseline Eskom Power Station emissions (excluding
“other sources”) (incremental).

Figure 5.8 Areas of exceedance of sulphur dioxide limits due to
future baseline Eskom Power Station emissions and emissions
from “other sources” (cumulative).
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Figure 5.9 Areas of exceedance of nitrogen dioxide limits due
to future baseline Eskom Power Station emissions (excluding
“other sources”) (incremental).

Figure 5.10 Areas of exceedance of nitrogen dioxide limits due
to future baseline Eskom Power Station emissions and
emissions from “other sources” (cumulative).
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Figure 5.11 Areas of exceedance of PM10 limits due to future
baseline Eskom Power Station emissions (excluding “other
sources”) (incremental).

Figure 5.12 Areas of exceedance of PM10 limits due to future
baseline Eskom Power Station emissions and emissions from
“other sources” (cumulative).
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5.2.2 Cumulative Air Pollution due to Future Baseline Emissions from Eskom Power
Stations and “Other Sources”
Predicted air pollutant concentrations and frequencies of exceedance of relevant air quality
limits due to cumulative emissions (i.e. Eskom and “other sources”) given future Eskom
emissions are illustrated in isopleth plots included in Appendix C, with results summarised in
Tables 5.1 to 5.3. The spatial extent of single exceedance of sulphur dioxide, NO2 and PM10
limits are summarised in Figures 5.8, 5.10 and 5.12, respectively. The main findings are as
follows:
-

Sulphur dioxide - Short-term (10-minute and hourly) sulphur dioxide limits are
exceeded over most of the modelling domain, including the Vaal Triangle and
Mpumalanga Highveld, Ekurhuleni, Joburg and Tshwane. Given current baseline
operations the frequency and spatial extent of daily limit exceedances was more
restricted and most significant for the Mpumalanga Highveld within the vicinity of
Kendal and Matla Power Stations. Under future baseline conditions non-compliance
with daily limits is much more widespread and likely to coincide with areas of dense
human settlement. Although the spatial extent of exceedance of the SA and SANS
annual sulphur dioxide limit intended for the protection of human health remains
relatively limited, the EC annual limit for the protection of ecosystems is exceeded for
a large portion of the Mpumalanga highveld,Vaal Triangle, Joburg, Tshwane and
Ekurhuleni (Figure 5.20).

-

PM10 - Whereas elevated PM10 concentrations are predicted to occur over much of
the region, the highest PM10 concentrations tend to coincide primarily with household
fuel burning and heavy industry areas. PM10 concentrations were predicted to be
generally higher over the Vaal Triangle, Joburg, Ekurhuleni areas and parts of
Tshwane when compared to PM10 levels predicted for the Mpumalanga highveld.
This may be due to various sources located within the Mpumalanga not having been
simulated, particularly veld burning and fugitive dust from mining and agriculture.

-

Nitrogen dioxide - The highest NO2 concentrations were predicted to occur over the
major conurbations coinciding with key built up areas, and being highest where zones
of high vehicle activity occur together with extensive industrial activity and/or
household fuel burning. Hourly NO2 limits were predicted to be most frequently
exceeded within the Vaal Triangle, and parts of Joburg, Ekurhuleni and Tshwane.
The annual NO2 limit was only predicted to be exceeded within parts of the Vaal
Triangle.

By comparing the incremental and cumulative air pollutant concentrations it may be
concluded that Eskom Power Station operations will continue to contribute very significantly
to sulphur dioxide air quality limit exceedances within the region. Whereas under current
baseline conditions, such exceedances due exclusively to Eskom Power Station emissions
were restricted to Mpumalanga and parts of the Vaal Triangle, the future escalation in
emissions will be associated with the potential for exceedances over much of Ekurhuleni,
Joburg and parts of Tshwane.
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Whereas Eskom Power Station emissions do contribute to ambient PM10 and NO2
concentrations, the extent of this contribution - particularly given the locations where zones of
maximum impact occur and the likely cost of (additional) mitigation - are unlikely to warrant
further mitigation on the basis of future emissions even when RTS and new power stations
are considered. Mitigation of NOx emissions from future power stations operations may be
required to reduce the potential for ozone formation. The health risks due to ozone
concentrations and the relatively contribution of power station emissions to ozone formation
have however not been addressed in the current study. This information would be critical to
assess whether NOx abatement of power station emissions represents the most costoptimised solution to elevated ozone concentrations.

5.3 Compliance Assessment of Cumulative Future Operations with Sulphur Dioxide
Control Measures
The following cumulative emission control scenarios were simulated during the investigation:
Power Station
Kendal
Matla
Duvha
Lethabo
Tutuka
Majuba
New PS (Project Golf)
New PS (Project Bravo)
New PS (near Grootvlei)

Control
Scenario 1(a)
0%
0%
0%
0%
0%
0%
90%
90%
90%

SO2 Control Efficiency
Control
Control
Scenario 2(a)
Scenario 3(a)
90%
90%
90%
60%
90%
60%
90%
90%
90%
60%
90%
90%
90%
90%
90%
90%
90%
90%

Control
Scenario 4(a)
90%
0%
0%
90%
0%
90%
90%
90%
90%

(a) 0% control efficiency on all operational and RTS power stations not listed

Predicted air pollutant concentrations and frequencies of exceedance due cumulative
emission scenarios are summarised in Table 5.1 and illustrated in isopleth plots given in
Appendix C. Areas of exceedance of sulphur dioxide air quality limits given base case and
emission control scenarios, including and excluding other sources, are compared in Figures
5.13 to 5.18.
Despite representing an improvement over uncontrolled future basecase operations,
emission control scenario 1 (i.e. 90% control on new power stations) would significantly
increase the magnitude, frequency and spatial extent of non-compliance compared to current
levels. Control scenario 2, comprising 90% control on new and all eligible existing power
stations, would result in the most significant improvements in air quality, with considerable
reductions in the current magnitude, frequency and spatial extent of non-compliance.
Control scenario 3 would also result in significant improvements compared to current
operations, whereas control scenario scenario 4 would be associated with improved
conditions when compared to the uncontrolled future basecase, but represent a significant
increase in non-compliance potentials in the vicinity of the new and RTS stations.
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Figure 5.13 Areas of exceedance of hourly sulphur dioxide
limits due to basecase and emission control scenarios
(excluding Eskom power station and other sources)

Figure 5.14 Areas of exceedance of hourly sulphur dioxide
limits due to basecase and emission control scenarios
(including Eskom power station and other sources)
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Figure 5.15 Areas of exceedance of daily sulphur dioxide limits
due to basecase and emission control scenarios (excluding
Eskom power station and other sources)

Figure 5.16 Areas of exceedance of daily sulphur dioxide limits
due to basecase and emission control scenarios (including
Eskom power station and other sources)

Eskom Mpumalanga Highveld Cumulative Scenario Planning Study:
Air Pollution Compliance Assessment and Health Risk Analysis of Cumulative Opeations of Current, RTS and Proposed Eskom Power Station Located within the Mpumalanga
and Gauteng Provinces
Report No.: APP/06/ESKOM-05 Rev 1.0
Page 5-22

Figure 5.17 Areas of exceedance of annual sulphur dioxide
limits due to basecase and emission control scenarios
(excluding Eskom power station and other sources)

Figure 5.18 Areas of exceedance of annual sulphur dioxide
limits due to basecase and emission control scenarios
(including Eskom power station and other sources)
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5.4 Numbers of Persons Residing within Non-Compliance Areas
To determine the number of persons residing within non-compliance areas the areas of
exceedance of selected air quality limits were superimposed over population density figures
(from the 2001 Census). A synopsis of the findings of this analysis is presented in Table 5.4
for sulphur dioxide and nitrogen dioxide and Table 5.5 for particulates.
5.4.1 Exposure within Sulphur Dioxide Non-Compliance Areas
It is estimated that ~6.1 million people currently reside in areas where the hourly SO2 limit of
350 µg/m³ is exceeded at least once a year. The EC hourly SO2 limit, which permits a
maximum of 4 exceedances per year of the 350 µg/m³, is associated with ~1.5 million
persons exposed and the UK limit (maximum 24 exceedances) with 0.4 million persons
exposed. About 1.7 million persons are predicted to reside in areas where the daily SO2 limit
of 125 µg/m³ is exceeded – taking into account the maximum 3 days/year frequencies
permitted by the UK and EC, only 0.22 million persons reside within the non-compliance
zone. Only 41 600 persons are projected to be exposed to the SA annual SO2 limit of 50
µg/m³.
Cumulatively, Eskom power station emissions are predicted to be responsible for the
greatest number of persons residing within areas experiencing a single exceedance of the
hourly 350 µg/m³ limit (3.1 million persons – compared to 1.04 million due to household fuel
burning and 0.54 million due to industrial emissions) and to the highest number exposed to 3
or more days exceeding a daily limit of 125 µg/m³ (~79 000 persons, compared to ~50 000
due to household fuel burning and ~5 000 due to industry). It is however notable that
household fuel burning is more significant in terms of exposure to EC and UK hourly limits
(where a certain frequency of exceedance are permitted, 4 times per year and 24 times per
year respectively). Household fuel burning and industry are also associated with higher
exposures to annual SO2 limit exceedances (~26 500 persons due to household fuel burning,
~50 due to industry, none due to power station emissions).
No. of Persons Residing within Area predicted to Exceed Sulphur Dioxide Air Quality Limit

Source Groups

Single
Exceedance of EC Hourly Limit
Hourly 350
(350 µg/m³,
µg/m³ Limit
>4x)

Single
Single
Exceedance of
EC/UK
Exceedance of
Daily 125 µg/m³ DailyLimit (125 SA Annual 50
Limit
µm³ Limit
µg/m³, >3x)

UK Hourly
Limit (350
µg/m³, >24x)

All Power Stations Current

3,103,800

341,797

90,990

101,147

79,343

-

Household fuel burning

1,040,903

556,624

159,997

206,117

50,130

26,543

-

-

-

-

-

-

537,541

466,069

69,537

11,575

5,225

52

Mines

-

-

-

-

-

-

Ash dumps

-

-

-

-

-

-

6,076,549

1,527,463

425,751

1,660,943

222,238

41,591

Vehicle exhaust
Industry

All Current (PS and other)
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The analysis of exposure potentials within sulphur dioxide limit exceedance areas due to
current emissions from individual power stations resulted in the following findings:
-

Kendal Power Station is currently associated with the greatest sulphur dioxide
exposure potentials regardless of the SO2 limit being assessed, with possible
exposure of up to ~124 000 persons projected.

-

Whereas Lethabo Power Station was predicted to result in the second highest number
of persons exposed to a single exceedance of the hourly limit and the the EC hourly
limit, Matla and Majuba Power Stations resulted in greater exposures to the UK hourly
limit which allows up to 24 hours/year of exceedance.

-

Tutuka Power Station was associated with the lowest sulphur dioxide exposure
potentials across all averaging periods and limits (<1100 persons).

Given the escalation in the emissions of existing power stations and the commissioning of
three RTS and three new power stations, it is predicted that the numbers of persons residing
within exceedance areas will increase by a factor of 2 to 17, as follows:
No. Persons Residing
No. Persons Residing
within Exceedance Areas within Exceedance Areas Increase in No. Persons
due to Current Emissions due to Future Emissions
Residing within
(Power Stations and
(Power Stations and
Exceedance Areas given
Other Sources)
Other Sources)
Future Emissions
Single Exceedance of Hourly 350 µg/m³ Limit

6,076,549

9,952,450

3,875,901

EC Hourly Limit (350 µg/m³, >4x)

1,527,463

6,422,312

4,894,849

425,751

1,858,390

1,432,639

1,660,943

4,080,536

2,419,593

222,238

3,671,157

3,448,919

41,591

199,718

158,128

UK Hourly Limit (350 µg/m³, >24x)
Single Exceedance of Daily 125 µg/m³ Limit
EC/UK DailyLimit (125 µg/m³, >3x)
Single Exceedance of SA Annual 50 µm³ Limit

Despite representing an improvement over uncontrolled future basecase operations,
emission control scenario 1 (i.e. 90% control on new power stations) would significantly
increase the number of persons residing within SO2 limit exceedance zones (by a factor of
1.9 to 2.5). Control scenario 2, comprising 90% control on new and all eligible existing power
stations, would result in the most significant reductions in exposure potentials (exposure
potentials of 2% to 14% of current). Control scenario 3 would also result in significant
improvements compared to current operations (exposure potentials of 3% to 15% of current),
as would control scenario 4 (exposure potentials of 21% to 48% of current).
5.4.2 Exposure within Nitrogen Dioxide Non-Compliance Areas
Approximately 6.9 million persons are predicted to currently reside within areas where the
hourly NO2 limit of 200 µg/m³ is exceeded at least once a year. The EC hourly NO2 limit,
which permits a maximum of 8 exceedances per year, is associated with ~0.6 million persons
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exposed and the UK limit (maximum 18 exceedances) with ~0.5 million persons exposed.
Approximately 95 200 persons are projected to be exposed to the SANS/EC/UK annual NO2
limit of 50 µg/m³.
Vehicle exhaust emissions are associated with the greatest nitrogen dioxide exposure
potentials as is evident in the summary table below, projected to be responsible for up to 1.6
million exposures (excluding the potential for cumulative concentrations). Household fuel
burning is the next most significant source of nitrogen dioxide exposures (up to 242 000
persons), followed by industry (up to 39 000 persons). Cumulatively, Eskom Power Stations
are a significantly lower source of nitrogen dioxide exposures (maximum 22 200 persons
exposed to single hourly limit exceedances, with not exceedances of EC and UK limits).
Currently only Lethabo Power Station is predicted to result in nitrogen dioxide hourly limit
exceedance exposures (~390 persons). Given future operations Lethabo Power Station is
predicted to increases exposures to 515 persons, and Camden Power Station to result in 84
persons exposed to single limit exceedances.
Given future increases in nitrogen dioxide emissions due to escalations in existing power
station emissions and the commissioning of 3 RTS and 3 new power stations, Eskom Power
Stations is projected to become a more significant contributer to single exceedances of the
hourly limit than industrial emissions. The total numbers of persons residing within the
exceedance area due to all sources will however marginally increase from 6.9 million to 7.0
million persons.
No. of Persons Residing within Area predicted to Exceed Nitrogen Dioxide Air Quality
Limits
Source Groups

All Power Stations Current
Household fuel burning
Vehicle exhaust
Industry

Single Exceedance of
Single Exceedance of EC Hourly Limit (200 UK Hourly Limit (200 SANS Annual 40 µm³
Limit
Hourly 200 µg/m³ Limit
µg/m³, >8x)
µg/m³, >18x)
22,199
241,778

94,914

23,968

-

1,565,373

532,583

436,960

85,394

38,549

27

-

-

Mines

-

-

-

-

Ash dumps

-

-

-

-

6,884,218

631,925

469,272

95,166

160,468

-

-

-

7,001,247

743,591

481,620

97,617

All Sources Current

All Power Stations Future
All Sources Future

5.4.3 Exposure within PM10 Non-Compliance Areas
Approximately 0.5 million persons are predicted to currently reside within areas where the
current SA daily PM10 standard is exceeded (based on sources quantified). Exposures to
single exceedances of daily PM10 thresholds of 75 µg/m³ and 50 µg/m³ was estimated to be
in the order of 3.2 million persons and 7.3 million persons respectively. Taking into account
the permissible maximum frequencies of exceedance of the 50 µg/m³ limit, ~1.4 million
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persons were projected to be exposed within EC daily limit non-compliance aeas and ~1.2
million within UK daily limit non-compliance areas. It is notable that ~0.5 to ~0.8 million
people were estimated to result in areas in which SANS and EC annual limits were
exceeded, respectively.
Household fuel burning and industrial emissions were estimated to be result in the most
significant exposures to PM10 concentrations in excess of air quality limits. Fugitive dust
from mining emissions was associated with smaller but still significant exposure potentials.
Even cumulatively, current power station emissions were not predicted (in isolation of other
sources) to result in non-compliance with SA, EC, UK air quality limits despite being
predicted to result in ~275 000 persons being exposed to a single exceedance of the daily
threshold of 50 µg/m³.

Source Groups

All Power Stations Current
Household fuel burning
Vehicle exhaust
Industry
Mines
Ash dumps
All Current (PS and other)

All Power Stations Future
All Future

No. of Persons Residing within Area predicted to Exceed PM10 Air Quality Limits
SA Daily Limit
EC Daily Limit (50 UK Daily Limit (50
SANS Annual
EC Annual Limit
(180 µg/m³, >3 x)
µg/m³, >25x)
µg/m³, >35x)
Limit (40 µg/m³)
(30 µg/m³)
47,451

718,564

637,745

75,320

-

-

-

-

345,800
-

255,123

375,390

283,848

196,172

207,758

19,218

89,914

20,732

19,942

20,428

17

17

17

-

17

486,064

1,411,941

1,189,155

510,261

818,782

-

-

-

-

-

535,345

1,681,507

1,409,174

552,923

882,197

Given future Eskom power station operations it is predicted that there would be an increase
in the numbers of persons exposed to PM10 limits by between 8% and 20%. This significant
increment in exposure potentials is due to a combination of primary and secondary
particulates due to particulate and gaseous power station emissions. Given sulphur dioxide
emission control scenario 1, this increase would be lower (3% to 12% increment in persons
exposed). Emission control scenarios 2, 3 and 4 would result in lower or comparable risks to
current risks due to all sources.
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Table 5.4 Number of persons residing within projected sulphur dioxide and nitrogen dioxide air quality limit exceedance zones

No. of Persons Residing within Area predicted to Exceed Sulphur Dioxide Air
Quality Limit

Emission Source(s)
Current Eskom Operations Arnot Current
Duvha Current
Hendrina Current
Kendal Current
Kriel Current

1,656

1,124

118

-

-

-

-

-

-

-

8,269

6,168

916

35

-

-

-

-

-

-

4,546

4,235

332

106

35

-

-

-

-

-

123,867

101,818

18,675

4,962

5,717

-

-

-

-

-

19,459

17,848

1,088

210

88

-

-

-

-

102,586

57,115

1,446

158

158

-

389

-

-

-

Majuba Current

21,642

20,516

3,967

1,365

-

-

-

-

-

-

Matla Current

33,030

30,604

7,115

1,102

735

-

-

-

-

-

1,095

798

83

28

-

-

-

-

-

-

All Power Stations Current

3,103,800

341,797

90,990

101,147

79,343

-

22,199

-

-

-

Household fuel burning

1,040,903

556,624

159,997

206,117

50,130

26,543

241,778

94,914

23,968

-

-

-

-

-

-

-

1,565,373

532,583

436,960

85,394

Vehicle exhaust
Industry

Future Eskom Operations

Hourly Limit
Hourly Limit
Hourly Limit Hourly Limit of 350 µg/m³ Daily Limit Daily Limit Annual SA Hourly Limit Hourly Limit of 200 µg/m³ Annual SA
of 350 µg/m³ of 350 µg/m³
of 125 µg/m³ of 125 µg/m³ Limit of 50 of 200 µg/m³ of 200 µg/m³
Limit of 40
(>24
(>18
(once)
(>4 times)(a) times)(b)
(once)
(once)(a)(b)
µg/m³
(once)
(>8 times))a) times)(b)
µg/m³(c)

Lethabo Current

Tutuka Current
Other Sources

No. of Persons Residing within Area predicted to
Exceed Nitrogen Dioxide Air Quality Limit

537,541

466,069

69,537

11,575

5,225

52

38,549

27

-

-

Mines

-

-

-

-

-

-

-

-

-

-

Ash dumps

-

-

-

-

-

-

-

-

-

-

Arnot Future

7,259

2,247

152

-

-

-

-

-

-

-

Duvha Future

11,298

9,355

1,832

211

70

-

-

-

-

-

Hendrina Future
Kendal Future
Kriel Future

6,600

4,986

487

123

87

-

-

-

-

-

133,799

110,046

24,857

5,341

5,936

-

-

-

-

-

21,091

19,589

1,614

577

271

-

-

-

-

Lethabo Future

252,171

120,023

2,025

223

251

-

515

-

-

-

Majuba Future

26,194

23,103

14,763

6,802

3,950

-

-

-

-

-

Matla Future

33,201

31,087

11,471

1,163

735

-

-

-

-

-

4,650

4,017

550

55

55

-

-

-

-

-

Tutuka Future
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No. of Persons Residing within Area predicted to Exceed Sulphur Dioxide Air
Quality Limit

Emission Source(s)

Hourly Limit
Hourly Limit
Hourly Limit Hourly Limit of 350 µg/m³ Daily Limit Daily Limit Annual SA Hourly Limit Hourly Limit of 200 µg/m³ Annual SA
of 350 µg/m³ of 350 µg/m³
of 125 µg/m³ of 125 µg/m³ Limit of 50 of 200 µg/m³ of 200 µg/m³
Limit of 40
(>24
(>18
(once)
(>4 times)(a) times)(b)
(once)
(once)(a)(b)
µg/m³
(once)
(>8 times))a) times)(b)
µg/m³(c)

Komati RTS

9,879

8,702

3,105

687

678

-

-

-

-

-

Camden RTS

7,576

7,122

2,888

589

533

-

84

-

-

-

Grootvlei RTS

19,288

3,669

444

97

97

-

-

-

-

-

1,658,184

902,411

221,358

75,424

54,211

-

-

-

-

-

Project Bravo

334,799

307,464

243,296

150,232

160,351

-

-

-

-

-

New PS near Grootvlei

159,545

152,999

10,509

6,718

5,937

-

-

-

-

-

All Power Stations Future

9,291,579

5,817,815

1,144,766

2,644,917

2,540,373

22,264

160,468

-

-

-

Scenario 1

5,807,002

785,722

148,509

208,734

191,006

135

160,468

-

-

-

Scenario 2

144,569

46,573

8,757

6,046

1,688

-

160,468

-

-

-

Scenario 3

200,389

52,149

10,229

6,703

2,142

28

160,468

-

-

-

Project Golf

Scenario 4
Cumulative

No. of Persons Residing within Area predicted to
Exceed Nitrogen Dioxide Air Quality Limit

640,411

164,914

35,074

30,782

29,024

28

160,468

-

-

-

All Current

6,076,549

1,527,463

425,751

1,660,943

222,238

41,591

6,884,218

631,925

469,272

95,166

All Future

9,952,450

6,422,312

1,858,390

4,080,536

3,671,157

199,718

7,001,247

743,591

481,620

97,617

Scenario 1

7,297,873

1,883,255

485,136

644,266

647,121

41,941

7,001,247

743,591

481,620

97,617

Scenario 2

1,853,160

1,146,478

238,902

177,989

85,425

33,784

7,001,247

743,591

481,620

97,617

Scenario 3

1,941,212

1,152,304

240,427

178,812

91,445

33,812

7,001,247

743,591

481,620

97,617

Scenario 4

2,679,387

1,266,043

265,709

261,415

147,313

41,544

7,001,247

743,591

481,620

97,617

(a) Represents EC limit
(b) Represents UK limit
(c) Represents SA limit
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Table 5.5 Number of persons residing within projected PM10 air quality limit exceedance zones
Emission Source(s)
Current Eskom Operations Arnot Current

Other Sources

Annual Limit of 30
µg/m³(a)

-

-

-

-

-

Duvha Current

-

-

-

-

-

-

Hendrina Current

-

-

-

-

-

-

Kendal Current

-

-

-

-

-

-

Kriel Current

-

-

-

-

-

-

Lethabo Current

-

-

-

-

-

-

-

Majuba Current

-

-

-

-

-

-

Matla Current

-

-

-

-

-

-

Tutuka Current

-

-

-

-

-

-

All Power Stations Current

-

-

-

-

-

-

172,212

47,451

718,564

637,745

75,320

345,800

-

-

-

-

-

-

275,732

255,123

375,390

283,848

196,172

207,758

19,218

19,218

89,914

20,732

19,942

20,428

34

17

17

17

-

17

Arnot Future

-

-

-

-

-

-

Duvha Future

-

-

-

-

-

-

Hendrina Future

-

-

-

-

-

-

Kendal Future

-

-

-

-

-

-

Kriel Future

-

-

-

-

-

-

Lethabo Future

-

-

-

-

-

-

Household fuel burning
Vehicle exhaust
Industry
Mines
Ash dumps

Future Eskom Operations

No. of Persons Residing within Area predicted to Exceed PM10 Air Quality Limit
Daily Limit of 180
Daily Limit of 50 µg/m³ Daily Limit of 50 µg/m³
Annual Limit of 40
µg/m³ (once)(c)
(>25 times)(a)
(>35 times)(b)
µg/m³(d)

Daily Limit of 180
µg/m³ (once)

Majuba Future

-

-

-

-

-

-

Matla Future

-

-

-

-

-

-

Tutuka Future

-

-

-

-

-

-

Komati RTS

-

-

-

-

-

-

Camden RTS

-

-

-

-

-

-

Grootvlei RTS

-

-

-

-

-

-

Project Golf

-

-

-

-

-

-

Project Bravo

-

-

-

-

-

-
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Emission Source(s)

Cumulative

No. of Persons Residing within Area predicted to Exceed PM10 Air Quality Limit
Annual Limit of 40
Daily Limit of 180
Daily Limit of 50 µg/m³ Daily Limit of 50 µg/m³
µg/m³(d)
µg/m³ (once)(c)
(>25 times)(a)
(>35 times)(b)

Daily Limit of 180
µg/m³ (once)

Annual Limit of 30
µg/m³(a)

New PS near Grootvlei

-

-

-

-

-

-

All Power Stations Future

-

-

-

-

-

-

Scenario 1

-

-

-

-

-

-

Scenario 2

-

-

-

-

-

-

Scenario 3

-

-

-

-

-

-

Scenario 4

-

-

-

-

-

-

All Current

791,636

486,064

1,411,941

1,189,155

510,261

818,782

All Future

624,160

535,345

1,681,507

1,409,174

552,923

882,197

Scenario 1

601,073

501,903

1,484,345

1,333,870

552,497

831,709

Scenario 2

600,964

486,361

1,415,921

1,249,853

540,126

821,533

Scenario 3

600,964

486,361

1,417,570

1,250,942

540,163

822,930

Scenario 4

601,002

486,579

1,482,641

1,282,890

552,294

823,292

(a) Represents EC limit
(b) Represents UK limit
(c) Represents SA limit
(d) SANS limit
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6. HEALTH RISK ASSESSMENT
In the inhalation health risk assessment predicted air pollutant concentrations were
superimposed over spatial population data obtained from Stats SA for the 2001 Census and
applicable dose-response relationships applied to estimate the potential for health risks.
Dose-response relationships, expressed as risk estimates, provide the link between
exposures to ambient air pollutant concentrations and the resultant health outcomes. Given
the absence of locally generated risk estimates was necessary to make reference to the
international literature to identify dose-response functions that are applicable to South Africa.
Infotox (Pty) Ltd was sub-contracted by Airshed to assist with the identification and
application of risk estimates for application in the current study.
Appendix A, which comprises the Infotox entitled “Review of risk factors for quantification of
the potential health impact associated with the release of particulate matter, NO2 and SO2 to
air by various Eskom operations” (August 2006), documents the health effects associated
with these pollutants and the risk estimates recommended for use in the current study.

6.1 Risk Estimate Approach and Risk Factors Applied
Two health endpoints were selected for use in the current study, viz. nonaccidental mortality,
which provides a measure of the long-term health effect and respiratory hospital admission, a
measure of short-term health effects. Suitable risk estimates were identified for these health
endpoints for each of the three pollutants considered (sulphur dioxide, nitrogen dioxide and
PM10).
Non-accidental mortality was calculated through the implementation of the WHO
recommended methodology documented in Appendix A, summarised as follows:
E = AF x B x P
Where,
E = the expected number of deaths per year due to exposure to PM10
AF = the attributable fraction of death due to exposure to PM10
B = the population incidence of death (deaths per 1000 people)
P = the size of the exposed population
AF is given by the following equation:
AF = RR – 1/RR
Where,
RR = the relative risk of death due to exposure to PM10, as given by the equation:
RR = exp(∆deaths x ∆p)
Where,
∆deaths = expected proportional changes in deaths associated with a change in PM10 of 1 µg/m³
∆p =modelled change in annual mean pollutant (PM10) concentration in µg/m³

The above methodology was applied to the estimation of non-accidental mortality due to
PM10, nitrogen dioxide and sulphur dioxide exposures. The dispersion simulation results
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documented in Sections 4 and 5 provided the spatial variations in annual pollutant
concentrations required for the study. The risk of death due to exposures was based on the
risk estimates recommended for use by Infotox (see Appendix a), as summarised in Table
6.1. In the calculation of risk the baseline concentrations were assumed to be as follows:
-

15 µg/m³ for PM10 – based on the theoretical minimum risk exposure annual average
value estimate used in the global urban outdoor air pollution risk assessment study
(Cohen et al., 2004);

-

25 µg/m³ for SO2 – represents 50% of the annual average air quality limit issued by the
WHO (2000); and

-

20 µg/m³ for NO2 – represents 50% of the annual average air quality limit issued by the
WHO (2000).

Mortality and morbidity risks were only estimated for concentrations above these
concentration levels.
Table 6.1 Synopsis of risk estimates selected for use in the current study (Fourie,
August 2006, Appendix A)
PM10
Health effect

Per cent increased risk
per 50 µg/m3 PM10
increase

Sampling period

Reference

24-hour mean

Mean of COMEAP 1998; McGowan
et al 2002; USEPA 2004

Respiratory
admissions

7.3

Total nonaccidental
mortality

6.1

Health effect

Per cent increased risk
per 50 µg/m3 SO2
increase

Sampling period

Respiratory hospital
admissions

2.5

24-hour mean

Total nonaccidental
mortality

10 (5.2% per increase of
3
26 µg/m , CI: 2.6 – 8.5)

Health effect

Per cent increased risk
per 50 µg/m3 NO2
increase

Sampling period

1.3 (CI: 0.9 - 1.8)

Highest hourly in a
24-hour day

2.5

24-hour mean

Total nonaccidental
mortality
Respiratory
admissions

Annually, mortality
after a 7 year followup period
SO2

Annual, mortality
after a 16 year
follow-up period
NO2

HEI final report (Krewski et al.,
2000) and ACS study, USEPA 2004

Reference
COMEAP 1998, from Stedman et
al., 1999
Pope et al. 2002

Reference
APHEA1, from Touloumi et al.,
1997
COMEAP 1998, from Stedman et
al., 1999

During the initial phases of the study it was decided to demonstrate variations in health risks
that could arise due to finer particulates or due to the composition of the particulate being
taken into account. It was for this reason that risk estimates for sulphate and PM2.5 were
sourced for use in the current study, as documented in Appendix A. Given however that the
annual PM10 concentrations predicted to occur due to Eskom power station emissions were
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below the baseline concentration assumed (15 µg/m³, below which no risks were estimated),
the risk estimates for PM2.5 and sulphate were not applied.
The size of the exposured population was taken from the Census 2001 data, with spatial
variations in predicted air pollutant concentrations being superimposed over spatial
population density data to estimate exposure potentials. The total population of the study
area for which simulations were undertaken was 10 828 331 (~92% of the population of
Gauteng and Mpumalanga Provinces) with ~4% of the population aged >65 years. To
provide an indication of the “population incidence of death” use was made of the baseline
mortality and morbidity numbers obtained for Gauteng and Mpumalanga Provinces (see
Appendix A, section 9.2), supplemented by hospitalisation data obtained by Infotox for KwaZulu Natal and adjusted for all provinces:
Total population (Gauteng & Mpumalanga)
Total non-accidental mortality
Respiratory hospital admissions

11820235
125882

(1.06%)

56458

(0.48%)

It should be noted that during a disease incidence study conducted by the City of
Johannesburg for the period June 1998 to July 1999 the incidence of hospitalisations and
related health care visits due to all respiratory related diseases was estimated to be 3.1%
(compared to 0.48% given above based on data from Kwazulu Natal as documented in
Appendix A). Should the rate of 3.1% be assumed for the entire Gauteng and Mpumalanga
Provinces, 366 427 cases of respiratory and health care institution visits are estimated to
occur.

6.2 Uncertainties and Vulnerability Considerations
Prior to the review of health risk assessment findings reference should be made to the
confidence in and validity of risk estimates, baseline health data, burden of disease
estimates and mortality and hospitalisation estimates as documented in detail in Appendix D.
The need for integrating vulnerability assessments into the traditional risk assessment
process, as adopted in the current study, is also explored in this appendix.

6.3 Health Risk Estimates and Associated Source Contributions
6.3.1 Health Risks due to Current Sources
A synopsis of the health risks, expressed in number of cases/deaths per day, associated with
inhalation exposures to ambient PM10, SO2 and NO2 concentrations predicted to occur as a
result of Eskom Power Station and “other source” emissions, is given in Table 6.2. Current
emissions from Eskom and other source quantified during the study were predicted to result
in 550 deaths/year and ~117 200 respiratory hospital admissions per year.
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Table 6.2 Health risk estimated to occur due to inhalation exposures to predicted
ambient PM10, SO2 and NO2 concentrations occurring due to current Eskom Power
Stations and “other sources”

Source / Source
Group

Non-accidental Mortality
(deaths/year)

Respiratory Hospital
Admissions (cases/year)

SO2

SO2

PM10

NO2

PM10

NO2

Total Nonaccidental
Mortality
(deaths/year)

Total Respiratory
Hospital
Admissions
(cases/year)

Arnot

0.03

0.00

0.00

1.21

0.00

0.00

0.03

1.2

Duvha

0.21

0.00

0.00

8.38

0.00

0.00

0.21

8.4

0.15

0.00

0.00

5.84

0.00

0.00

0.15

5.8

10.16

0.00

0.00

405.94

0.00

0.00

10.16

405.9

Hendrina
Kendal
Kriel

1.18

0.00

0.00

47.15

0.00

0.00

1.18

47.2

Lethabo

1.35

0.00

0.00

53.68

0.00

0.00

1.35

53.7

Majuba

0.18

0.00

0.00

7.02

0.00

0.00

0.18

7.0

Matla

3.29

0.00

0.00

131.11

0.00

0.00

3.29

131.1

Tutuka

0.02

0.00

0.00

0.85

0.00

0.00

0.02

0.8

Mines

0.00

15.29

0.00

0.00

4 313.38

0.00

15.29

4 313.4

Ash dumps
Household fuel burning
Vehicle exhaust
Industry

0.00

0.65

0.00

0.00

184.33

0.00

0.65

184.3

92.76

189.39

2.43

3 731.68

53 548.49

738.95

284.58

58 019.1

4.29

31.09

12.55

170.29

47.93

12 829.9

41.97

141.47

1.33

1 674.77

184.78

41 219.6

8 844.17 3815.47
39 139.24

405.55

16.6

0.0

0.0

661.2

0.0

0.01

17

661

139.0

377.9

16.3

5576.7

106029.6

4960.0

533

116 566

155.6
377.9
16.3
All Sources(a)
(a)Includes Eskom Power Stations and other sources

6237.9

106029.6

4960.0

550

117 227

Eskom Power Stations
“Other Sources”

Exposures to PM10 were estimated to be responsible for 69% of the total non-accidental
mortality and 90% of the respiratory hospital admissions. Sulphur dioxide was predicted to
be responsible for 28% of the total non-accidental mortality and 5% of the respiratory hospital
admissions. Nitrogen dioxide was found to be the least significant of the three pollutants
considered in terms of total morbidity and mortality, accounting for only 3% of the total nonaccidental mortality estimated and 4% of the respiratory hospital admissions.
The contributions of various source groups to total morbility and mortality estimations are
illustrated in Figures 6.1 and 6.2. Household fuel burning was predicted to result in the most
significant health risks, accounting for 50% of the total non-accidental mortality cases (285
deaths/year) and 50% of the respiratory hospital admissions (~58 000 cases/year) predicted.
Industrial sources, including non-Eskom power generation, represented the next most
significant source – responsible for 34% of the mortalities and 35% of the morbilities.
Current Eskom Power Stations were cumulatively calculated to be responsible for 17 nonaccidental mortalities per year and 661 respiratory hospital admissions, representing 3.0%
and 0.6% of the total non-accidental mortalities and respiratory hospital admissions projected
across all sources. Vehicle exhaust emissions are estimated to contribute 9% of the
estimated mortalities and 11% of estimated respiratory hospital admissions.
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CURRENT BASE CASE
Source Group Contributions to Total Non-accidental Mortality due to Inhalation Exposures to Sulphur
Dioxide, Fine Particulate and Nitrogen Dioxide Concentrations Predicted to Occur due to All Sources
Simulated in the Study

Ash dumps (fugitive
dust)
0.1%

Eskom Power Stations
3.0%

Mining (Fugitive Dust
from Open Cast)
2.8%

Industry (includes other
power generation)
33.6%

Household Fuel Burning
51.8%

Vehicle Exhaust
Emissions
8.7%

Figure 6.1 Current Base Case - Source group contributions to total non-accidental
mortality due to inhalation exposures to SO2, PM10 and NO2 concentrations predicted
to occur due to all sources simulated
CURRENT BASE CASE
Source Group Contributions to Respiratory Hospital Admissions due to Inhalation Exposures
to Sulphur Dioxide, Fine Particulate and Nitrogen Dioxide Concentrations Predicted to Occur due to
All Sources Simulated in the Study

Eskom Power Stations
0.6%
Ash dumps (fugitive
dust)
0.2%

Mining (Fugitive Dust
from Open Cast)
3.7%

Industry (includes other
power generation)
35.2%

Household Fuel Burning
49.5%
Vehicle Exhaust
Emissions
10.9%

Figure 6.2 Current Base Case - Source group contributions to respiratory hospital
admisions due to inhalation exposures to SO2, PM10 and NO2 concentrations
predicted to occur due to all sources simulated
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CURRENT BASE CASE - Individual Power Station Contributions to Total Non-accidental
Mortality predicted to occur due to Inhalation Exposures to Sulphur Dioxide, Fine Particulate
and Nitrogen Dioxide Emissions from All Current Eskom Power Stations
Tutuka
0.1%

Arnot
0.2%

Duvha
1.3%

Hendrina
0.9%

Matla
19.8%
Majuba
1.1%

Lethabo
8.1%
Kendal
61.4%

Kriel
7.1%

Figure 6.3
Current Base Case - Contributions of individual power stations to total
non-accidental mortality due to inhalation exposures to SO2, PM10 and NO2
concentrations predicted to occur due to all current power station operatons

CURRENT BASE CASE - Individual Power Station Contributions to Respiratory Hospital
Admissions predicted to occur due to Inhalation Exposures to Sulphur Dioxide, Fine
Particulate and Nitrogen Dioxide Emissions from All Current Eskom Power Stations

Tutuka
0.1%
Matla
19.8%

Arnot
0.2%

Duvha
1.3%
Hendrina
0.9%

Majuba
1.1%

Lethabo
8.1%
Kriel
7.1%

Kendal
61.4%

Figure 6.4 Current Base Case - Contributions of individual power stations to
respiratory hospital admissions due to inhalation exposures to SO2, PM10 and NO2
concentrations predicted to occur due to all current power station operatons
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The contribution of individual power stations to health risks predicted due to cumulative
current Eskom power station related pollution is illustrated in Figures 6.3 and 6.4. The most
significant contributors were identified as being Kendal (~61%), Matla (~20%), Lethabo
(~8%) and Kriel (~7%). Together these four power stations contributed just over 95% of the
non-accidental mortality cases and respiratory hospital admissions predicted to occur as a
result of Eskom Power Stations. Sulphur dioxide emissions from Eskom Power Stations
were predicted to be largely responsible for the health risks predicted, accounting for all of
the calculated mortality cases and respiratory hospital admissions due to power station
emissions.
6.3.2 Health Risks due to Future Base Case Emissions(15) (Excluding SO2 Abatement)
A synopsis of the health risks, expressed in number of cases/deaths per day, associated with
inhalation exposures to ambient PM10, SO2 and NO2 concentrations predicted to occur as a
result of future Eskom Power Station emissions (including escalating releases from existing
power stations, three RTS stations and three new stations), and including “other source”
emissions, is given in Table 6.3. Future Eskom power stations, and other sources quantified
during the study, were predicted to result in 1209 deaths/year (representing an increase
factor by 2.2 above current) and ~155 623 respiratory hospital admissions per year (increase
by factor of ~1.3).
NOTE: Under future conditions “other sources” such as household fuel burning, vehicles and
industry are predicted to result in greater risks when compared to their current health impact
despite the emissions of such sources being assumed to remain unchanged. The reason for
this is that the increase in emissions from Eskom Power Stations increases the background
concentrations making it more likely that these other sources will cumulatively result in health
risk threshold exceedances.
Given future base case emissions sulphur dioxide is estimated to contribute most
significantly to predicted total non-accidental mortality (63%), with PM10 responsible for
much of the respiratory hospital admissions (77%). As for the current base case, nitrogen
dioxide was found to be the least significant of the three pollutants considered in terms of
total morbidity and mortality, accounting for only 2% of the total non-accidental mortality
estimated and 4% of the respiratory hospital admissions.
Future Eskom Power Station emissions, including increased releases from existing stations
and the commissioning of three new and three return-to-service stations, were cumulatively
calculated to be responsible for 617 non-accidental mortalities per year (compared to 17
cases/year currently) and 24 842 respiratory hospital admissions (compared to 661
cases/year currently). Sulphur dioxide is estimated to be responsible for 100% of the
mortality risks and 99.5% of the hospital admission risks estimated to be due to power station
releases.

15

Emissions from “other sources” not related to Eskom are assumed to remain constant in the future base case
emission scenario.
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Table 6.3 Health risk estimated to occur due to inhalation exposures to predicted
ambient PM10, SO2 and NO2 concentrations occurring due to future Eskom Power
Stations and “other sources”

Source / Source
Group

Non-accidental Mortality
(deaths/year)

Respiratory Hospital
Admissions (cases/year)

SO2

SO2

PM10

NO2

PM10

NO2

Total Nonaccidental
Mortality
(deaths/year)

Total Respiratory
Hospital
Admissions
(cases/year)

Arnot

0.21

0.00

0.01

8.42

0.00

2.89

0.2

11.3

Duvha

2.87

0.00

0.02

114.79

0.00

6.76

2.9

121.5

0.89

0.00

0.01

35.72

0.00

4.15

0.9

39.9

53.61

0.00

0.05

2148.66

0.00

16.14

53.7

2164.8

Hendrina
Kendal
Kriel

7.70

0.00

0.03

308.35

0.00

9.92

7.7

318.3

Lethabo

10.35

0.00

0.06

414.14

0.00

19.77

10.4

433.9

Majuba

4.01

0.00

0.01

160.60

0.00

2.66

4.0

163.3

15.17

0.00

0.04

607.64

0.00

12.08

15.2

619.7

Tutuka

0.59

0.00

0.02

23.44

0.00

5.09

0.6

28.5

Camden

3.70

0.00

0.01

148.67

0.00

2.62

3.7

151.3

Matla

Komati

0.84

0.00

0.01

33.85

0.00

2.69

0.9

36.5

Grootvlei

0.53

0.00

0.01

21.37

0.00

3.47

0.5

24.8

New PS (Grootvlei)

65.85

0.00

0.03

2637.44

0.00

8.80

65.9

2646.2

Project Golf

301.46

0.00

0.03 12087.79

0.00

9.74

301.5

12097.5

Project Bravo

148.93

0.00

0.03

5975.54

0.00

8.52

149.0

5984.1

Mines

0.00

17.19

0.00

0.00

4855.94

0.00

17.2

4855.9

Ash dumps

0.00

0.73

0.00

0.00

207.52

0.00

0.7

207.5

99.52

212.85

2.65

4014.86

60284.10

806.71

315.0

65105.7

4.60

34.94

13.71

183.21

53.2

14305.2

45.03

159.00

1.45

1801.85

205.5

46307.0

Household fuel burning
Vehicle exhaust
Industry

9956.64 4165.36
44062.39

442.74

Eskom Power Stations

617

-

0

24,726

-

115

617

24,842

“Other Sources”

149

425

18

6,000

119,367

5,415

592

130,781

766
425
18
All Sources(a)
(a)Includes Eskom Power Stations and other sources

30,726

119,367

5,530

1,209

155,623

The contributions of various source groups to total morbility and mortality estimations given
future power station emissions are illustrated in Figures 6.5 and 6.6. Eskom power stations
are predicted to become the most significant source group in terms of contributions to
estimated total non-accidental mortality due to inhalation exposures (51% of predicted).
Household fuel burning is predicted to represent the second most significant source,
estimated to account for 26% of the mortality risk estimated, followed by industry (17%) and
vehicle exhaust emissions (4%). The large increase in the contribution of Eskom power
station to the total estimated risk is due to (i) the larger mortality risk assigned to SO2 relative
to PM10 and NO2 (see Appendix A) and (ii) the marked increase in the frequency of
exceedance of the threshold above which health risks are calculated (i.e. 25 µg/m³).
Due to respiratory hospital admission due to PM10 exposures being assigned a greater
relative risk when compared to SO2 and NO2 exposures, household fuel burning is predicted
to remain the most significant contributor to this health endpoint in future (accounting for 42%
of the estimated RHAs). Industry is estimated to be the next most significant contributor to
respiratory hospital admissions (~30%), followed by Eskom Power Stations (16%) and
vehicle exhaust emissions (9%).
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FUTURE BASE CASE
Source Group Contributions to Total Non-accidental Mortality due to Inhalation Exposures to
Sulphur Dioxide, Fine Particulate and Nitrogen Dioxide Concentrations Predicted to Occur
due to All Sources Simulated in the Study

Vehicle Exhaust
Emissions
4.4%

Industry (includes
other power
generation)
17.0%

Ash dumps (fugitive
dust)
0.1%
Eskom Power
Stations
51.1%

Household Fuel
Burning
26.1%

Mining (Fugitive Dust
from Open Cast)
1.4%

Figure 6.5 Future Base Case - Source group contributions to total non-accidental
mortality due to inhalation exposures to SO2, PM10 and NO2 concentrations predicted
to occur due to all sources simulated
FUTURE BASE CASE
Source Group Contributions to Respiratory Hospital Admissions due to Inhalation
Exposures
to Sulphur Dioxide, Fine Particulate and Nitrogen Dioxide Concentrations Predicted to
Occur due to All Sources Simulated in the Study

Industry (includes
other power
generation)
29.8%

Eskom Power
Stations
16.0%
Ash dumps (fugitive
dust)
0.1%
Mining (Fugitive Dust
from Open Cast)
3.1%

Vehicle Exhaust
Emissions
9.2%

Household Fuel
Burning
41.8%

Figure 6.6 Future Base Case - Source group contributions to respiratory hospital
admisions due to inhalation exposures to SO2, PM10 and NO2 concentrations
predicted to occur due to all sources simulated
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FUTURE BASE CASE - Individual Power Station Contributions to Total Non-accidental
Mortality predicted to occur due to Inhalation Exposures to Sulphur Dioxide, Fine Particulate
and Nitrogen Dioxide Emissions from All Current Eskom Power Stations
Arnot
0.0%

Duvha
0.5%

Lethabo
1.7%

Hendrina
0.1%
Kriel
1.3%
Kendal
8.7%

Project Bravo
24.1%

Tutuka
0.1%

Majuba
0.7%
Matla
2.5%

Komati
0.1%

Camden
0.6%

Grootvlei
0.1%

New PS (Grootvlei)
10.7%

Project Golf
48.9%

Figure 6.7
Future Base Case - Contributions of individual power stations to total
non-accidental mortality due to inhalation exposures to SO2, PM10 and NO2
concentrations predicted to occur due to all current power station operatons
FUTURE BASE CASE - Individual Power Station Contributions to Respiratory Hospital
Admissions predicted to occur due to Inhalation Exposures to Sulphur Dioxide, Fine
Particulate and Nitrogen Dioxide Emissions from All Current Eskom Power Stations
Arnot
0.0%

Duvha
0.5%

Lethabo
1.7%

Hendrina
0.2%
Kriel
1.3%
Kendal
8.7%

Project Bravo
24.1%

Majuba
0.7%
Matla
2.5%

Tutuka
0.1%
Komati
0.1%

Camden
0.6%
Grootvlei
0.1%
New PS (Grootvlei)
10.7%

Project Golf
48.7%

Figure 6.8 Future Base Case - Contributions of individual power stations to
respiratory hospital admissions due to inhalation exposures to SO2, PM10 and NO2
concentrations predicted to occur due to all current power station operatons
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The contribution of individual power stations to health risks predicted due to cumulative
future Eskom power station related pollution is illustrated in Figures 6.7 and 6.8. The most
significant contributors were identified as being the new power stations, viz. Project Golf
(49%), Project Bravo (24%) and the proposed power station near Grootvlei (11%) – followed
by the existing Kendal Power Station (~9%). The significant contribution of the new power
stations is due primarily to their higher energy sent out and associated higher emissions
relative to other power stations (Figure 6.9).
Health risks do not increase in the same order as increases in emissions, but rather tend to
increase more sharply with such changes. This is demonstrated in Figure 6.10, where
changes in health risks due to the scaling up of existing Eskom power station emissions is
compared to the emission increase. The ~4% increase in emissions from Kendal Power
Station is, for example, associated with an ~80% increase in respiratory hospital admissions
and mortalities. The reason for the non-linear relationship is due to the use of a baseline
concentration threshold in the health risk calculations (assumed to be 25 µg/m³ for sulphur
dioxide) as discussed previously, with health risks only being calculated for predicted
pollutant concentrations above this threshold. Even marginal increases in emissions could
significantly increase health risks by resulting in more people being exposed to
concentrations in excess of the threshold. It is for this reason that, whereas future Eskom
power station emissions will increase by a factor of 2.2 (i.e. 54%, from 1434 ktpa to 3126
ktpa), mortalities and hospital admissions due to Eskom power station emissions are
projected to increase by factors of 36 and 37, respectively.

Figure 6.9 Future Eskom sulphur dioxide emissions, including increased emissions
from existing power stations and additional emissions from RTS and new power
stations.
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Increase in Power Station Emissions vs Increase in Respiratory Hospital Admissions
96.0

% Increase in Respiratory Hospital Admission Risks

Majuba
94.0

92.0

Tutuka
Duvha

90.0
Arnot
Lethabo

88.0

Hendrina
Kriel
86.0

84.0
Kendal
Matla
82.0

80.0
0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

% Increase in Emissions

Figure 6.10 Increase in Eskom power station related health risks due to projected
increases in their emissions during the 2003 to 2009 period

6.3.3 Health Risks due to Future Power Station Operations (including SO2 Abatement)
Health risks estimated to occur due to inhalation exposures given the various sulphur dioxide
emission reduction scenarios are compared to current and future base case risks in Table
6.4. With the implementation of 90% sulphur dioxide controls on the three new power
stations (i.e. emission control scenario 1) total non-accidental mortalities and respiratory
hospital admissions are projected to increase by ~20% and ~10% above current risks,
respectively. Emission control scenario 2, representing the greatest risk reductions, would
reduce mortality risks by 8.7% and limit respiratory admission increases to 0.8%. Similarly
emission control scenario 3 would reduce mortality risks by 6.5% but result in repiratory
hospital admission increases of 1.7%. Mortality risks are projected to be reduced by 1.3%
and RHA risks increased by 3.8% due to emission control scenario 4 (Table 6.5).
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Table 6.4 Health risk estimated to occur due to inhalation exposures to predicted
cumulative ambient PM10, SO2 and NO2 concentrations occurring due to current and
future base case operations and due to operations given sulphur dioxide controls

Emission Scenario
(Cumulative)(a)

Non-accidental Mortality
(deaths/year)

Respiratory Hospital
Admissions (cases/year)

SO2

SO2

PM10

NO2

PM10

NO2

Total Nonaccidental
Mortality
(deaths/year)

Total Respiratory
Hospital
Admissions
(cases/year)

Current Base Case

156

378

16

6,238

106,030

4,960

550

117,228

Future Base Case

766

425

18

30,726

119,367

5,530

1,209

155,623

Control scenario 1

238

405

18

9,557

113,678

5,530

661

128,765

Control scenario 2

96

387

18

3,857

108,721

5,530

502

118,108

Control scenario 3

106

390

18

4,245

109,462

5,530

514

119,237

5,188 110,970
Control scenario 4
129
395
18
(a)Includes future operations of Eskom Power Stations and other sources

5,530

543

121,688

Table 6.5 Change in total health risk estimated to occur due to inhalation exposures
to predicted cumulative ambient PM10, SO2 and NO2 concentrations compared to
current base case operations due to sulphur dioxide controls on selected power
stations
Change in Non-accidental
Mortality (deaths/year)
Emission Scenario
(Cumulative)(a)
Future base case (no
SO2 controls)

PM10

SO2

Change in Respiratory Hospital
Change in Total
Admissions (cases/year)
Non-accidental
Mortality
(deaths/year)
SO2
PM10
NO2

NO2

Change in Total
Respiratory
Hospital
Admissions
(cases/year)

610

47

2

24,488

13,337

570

659

38,396

Control scenario 1

83

27

2

3,319

7,648

570

112

11,537

Control scenario 2

(59)

9

2

(2,381)

2,691

570

(48)

880

Control scenario 3

(50)

12

2

(1,993)

3,432

570

(36)

2,009

(1,050)
4,940
Control scenario 4
(26)
17
2
(a)Includes future operations of Eskom Power Stations and other sources

570

(7)

4,460

The estimation of Eskom’s contribution to total health risks is non-linear and complex. From
the change in health risks due to Eskom’s expansion, including and excluding the
implementation of SO2 control, it is evident that despite Eskom Power Station emissions not
result in exceedances of PM10 health thresholds directly and only resulting in marginal NO2
health threshold exceedances, such emissions indirectly increase the likelihood and
frequency of such exceedances as a result of other sources. The direct, indirect and total
health risks due to Eskom Power Station emissions are presented in Table 6.6 and the
percentage contribution of Eskom to the total health risks calculated given in Table 6.7.
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Table 6.6 Direct and indirect health risks predicted to occur as a result of Eskom
Power Station emissions given current and future base case operations and future
SO2 emission control scenarios

Emission Scenario
Current base case
Future base case (no SO2 controls)
Control scenario 1
Control scenario 2
Control scenario 3
Control scenario 4

Direct Health Risks
Indirect Health Risks
Total Health Risks
(cases/year)
(cases/year)
(cases/year)
Total NonRespiratory
Total NonRespiratory
Total NonRespiratory
accidental
Hospital
accidental
Hospital
accidental
Hospital
Mortality
Admissions
Mortality
Admissions
Mortality
Admissions
All pollutants All pollutants All pollutants All pollutants All pollutants All pollutants
16.6
661.2
617.1
24841.7
58.4
14215.0
675.5
39056.7
86.1
3428.4
41.9
8769.8
128.1
12198.2
0.5
0.5
-31.9
1540.9
-31.4
1541.4
0.6
0.6
-19.8
2669.6
-19.2
2670.2
7.3
7.3
2.3
5114.2
9.6
5121.6

Table 6.7 Percentage contribution of Eskom Power Station emissions to total health
risks calculated due to all sources modelled – based on direct and total (direct and
indirect) health risks resulting from Eskom Power Station emissions

Emission Scenario
Current base case
Future base case (no SO2 controls)
Control scenario 1
Control scenario 2
Control scenario 3
Control scenario 4

Contribution (%) of Eskom Power Station Emissions to Total Health Risks Calculated
due to All Sources Modelled – based on:
DIRECT Health Risks due to Eskom
TOTAL Health Risks due to Eskom
Total Non-accidental Respiratory Hospital Total Non-accidental Respiratory Hospital
Mortality - All
Admissions - All
Mortality - All
Admissions - All
pollutants
pollutants
pollutants
pollutants
3.01
0.56
51.05
15.96
55.9
25.1
13.03
2.66
19.4
9.5
0.10
0.00
-6.3
1.3
0.13
0.00
-3.7
2.2
1.35
0.01
1.8
4.2

Eskom Power Station emissions are estimated to be directly responsible for 51% and 16% of
the estimated mortalities and RHAs due to its future expansion with no SO2 controls in place.
Such emissions however increase the potential of health risk exceedances due to other
sources with it being responsible, in total, for 56% and 25% of mortalities and RHAs (given
that other sources’ emissions were assumed to remain constant). The contribution of Eskom
Power Stations direct contribution to health risks is significantly reduced below its current
contribution given SO2 emission control scenarios 2, 3 and 4, becoming relatively negligible
for control scenarios 2 and 3. In considering the indirect contribution of Eskom power station
emissions reductions in current mortalities are predicted due to control scenarios 2 and 3 as
a result primarily of SO2 concentration reductions. An increase in RHAs is however predicted
to occur despite the implementation of SO2 controls, primarily as a result of the contribution
of Eskom power station emissions to background PM10 and NO2 concentrations which
increases the likelihood of health threshold exceedances due to other sources emissions.
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6.4 Spatial Variations in Health Risks due to Base Case Emissions
The spatial distribution of health risks is a function of both spatial variations in air pollutant
concentrations and population density distributions, as illustrated in Figure 6.11.
The population density of the study domain is illustrated in Figure 6.12. Spatial variations in
non-accidental mortality risks due to current emissions are illustrated in Figures 6.13 to 6.18
for all sources, Eskom power stations, household fuel burning, industry, vehicles and mining.
The highest health risks due to all sources are predicted to occur primarily within the
Tshwane, Joburg, Ekurhuleni and Vaal Triangle regions and in “patches” in the vicinity of
Kriel, Matla and Kendal Power Stations – coinciding with areas of denser population
settlement (Figure 6.12, 6.13).
Health risks associated with current Eskom Power Station emissions are largely
concentrated within the Vaal Triangle (due primarily to Lethabo) and in Mpumalanga in the
vicinity of Kendal, Kriel, Matla, Duvha and Hendrina Power Stations (Figure 6.14).
Communities at risk in Mpumalanga include: Phola, Ogies, Madressa, Voltargo, residential
areas near Matla coal mine, Kriel, Klippoortjie, Travistock, Travistock South, Reedstream
Park and Lehlaka Park.
The highest health risks associated with household fuel burning coincide with fuel burning
within dense residential settlement as would be expected (Figure 6.15). Communities at risk
include Soweto, Alexandra, Tembisa, Ivory Park, Orange Farm, Sebokeng, Evaton,
Mamelodi, Diepsloot, Thokosa, Khatlehong, KwaThema, Tsakane, Etwatwa, Daveyton,
Sharpville, Boipatong, Bophalong and Zamdela.
Elevated health risks due to industrial emissions occur within the Vaal Triangle with
communities located within Vanderbijlpark, Vereeniging, Sebokeng/Evaton, Sasolburg and
Meyerton areas being at greatest risk (Figure 6.16). Other centres of industry-related health
risks include Middelburg, Witbank and Secunda. Health risks due to vehicle exhaust
emissions are greatest within the Tshwane and Johannesburg metropolitan areas as may be
expected given the density of the population in close proximity to areas of high vehicle
activity (Figure 6.17). Mortality risks related to fugitive dust from mining activites are lower
and generally coincide with areas of dense settlement in relative proximity to mining areas
(Figure 6.18).
Spatial variations in non-accidental mortality risks due to future emissions are illustrated in
Figure 6.19 for all sources (cumulative) and in Figure 6.20 for Eskom power stations only
(incremental). By comparing Figures 6.14 and 6.20 the increment in the magnitude and
spatial extent of health risks due to Eskom’s proposed future operations is apparent.
Additional settlement areas at risk include Sasolburg (including Zamdela), Vanderbijlpark and
Vereeniging (specifically Bertha Village), Deneysville, Taaibos, Holly Country, Oranjeville,
Balfour, Greylingstad, Dipaleseng, Villiers, Standerton, Secunda, Ermerlo, Witkoppie and
Siyazenzela in the vicinity of Majuba, Middleburg, Witbank, Bronkhorstpruit, Hendrina and
Delmas.
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Figure 6.11 Illustration of spatial health risk projection based on population density
and spatial variations in air pollutant concentrations
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Figure 6.12 Population distribution within the study domain in relation to Eskom
power stations, based on Stats SA Census 2001 data
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Figure 6.13
Predicted non-accidental mortality cases due to
inhalation exposures to PM10, SO2 and NO2 emisisons from
current Eskom Power Stations and other sources quantified in
the study (viz. household fuel burning, industry, vehicle tailpipe,
open cast mining fugitives, ash dump fugitives)

Figure 6.14 Predicted non-accidental mortality cases due to
inhalation exposures to current Eskom power station emissions
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Figure 6.15 Predicted non-accidental mortality cases due to
inhalation exposures to househod fuel burning emissions

Figure 6.16 Predicted non-accidental mortality cases due to
inhalation exposures to industrial emissions
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Figure 6.17 Predicted non-accidental mortality cases due to
inhalation exposures to vehicle exhaust emissions

Figure 6.18 Predicted non-accidental mortality cases due to
inhalation exposures to fugitive mining emissions
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Figure 6.19 Predicted non-accidental mortality cases due to
inhalation exposures to PM10, SO2 and NO2 emissions from
future Eskom Power Stations and current emissions from “other
sources”

Figure 6.20 Predicted non-accidental mortality cases due to
inhalation exposures to future Eskom power station emissions
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7. CONCLUSION AND RECOMMENDATIONS
7.1 Measured Ambient Air Quality
Sulphur dioxide concentrations have been measured to exceed short-term air quality limits at
all of the Eskom monitoring stations. Although annual concentrations are within air quality
limits given for the protection of human health, exceedances of thresholds intended for the
protection of ecosystems occur at most stations. The most significant air quality limit
exceedances occur in the vicinity of the Kendal Power Station, with 100 to 200 exceedances
of the hourly limit having occurred over the past three years. Significant frequencies of
exceedance also occur elsewhere, as measured at Elandsfontein, Majuba, Leandra and
Makalu.
Nitrogen dioxide concentrations have been measured to be within air quality limits for at most
of the Eskom monitoring stations. At most marginal, infrequent exceedances of the
SANS/EC/proposed SA limit occur (e.g. Kendal 2, only 2 hour of exceedance recorded
during 2002 and 2005).
Particulate matter concentrations have been measured to exceed short-term (highest daily)
SANS and EC limits at all of the Eskom monitoring stations. Even the lenient SA standard
was observed to have been exceeded at the Elandfontein, Majuba 1, Majuba 3, Kendal 2,
Leandra and Verkykkop stations. The long-term measurements of PM10 exceeded the
SANS limit (40 µg/m³) at the Elandsfontein, Kendal 2 and Leandra stations, with the EC
annual limit (30 µg/m³) being exceeded at most of the monitoring stations. The greatest
frequencies of exceedance of the PM10 limit of 50 µg/m³ occurred at Leandra (almost every
day during 2005), Kendal 2, Camden, Elandsfontein, Makalu and Leandra.
Sources of SO2 and NOx that occur in the region include industrial emissions, blasting
operations at mines and spontaneous combustion of discard coal mines, veld burning,
vehicle exhaust emissions and household fuel burning.
The highest ground level
concentrations due to the Eskom Power Station stack emissions are expected to occur
during unstable (typically daytime 10h00 till 15h00) conditions when the plume is mixed to
ground in relatively close proximity to the power station. Local and far-a-field sources are
expected to contribute to the suspended fine particulate concentrations in the region with the
Eskom Power Stations predicted to contribute only marginally to such concentrations. Local
sources include wind erosion from exposed areas, fugitive dust from agricultural and mining
operations, particulate releases from industrial operations, vehicle entrainment from
roadways and veld burning. Household fuel burning also constitutes a significant local
source of low-level emissions. Long-range transport of particulates, emitted from remote tall
stacks and from large-scale biomass burning in countries to the north of South Africa, has
been found to contribute significantly to background fine particulate concentrations over the
interior.
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7.2 Compliance with Ambient Air Quality Limits
In assessing compliance with air quality limits emphasis is placed on:
-

the magnitude of the exceedance (i.e. extent to which pollutant concentrations
exceed the permissible limit value);

-

the frequency of exceedance (i.e. how many times, given as hours or days a year, air
quality limit values are exceeded); and

-

the spatial extent of exceedances (i.e. the area over which frequencies of
exceedance are expected to occur.)

-

the numbers of persons exposed to concentrations in excess of the air quality limit
(exposure potential)

The current SA standards and SANS limits are considered incomplete given that only
threshold concentrations or limit values are proposed without provision being made for
permissible frequencies of exceedance of such thresholds / limit values. The timeframe for
achieving compliance with such thresholds / limit values is also not stipulated. In the current
study it was therefore assumed that a single exceedance of the SA standard or the SANS
limit value constituted non-compliance with such limits. In order to determine the potential for
compliance given the future stipulation of permissible frequencies of exceedance by the
SANS reference was made to the EC limit which does make provision for such frequencies.
The EC only permits exceedances for 4 hours per year (of 350 µg/m³) and 3 days per year
(of 125 µg/m³) for SO2 and 8 hours per year of the 200 µg/m³ limit for NO2.
7.2.1 Current Base Case Operations
The main conclusions reached for the current baseline operations, based on the study
findings, are as follows:
-

Sulphur dioxide (incremental, Eskom Power Stations only) - sulphur dioxide
short-term and daily limits are significantly exceeded due exclusively to current
Eskom Power Station operations in terms of the magnitude, frequency and spatial
extent of exceedance. The SA and SANS annual sulphur dioxide limit, intended for
the protection of human health, is only marginally exceeded within the immediate
vicinity of Kendal Power Station. The EC annual sulphur dioxide limit, intended to
protect ecosystems, is however exceeded for a large portion of the Mpumalanga
highveld.

-

Sulphur dioxide (cumulative) - Short-term (10-minute and hourly) sulphur dioxide
limits are exceeded over a large portion of the study area, including over much of the
Vaal Triangle and Mpumalanga Highveld as well as over parts of Ekurhuleni, Joburg
and Tshwane. The frequency and spatial extent of daily limit exceedances are more
restricted and most significant for the Mpumalanga Highveld within the vicinity of
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Kendal and Matla Power Stations. Although the spatial extent of exceedance of the
SA and SANS annual sulphur dioxide limit intended for the protection of human
health is limited, the EC annual limit for the protection of ecosystems is exceeded for
a large portion of the Mpumalanga highveld and Vaal Triangle and parts of Joburg,
Tshwane and Ekurhuleni.
-

PM10 (incremental) - Ambient PM10 limit exceedances are restricted to marginal
and infrequent exceedances of daily SANS target and EC limit values (numbers of
occurrences are well within those permitted by the EC)(16).

-

PM10 (cumulative) - Whereas elevated PM10 concentrations are predicted to occur
over much of the region, the highest PM10 concentrations tend to coincide primarily
with household fuel burning and heavy industry areas. PM10 concentrations were
predicted to be generally higher over the Vaal Triangle, Joburg, Ekurhuleni areas and
parts of Tshwane when compared to PM10 levels predicted for the Mpumalanga
highveld due to industrial activity and household fuel burning being more intensive in
these regions.

-

Nitrogen dioxide (incremental) - Ambient NO and NO2 limit exceedances are
restricted to marginal and infrequent exceedances of hourly limit values (numbers of
occurrences are within those permitted by the EC).

-

Nitrogen dioxide (cumulative) - The highest NO2 concentrations were predicted to
occur over the major conurbations coinciding with built up areas, and being highest
where zones of high vehicle activity occur together with extensive industrial activity
and/or household fuel burning.
Hourly NO2 limits were predicted to be most
frequently exceeded within the Vaal Triangle, and parts of Joburg, Ekurhuleni and
Tshwane. The annual NO2 limit was only predicted to be exceeded within parts of
Tshwane.

The main conclusion reached is that current baseline Eskom Power Station emissions
are associated with significant non-compliance with relevant ambient sulphur dioxide
limits even in the absence of contributions by “other sources”. Ambient PM10 and NO2
concentrations due exclusively to current baseline Eskom Power Station emissions are
potentially within acceptable ranges, with the need for reduction being dependent on the
potential which exists due to cumulative concentrations resulting from “other sources”.
Assessing source contributions to cumulative concentrations it is evident that Eskom Power
Station operations contribute very significantly to sulphur dioxide air quality limit
exceedances within Mpumalanga and parts of the Vaal region. Whereas Eskom Power
Station emissions do contribute to ambient PM10 and NO2 concentrations, the extent of this
contribution - particularly given the locations where zones of maximum impact occur and the
likely cost of (additional) mitigation - are unlikely to warrant further mitigation on the basis of
16

Predicted PM10 concentrations included both primary particulates released directly by Eskom Power Stations
and secondary particulates formed in the atmosphere due to the conversion of SOx and NOx emissions to
sulphates and nitrates, respectively.
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current emissions. Mitigation of NOx emissions from power stations will be beneficial in
reducing the potential for ozone formation. The health risks due to ozone concentrations and
the relatively contribution of power station emissions to ozone formation has however not
been addressed in the current study. This information would be critical to assess whether
NOx abatement of power station emissions represents the most cost-optimised solution to
elevated ozone concentrations.
7.2.2 Future Base Case Operations (No SO2 Abatement)
For future baseline operations, the main conclusions are as follows
-

Sulphur dioxide (incremental) - Sulphur dioxide short-term and daily limits are
significantly exceeded due exclusively to current Eskom Power Station operations in
terms of the magnitude, frequency and spatial extent of exceedance. Whereas given
current emissions, sulphur dioxide limit exceedances were not predicted to occur over
Joburg and its surrounds due exclusively to Eskom Power Station operations, the
future increase in emissions is associated with exceedances over Joburg, Ekurhuleni
and parts of Tshwane. An increase in the frequencies of exceedance due to Eskom
Power Station operations is also predicted for the Vaal Triangle and Witbank areas.
The SA and SANS annual sulphur dioxide limit, intended for the protection of human
health, is exceeded within relative proximity to Kendal, Matla and Kriel Power
Stations and also at the Komati RTS station and at new power stations (Golf, Bravo,
Grootvlei). The EC annual sulphur dioxide limit, intended to protect ecosystems, is
however exceeded for a large portion of the Mpumalanga highveld.
Exceedances of the Lowest Observed Adverse Effect Levels (LOAELs)(17), as
published by the WHO (2000), due exclusively to Eskom Power Station emissions are
predicted to occur within ~40 km of Kendal Power Station and about ~20 km of
various of the other power stations.

-

Sulphur dioxide (cumulative) - Short-term (10-minute and hourly) sulphur dioxide
limits are exceeded over most of the modelling domain, including the Vaal Triangle
and Mpumalanga Highveld, Ekurhuleni, Joburg and Tshwane. Given current baseline
operations the frequency and spatial extent of daily limit exceedances was more
restricted and most significant for the Mpumalanga Highveld within the vicinity of
Kendal and Matla Power Stations. Under future baseline conditions non-compliance
with daily limits is much more widespread and likely to coincide with areas of dense
human settlement. Although the spatial extent of exceedance of the SA and SANS
annual sulphur dioxide limit intended for the protection of human health remains
relatively limited, the EC annual limit for the protection of ecosystems is exceeded for
a large portion of the Mpumalanga highveld,Vaal Triangle, Joburg, Tshwane and
Ekurhuleni.

17

Given as 1000 µg/m³ for short-term exposures and as 250 µg/m³ for daily average exposures to sulphur dioxide
(WHO, 2000).

Eskom Mpumalanga Highveld Cumulative Scenario Planning Study:
Air Pollution Compliance Assessment and Health Risk Analysis of Cumulative Opeations of Current, RTS and
Proposed Eskom Power Station Located within the Mpumalanga and Gauteng Provinces
Report No.: APP/06/ESKOM-05 Rev 1.0
Page 7-4

-

Nitrogen dioxide (incremental) - Ambient NO and NO2 limit exceedances are
restricted to marginal and infrequent exceedances of hourly limit values (numbers of
occurrences are within those permitted by the EC).

-

Nitrogen dioxide (cumulative) - The highest NO2 concentrations were predicted to
occur over the major conurbations coinciding with key built up areas, and being
highest where zones of high vehicle activity occur together with extensive industrial
activity and/or household fuel burning. Hourly NO2 limits were predicted to be most
frequently exceeded within the Vaal Triangle, and parts of Joburg, Ekurhuleni and
Tshwane. The annual NO2 limit was only predicted to be exceeded within parts of the
Vaal Triangle.

-

PM10 (incremental) - Ambient PM10 limit exceedances are restricted to marginal
and still relatively infrequent exceedances of daily SANS and EC limit values.
(Numbers of occurrences are well within those permitted by the EC to be complied
with by 2005 but approach the permissible frequencies required to be complied with
by 2010.)(18)(19).

-

PM10 (cumulative)- Whereas elevated PM10 concentrations are predicted to occur
over much of the region, the highest PM10 concentrations tend to coincide primarily
with household fuel burning and heavy industry areas. PM10 concentrations were
predicted to be generally higher over the Vaal Triangle, Joburg, Ekurhuleni areas and
parts of Tshwane when compared to PM10 levels predicted for the Mpumalanga
highveld. This may be due to various sources located within the Mpumalanga not
having been simulated, particularly veld burning and fugitive dust from mining and
agriculture.

The main conclusion reached is that future baseline Eskom Power Station emissions are
associated with significant non-compliance with relevant ambient sulphur dioxide
limits even in the absence of contributions by “other sources”. The magnitude,
frequency and spatial extent of such non-compliance are predicted to increase
significantly when compared to current baseline emissions. Whereas previously
sulphur dioxide limit exceedances were not predicted to occur over Joburg due exclusively to
current Eskom Power Station operations, given the future increase in emissions Eskom
Power Station releases are associated with exceedances over Joburg, Ekurhuleni and parts
of Tshwane. Increased frequencies of exceedance over the Vaal Triangle and Witbank
areas are also predicted to occur as a result of the increase in future emissions from existing

18

Predicted PM10 concentrations included both primary particulates released directly by Eskom Power Stations
and secondary particulates formed in the atmosphere due to the conversion of SOx and NOx emissions to
sulphates and nitrates, respectively.

19

The increase in frequencies of exceedance of the SANS daily PM10 limit of 75 µg/m³ from 1 day per year to 5
days per year is due primarily to the addition of Camden, with 2 or more exceedance days only occurring in the
vicinity of Camden.
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Eskom Power Stations. Ambient PM10 and NO2 concentrations due exclusively to future
baseline Eskom Power Station emissions are potentially within acceptable ranges.
7.2.3 Cumulative Future Eskom Power Station Operations with SO2 Abatement
The following cumulative emission control scenarios were simulated during the investigation:
Power Station
Kendal
Matla
Duvha
Lethabo
Tutuka
Majuba
New PS (Project Golf)
New PS (Project Bravo)
New PS (near Grootvlei)

Control
Scenario 1(a)
0%
0%
0%
0%
0%
0%
90%
90%
90%

SO2 Control Efficiency
Control
Control
Scenario 2(a)
Scenario 3(a)
90%
90%
90%
60%
90%
60%
90%
90%
90%
60%
90%
90%
90%
90%
90%
90%
90%
90%

Control
Scenario 4(a)
90%
0%
0%
90%
0%
90%
90%
90%
90%

(a) 0% control efficiency on all operational and RTS power stations not listed

Despite representing an improvement over uncontrolled future basecase operations,
emission control scenario 1 (i.e. 90% control on new power stations) would significantly
increase the magnitude, frequency and spatial extent of non-compliance compared to current
levels. Control scenario 2, comprising 90% control on new and all eligible existing power
stations, would result in the most significant improvements in air quality, with considerable
reductions in the current magnitude, frequency and spatial extent of non-compliance.
Control scenario 3 would also result in significant improvements compared to current
operations, whereas control scenario scenario 4 would be associated with improved
conditions when compared to the uncontrolled future basecase, but represent a significant
increase in non-compliance potentials in the vicinity of the new and RTS stations.
7.2.4 Numbers of Persons Residing within Non-Compliance Areas
To determine the number of persons residing within non-compliance areas the areas of
exceedance of selected air quality limits were superimposed over population density figures
(from the 2001 Census). A synopsis of the findings of this analysis is presented in Table 5.4
for sulphur dioxide and nitrogen dioxide and Table 5.5 for particulates.
Exposure within Sulphur Dioxide Non-Compliance Areas
An estimated ~6.1 million people currently reside in areas where the hourly SO2 limit of 350
µg/m³ is exceeded at least once a year. The EC hourly SO2 limit, which permits a maximum
of 4 exceedances per year of the 350 µg/m³, is associated with ~1.5 million persons exposed
and the UK limit (maximum 24 exceedances) with 0.4 million persons exposed. About 1.7
million persons are predicted to reside in areas where the daily SO2 limit of 125 µg/m³ is
exceeded – taking into account the maximum 3 days/year frequencies permitted by the UK
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and EC, only 0.22 million persons reside within the non-compliance zone. Only 41 600
persons are projected to be exposed to the SA annual SO2 limit of 50 µg/m³.
Cumulatively, Eskom power station emissions are predicted to be responsible for the
greatest number of persons residing within areas experiencing a single exceedance of the
hourly 350 µg/m³ limit (3.1 million persons – compared to 1.04 million due to household fuel
burning and 0.54 million due to industrial emissions) and to the highest number exposed to 3
or more days exceeding a daily limit of 125 µg/m³ (~79 000 persons, compared to ~50 000
due to household fuel burning and ~5 000 due to industry). It is however notable that
household fuel burning is more significant in terms of exposure to EC and UK hourly limits
(where a certain frequency of exceedance are permitted, 4 times per year and 24 times per
year respectively). Household fuel burning and industry are also associated with higher
exposures to annual SO2 limit exceedances (~26 500 persons due to household fuel burning,
~50 due to industry, none due to power station emissions).
No. of Persons Residing within Area predicted to Exceed Sulphur Dioxide Air Quality Limit

Source Groups

Single
Exceedance of EC Hourly Limit
Hourly 350
(350 µg/m³,
µg/m³ Limit
>4x)

Single
Single
Exceedance of
Exceedance of
EC/UK
Daily 125 µg/m³ DailyLimit (125 SA Annual 50
Limit
µm³ Limit
µg/m³, >3x)

UK Hourly
Limit (350
µg/m³, >24x)

All Power Stations Current

3,103,800

341,797

90,990

101,147

79,343

-

Household fuel burning

1,040,903

556,624

159,997

206,117

50,130

26,543

-

-

-

-

-

-

537,541

466,069

69,537

11,575

5,225

52

Mines

-

-

-

-

-

-

Ash dumps

-

-

-

-

-

-

6,076,549

1,527,463

425,751

1,660,943

222,238

41,591

Vehicle exhaust
Industry

All Current (PS and other)

The analysis of exposure potentials within sulphur dioxide limit exceedance areas due to
current emissions from individual power stations resulted in the following findings:
-

Kendal Power Station is currently associated with the greatest sulphur dioxide
exposure potentials regardless of the SO2 limit being assessed, with possible
exposure of up to ~124 000 persons projected.

-

Whereas Lethabo Power Station was predicted to result in the second highest number
of persons exposed to a single exceedance of the hourly limit and the the EC hourly
limit, Matla and Majuba Power Stations resulted in greater exposures to the UK hourly
limit which allows up to 24 hours/year of exceedance.

-

Tutuka Power Station was associated with the lowest sulphur dioxide exposure
potentials across all averaging periods and limits (<1100 persons).
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Given the escalation in the emissions of existing power stations and the commissioning of
three RTS and three new power stations, it is predicted that the numbers of persons residing
within exceedance areas will increase by a factor of 2 to 17.
Despite representing an improvement over uncontrolled future basecase operations,
emission control scenario 1 (i.e. 90% control on new power stations) would significantly
increase the number of persons residing within SO2 limit exceedance zones (by a factor of
1.9 to 2.5). Control scenario 2, comprising 90% control on new and all eligible existing power
stations, would result in the most significant reductions in exposure potentials (exposure
potentials of 2% to 14% of current). Control scenario 3 would also result in significant
improvements compared to current operations (exposure potentials of 3% to 15% of current),
as would control scenario 4 (exposure potentials of 21% to 48% of current).
Exposure within Nitrogen Dioxide Non-Compliance Areas
Approximately 6.9 million persons are predicted to currently reside within areas where the
hourly NO2 limit of 200 µg/m³ is exceeded at least once a year. The EC hourly NO2 limit,
which permits a maximum of 8 exceedances per year, is associated with ~0.6 million persons
exposed and the UK limit (maximum 18 exceedances) with ~0.5 million persons exposed.
Approximately 95 200 persons are projected to be exposed to the SANS/EC/UK annual NO2
limit of 50 µg/m³.
Vehicle exhaust emissions are associated with the greatest nitrogen dioxide exposure
potentials as is evident in the summary table below, projected to be responsible for up to 1.6
million exposures (excluding the potential for cumulative concentrations). Household fuel
burning is the next most significant source of nitrogen dioxide exposures (up to 242 000
persons), followed by industry (up to 39 000 persons). Cumulatively, Eskom Power Stations
are a significantly lower source of nitrogen dioxide exposures (maximum 22 200 persons
exposed to single hourly limit exceedances, with not exceedances of EC and UK limits).
Currently only Lethabo Power Station is predicted to result in nitrogen dioxide hourly limit
exceedance exposures (~390 persons). Given future operations Lethabo Power Station is
predicted to increases exposures to 515 persons, and Camden Power Station to result in 84
persons exposed to single limit exceedances.
Given future increases in nitrogen dioxide emissions due to escalations in existing power
station emissions and the commissioning of 3 RTS and 3 new power stations, Eskom Power
Stations is projected to become a more significant contributer to single exceedances of the
hourly limit than industrial emissions. The total numbers of persons residing within the
exceedance area due to all sources will however marginally increase from 6.9 million to 7.0
million persons.
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No. of Persons Residing within Area predicted to Exceed Nitrogen Dioxide Air Quality
Limits
Source Groups

All Power Stations Current
Household fuel burning
Vehicle exhaust
Industry

Single Exceedance of
Single Exceedance of EC Hourly Limit (200 UK Hourly Limit (200 SANS Annual 40 µm³
Limit
Hourly 200 µg/m³ Limit
µg/m³, >8x)
µg/m³, >18x)
22,199
241,778

94,914

23,968

-

1,565,373

532,583

436,960

85,394

38,549

27

-

-

Mines

-

-

-

-

Ash dumps

-

-

-

-

6,884,218

631,925

469,272

95,166

All Sources Current
All Power Stations Future
All Sources Future

160,468

-

-

-

7,001,247

743,591

481,620

97,617

Exposure within PM10 Non-Compliance Areas
Approximately 0.5 million persons are predicted to currently reside within areas where the
current SA daily PM10 standard is exceeded (based on sources quantified). Exposures to
single exceedances of daily PM10 thresholds of 75 µg/m³ and 50 µg/m³ was estimated to be
in the order of 3.2 million persons and 7.3 million persons respectively. Taking into account
the permissible maximum frequencies of exceedance of the 50 µg/m³ limit, ~1.4 million
persons were projected to be exposed within EC daily limit non-compliance aeas and ~1.2
million within UK daily limit non-compliance areas. It is notable that ~0.5 to ~0.8 million
people were estimated to result in areas in which SANS and EC annual limits were
exceeded, respectively.
Household fuel burning and industrial emissions were estimated to be result in the most
significant exposures to PM10 concentrations in excess of air quality limits. Fugitive dust
from mining emissions was associated with smaller but still significant exposure potentials.
Even cumulatively, current power station emissions were not predicted (in isolation of other
sources) to result in non-compliance with SA, EC, UK air quality limits despite being
predicted to result in ~275 000 persons being exposed to a single exceedance of the daily
threshold of 50 µg/m³.
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Source Groups

All Power Stations Current

No. of Persons Residing within Area predicted to Exceed PM10 Air Quality Limits
SA Daily Limit
EC Daily Limit (50 UK Daily Limit (50
SANS Annual
EC Annual Limit
(180 µg/m³, >3 x)
µg/m³, >25x)
µg/m³, >35x)
Limit (40 µg/m³)
(30 µg/m³)
47,451

718,564

637,745

75,320

-

-

-

-

-

255,123

375,390

283,848

196,172

207,758

19,218

89,914

20,732

19,942

20,428

17

17

17

-

17

All Current (PS and other)

486,064

1,411,941

1,189,155

510,261

818,782

All Power Stations Future

-

-

-

-

-

535,345

1,681,507

1,409,174

552,923

882,197

Household fuel burning
Vehicle exhaust
Industry
Mines
Ash dumps

All Future

345,800

Given future Eskom power station operations it is predicted that there would be an increase
in the numbers of persons exposed to PM10 limits by between 8% and 20%. This significant
increment in exposure potentials is due to a combination of primary and secondary
particulates due to particulate and gaseous power station emissions. Given sulphur dioxide
emission control scenario 1, this increase would be lower (3% to 12% increment in persons
exposed). Emission control scenarios 2, 3 and 4 would result in lower or comparable risks to
current risks due to all sources.

7.3 Health Risks due to Inhalation Exposures
7.3.1 Current Base Case Risks
Current emissions from Eskom and other source quantified during the study were predicted
to result in 550 deaths/year and ~117 200 respiratory hospital admissions per year. The
main findings with regard to pollutant and source contributions to such risks were as follows:
-

Contribution of pollutants - Exposures to PM10 were estimated to be responsible for
69% of the total non-accidental mortality and 90% of the respiratory hospital
admissions. Sulphur dioxide was predicted to be responsible for 28% of the total
non-accidental mortality and 5% of the respiratory hospital admissions. Nitrogen
dioxide was found to be the least significant of the three pollutants considered in
terms of total morbidity and mortality, accounting for only 3% of the total nonaccidental mortality estimated and 4% of the respiratory hospital admissions.

-

Household fuel burning was predicted to result in the most significant health risks,
accounting for 50% of the total non-accidental mortality cases (287 deaths/year) and
50% of the respiratory hospital admissions (~58 000 cases/year) predicted.

-

Industrial sources, including non-Eskom power generation, represented the next
most significant source – responsible for 34% of the mortalities and 35% of the
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morbilities.
-

Current Eskom Power Stations were cumulatively calculated to be responsible for
17 non-accidental mortalities per year and 661 respiratory hospital admissions,
representing 3.0% and 0.6% of the total non-accidental mortalities and respiratory
hospital admissions projected across all sources.

-

Vehicle exhaust emissions are estimated to contribute 9% of the estimated
mortalities and 11% of estimated respiratory hospital admissions.

-

Power Stations contributing most significantly to risks related to Eskom’s current
operations were identified as being Kendal (~61%), Matla (~20%), Lethabo (8%)
and Kriel (~7%). Together these four power stations contributed over 95% of the
non-accidental mortality cases and respiratory hospital admissions predicted to
occur as a result of Eskom Power Stations. Sulphur dioxide emissions from Eskom
Power Stations were predicted to be largely responsible for the health risks
predicted, accounting for all of the calculated mortality cases and respiratory
hospital admissions due to power station emissions.

7.3.2 Health Risks due to Future Power Station Operations (excluding SO2 Abatement)
Future Eskom power stations (without SO2 abatement in place), and other sources quantified
during the study, were predicted to result in 1209 deaths/year (representing an increase
factor by 2.2 above current) and ~155 623 respiratory hospital admissions per year (increase
by factor of ~1.3). Prior to considering the main findings with regard to source contributions
to health risk, the following should be noted:
Under future conditions “other sources” such as household fuel burning, vehicles and
industry are predicted to result in greater risks when compared to their current health impact
despite the emissions of such sources being assumed to remain unchanged. The reason for
this is that the increase in emissions from Eskom Power Stations increases the background
concentrations making it more likely that these other sources will cumulatively result in health
risk threshold exceedances.
The main findings related to the future base case (excluding SO2 abatement) were as
follows:
-

Across all source types, sulphur dioxide is estimated to contribute most significantly to
predicted total non-accidental mortality (63%), with PM10 responsible for much of the
respiratory hospital admissions (77%). As for the current base case, nitrogen dioxide
was found to be the least significant of the three pollutants considered in terms of total
morbidity and mortality, accounting for only 2% of the total non-accidental mortality
estimated and 4% of the respiratory hospital admissions.

-

Future Eskom Power Station emissions, including increased releases from existing
stations and the commissioning of three new and three return-to-service stations, were

Eskom Mpumalanga Highveld Cumulative Scenario Planning Study:
Air Pollution Compliance Assessment and Health Risk Analysis of Cumulative Opeations of Current, RTS and
Proposed Eskom Power Station Located within the Mpumalanga and Gauteng Provinces
Report No.: APP/06/ESKOM-05 Rev 1.0
Page 7-11

cumulatively calculated to be responsible for 617 non-accidental mortalities per year
(compared to 17 cases/year currently) and 24 842 respiratory hospital admissions
(compared to 661 cases/year currently). Sulphur dioxide is estimated to be responsible
for 100% of the mortality risks and 99.5% of the hospital admission risks estimated to be
due to power station releases.
-

Eskom power stations are predicted to become the most significant source group in
terms of contributions to estimated total non-accidental mortality due to inhalation
exposures (51% of predicted). The large increase in the contribution of Eskom power
station to the total estimated risk is due to (i) the larger mortality risk assigned to SO2
relative to PM10 and NO2 and (ii) the marked increase in the frequency of exceedance of
the threshold above which health risks are calculated (i.e. 25 µg/m³).

-

Household fuel burning is predicted to represent the second most significant source,
estimated to account for 26% of the mortality risk estimated, followed by industry (17%)
and vehicle exhaust emissions (4%).

-

Due to respiratory hospital admission due to PM10 exposures being assigned a greater
relative risk when compared to SO2 and NO2 exposures, household fuel burning is
predicted to remain the most significant contributor to this health endpoint in future
(accounting for 42% of the estimated RHAs). Industry is estimated to be the next most
significant contributor to respiratory hospital admissions (~30%), followed by Eskom
Power Stations (16%) and vehicle exhaust emissions (9%).

-

Power stations contributing most significantly to future Eskom-related health risks were
the new power stations, viz. Project Golf (49%), Project Bravo (24%) and the proposed
power station near Grootvlei (11%) – followed by the existing Kendal Power Station
(~9%). The significant contribution of the new power stations is due primarily to their
higher energy sent out and associated higher emissions relative to other power stations.
Health risks do not increase in the same order as increases in emissions, but rather tend
to increase more sharply with such changes. The ~4% increase in emissions from
Kendal Power Station is, for example, associated with an ~80% increase in respiratory
hospital admissions and mortalities. The reason for the non-linear relationship is due to
the use of a baseline concentration threshold in the health risk calculations (assumed to
be 20 µg/m³ for sulphur dioxide) as discussed previously, with health risks only being
calculated for predicted pollutant concentrations above this threshold. Even marginal
increases in emissions could significantly increase health risks by resulting in more
people being exposed to concentrations in excess of the threshold. It is for this reason
that, whereas future Eskom power station emissions will increase by a factor of 2.2 (i.e.
54%, from 1434 ktpa to 3126 ktpa), mortalities and hospital admissions due to Eskom
power station emissions are projected to increase by factors of 36 and 37, respectively.
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7.3.3 Health Risks due to Future Power Station Operations (including SO2 Abatement)
Health risks estimated to occur due to inhalation exposures given the various sulphur dioxide
emission reduction scenarios are compared to current and future base case risks in Table
7.1.
Table 7.1 Health risk estimated to occur due to inhalation exposures to predicted
ambient PM10, SO2 and NO2 concentrations occurring due to current and future base
case operations and due to operations given sulphur dioxide controls

Emission Scenario
(Cumulative)(a)

Non-accidental Mortality
(deaths/year)

Respiratory Hospital
Admissions (cases/year)

SO2

SO2

PM10

NO2

PM10

NO2

Total Nonaccidental
Mortality
(deaths/year)

Total Respiratory
Hospital
Admissions
(cases/year)

Current Base Case

156

378

16

6,238

106,030

4,960

550

117,228

Future Base Case

766

425

18

30,726

119,367

5,530

1,209

155,623

Control scenario 1

238

405

18

9,557

113,678

5,530

661

128,765

Control scenario 2

96

387

18

3,857

108,721

5,530

502

118,108

Control scenario 3

106

390

18

4,245

109,462

5,530

514

119,237

Control scenario 4
129
395
18
5,188 110,970
(a)Includes future operations of Eskom Power Stations and other sources

5,530

543

121,688

With the implementation of 90% sulphur dioxide controls on the three new power stations
(i.e. emission control scenario 1) total non-accidental mortalities and respiratory hospital
admissions are projected to increase by ~20% and ~10% above current risks, respectively.
Emission control scenario 2, representing the greatest risk reductions, would reduce the
predicted current air pollution related mortality risk by ~9% and limit respiratory admission
increases to 0.8%. Emission scenarios 3 and 4 would similarly reduce mortality risks by
6.5% and 1.3% respectively, whilst increasing respiratory hospital admissions by 1.7% and
3.8% respectively.
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Executive summary
Eskom wishes to develop a suitable strategy for increased power generation, by investigating
various options including return-to-service of “mothballed” power stations, extensions to currently
operating stations, and the building and commissioning of new power stations. Eskom also wishes
to understand the impact of currently operational power stations on the health of communities, and
desires air quality- and health risk-based decision platforms for choosing the most effective
measures to control emissions from current and future power station operations. For this purpose,
Airshed will conduct atmospheric dispersion modelling with the goal of predicting air concentrations
of particulate matter (PM2.5, PM10 and sulphates) and of the gaseous pollutants NO2 and SO2 at
ground level in the communities surrounding a number of power stations.

Epidemiological studies published in the international scientific literature indicated that ambient
environmental concentrations of particulates, NO2 and SO2 are related to health effects such as
cardiovascular and respiratory diseases. In general, the quantification of health risks is based
on changes in ambient air concentrations the pollutants that are subsequently related to the risk
of mortality or hospitalisation for the treatment of specific diseases.
The main purpose of the review presented in this report was to identify appropriate risk
estimation factors that may be used to assess the health risks potentially associated with
ambient PM2.5, PM10, sulphates, SO2 and NO2 concentrations that may result from the operation
of Eskom power stations. These have been identified for a range of health effects,
differentiated as mortality and morbidity effects. The criteria for selection of appropriate risk
factors have also been discussed. Methods of avoiding over-estimation of the magnitude of
health effects due to the aggregation of estimates for dependent pollutants have been identified
and options suggested. The most useful option appears to be the presentation of a range of
potential quantitative health effect estimates that will inform effective management decisions.
Vulnerability factors specific to the South African population may be used to refine the health
risk assessment, by reflecting the vulnerability of the population to the effects of air pollution.
The inclusion of vulnerability factors was considered, but found not to be feasible at this stage.
However, information on the susceptibilities of populations is discussed and may be used to
qualify the quantitative results of the Eskom health risk assessment.
Population-specific health risk assessments require a database of national or provincial health
data on which calculations may be based. The main deficiency found in the current South
African health database was a lack of national or provincial hospital admission data. Ways of
estimating missing data are suggested and the limitations this will impose on the confidence
associated with the Eskom health risk assessment are discussed.
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1

Context and terms of reference

Eskom has identified the need to develop a suitable strategy for increased power generation,
by investigating various options including return-to-service of “mothballed” power stations,
extensions to currently operating stations, and the building and commissioning of new power
stations. Eskom also wishes to understand the impact of currently operational power stations
on the health of communities, and desires air quality- and health risk-based decision platforms
for choosing the most effective measures to control emissions from current and future power
station operations. For this purpose, Airshed will conduct atmospheric dispersion modelling
with the goal of predicting air concentrations of particulate matter (PM2.5, PM10 and sulphates)
and the gaseous pollutants NO2 and SO2 at ground level in the communities surrounding a
number of power stations. The ultimate aim is to assess air quality and health risks in a
spatially integrated manner, rather than concentrating on isolated scenarios surrounding
individual power stations.
This report is a review of literature available on the quantification of the relationships between
air pollutants and health effects, with the purpose of selecting suitable risk factors for the
quantification of health effects. The risk factors will be applied to the air concentrations derived
by dispersion modelling, to quantify the potential health impact associated with various Eskom
operations, which will be the subject of a second report. The risk factor review will focus on
PM2.5, PM10, sulphates, NO2 and SO2.
Due to various socio-economic reasons, it is well recognised that specific sectors of the South
African population are particularly vulnerable to health impacts. It is desirable to include
vulnerability factors that attempt to suitably modify quantitative estimates of health impacts in
such vulnerable populations. A review of factors developed for the South Africa context was
therefore done.
The risk and vulnerability factors described above should ideally be applied to current
hospitalisation and mortality figures (baseline health data) in the South African population. It
stands to reason that the accuracy of quantitative health risk estimates will depend in part on
the accuracy of the baseline data to which the risk factors and vulnerability factors are applied.
A reasonable effort was therefore be made to obtain the most accurate and recent South
African health data relevant to the health effects which the risk factors seek to predict, and
these are presented in the report.

2

Quantification of health effects of air-borne
pollutants

2.1

Recommendations

The USEPA (2004) emphasized that it is extremely important to recognize that there is no
single “correct” approach to modeling associations between ambient pollutant concentrations
and health effects that will provide the “right” answer with regard to precise quantification of
pollutant effect sizes for different health outcomes. Rather, it was recommended that emphasis
should be placed on the following considerations when risk factors are chosen:
•

Convergence of evidence derived from various acceptable analyses of pollutant effects
on a particular type of health endpoint (e.g., total mortality, respiratory hospital
admissions, etc.);
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•
•

2.2

More weight should be given to those well-conducted analyses having greater power to
detect effects and yielding narrower confidence intervals; and
Evaluation of the coherence of findings across pertinent health endpoints and effect
sizes for different health outcomes.

Issues of statistical analysis

In early 2002, the original investigators of an important newly available multicity study (the
National Mortality and Morbidity Air Pollution Study; NMMAPS, involving 90 cities) reported that
use of the default convergence criteria setting used in the Generalized Additive Models (GAM)
routine of certain widely-used statistical software (Splus) could result in biased estimates of air
pollution effects when at least two nonparametric smoothers are included in the model (Health
Effects Institute letter, May 2002). The NMMAPS investigators also reported (Dominici et al.,
2002), as determined through simulation, that such bias was larger when the size of risk
estimate was smaller and when the correlation between the concentrations of particulate matter
(PM) and the covariates (that is, smooth terms for temporal trend and weather) was higher.
The NMMAPS investigators reported that reanalysis of the 90 cities’ air pollution-mortality data
(using stringent convergence criteria) did not qualitatively change their original findings, with the
result that the positive association between PM10 and mortality, and the reported lack of
confounding by, amongst others, gaseous pollutants or by regional heterogeneity of PM, was
not overturned. However, the reduction in the PM10 risk estimate was apparently not negligible.
Upon reanalysis with GAM using strict convergence criteria, the PM10 risk estimate dropped
from 2.1 to 1.4 per cent excess deaths per 50 µg/m3 increase in PM10 concentrations. Using a
generalized linear model (GLM), the risk estimate was further reduced to 1.1 per cent (USEPA,
2004).
The USEPA subsequently encouraged investigators for a number of important published
studies to reanalyze their data by using GAM with more stringent convergence criteria, as well
as by using GLM analyses with parametric smoothers that approximated the original GAM
model. Results of the re-analysis were subjected to a thorough discussion at a focused expert
workshop, after which some investigators yet again adjusted the analysis of their data. All final
re-analysis results were subjected to a peer-review by a special panel assembled by the USA
Health Effects Institute (HEI); and were finally published, along with commentary by the HEI
peer-review panel, in an HEI Special Report (HEI 2003). In total, re-analyses were reported for
more than 35 originally published studies, and some of the conclusions are briefly discussed in
the following sections.

2.3

Modelling and assessment of pollutant interactions,
confounding and effect modifiers

In evaluating effects of ambient PM exposures, gaseous criteria pollutants (CO, NO2, SO2, O3)
are candidates for confounders because all of these are known to cause at least some types of
adverse health effects that are also associated with particles (CO more often being associated
with cardiovascular effects and the other gases with respiratory effects). In addition, the
gaseous criteria pollutants may be associated with particles for several reasons, including
common sources and correlated changes in response to wind and weather (USEPA 2004).
The USEPA (2004) noted that SO2 and PM2.5 are often predominantly derived from the same
sources in a locale (e.g., coal-fired power plants in the Midwestern United States).
Simultaneous inclusion of these two pollutants in a model may cause a diminution of the PM2.5
risk factor, which can be misleading if such a factor is used to model health effects in a
scenario where only PM2.5 is considered. One approach that has been taken is to look at
pollutant interactions (either multiplicative or additive, depending on the model assumed), but
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the USEPA concluded that, until underlying biological mechanisms are fully understood (and
appropriately modelled), such models are assumptions on the part of the researcher. Models
based on biological plausibility are therefore needed that model pollutant interactions more
accurately and that allow biologically based interpretations of modelling results, but these are
not yet available (USEPA 2004).
Until more is known about multiple pollutant interactions, it is important to avoid over
interpreting model results regarding the relative sizes and significance of specific pollutant
effects, but instead to use biological plausibility in interpreting model results. An example is the
study of Krewski et al. (2000) that found significant associations for both PM and SO2 in their
reanalysis of the ACS data set. Krewski et al. concluded that the observed associations and
the absence of a plausible toxicological mechanism by which SO2 could lead to increased
mortality (since annual mean SO2 averaged less than 10 ppb across 125 cities in the ACS data
set) further suggested that SO2 might be acting as a marker for other mortality-associated
pollutants. Rather than letting statistical significance be the sole determinant of the “most
important” pollutant, the authors utilized biological plausibility to draw conclusions about which
association was most likely driving the pollution-related health effects in question. Toxicological
mechanisms and biological plausibility need to be considered more broadly in the future in
modelling and assessing possible pollutant interactions resulting in the health effects attributed
to PM. In the meantime, the results from single-pollutant models of PM effects are emphasized
by the USEPA, as being those most likely reflecting overall effects exerted by ambient PM
either acting alone and/or in combination with other ambient air pollutants (USEPA 2004).
Numerous new short-term PM exposure studies not only continue to report significant
associations between various PM indices and mortality, but also between gaseous pollutants
(O3, SO2, NO2, and CO) and mortality. In most of these studies, simultaneous inclusions of
gaseous pollutants in the regression models did not meaningfully affect the PM-effect size
estimates.
Krewski and colleagues (2000) considered a much larger number of confounding variables and
effect modifiers in the HEI reanalysis than in the original Six City and ACS studies. Key results
emerging from the HEI reanalyses (Krewski et al., 2000) and other new chronic PM mortality
studies are as follows:
•
•
•

The only significant air pollutant other than PM2.5 and SO42- in the ACS study was SO2,
which greatly decreased the PM2.5 and sulphate effects when included as a co-pollutant;
A similar reduction in particle effects occurred in any multipollutant model with SO2, and
The most important new effect modifier was education.

The specific attribution of excess long-term mortality to any specific particle component or
gaseous pollutant was also refined in the reanalysis of the ACS study:
•

•
•
•

•

Both PM2.5 and sulphate were significantly associated with excess total mortality and
cardiopulmonary mortality and to about the same extent whether the air pollution data were
mean or median long-term concentrations;
The lung cancer effect was significant only for sulphate with the original investigator data or
for new investigators with regional sulphate artefact adjustment for the 1980 to 1981 data;
Associations of mortality with long-term mean concentrations of criteria gaseous copollutants were generally non-significant, except for SO2, which was highly significant;
In the most recent extension of the ACS study, Pope et al. (2002) confirmed the strong
association with SO2 but found little evidence of effects for long-term exposures to other
gaseous pollutants;
However, the regional association of SO2 with SO42- and SO2 with PM2.5 was very high; and
the effects of the separate pollutants could not be distinguished (Krewski et al. 2000).
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Krewski et al. (2000) concluded that, “Collectively, our reanalyses suggest that mortality may be
associated with more than one component of the complex mix of ambient air pollutants in urban
areas of the United States.”

3

Environmental exposure to particulate matter
(PM)

3.1

PM terminology and sources

Particulate matter (PM) may be classified by aerodynamic size as “coarse” particles of less than
10 µm aerodynamic diameter (PM10), “fine” particles less than 2.5 µm diameter (PM2.5) and
“ultrafine” particles less than 0.1 µm diameter (PM0.1). The PM10 concentration therefore refers
to the mass concentration of particles with an aerodynamic diameter less than or equal to a
nominal 10 micrometers. As an indicator, PM10 comprises the particle mass that enters the
respiratory tract and includes both the coarse (PM10-PM2.5) and fine (PM2.5) particles considered
to contribute to the health effects observed in urban environments.
According to the WHO (2005) Air Quality Guidelines Global Update, in most urban
environments, both coarse and fine mode particles are likely to be prominent, the former
primarily produced by mechanical processes such as construction activities, road dust
resuspension and wind, and the latter primarily from combustion sources. The composition of
particles in these two size ranges is likely to vary substantially across cities around the world
depending upon local geography, meteorology and specific sources. Combustion of wood and
other biomass can be a major contributing source to outdoor air pollution as well; the resulting
combustion particles are largely in the fine (PM2.5) mode. Although few epidemiological studies
exist comparing the relative toxicity of combustion from fossil fuel versus biomass, similar risk
estimates have been reported over a wide range of cities in both developed and developing
countries (WHO 2005). The WHO has suggested PM10 as an indicator with relevance to the
majority of the epidemiological data and for which there is more extensive measurement data
throughout the world.

3.2

Health effects of PM

Over the past decade, overwhelming evidence has accumulated indicating that airborne
particulate matter, including total suspended particles (TSP); PM10, PM2.5 and sulphates and
nitrates exert a range of adverse health effects. Statistical evidence suggests that the health
effects of particulates occur independently of the presence of other pollutants, such as ozone,
NO2 and SO2 (NSWDEC 2005). The identified health effects are diverse in scope, severity,
duration, and clinical significance. Morawska et al. (2004) have recently reviewed the key
health effects associated with PM, and these are:
•
•

•
•
•

Premature mortality;
Aggravation of respiratory and cardiovascular disease (as indicated by increased hospital
admissions and emergency room visits, school absences, work loss days, and restricted
activity days);
Changes in autonomic nervous system function and cardiovascular risk factors such as
blood pressure, C-reactive protein and endothelial dysfunction;
Changes in systemic blood markers;
Changes in lung function and increased respiratory symptoms;
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Changes to lung tissues and structure; and
Altered respiratory defence mechanisms.

•
•

Although mechanisms by which particles cause effects have not been elucidated, there is
general agreement that the cardio-respiratory system is the major target of PM effects.
According to Morawska et al. (2004), studies on PM indicate that there is no threshold in
particle concentrations below which health would not be jeopardised. This has been presented
in the World Health Organization Guidelines for Air Quality (WHO 2000), which showed a linear
relationship between PM and various health indictors (including mortality, hospital admissions,
bronchodilator use, symptom exacerbation, cough, peak expiratory air flow) for concentration
3
levels from 0 to up to 200 µg/m . The apparent absence of such a threshold was confirmed by
the 2005 WHO document (WHO 2005) and by a critical review by a working group of the
German commission on Air Pollution Prevention (Kappos et al., 2004).
In summary, the critical review by the working group of the German commission indicated that
long-term exposure to PM for years or decades was associated with elevated total,
cardiovascular, and infant mortality, and also with respiratory symptoms and effects on lung
growth and immune system function. Short-term studies showed consistent associations of
exposure to daily concentrations of PM with mortality and morbidity on the same day or the
subsequent days. Patients with asthma, chronic obstructive pulmonary disease (COPD),
pneumonia, and other respiratory diseases as well as patients with cardio-vascular diseases
and diabetes were especially affected (Kappos et al., 2004).
The USEPA (2004) emphasised the following key results emerging from the HEI reanalyses
(Krewski et al., 2000) and other new chronic PM mortality studies:
•
•

The association of mortality with PM15 (and PM10), compared to PM2.5, was much smaller,
though still significant;
Both the Schwartz (2003) and Klemm and Mason (2003) reanalyses of the Harvard Six
Cities Study confirmed the original findings with regard to the relative importance of fine
(PM2.5) versus coarse particles (particle sizes greater than PM2.5).

The USEPA (2004) has concluded that newly available short-term exposure studies provide
generally positive (and often statistically significant) PM2.5 associations with mortality. It was
noted that seasonal dependence of size-related PM component effects observed in some of the
studies complicates interpretations. A review of studies of the mortality effects of chronic
particulate matter exposure indicated that both PM2.5 and sulphate were significantly associated
with excess total non-accidental mortality and cardiopulmonary mortality. Among the
components of ambient PM, long-term PM2.5 was most significantly associated with mortality.
The USEPA also noted that a growing body of evidence showed acute cardiovascular disease
(CVD) morbidity effects of PM and co-pollutants. Of particular importance are possible roles of
gaseous co-pollutants (e.g., CO) as potential confounders of the PM effect on cardiovascular
disease (USEPA 2004).

3.3

Chemical composition of fine particulates

Several new studies have examined the role of specific chemical components of PM. The
studies conducted in US, Canadian, and European cities showed mortality associations with
specific fine particle components of PM, including sulphate, nitrate, and coefficient of haze
(CoH) (USEPA 2004). However, their relative importance varied from city to city, likely
depending on their levels (e.g., no clear associations were found in those cities where H+ and
sulphate levels were very low, that is in the region of nondetection limits).
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Sulphate and H+, markers of acidic components of PM, have been hypothesized to be
especially harmful components of PM (Lippmann et al., 1983; Lippmann and Thurston, 1996).
Sulphate explained 14 to 30 per cent of PM2.5 mass in US and Canadian cities. The USEPA
(2004) concluded that the relative significance of sulphate compared to other PM components
is not clear in the existing small number of publications, and that it is difficult to assess the
overall importance of sulphate across the available studies. This was due to different
combinations of co-pollutants included in each study, that had different extents of correlation
with sulphate, and because multiple mortality outcomes were analysed.

3.4

Health effects of sulphates

Sulphate, amongst an array of PM components (mainly fine particle constituents) was a
statistically significant predictor of mortality, at least in single pollutant models, in some, but not
all, of the US and Canadian cities. Fine particulate sulphates have been associated with
respiratory hospitalisation in both short-term and long-term exposure studies. Little or no
evidence is available on cardiovascular effects of PM components with specific chemical
compositions, such as sulphates or acid aerosols (USEPA 2004).

3.5

Susceptible subpopulations

The epidemiological studies provide evidence that several subpopulations are more susceptible
to the effects of PM air pollution. The observed effects in these subpopulations range from
decreases in pulmonary function reported in children to increased mortality reported in the
elderly and in individuals with cardiopulmonary disease. Such subpopulations may experience
effects at lower levels of PM than the general population, and the severity of effects may be
greater. Morawska et al. (2004), Kappos et al. (2004) and the USEPA (2004) recently reviewed
the subpopulations that appear to be at greatest risk due to exposure to ambient PM and
emphasised the following:
•

•

•
•

•
•
•
•

Individuals with respiratory disease (e.g., asthma, COPD, acute bronchitis) and
cardiovascular disease (e.g., ischemic heart disease) are at greater risk of premature
mortality and hospitalisation;
Individuals with infectious respiratory disease (e.g., pneumonia) are at greater risk of
premature mortality and morbidity (e.g., hospitalisation and aggravation of respiratory
symptoms). Also, exposure to PM may increase individual susceptibility to respiratory
infections;
Diabetic individuals apparently presented a susceptible subpopulation;
Elderly individuals are also at greater risk of premature mortality and hospitalisation for
cardiopulmonary causes;
Children are at greater risk of increased respiratory symptoms and decreased lung
function;
Individuals with allergic disorders are likely more susceptible to PM effects than are
nonallergic persons;
Asthmatic children and adults are at risk of exacerbation of symptoms and increased
need for medical attention, and
Animal studies indicate that genetic susceptibility might be possible.
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4

PM health effect quantification

4.1

Introduction

Possibly the most extensive review of health effects of particulate matter was conducted by the
USEPA for the purpose of informing the development of the USEPA Air Quality Criteria for
Particulate Matter. The criteria document was published in October 2004 (USEPA 2004) and
reviewed more than 300 publications dealing with epidemiological studies concerning a wide
range of health effects associated with environmental exposure to particulate matter. The
epidemiological studies are divided into mortality studies and morbidity studies. According to
the Criteria Document, mortality studies evaluating PM effects on total (nonaccidental) mortality
and cause-specific mortality provided the most unambiguous evidence related to a clearly
adverse endpoint. The morbidity studies further evaluated PM effects on a wide range of health
endpoints, such as:
•
•
•
•
•
•
•
•

4.2

cardiovascular-related hospital admissions and medical visits;
respiratory-related hospital admissions and medical visits;
reports of respiratory symptoms;
self-medication in asthmatics;
changes in pulmonary function;
changes in cardiovascular physiology and/or functions;
changes in blood coagulation, and
the incidence of low birthweight infants, etc.

Short-term exposure

4.2.1 Mortality
Looking across the results of the short-term mortality studies with particular focus on the more
precise estimates, some general observations were made by the USEPA. Almost all of the
associations between PM10 and total mortality were positive and over half were statistically
significant, including most all of those with more precise estimates. All associations reported
between PM10 and cardiovascular and respiratory mortality were positive. Most of the
cardiovascular mortality associations were also statistically significant, whereas most of the
respiratory associations were generally larger in size but less precise and not statistically
significant. However, the USEPA noted that less precision would be expected since respiratory
deaths comprise only a small portion of total nonaccidental mortality. The more precise risk
estimates range from approximately 1 to 8 per cent increased risk of mortality per 50 µg/m3
PM10 exposure over the short-term (24 hours). Focusing only on the multicity studies, risk
estimates ranged from approximately 1.0 to 3.5 per cent per 50 µg/m3 PM10 (USEPA 2004).
The WHO relied on the studies summarised in Table 4.1 below to develop guidelines for shortterm PM10 effects (associated with 24-hour mean PM10 concentrations). According to the
WHO, this suggested that the risks of mortality associated with PM10 were likely to be similar in
cities in developed and underdeveloped countries at around 0.5 per cent per 10 µg/m3 (WHO
2005).
Table 4.1:
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Number of cities (if
a multicity study)
29
20
29 (meta-analysis)
- (meta-analysis)

Geographical area

Authors

Europe

Katsouyanni et al., 2001

Percentage increased mortality per
3
10 µg/m
0.62

USA
Outside Western Europe
and the USA

Samet et al., 2000

0.46

Cohen et al., 2004

0.5

HEI International
Oversight Committee,
2004

0.49

Asian cities

3

Overall estimate

0.5% (2.5% per 50 µg/m )

Due to the thorough nature of especially the USEPA (2004) review of epidemiological studies
on PM10 health effect quantification, the following paragraphs deal only with more recent studies
not included in the international review publications.
Schwartz (2004) studied the associations of ambient concentrations of particles with mortality
data derived from 14 USA cities over the short-term. In response to reports indicating that the
software used to control for season and weather in some of the previous studies had
deficiencies, Schwartz applied an alternative study design in order to avoid these statistical
issues. According to Schwartz, the case-control study design controlled for seasonal patterns
and for all slowly varying covariates (age, smoking, etc) by matching rather than complex
modelling. A key feature was that matching could also control temperature, while weather and
day of the week were controlled for in regression analysis of the data. His results indicated a
robust association between a 10 µg/m3 increase in PM10 and a 0.36 per cent increase in daily
deaths from natural causes, that occurred in the cities included in the study (1.8 per cent per 50
µg/m3). Other recent studies indicating associations between PM10 levels and deaths are those
of Dominici et al. (2005).
Dominici et al. (2003), made an important contribution to the subject by showing that
associations between particulate matter and mortality do not imply only an advance in the
timing of death by a few days for a restricted subpopulation of frail individuals (the “harvesting
hypothesis”), but indicates a health impact on a wider selection of the population. This confirms
earlier conclusions by Schwartz (2000) that the association between particles and deaths on
increasing time scales indicated cumulative effects rather than short-term mortality
displacement or harvesting.
A summary of the risk estimates for mortality associated with PM10 exposure, considered for the
Eskom health risk assessment, is presented in Table 4.3.

4.2.2 Morbidity: cardiovascular and respiratory
The USEPA concluded that all associations between short-term morbidity studies and PM10
hospitalization for cardiovascular and respiratory diseases were positive and most were
statistically significant, including all of the more precise estimates. The more precise risk
estimates ranged from about 2 to 6 per cent increased risk per 50 µg/m3 PM10 for
cardiovascular diseases and 2 to 12 per cent increased risk per 50 µg/m3 PM10 for respiratory
diseases (USEPA 2004).
With regard to ambient PM associations of short-term exposures with respiratory-related
hospital admissions/medical visits, based on single-pollutant models for selected US cities, the
excess risk estimates fall most consistently in the range of 5 to 20 per cent per 50 µg/m3 PM10
increments, with those for asthma visits and hospital admissions generally somewhat higher
than for Chronic Obstructive Pulmonary Disease (COPD) and pneumonia hospital admissions.
Detail on the various risk estimates is given in Table 4.2.
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Table 4.2:

Respiratory
condition
Asthma Visits
Asthma Hospital
Admissions

COPD Hospital
Admissions

Pneumonia Hospital
Admissions

Summary of recent risk estimates for short-term PM10 effects on hospital
admissions and visits for selected respiratory conditions in USA cities,
based on single-pollutant models. Data was retrieved from the USEPA
Criteria Document (2004).
Authors
Tolbert et al., 2000
Choudhury et al.,
1997
Sheppard 2003
Nauenberg & Basu,
1999
Zanobetti &
Schwartz, 2003
Moolgavkar 2003
(Chicago)
Moolgavkar 2003
(Los Angeles)
Zanobetti &
Schwartz, 2003
Ito 2003

Risk estimate: percentage per
3
50 µg/m
13

95% Confidence Interval for
the risk estimate
1 – 27

20

12 – 31

9

1 – 17

16

2 – 31

9

5 – 12

3

1–7

5

1–9

7

2 – 10

18

6 – 33

Considering the thorough nature of the USEPA (2004) review of epidemiological studies on
PM10 health effect quantification, the following paragraphs deal only with more recent studies
not included in the USEPA review.
An increase in the daily maximum hourly PM10 concentration of 31 µg/m3 was associated with
an 18 per cent increase in the number of males aged 15 to 64 years admitted to hospital for
treatment of respiratory diseases (RR = 1.18; Luginaah et al., 2005). This corresponds to an
estimated 29 per cent increase associated with a daily maximum hourly PM10 concentration of
3
50 µg/m . However, this association was neither robust nor consistent, since analysis of the
same data using the case-crossover method did not give a statistically significant result
(Luginaah et al., 2005). It is therefore considered prudent not to use this effect estimate for
health effect quantification until further studies confirming the positive associations have been
published.
McGowan et al. (2002) conducted a similar study in New Zealand, showing a 3.37 per cent
increase in respiratory admissions for all age groups and both males and females combined,
associated with each interquartile rise in daily PM10 concentrations (IQR = 14.8 µg/m3). This
corresponds to an estimated 11 per cent increase associated with a daily maximum hourly PM10
3
concentration of 50 µg/m . There was also a 1.26 per cent rise in cardiac admissions for each
interquartile rise in PM10, corresponding to an estimated 4 per cent increase associated with a
daily maximum hourly PM10 concentration of 50 µg/m3.
Tsai et al. (2003) studied daily average air pollution data and daily stroke admissions in
Kaohsiung, Taiwan. The authors reported a respective 54 and 46 per cent increase in
admissions for two respective stroke subtypes, namely primary intracerebral haemorrhage
(PIH) and ischaemic stroke (IS), associated with an IQR increase of 66.33 µg PM10/m3, but only
if the mean daily temperature associated with the increased PM10 concentrations was equal to
or higher than 20°C. As explained earlier, Tsai et al. (2003) mentioned that exposure to high
temperatures has been found to increase plasma viscosity and serum cholesterol levels that
could increase the risk of stroke, but it was not clear whether these conditions might explain the
increased risk of stroke admissions found on hot days. This paper provides insight into
probable interactions between environmental temperatures and PM10. The identified health
effects are of a specialist nature and it is unlikely that such specialised hospitalisation data are
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available for the South African population; therefore the Eskom health impact assessment will
not include this endpoint.
Schwartz (2003) and Klemm and Mason (2003) conducted reanalyses of the Harvard Six Cities
data to address the GAM statistical issues, and focussed on PM2.5. The authors confirmed the
mortality effect of short-term exposure to PM2.5, reflected in increased non-accidental mortality
and the risk estimates are given in Table 4.4. Lipfert (2000) focussed on daily mortality in the
Philadelphia metropolitan area and showed that an increase in 25 µg/m3 in the daily PM2.5
concentration was associated with 5 per cent increase in cardiovascular mortality in persons
older than 65 years of age (CI: 2.3 – 7.7).
With regard to respiratory mortality, the USEPA (2004) concluded that evidence for a
relationship between increased PM2.5 concentrations and respiratory mortality was not
convincing and this health effect will therefore not be considered in this review. Cardiovascular
admissions in persons older than 65 years of age, and respiratory admissions in all ages were
however significantly related to daily mean PM2.5 concentrations, with more precise effect
estimates ranging from 1 to 10 per cent per 25 µg/m3 for cardiovascular admissions and 1 to
12 per cent per 25 µg/m3 for respiratory admissions (USEPA 2004).
Summaries of the risk estimates for morbidity associated with short-term PM10 and PM2.5
exposure, considered for the Eskom health risk assessment, are presented in Tables 4.3 and
4.4 respectively.
Table 4.3:

Short-term PM10 risk estimates considered for the Eskom health risk
assessment.
3

Per cent increased risk per 50 µg/m PM10
increase

Health effect

1-8
1 - 3.5
Total non-accidental mortality

Cardiovascular admissions in
New Zealand
Respiratory admissions
Respiratory admissions in New
Zealand
Asthma admissions (Table 4.2)
COPD admissions (Table 4.2)
Pneumonia admissions (Table
4.2)
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USEPA 2004, more precise
effect estimates
USEPA 2004, multicity studies

2.5
1.8
3
(0.36 % per 10 µg/m , CI: 0.22 - 0.50)
1.05
3.8

Cardiovascular admissions

Reference

2-6

WHO 2005
Schwartz 2004
Dominici et al., 2005
COMEAP 1998
USEPA 2004, more precise
effect estimates

4

McGowan et al., 2002

4

USEPA 2004, more precise
effect estimates
COMEAP 1998

11

McGowan et al., 2002

2 - 12

9; 16

USEPA 2004

3; 5; 9

USEPA 2004

7; 18

USEPA 2004
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Table 4.4:

Short-term PM2.5 risk estimates considered for the Eskom health risk
assessment.
3

Health effect

Per cent increased risk per 50 µg/m PM2.5 increase
3
6.6 (3.3% per 25 µg/m , CI: 2.2 - 4.3) – GLM model
3

Total nonaccidental
mortality

7 (3.5% per 25 µg/m , CI: 2.5 - 4.5) – GAM model with stringent
convergence criteria
3
6.0 (3.0% per 25 µg/m , CI: 2.1 - 4.0) – GAM model with
stringent convergence criteria
3

10 (5.0% per 25 µg/m , CI: 3.0 – 7.5)
Cardiovascular mortality

3

10 (5.0% per 25 µg/m , CI: 2.3 – 7.7)
Respiratory mortality
Cardiovascular
admissions (> 65 years)
Respiratory admissions

4.3

Not statistically significant
11 (more precise effect estimates range from 1 to 10% per 25
3
µg/m )
13 (more precise effect estimates range from 1 to 12% per 25
3
µg/m )

Reference
Schwartz 2003
Klemm and Mason
2003
Tsai et al., 2000,
from USEPA 2004
Lipfert et al., 2000,
from USEPA 2004
USEPA 2004
USEPA 2004

Long-term exposure

4.3.1 Mortality
The WHO (2005) based their long-term PM10 and PM2.5 guideline values on studies concerned
with the quantification of health effects associated with PM2.5. The adoption of the guidelines
placed significant weight on the long-term exposure studies using the ACS and Harvard SixCities data (Dockery et al., 1993; Pope et al., 1995; Krewski et al., 2000, Pope et al., 2002,
Jarett 2005). In these studies, robust associations were reported between long-term exposure
to PM2.5 and mortality. Thresholds were not apparent in either of these studies (WHO 2005).
The WHO concluded that each incremental increase of 10 µg/m3 PM2.5 was related to an
increase in the risk of premature mortality of approximately 6 per cent (CI: 2 – 11). Based on a
meta-analysis and expert judgment, the WHO (2004) concluded that each incremental increase
of 10 µg/m3 PM10 was related to an increase in the risk of premature mortality of approximately
0.8 per cent (CI: 0.6 – 1).
The USEPA (2004) concluded that most available epidemiological evidence suggests that, as
with short-term exposure, increased mortality also results from long-term ambient PM exposure,
but that limitations of available evidence prevent quantification of years of life lost to such
mortality in the population.
According to the USEPA (2004), the overall objective of the HEI “Particle Epidemiology
Reanalysis Project” was to conduct a rigorous and independent assessment of the findings of
the Six Cities (Dockery et al., 1993) and ACS (Pope et al., 1995) studies of air pollution and
mortality. An important goal of the Reanalysis Team was to test the robustness of the original
analyses to alternate risk models and analytic approaches. The HEI final report (Krewski et al.,
2000) indicated a 4 per cent excess risk for total mortality associated with a 20 µg/m3 increase
in PM10.
The USEPA Criteria Document (2004) discussed the results of the Adventist Health Study of
Smog (AHSMOG), another major US prospective cohort study of chronic PM exposuremortality effects. Enrollment in this study started in 1977 and in the more recent AHSMOG
analyses (Abbey et al., 1999), the mortality status of subjects after approximately 15 years of
follow-up (1977-1992) was determined. According to the USEPA, the AHSMOG cancer
analyses yielded inconsistent results for lung cancer mortality. For example, RR’s for lung
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cancer deaths were statistically significant for males for PM10, but not for females. In contrast,
such cancer deaths were significant for mean NO2 only for females (but not for males), but lung
cancer metrics for mean SO2 were significant for both males and females. The USEPA
concluded that this pattern was not readily interpretable, but probably related to the very small
numbers of cancer-related deaths (18 for females and 12 for males), resulting in very imprecise
effects estimates (USEPA 2004), refer to Table 4.5. Significant positive risk estimates were not
reported for other mortality causes.
The USEPA Criteria Document (2004) concluded that the assessment of relationships between
long-term PM exposure and mortality should place the greatest weight on the results of the
ACS and Six-Cities cohort studies. This decision was based on several factors, amongst others
the larger study population in the ACS study, the larger air quality data set in the Six-Cities
study, the more generally representative study populations used in the Six-Cities and ACS
studies, and the fact that these studies have undergone extensive reanalyses. It was
concluded that the results of these studies not only provide substantial evidence for positive
associations between long-term ambient PM exposure and mortality, but also indicated that it is
highly likely that the duration and time patterns of long-term exposure affect the risk of
mortality. The 2003 paper by Dominici et al. partly supported this conclusion, by showing that
the association between particle indexes and mortality is greater at longer timescales (10 days
to 2 months) than at timescales of a few days.
Lastly, it is important to note that the long-term study results discussed above in this section
were unaffected by the GAM default convergence issue reported by Dominici et al. (2002) and
discussed earlier in this section, since the statistical analyses in these studies were based on
Cox Proportional Hazards models (USEPA 2004).
Iwai et al. (2005) reported correlations of PM2.5 with age-adjusted death rates of ischaemic
heart disease or hypertensive heart disease in both genders. A correlation was also noted with
death rates of lung cancer, pneumonia, asthma, or chronic bronchitis/emphysema only in
females, and with death rates from breast, endometrial and ovarian cancer. Most of these
relationships have not been confirmed in a large number of studies and will therefore not be
considered for the Eskom health risk assessment.
Summaries of the risk estimates for mortality associated with long-term PM10 and PM2.5
exposure, considered for the Eskom health risk assessment, are presented in Tables 4.5 and
4.6 respectively.
Table 4.5:

Long-term PM10 risk estimates considered for the Eskom health risk
assessment.
Per cent increased risk per 50 µg/m
PM10 increase
3
4 (0.8 % per 10 µg/m , CI: 0.6 – 1)

Health effect

Total nonaccidental mortality

6

Lung cancer mortality
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Reference
WHO (2004)
HEI final report (Krewski et al., 2000)

3

Cardiopulmonary mortality

3

6.2 (4.1 % per 20 µg/m , CI: 0.9 - 7.4)

ACS study, cited in USEPA 2004

7.3 (CI: 3 - 12)

ACS study, cited in USEPA 2004

Not significant

ACS study, cited in USEPA 2004
AHSMOG, from Abbey et al., 1999,
cited in USEPA 2004

81(CI: 14 - 186)
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Table 4.6:

Long-term PM2.5 risk estimates considered for the Eskom health risk
assessment.

Health effect
Total nonaccidental
mortality
Total nonaccidental
mortality
Cardiopulmonary mortality
Total nonaccidental
mortality
Cardiopulmonary mortality

3

Per cent increased risk per 50 µg/m PM2.5 increase
3

30 (6% per increase of 10 µg/m , CI: 2 – 11)
3

35 (7% per increase of 10 µg/m , CI: 3.9 - 10)
3

60 (12% per increase of 10 µg/m , CI: 7.4 - 17)
31
3
(6.2% per 10 µg/m , CI: 1.6 - 11.0)
46
3
(9.3% per 10 µg/m , CI: 3.3 - 15.8)

Reference
WHO 2005
HEI final report (Krewski et
al., 2000) and ACS study,
USEPA 2004
Pope et al., 2002,
extended ACS study; and
USEPA 2004

4.3.2 Low birth weight or early postnatal mortality
The USEPA (2004) concluded that mixed results were available regarding the potential
relationship between PM10 exposures and increased risks of low birth weight or early postnatal
mortality, with some studies reporting significant positive relationships, while others found little
evidence. It was also pointed out that these results, overall, highlighted the need for more
research to elucidate potential ambient PM effects on foetal development, foetal and postnatal
mortality and also on postnatal morbidity.
Recent studies not included in the USEPA review continued to reflect the mixed nature of
results regarding prematurity, low birth weight or post neonatal mortality (Wilhelm et al., 2003;
Yang et al., 2003 and Ha, 2003; reviewed by Lacasaña et al, 2005).

4.4

Quantification of the health effects of sulphates

Fine particulate sulphates have been associated with respiratory hospitalisation in both shortterm and long-term exposure studies. Excess risks estimated per 5 µg/m3 increase in 24-hour
sulphate, based on US studies for which both PM2.5 and PM10-2.5 data were available, ranged
from approximately 1 to 5 per cent in the more precise estimates. Little or no evidence is
available on cardiovascular effects of PM components, such as sulphates or acid aerosols
(USEPA 2004). A study conducted in the Netherlands by Hoek (2003) indicated an excess risk
estimate of 6.6 per cent per 50 µg/m3 (3.3 per 25 µg/m3; CI: 0.7 – 6.2) for total non-accidental
mortality in a short-term study. Statistical analysis of the associations between sulphate and
cause-specific mortality in the same study did not provide significant estimates.
Over a 7-year follow-up period, the excess RR estimate per 5 µg/m3 increment in annual mean
SO42- originally reported for total nonaccidental mortality in the Six-Cities study (and 95 percent
confidence intervals, CI) was 13.4 per cent (CI: 5.1 – 29) and the estimate derived from the
ACS study was 3.5 per cent (CI: 1.9 - 5.1) (USEPA 2004). The reanalysis of the ACS data,
conducted by Krewski et al. (2000), provided an excess RR estimate per 19.9 µg/m3 SO42- of 16
per cent (CI: 10 – 23) for total nonaccidental mortality; 36 per cent (CI: 13 – 65) for lung cancer
mortality and 28 per cent (CI: 19 – 40) for cardiopulmonary deaths. The estimates per 50
µg/m3 increment in annual mean SO42- are respectively 40, 90 and 70 per cent respectively.
The 95 per cent confidence interval for lung cancer mortality was wide, reflecting an imprecise
estimate, and the risk estimate needs further confirmation, therefore only the estimates for total
nonaccidental mortality and for cardiopulmonary deaths will be used in the Escom Health Risk
assessment.
A summary of the risk estimates for mortality and morbidity associated with sulphate exposure,
considered for the Eskom health risk assessment, is presented in Table 4.7.
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Table 4.7:

Risk estimates for sulphate considered for the Eskom health risk
assessment.

Health effect

Total non-accidental mortality
Respiratory admissions

Per cent increased risk per 50 µg/m
increase in sulphate
Short-term

3

Reference

3

6.6 (3.3 per 25 µg/m ; CI: 0.7 – 6.2)
30 (10 to 50 per cent in the more precise
estimates)
Long-term

Hoek 2003
USEPA 2004

3

Total non-accidental mortality

40 (16 per 19.9 µg/m ; CI: 10 – 23)

Lung cancer mortality

90 (36 per 19.9 µg/m ; CI: 13 – 65)

Cardiopulmonary mortality

70 (28 per 19.9 µg/m ; CI: 19 – 40)

3

Krewski et al., 2000

3

5

Environmental exposure to sulphur dioxide (SO2)

5.1

Health effects

The respiratory tract is the primary target organ system affected by exposure to sulphur dioxide.
Acute responses occur within the first few minutes after commencement of inhalation. Effects
include reductions in lung function parameters and symptoms such as wheezing or shortness of
breath (WHO 2000). There is an extremely large variability of sensitivity to SO2 exposure, both
among normal individuals and those with asthma, but people with asthma are the most
sensitive group in the community. Exacerbation of symptoms among sensitive patients arises
when concentrations of SO2 exceeds 250 µg/m3 (24-hour average). Children exposed to
sulphur dioxide at concentrations in the range 250 to 500 µg/m3 (24-hour averages) were
shown to have more cough than children living in other communities (Dodge 1983).
In many instances, it is difficult to separate the adverse effects resulting from exposure to SO2
from those resulting from concurrent exposure to mixtures including other known irritants
pollutants such as ozone, NO2 and, in particular, PM. However, results from controlled
exposure studies support the epidemiological findings of exacerbation of asthma, increases in
respiratory symptoms and decreases in lung function (NEPC 1998).
It has been demonstrated that there is a link between respiratory hospital admission rates and
SO2 concentrations. Even at low daily levels not exceeding 125 µg/m3, effects on mortality
(total, cardiovascular and respiratory) and on hospital emergency admissions for total
respiratory causes and chronic obstructive pulmonary disease (COPD), have been
demonstrated (WHO 2000; Walters et al., 1994, and Anderson et al., 1998). Some of the more
prominent research findings in this field are reviewed below.
Dab et al. (1996) assessed daily pollution levels in Paris for the period 1987 to 1992, as part of
a multi city European Project (Air Pollution and Health: An European Approach (APHEA)). The
APHEA 1 study was at that time the largest epidemiological multicentre study on asthma
admissions in Europe and showed that increased 24-hour SO2 concentrations were associated
with an increase in hospital admissions for COPD. An increase of 9.9 per cent in the hospital
admission rate for COPD was noted per 100 µg/m3 increase in ambient air concentration of
SO2. Anderson et al. (1998) and Stedman et al. (1999) illustrated similar effects on
hospitalisation rates for respiratory diseases in the UK, as did Luginaah et al. (2005) in Canada.
Schwartz et al. (1996) described a similar trend amongst elderly people in the USA. In
Barcelona, daily SO2 concentrations were associated with increased cardiovascular mortality
(Saez 1993).
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The respiratory effects of SO2 were revisited in the APHEA 2 study (Sunyer et al., 2003). This
study was more comprehensive than the first and an expert group conducted statistical
analyses. The results of the APHEA 2 study confirmed an association between SO2 and
hospital admissions for asthma in children.
Both the original Harvard Six Cities Study time-series analysis (Schwartz et al., 1996) and the
replication analysis by Klemm et al. (2000), which essentially replicated Schwartz et al.’s
original findings, used GAM Poisson models with default convergence criteria. Schwartz (2003)
and Klemm and Mason (2003) conducted reanalyses of the Harvard Six Cities data to address
the GAM statistical issues, but the re-analyses focussed mainly on particulate matter.
Most recently, Fung et al. (2005) studied the short-term effects of SO2 on daily cardiac hospital
admissions in the town of Windsor, Ontario, Canada and reported the strongest positive effect
among the age group of 65 years and older.

5.2

Quantification of health effects

The majority of data presented in this section concerns only short-term effects of SO2. The
Katsouyanni et al. (1997) analysis of data from the APHEA 1 study indicated a 3 per cent (CI:
2.0 - 4.0) increase in daily mortality associated with an increase of 50 µg/m3 in SO2 in western
European cities. In central/eastern European cities, the increase in mortality was 0.8 per cent
(CI: 0.1 - 2.4) per 50 µg/m3 change for SO2. Estimates of cumulative effects of prolonged (two
to four days) exposure to air pollutants were comparable to those for one day effects. The
effects were stronger during the summer. Regarding the contrast between the western and
central/eastern Europe results, the authors speculated that this could be due to differences in
exposure representativeness; differences in pollution toxicity or mix; differences in proportion of
sensitive subpopulation, and differences in model fit for seasonal control. It was also suggested
that differences in temperature could have played a role, however, Katsouyanni and Touloumi
(1998) noted that, having examined the source of heterogeneity, other factors could apparently
explain the difference in estimates as well as or better than temperature.
The USEPA (2004) reviewed the study of Zmirou et al. (1998), that presented cause-specific
mortality analyses results for 10 of the 12 APHEA European cities (APHEA1). Using Poisson
autoregressive models parametrically adjusting for trend, season, influenza epidemics, and
weather, each pollutant’s relative risk was estimated for each city and “meta-analyses” of cityspecific estimates were conducted. The pooled excess risk estimate for cardiovascular mortality
was 2.0 per cent (CI: 0.5 - 3.0) per 50 µg/m3 increase in SO2 in western European cities. The
pooled risk estimate for respiratory mortality in the same cities was 2.5 per cent (CI: 1.5 - 3.4).
In the study of Luginaah et al. (2005), an increase in the daily maximum hourly concentration
SO2 of 19.25 ppb (50 µg/m3) was associated with an 11 per cent increase in the number of
females aged 0 to 14 years admitted to hospital for treatment of respiratory diseases. SO2
concentrations were not related to hospitalisation in other age or gender groups. This finding
supports earlier work by Sunyer et al. (2003) finding that daily admissions for asthma in children
aged 0 to 14 years were associated with daily ambient air concentrations of SO2. Statistical
analysis indicated a 1.3 per cent increase in admissions for asthma in this age group
associated with an increase of 10 µg/m3 in SO2 (Sunyer et al., 2003)
Fung et al. (2005) studied the short-term effects of SO2 on daily cardiac hospital admissions in
the town of Windsor, Ontario, Canada and reported the strongest effect among the age group
of 65 years and older. An increase in the current-day sulphur dioxide level equal to the
interquartile range of 19.3 ppb (51 µg/m3) was associated with a 2.6 per cent increase in daily
admissions for cardiac problems.
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The ACS study extension (16-year follow-up period) by Pope et al. (2002) showed highly
3
positive significant relationships reported between an incremental change in SO2 of 26 µg/m
and total nonaccidental (RR = 1.052; CI: 1.026 – 1.085) and cardiopulmonary mortality (RR =
1.030; CI: 1.010 – 1.065) over the long-term, but a weaker SO2 association with lung cancer
3
mortality. The estimates per 50 µg/m increment in annual mean SO2 are respectively 10 and
5.8 per cent.
A summary of the risk estimates for SO2 exposure considered for the Eskom health risk
assessment is presented in Table 5.1.
Table 5.1:

Summary of the SO2 risk estimates considered for the Eskom health risk
assessment.
Per cent increased risk per 50
3
µg/m SO2 increase
Short-term

Health effect

APHEA 1, from Katsouyanni et al. 1997, cited
by USEPA 2004
COMEAP 1998

0.8 to 3
Total nonaccidental
mortality

Reference

3
2.4

Respiratory admissions

2.5

Ostro, 1994 and 1996
APHEA 1, from Zmirou et al. 1998, cited by
USEPA 2004
APHEA 1, from Zmirou et al. 1998, cited by
USEPA 2004
COMEAP 1998

COPD admissions
Respiratory admissions:
females 1- 14 years
Asthma admissions:
children 1- 14 years
Cardiac admissions: > 65
years

4.6

Dab et al., 1996

Cardiovascular mortality
Respiratory mortality

2 (CI: 0.5 - 3.0)
2.5 (CI: 1.5 - 3.4)

11 (CI: 1 - 22)

Luginaah et al., 2005

3

Sunyer et al., 2003

3

Fung et al., 2005

6.5 (1.3 per 10 µg/m , CI: 0.4 -2.2)
2.5 (2.6 per 51 µg/m , CI: 0.5 -6.4)
Long-term

Nonaccidental mortality
Cardiopulmonary mortality

3

Pope et al., 2002

3

Pope et al., 2002

10 (5.2 per 26 µg/m , CI: 2.6 – 8.5)
5.8 (3.0 per 26 µg/m , CI: 1.0 – 6.5)

6

Environmental exposure to nitrogen dioxide
(NO2)

6.1

NO2 in the atmosphere

NO2 is a pungent, acidic gas. Corrosive and strongly oxidising, it is one of several oxides of
nitrogen (NOX) that can be produced as a result of combustion processes. In most countries,
motor vehicles, industrial activity and the generation of electricity account for a large
percentage of the anthropogenic production of nitrogen oxides. Combustion of fossil fuels
converts atmospheric nitrogen and any nitrogen in the fuel into its oxides, mainly nitric oxide
(NO) but with small amounts (5 to 10 per cent) of NO2. NO slowly oxidises to NO2 in the
atmosphere. This reaction is catalysed in the presence of O3. In the presence of sunlight, NOX,
including NO2, react with volatile organic compounds to form photochemical smog. The main
source of NO2 resulting from human activities is the combustion of fossil fuels (coal, gas and
oil). In cities, about 80 per cent of ambient NO2 comes from motor vehicles and high NO2
pollution levels are correlated with high car traffic densities. Other sources include the refining
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of petrol and metals, commercial manufacturing, and food manufacturing. Electricity generation
using fossil fuels can also produce significant amounts (reviewed by the WHO 2000, and the
New-Zealand Ministry for the Environment; NZME 2002).

6.2

Health effects

Exposure to nitrogen dioxide (NO2) has been shown to cause reversible effects on lung function
and airway responsiveness. It may also increase reactivity to natural allergens. NO2 apparently
enhances the effects of exposure to other known irritants, such as ozone, SO2 and particulates
(NSWDEC 2005). Inhalation of NO2 by children increases their risk of respiratory infection and
may lead to poorer lung function in later life (NZME, 2002). NO2 levels of about 940 µg/m3 (0.5
ppm) also increase susceptibility to bacterial and viral infection of the lung (reviewed by the
WHO 2000). Generally, normal healthy individuals are not affected by subchronic NO2
concentrations less than 1 880 µg/m3 (1.0 ppm), but there are indications that chronic
obstructive pulmonary disease sufferers are affected by exposure to 560 µg/m3 (0.3 ppm).
Individuals with asthma are much more susceptible to a bronchoconstrictive response and they
are likely to be the most sensitive subjects.
At least two studies have found associations between stroke admissions and NO2 (Tsai et al.,
2003 and Ponka et al., 1996). Some earlier studies had however reported a lack of association
with stroke admissions (Wong et al., 1999; and Poloniecki et al., 1997). A link between
respiratory hospital admission rates and NO2 concentrations has been demonstrated (Dab et
al., 1996; Anderson et al., 1998; Thompson et al., 2001) on the basis of epidemiological
studies. The relationship between the 24-hour level of NO2 and admissions for asthma was the
strongest association observed in the study by Dab et al. (1996). An increase of 100 µg/m3 in
ambient air concentrations of NO2 corresponded with a 17.5 per cent increase in the hospital
admission rate for asthma. Luginaah et al., (2005) recently confirmed the relationship between
NO2 and daily hospital admissions for respiratory diseases in Ontario, Canada.
Filleul et al. (2005) studied the long-term effects of air pollution on mortality in 24 areas from
seven French cities.
The authors showed that mean long-term (annual to 3-yearly)
concentrations of NO2 were significantly related to non-accidental mortality, with consistent
patterns emerging for deaths due to lung cancer or cardiopulmonary causes.

6.3

Quantification of health effects

Touloumi et al. (1997) reported on APHEA 1 data analyses, which showed that an increase of
50 µg/m3 in one-hour maximum NO2 concentrations was associated with a 1.3 per cent (95%
CI: 0.9 - 1.8) increase in daily mortality rates.
An increase in the daily maximum hourly NO2 concentration of 16 ppb (30 µg/m3) was
associated with a 19 per cent increase in the number of females aged 0 to 14 years admitted to
hospital for treatment of respiratory diseases (RR = 1.189; Luginaah et al., 2005). NO2
concentrations were not related to hospitalisation in other age or gender groups. A recent
estimate of the health costs of air pollution in the Greater Sydney Metropolitan Region
(NSWDEC 2005) relied on older risk estimates for NO2-related health effects, and these are
also given in Table 5.1.
Tsai et al. (2003) studied the association between daily average air pollution concentrations and
daily stroke admissions in Kaohsiung, Taiwan. The authors reported a respective 56 and 55
per cent increase in admissions for two respective stroke subtypes, namely primary
intracerebral haemorrhage (PIH) and ischaemic stroke (IS), associated with an IQR increase of
17.08 ppb (32 µg) NO2/m3, but only if the mean daily temperature associated with the increased
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NO2 concentrations was equal to or higher than 20°C. NO2 concentrations therefore affected
stroke admissions only when daily temperatures were higher than 20°C (presumably on warmer
days). As explained by Tsai et al. (2003), exposure to high temperatures has been found to
increase plasma viscosity and serum cholesterol levels that could increase the risk of stroke. It
was, however, not clear to the authors whether these conditions might explain the increased
risk of stroke admissions found on hot days. A similar effect for PM10 was reported from the
same study, and, as explained for PM10, it is unlikely that such specialised hospitalization data
are available for the South African population; therefore the Eskom health impact assessment
will not include this endpoint
Filleul et al. (2005) studied the long-term effects of air pollution on mortality in seven French
cities. The follow-up period was 25 years (1974 to 2000) and showed that an increase of 10
3
µg/m in the long-term (mean annual up to mean 3-yearly) concentration of NO2 (measured in
the period 1990 to 1997 and compared to the period 1974 to 1976) was associated with an
increase of 14 per cent in annual non-accidental mortality, a 48 per cent increase in annual lung
cancer mortality and 27 per cent in annual cardiopulmonary mortality. A summary of the risk
estimates for NO2 exposure considered for the Eskom health risk assessment is presented in
Table 6.1.
Table 6.1:

Summary of the NO2 risk estimates considered for the Eskom health risk
assessment.

Health effect

Mortality from all causes
Respiratory admissions, females
aged 0 to 14 years
Respiratory admissions, all ages

Short-term: Per cent increased risk
3
per 50 µg/m NO2 increase
Short-term
1.3 (CI: 0.9 - 1.8)
3

32 (19% per 30 µg/m , CI: 0.2 – 41)
2.5

COPD admissions: All ages

2

Asthma admissions: all ages

Reference
APHEA1, from Touloumi et al.,
1997
Luginaah et al., 2005
COMEAP 1998
NSWDEC 2005, from Anderson et

al. 1997

8.8

Dab et al., 1996
NSWDEC 2005, from Sunyer et al.
Asthma admissions: < 15 years
2.7
1997
3
Long-term: Per cent increased risk per 10 µg/m annual NO2 increase
Mortality from all causes

14 (CI: 3 – 25)

Lung cancer mortality

48 (CI: 5 – 106)

Cardiopulmonary mortality

27 (CI: 4 – 56)

7

South African health data

7.1

General population data

Filleul et al. (2005)

General population data were sourced from the Statistics South Africa Census of 2001 (SSA
2003). These are presented in Table 7.1.
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Table 7.1:

Provincial population data, South Africa 2001.

Province

Total population

Adults (> 15 years)

0 –14 years

> 65 years

Free State

2 706 775

830 229

1 876 546

134 383

North West

3 669 349

1 148 205

2 521 144

183 371

Gauteng

8 837 178

2 086 951

6 750 227

349 740

Mpumalanga

3 122 990

1 093 281

2 029 709

132 761

Limpopo

5 273 642

2 076 744

3 196 898

296 080

KwaZulu-Natal

9 426 017

3 270 984

6 155 033

436 918

Source: SSA 2003

7.2

Mortality data

Provincial mortality data were sourced from the 2004 report by Bradshaw and co-workers on
the South African National Burden of Disease Study (SA NBD Study) conducted in 2000
(Bradshaw et al., 2004). The SA NBD Study made use of the AIDS and demographic model,
ASSA2000, developed by the Actuarial Society of South Africa (ASSA 2002). This model was
also used to estimate the total number of deaths, applied at a provincial level. The number of
non-injury (non-accidental) deaths was calculated by subtracting the number of injury deaths
from the total number of person deaths, given in the provincial mortality data report. The
relevant mortality data are summarised in Table 7.2.
Table 7.2:

Provincial mortality data, South Africa 2000.

Free State

Population
in 2000*
2 862 088

North West

3 753 128

45 177

4 066

Gauteng

8 765 262

104 971

14 696

90 275

86

Mpumalanga

3 054 973

40 008

4 401

35 607

89

Limpopo
KwaZuluNatal

5 277 432

53 815

5 382

48 434

90

9 211 922

129 858

11 687

118 171

91

Province

Person
deaths (N)
36 860

Injury
deaths (N)
2 949

Non-injury (nonaccidental) deaths (N)
33 911

Non-injury (nonaccidental) deaths (%)
92

41 111

91

Source: Bradshaw et al., 2004
*Source: ASSA 2002 used by Bradshaw et al., 2004

Table 7.2 (continued):
Province
Free State

Provincial mortality data, South Africa 2000.

Cardiovascular
deaths (%)
18

Cardiovascular
deaths (N)
6 635

North West

19

8 584

Gauteng

18

18 895

Mpumalanga

13.3

Limpopo
KwaZulu-Natal

Respiratory
deaths (%)
10
11

Respiratory deaths
(N)
3 686
4 969

7.5

7 873

5 321

8

3 201

18

9 687

10

5 382

15

19 479

7

9 090

Source: Bradshaw et al., 2004

7.3

Morbidity data

The percentages of adults (age 15 and above) who were told by a doctor, nurse or health
worker at a clinic or hospital that they have chronic health conditions were made available in the
Preliminary Report of the South African Demographic and Health Survey of 2003 (DOH 2004).
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A summary of the data is given in Table 7.3. Data on the prevalence of symptoms of asthma,
and of symptoms associated with chronic bronchitis, for adults older than 15 years of age, were
also available. However, since the epidemiological studies presented in this review had used
hospital admissions as a health outcome, it was decided not to use the symptomatic data. Data
on other important diseases, e.g. cardiovascular diseases, are unfortunately not currently
available.
Table 7.3:

Percentage of adults (age 15 and above) who were told by a doctor,
nurse or health worker at a clinic or hospital that they have chronic
health conditions, South Africa 2003.

Racial group

Cardiovascular

Emphysema

Asthma

Black

5.8

1.8

3.2

White

6.7

4.2

6.2

Coloured

7.8

5.2

7.5

Indian

8.4

3

4.6

Cardiac (Heart attack or angina

Provincial data
Free State

9.0

1.8

2.4

North West

7.5

2.2

3.6

Gauteng

6.4

2

3.8

Mpumalanga

4.7

1.6

3.4

5

2.1

2

3.7

0.7

1.8

Limpopo
KwaZulu-Natal

All races, all provinces, all persons ≥
65 years: 7.3

Source: DOH 2004

Kwazulu-Natal (KZN) was the only province for which hospital admission data were available
(KZNDOH 2004). These are presented in Table 7.4. AIDS and TB were presented in separate
categories.
Table 7.4:

Annual admissions by disease category, KwaZulu-Natal, 1998-2002.

Respiratory infections

Cardiovascular

Chronic respiratory

38 000

30 000

6 000

Source: KZNDOH 2004

8

Risk estimates

8.1

Background to the methodology

The review demonstrates the sustained interest in and importance of the quantification of health
effects associated with environmental air quality. With regard to the desired quantification, the
most useful publications are those linking the expected percentage increase in a specific health
effect with an incremental concentration increase in one of the criteria pollutants. The current
review focussed on PM10, PM2.5, SO2 and NO2. Current statistical methods use the relative risk
ratios (RR) to derive the expected percentage increase. The method recommended by the
WHO (2004) is used in this assessment, and the equations for the calculation of increased nonaccidental mortality from exposure to PM10 is illustrated:
According the WHO publication, increased mortality from exposure to an increase in PM10
levels is given by the following equation:
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E = AF x B x P

(Equation 1)

where:
E = the expected number of deaths per year due to exposure to PM10
AF = the attributable fraction of death due to exposure to PM10
B = the population incidence of death (deaths per 1000 people)
P = the size of the exposed population
AF is given by the following equation:
AF = RR –1/RR

(Equation 2)

where:
RR = the relative risk of death due to exposure to PM10
RR is given by the following equation:
RR = exp(∆deaths x ∆p)

(Equation 3)

where:
∆deaths = expected proportion changes in deaths associated with a change in PM10 of 1 µg/m3
∆p
= modelled change in annual mean pollutant (PM10) concentration in µg/m3
Since it is acknowledged that pollutants may modify each other’s influence on a specific health
effect, the ideal statistical model would be able to predict the resultant percentage change in
mortality or morbidity by the simultaneous consideration of the concentration changes in all of
the relevant pollutants. Such models are not yet available, but multiple pollutant models are
currently used to characterise the strength of the relationship between a pollutant and a health
effect.
As explained previously, the USEPA emphasized that it is extremely important to recognize that
there is no single “correct” approach to modeling pollutant-health effects associations that will
thereby automatically assure the “right” answer with regard to the precise quantification of
effect sizes for different health outcomes. Tables 4.1 to 4.6 and 5.1 clearly illustrate that effect
size estimates for a specific association may differ between different studies. Since more than
one effect estimates are therefore expected to be available for most pollutant-effect
relationships, this raises the issue of the “right choice” of effect estimate.
The choice of effect estimates to be used in the Eskom health risk assessment was based on
the guidance provided by the USEPA, namely that emphasises should be placed on:
• Convergence of the effect estimates for a particular type of health endpoint (e.g., total
mortality, respiratory hospital admissions, etc.);
• More weight should be given to those well-conducted analyses having greater power to
detect effects and yielding narrower confidence intervals; and
• Evaluation of the coherence of findings across pertinent health endpoints and effect
sizes for different health outcomes.
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8.2

PM effect estimates
assessment

for

the

Eskom health risk

8.2.1 Short-term effects
PM10
The short-term PM10 risk estimate for total non-accidental mortality used by the WHO falls
within the range of risk estimates derived from the multicity studies and supported by the
USEPA (2004) (Table 4.3). The most recent estimates by Schwartz (2004) and Dominici et al.
(2005) agreed with the lower range of USEPA estimates and where both lower than the older
estimates derived from the COMEAP project. The Dominici study used data from 90 US cities
and the Schwartz study used data from 14 US cities with daily monitoring schedules. The use
of cities with daily schedules was considered an advantage, since most cities in the USA only
monitored PM10 once every six days. According to Schwartz (2004), this can create difficulties
in finding control days close to event days. Furthermore, Schwartz controlled for all slowly
varying covariates (age, smoking, etc) and for temperature by matching rather than complex
modelling. Schwartz also reported further investigation showing that the associations between
particles and mortality risk were robust to analytical method. In consideration of these
arguments, it was concluded that sufficient support was available to justify the choice of the
Schwartz estimate of a 1.8 per cent increased risk per 50 µg/m3 PM10 increase for application in
the Eskom risk assessment.
The New Zealand-based estimate (4 per cent) of McGowan et al (2002) for cardiovascular
admissions associated with PM10 exposure agreed with the midpoint of the USEPArecommended range (2 to 6) and a risk estimate of 4 per cent was therefore chosen for
cardiovascular admissions. With regard to respiratory admissions, a risk estimate of 4 per cent
was supported by the COMEAP (1998) study and also fitted within the USEPA range of more
precise effect estimates. The McGowan (2002) estimate of 11 per cent also fitted the USEPA
range, was based on a single-city database, but covered 10 years of data and applied a time
series analysis approach controlling for weather variables. Considering the range of estimates
for respiratory admissions, it was decided to use the mean value of 7.25, rounded to 7.3. Since
the impact on respiratory admissions will be assessed, it was decided not to include estimates
for asthma, COPD and pneumonia, since this would result in “over-estimation” of the respiratory
effects. However, risk estimates are available if future interests should focus on specific
respiratory diseases.
PM2.5
With regard to non-accidental mortality associated with exposure to PM2.5, the mean of the risk
estimates of Schwartz (2003) and Klemm and Mason (2003) will be used to estimate the
potential increase in total non-accidental mortality in the Eskom health risk assessment. This
value is given in Table 4.4. The risk estimates for cardiovascular mortality reported by Tsai et
al. (2000) and Lipfert et al. (2000), both cited by the USEPA (2004), agreed with each other and
were also the most precise effect estimates reviewed by the USEPA. The risk estimate of 10
per cent increase per 50 µg/m3 increase in the ambient concentration of PM2.5 will therefore be
used in the health risk assessment. The more precise effect estimates for cardiovascular and
respiratory admissions, referred to by the USEPA (2004) will be used in the Eskom health risk
assessment.
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Sulphate
The estimate of Hoek (2003) was the most recent and precise estimate that could be found and
will therefore be used to assess non-accidental mortality. Risk estimates for respiratory
admissions associated with ambient sulphates were reported in the USEPA (2004) criteria
3
document. The mean of the more precise estimates (30 per cent for each 50 µg/m increase in
sulphate) was used in the Eskom health risk assessment.

8.2.2 Long-term effects
PM10
Regarding long-term health effects (Table 4.5), the value of 4 per cent, derived by the WHO
(2004) based on meta-analysis and expert judgment, was used for total annual nonaccidental
mortality related to PM10 health effects. Only one risk estimate (7.3 per cent) was available for
cardiopulmonary mortality, and will be used in the health risk assessment (ACS study, cited in
USEPA 2004). Abbey et al. (1999) reported a risk of increased lung cancer mortality
associated with long-term exposure to PM10, which was, however, not consistent with the lack
of a significant finding from the ACS study. Considering the following factors, it was decided
not to include a risk estimate for lung cancer mortality for the Eskom health risk assessment:
•

•
•

The USEPA Criteria Document (2004) concluded that the assessment of relationships
between long-term PM exposure and mortality should place the greatest weight on the
results of the ACS and Six-Cities cohort studies;
The 95 per cent CI from the Abbey et al. (1999) study is very wide and the risk estimate
therefore not precise;
The USEPA Criteria Document (2004) concluded that the evidence for ambient fine
particle (PM2.5) exposure relationships with increased lung cancer is much clearer and
stronger than for PM10.

PM2.5
For long-term mortality effects associated with exposure to PM2.5, the risk estimates derived
from the extended ACS study (Pope et al. 2002) will be used in the Escom health risk
assessment, since the ACS study extension more than doubles the original follow-up period (to
16 versus 7 years originally), while it confirms the original ACS study findings of significant
associations between long-term PM2.5 exposures and increased mortality risks, both for
nonaccidental and cardiopulmonary mortality (USEPA 2004).
Due to the continued mixed nature of results regarding potential ambient PM effects on
prematurity, low birth weight or post neonatal mortality (Section 3), and considering the recent
conclusion by the USEPA (2004) that there is a need for more research to elucidate these
relationships, it was decided not to include risk estimates for these effects in the Eskom health
risk assessment. The chosen PM2.5 and PM10 risk estimates for long-term exposure are
summarised in Table 8.2.
Sulphate
Risk estimates for total non-accidental mortality and for cardiopulmonary mortality associated
with long-term exposure to sulphate were derived during the HEI reanalysis project and were
reported by Krewski et al. (2000). The study also indicated a significant relationship with lung
cancer mortality, but since this would be included in the cardiopulmonary mortality, it was
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decided not to consider lung cancer mortality separately. The risk estimates for non-accidental
and cardiopulmonary mortality will be used in the Escom health risk assessment.

8.3

SO2 effect estimates for the Eskom health risk
assessment

Table 5.1 shows that only one risk estimate was available for most health effects. Those for
cardiovascular and respiratory mortality respectively, and for respiratory admissions, were
derived from large studies and it was decided to use these in the Eskom health risk
assessment. The estimate for cardiac admissions was derived from a smaller study and
showed a wider CI than other similar studies, but used appropriate analysis methods and was
resistant to the inclusion of PM10 in the model. It was therefore decided to include this risk
estimate in the health risk assessment. The Luginaah et al. (2005) study showed a risk
estimate specifically for respiratory admissions in girls (1 to 14 years of age), but with a wide
and therefore imprecise CI, therefore this health outcome will not be included in the Eskom
health risk assessment. A number of estimates were available for total nonaccidental mortality,
all from studies dating from 1994 to 1997, and all fitting into the range of 0.8 to 3. The mean of
the range of risk estimates, namely 2.3, will be used in the Eskom health risk assessment.
Since the impact on respiratory admissions will be assessed, it was decided not to include
estimates for asthma and COPD, since this would result in “over-estimation” of the respiratory
effects. However, risk estimates are available if future interests should focus on specific
respiratory diseases.
For long-term mortality effects associated with exposure to SO2, the risk estimates derived from
the extended ACS study (Pope et al. 2002) will be used in the Escom health risk assessment,
since the ACS study extension more than doubles the original follow-up period (to 16 versus 7
years originally), while it confirms the original ACS study findings of significant associations
between long-term SO2 exposures and increased mortality risks, both for nonaccidental and
cardiopulmonary mortality (USEPA 2004). The chosen SO2 risk estimates are summarised in
Tables 8.1 and 8.2.

8.4

NO2 effect estimates for the Eskom health risk
assessment

With regard to short-term effects, table 6.1 shows that only one risk estimate was available for
most health effects.
Those for mortality, respiratory, COPD and asthma admissions
respectively, were derived from large studies and it was decided to use these in the Eskom
health risk assessment. The Luginaah et al. (2005) study showed a risk estimate specifically
for respiratory admissions in girls (1 to 14 years of age), but with a wide and therefore
imprecise CI. This risk estimate was also not consistent when different study designs were
applied to the data, therefore this health outcome will not be included in the Eskom health risk
assessment. Since the impact on respiratory admissions will be assessed, it was decided not to
include estimates for asthma and COPD, since this would result in “over-estimation” of the
respiratory effects. However, risk estimates are available if future interests should focus on
specific respiratory diseases.
The study by Filleul et al. (2005) provides an interesting perspective on the very long-term (25
years) effects of NO2 exposure. However, the results cannot be applied with confidence to the
Eskom health risk assessment, in the first place since the associated CIs are fairly wide (and
therefore imprecise). Secondly, it is highly probable that the mortality patterns over a 25-year
period in South Africa will be very different from that of a European country.
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Briefly, this is due to, amongst others, the following factors:
•
•
•

The difference in socio-economic development stages;
Differences in the impacts of AIDS, TB and other infectious diseases on mortality, and
Subsequent differences in life expectancies.

In consideration of the above factors, it was decided not to perform a 25-year mortality estimate
in the Eskom health risk assessment, mainly due to the associated low confidence that could
be expected for such an estimate. The chosen NO2 risk estimates are summarised in Tables
8.1 and 8.2.

8.5

Summary of risk estimates for the Eskom health risk
assessment

The risk estimates chosen for the various pollutant-effect relationships associated with shortterm exposure are summarised in Table 8.1 below, and those for long-term exposure in Table
8.2.
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Table 8.1:
Summary of the risk estimates for the pollutant-effect relationships associated
with short-term exposure (mean of 24-hours, unless otherwise indicated).
Per cent increased risk per 50 µg/m
increased concentration in air
PM2.5

Health effect
Total nonaccidental
mortality
Cardiovascular mortality
Respiratory mortality
Cardiovascular
admissions (> 65 years)
Respiratory admissions
Total nonaccidental
mortality
Cardiovascular
admissions (> 65 years)

6.5
3

10 (5.0% per 25 µg/m )
Not statistically significant
11 (more precise effect estimates range
3
from 1 to 10% per 25 µg/m )
13 (more precise effect estimates range
3
from 1 to 12% per 25 µg/m )
PM10
1.8
3
(0.36 % per 10 µg/m , CI: 0.22 to 0.50)
4

Respiratory admissions

3

30 (10 to 50 per cent in the more precise
estimates)
SO2
2.3
2 (CI: 0.5 - 3.0)

Respiratory mortality

2.5 (CI: 1.5 - 3.4)

Respiratory hospital
admissions
Cardiac admissions: >
65 years

USEPA 2004
USEPA 2004

Schwartz 2004

2-

6.6 (3.3 per 25 µg/m ; CI: 0.7 – 6.2)

Cardiovascular mortality

Mean of the estimates of Schwartz 2003
and Klemm and Mason 2003
Tsai et al (2000), and Lipfert et al. (2000)

McGowan et al 2002; USEPA 2004

7.3

Total nonaccidental
mortality

Reference

Mean of COMEAP 1998; McGowan et al
2002; USEPA 2004
SO4

Total nonaccidental
mortality
Respiratory
hospitalisation

3

2.5

Hoek 2003
USEPA 2004
USEPA 2004; COMEAP 1998, from
Stedman et al., 1999; Ostro, 1994 and
1996
APHEA 1, from Zmirou et al., 1998, cited
by USEPA 2004
APHEA 1, from Zmirou et al., 1998, cited
by USEPA 2004
COMEAP 1998, from Stedman et al., 1999

3

2.5 (2.6% per 51 µg/m , CI: 0.5 -6.4) *

Fung et al., 2005

NO2
Total nonaccidental
mortality
Respiratory admissions

1.3 (CI: 0.9 - 1.8)*
2.5

APHEA1, from Touloumi et al., 1997
COMEAP 1998, from Stedman et al., 1999

* Highest hourly in a 24-hour day

Report No:
032-2006

Review of risk factors for quantification of the potential health
impact associated with the release of PM10, NO2 and SO2 to air by
various Eskom operations

Page 26 of 28

Table 8.2:

Summary of the risk estimates for the pollutant-effect relationships
associated with long-term exposure (annual mean concentration).

Health effect

Total nonaccidental mortality
Cardiopulmonary mortality

Total nonaccidental mortality
Cardiopulmonary mortality

Per cent increased risk per 50 µg/m
increased concentration in air
PM2.5
31
3
(6.2% per 10 µg/m , CI: 1.6 to 11.0)
46
3
(9.3% per 10 µg/m , CI: 3.3 to 15.8)
PM10
4
7.3 (CI: 3 to 12)

ACS study, cited in USEPA 2004

3

40 (16% per 20 µg/m , CI: 10 - 23)

Cardiopulmonary mortality

70 (28% per 20 µg/m , CI: 19 - 40)

8.6

Pope et al., 2002; extended ACS study,
USEPA 2004

2-

Total nonaccidental mortality

Cardiopulmonary mortality

Reference

WHO (2004)
SO4

Total nonaccidental mortality

3

3

SO2
3
10 (5.2% per increase of 26 µg/m , CI:
2.6 – 8.5)
3
5.8 (3% per increase of 26 µg/m , CI: 1
– 6.5)

HEI final report (Krewski et al., 2000)

Pope et al. 2002

Quantification of health effects in the Eskom health risk
assessment

Tables 8.1 and 8.2 illustrate that the effects of the various air pollutants may be assessed for a
fairly consistent range of health endpoints. In order to simplify the interpretation of the results
of the Eskom health effect estimates, it was decided to focus on the total nonaccidental
mortality as a measure of the long-term health effect and on respiratory hospital admissions as
a measure of short-term health effects.
Non-accidental mortality was assessed based on the modelled annual mean concentrations of
the pollutant in the area of interest, and using the WHO-recommended equations 1 to 3, given
in Section 8.1 above. Respiratory hospital admissions were assessed based on the modelled
peak daily concentrations of the pollutant in the area of interest, using the same equations.
The relevant risk estimates (per cent increased risk per 50 g/m3) was used to derive the
expected proportion changes in deaths associated with a change in pollutant concentration of 1
µg/m3. For example, the WHO recommended risk estimate for total nonaccidental mortality
3
due to exposure to PM10 was 4 per cent per 50 µg/m , from which an expected proportion
3
changes in deaths of 0.0008 per 1 µg/m could be derived.
Current mortality and
hospitalisation numbers and the number of exposed persons given in Table 9.2 were used in
the calculations.
The health effect due to emissions of SO2 is an important facet of the assessment of power
station pollutants. Due to the characteristics of the receiving environment in the Eskom
exposure scenario, the assessment of PM10 is related to the assessment of the impact of
domestic fuel burning, and NO2 is related to vehicular sources of air pollution. The health risk
assessment in this report therefore focused on these three pollutants. Following the
recommendation of the WHO (2004), the baseline concentration (both annual and peak daily)
of the PM10 concentration was assumed to be 10 µg/m3. The baseline concentrations of NO2
and SO2 were assumed to be 20 µg/m3 (CEPA/FPAC Working Group, 1998).
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9

Discussion

9.1

The limitations of the South African health database

The South African health- and population data presented in Section 7 is clearly not as detailed
as ideally required to perform all the possible health effect estimations, for which risk estimates
are available, with a high degree of confidence. The deficiencies in health data related to the
available risk estimates, and potential strategies to circumvent these deficiencies, are
summarised in Table 9.1.
Table 9.1:

Availability of South African health data on which to base quantification
of pollutant-effect relationships in the Eskom health risk assessment.

Health effect
Total nonaccidental mortality
Cardiopulmonary mortality
Cardiovascular mortality
Respiratory mortality
Cardiovascular admissions: >
65 years
Respiratory admissions

South African health data availability
May be estimated by subtracting injury-related death rates from total death rates
per province (Table 7.2).
Not specifically available, may estimate by summing mortality rates for
cardiovascular and respiratory mortality per province (Table 7.2).
Available nationally or per province (Table 7.2).
Available nationally or per province (Table 7.2).
Not specifically available, may use percentage of adults ≥ 65 years, told that they
have cardiovascular diseases (Table 7.3) as a surrogate.
Not specifically available, may estimate for KZN by summing admissions for
respiratory infections and chronic respiratory admissions (Table 7.4). Data for
other provinces may be extrapolated from KZN data.

It is clear from Table 9.1 that the lack of complete and updated national or provincial hospital
admission data is the major stumbling block that may cause to a low level of confidence in
population-based quantitative results obtained from the Eskom health risk assessment.
Despite the fact that the precision of the numerical size of the potential health effects may be
doubted, the results will indicate problem areas that need attention, and will also be sufficient
for the meaningful comparison of various operational options. Amongst the health effect
estimates, the highest level of confidence will be attached to the total non-accidental,
cardiopulmonary, cardiovascular and respiratory mortality, since these will be based directly on
available provincial data (Bradshaw et al., 2004).

9.2

Summary of baseline mortality and morbidity numbers
for the Eskom health risk assessment

The baseline mortality and morbidity numbers derived from various SA database sources and
to be used to assess the various pollutant-effect relationships in the Eskom health risk
assessment are summarised in Table 9.2 below. Numbers were derived from provincial or
national data sources as indicated in the table. Only the provinces where coal-fired power
plants are likely to be operated were included when data were derived by summing of provincial
data, and these were:
•
•

Gauteng
Mpumalanga
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Table 9.2:

Summary of baseline mortality and morbidity numbers for the Eskom
health risk assessment.
Estimated Baseline
numbers
11 820 235

Sum of provincial data*

SA Database
Reference
Bradshaw et al. 2004

Total nonaccidental mortality

125 882

Sum of provincial data*

Bradshaw et al. 2004

Cardiovascular mortality

24 216

Sum of provincial data*

Bradshaw et al. 2004

Respiratory mortality

11 073

Bradshaw et al. 2004

Cardiopulmonary mortality

35 290

Respiratory admissions

56 458

Sum of provincial data*
Sum of cardiovascular and
respiratory mortality
KZN hospitalisation data
adjusted for all provinces*

Health effect
Total population

SA Database Source

KZNDOH 2004

* Provinces included:
•

Gauteng

•

Mpumalanga

9.3

Sources of uncertainty in the assessment of health
impacts

The health data on which the quantification of health effects depend are subject to various
uncertainties, related to the quality and representivity of the health and hospitalisation
databases used for the publications included in the review and for those that will be used as a
basis for the Eskom health risk assessment. Other factors contributing to uncertainty are the
quality of the air pollution databases and the reliability of the statistical models used to assess
relationships between air pollutant concentrations and hospitalisation rates. The uncertainties
related to the databases include the completeness of both hospitalisation and air pollution data,
the impact of measurement error and the limitations of using fixed air monitors to represent the
entire population in environmental exposure studies. Lastly, statistical models may be biased
and may over- or underestimate the potential magnitude of the predicted hospitalisation rates.
The validity of the projected associations between air pollutant concentrations and numbers of
daily hospitalisations or of deaths reported in the literature is only as good as the quality of the
study that produced those relationships. As a basis for this report, care was taken to select
good quality studies and the validity of the conclusions, for the populations in which they were
conducted, should be high. Unfortunately, these reports never included South African or even
African populations. Of course, epidemiological studies conducted in South Africa are the ideal
basis for an evaluation of health effects associated with current and future operations at Eskom
power stations, but these were not available.
An important source of uncertainty is therefore the validity of applying relationships derived
from non-African, mostly developed countries, to the South African, semi-developed country
scenario. Since the general South African population is poorer than populations from
developed countries, they can be expected to be less healthy; to have poorer access to medical
care, which may be of a lower standard; and therefore probably experience increased
susceptibility to especially respiratory diseases, resulting in higher background morbidity and
mortality rates. The impact of high rates of infectious diseases such as HIV/AIDS and TB will
make an additional contribution to the probable increased susceptibility to diseases, resulting in
the potential underestimation of the health impact of air pollutants. On the other hand, since
the life expectancy of South Africans is lower than that of the average developed country, whilst
reproduction rates might be higher, the demographic distribution of the South African population
is also probably different from that of developed countries. This might have the impact that
diseases related to old age, such as stroke and other cardiovascular diseases, might not be as
prevalent amongst the South African population and therefore of lesser importance in the
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evaluation of the health effects of air pollutants.
A cohort study by Finkelstein et al. (2003) demonstrated the modifying effects of income and
particulate levels in Canadian suburbs. In this study, mean pollutant levels tended to be higher
in lower income neighbourhoods, however, both income and pollutant levels were associated
with mortality differences. Compared with people in the most favourable category (higher
incomes and lower particulate levels), those with all other income–particulate combinations had
a higher risk of death from non-accidental causes (lower incomes and higher particulate levels:
RR 2.62, CI 1.67–4.13; lower incomes and lower particulate levels: RR 1.82, CI 1.30–2.55;
higher incomes and higher particulate levels: RR 1.33, CI 1.12–1.57). Similar results were
observed for sulphur dioxide. If the effect of income levels on mortality amongst Canadian
suburbs can be indicated with statistical confidence, it is highly likely that the effect would be
even bigger when mortality is compared between Canadian and South African populations.

9.4

Vulnerability in the South African population

Blaikie and colleagues (1994) defined vulnerability as the characteristics of a community in
terms of their capacity to anticipate, cope with, resist and/or recover from the impact of natural
or man-made hazards. According to Levy et al (2002), the understanding of vulnerability at
community or population level helps to identify and protect sensitive sub-population groups from
the effects of air pollution. John et al (2006) explains that, since the level of vulnerability
determines the magnitude of impacts, there has been a realisation that risks cannot only be
considered within the boundaries of a traditional framework for risk assessment. Vulnerability
analysis therefore extends the traditional risk assessment to provide data on susceptibility
issues of communities to risks, as a result facilitating improved risk management.
In South Africa, the CSIR is currently involved in vulnerability research, with the ultimate aim of
developing vulnerability factors specific to the South African population. John et al. (2006) has
identified the following examples of issues that are especially important in the South African
context, resulting in people being less resilient to and therefore less able to cope with adverse
effects of environmental exposures - including air pollution:
•
•
•
•
•

Respiratory diseases;
HIV/AIDS;
Nutritional status;
Housing, and
Access to electricity.

John et al. (2006) concluded that the integration of vulnerability assessments and the traditional
risk assessment process in South Africa faces several challenges. Vulnerability factors specific
to the South African situation are therefore not yet available or ready for integration into the
health risk assessment process, and the Eskom health risk assessment will therefore not make
use of these.

9.5

Over- and underestimation of predicted health effects in
the Eskom health risk assessment

Air pollution is a complex mixture of many known and unknown substances. The usual
approach of epidemiological studies is to measure the association between at least one specific
pollutant (e.g. PM10, SO2 or NOx) and health outcomes. These specific components are usually
highly correlated with other pollutants and it is difficult to differentiate the quantitative
contributions to the health effect of individual pollutants. It is therefore unclear how much of the
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associations reported in epidemiological studies represent the independent effects of specific
pollutants.
The total impact of air pollution on health may be considered as the sum of:
• All independent effects of specific pollutants;
• The effects of mixtures, and
• The additional effects due to interactions between pollutants (that is, chemical reactions
occurring in the air or in the course of inhalation, which may enhance or reduce the
effects of individual pollutants) (Kunzli et al., 1999, cited by NSWDEC 2005).
Simply summing the estimated pollutant-specific impacts could therefore lead to an
overestimation of the overall impact of air pollution on health. One approach often used to
avoid these difficulties is to select only one pollutant and to base the health risk assessment on
the concentration of the specific pollutant. Particulate matter was considered the best single
pollutant to use as an ‘index pollutant’ for an assessment of the health effects of air pollution in
the NSWDEC study (2005). This approach was believed to be conservative, in that it produces
an ‘at least’ estimate for the quantification of health effects.
The acceptance of such an approach by the at-risk community is uncertain, and may only be
clarified by a public communication effort. The current health risk assessment project is not
expected to move into that stage, but will influence management decisions. For these
purposes, it will be appropriate to quantify health effects for each pollutant respectively, allowing
management to base their decisions on a range of potential health risks, ranging from the
minimum estimate (‘at least’ associated with PM10 or PM2.5 as index-pollutant) to the maximum
estimate (‘at most’ associated with the sum of estimates for particulates (PM2.5/PM10/sulphates),
and SO2 and NO2 respectively).
Even the ‘at most’ estimate should not involve the summing of the estimates of risk associated
with the individual particulate indicators (PM2.5/PM10/sulphates). The PM10 concentration
represents the ambient concentrations of coarse (PM2.5-10) and fine (PM2.5) particulates, and
both of these also represent the ambient concentrations of sulphates. The summing of the
individual estimates of risk associated with the individual particulate indicators would therefore
result in an over-estimation of the health effects in the receiving community. It is therefore
appropriate to use either PM10 or PM2.5 as an index of particulate matter effects, and to interpret
the estimated health impact of sulphates in the community within that context.

10

Conclusions

The main purpose of the review presented in this report was to identify appropriate risk
estimation factors that may be used to assess the health risks potentially associated with
ambient PM10, SO2 and NO2 concentrations that may result from the operation of Eskom power
stations. These have been identified for a range of health effects, differentiated as mortality
and morbidity effects. The criteria for selection of appropriate risk factors have also been
discussed. Methods of avoiding over-estimation of the magnitude of health effects due to the
aggregation of estimates for dependent pollutants have been identified and options suggested.
The most useful option appears to be the presentation of a range of potential quantitative
health effect estimates that will inform effective management decisions.
Vulnerability factors specific to the South African population may be used to refine the health
risk assessment, by reflecting the vulnerability of the population to the effects of air pollution.
The inclusion of vulnerability factors was considered, but found not to be feasible at this stage.
However, information on the susceptibilities of populations is discussed and may be used to
qualify the quantitative results of the Eskom health risk assessment.
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Population-specific health risk assessments require a database of national or provincial health
data on which calculations may be based. The main inadequacy found in the current South
African health database was a lack of national or provincial hospital admission data. Ways of
estimating missing data are suggested and the limitations this will impose on the confidence
associated with the Eskom health risk assessment are discussed.

11
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APPENDIX B

REGIONAL CLIMATE AND ATMOSPHERIC DISPERSION POTENTIAL FOR THE
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The macro-ventilation characteristics of the region are determined by the nature of the
synoptic systems which dominate the circulation of the region, and the nature and frequency
of occurrence of alternative systems and weather pertubations over the region.
B.1

Regional Climate

Situated in the subtropical high pressure belt, southern Africa is influenced by several high
pressure cells, in addition to various circulation systems prevailing in the adjacent tropical
and temperature latitudes. The mean circulation of the atmosphere over southern Africa is
anticyclonic throughout the year (except near the surface) due to the dominance of three
high pressure cells, viz. the South Atlantic HP off the west coast, the South Indian HP off the
east coast, and the continental HP over the interior.
Five major synoptic scale circulation patterns dominate (Figure B-1) (Vowinckel, 1956;
Schulze, 1965; Taljaard, 1972; Preston-Whyte and Tyson, 1988). The most important of
these is the semi-permanent, subtropical continental anticyclones which are shown by both
Vowinckel (1956) and Tyson (1986) to dominate 70 % of the time during winter and 20 % of
the time in summer. This leads to the establishment of extremely stable atmospheric
conditions which can persist at various levels in the atmosphere for long periods.
Seasonal variations in the position and intensity of the HP cells determine the extent to which
the tropical easterlies and the circumpolar westerlies impact on the atmosphere over the
subcontinent. The tropical easterlies, and the occurrence of easterly waves and lows, affect
most of southern Africa throughout the year. In winter, the high pressure belt intensifies and
moves northward, the upper level circumpolar westerlies expand and displace the upper
tropical easterlies equatorward. The winter weather of South Africa is, therefore, largely
dominated by perturbations in the westerly circulation. Such perturbations take the form of a
succession of cyclones or anticyclones moving eastwards around the coast or across the
country. During summer months, the anticyclonic belt weakens and shifts southwards,
allowing the tropical easterly flow to resume its influence over South Africa. A weak heat low
characterises the near surface summer circulation over the interior, replacing the strongly
anticyclonic winter-time circulation (Schulze, 1986; Preston-Whyte and Tyson, 1988).
Anticyclones situated over the subcontinent are associated with convergence in the upper
levels of the troposphere, strong subsidence throughout the troposphere, and divergence in
the near-surface wind field. Subsidence inversions, fine conditions with little or no rainfall,
and light variable winds occur as a result of such widespread anticyclonic subsidence.
Anticyclones occur most frequently over the interior during winter months, with a maximum
frequency of occurrence of 79 percent in June and July. During December such anticyclones
only occur 11 percent of the time. Although widespread subsidence dominates the winter
months, weather occurs as a result of uplift produced by localized systems.
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Figure B-1. Major synoptic circulation types affecting southern Africa and their
monthly frequencies of occurrence over a five year period (after Preston-Whyte and
Tyson, 1988 and Garstang et al., 1996a).

Tropical easterly waves give rise to surface convergence and upper air (500 hPa) divergence
to the east of the wave resulting in strong uplift, instability and the potential for precipitation.
To the west of the wave, surface divergence and upper-level convergence produces
subsidence, and consequently fine clear conditions with no precipitation. Easterly lows are
usually deeper systems than are easterly waves, with upper-level divergence to the east of
the low occurring at higher levels resulting in strong uplift through the 500 hPa level and the
occurrence of copious rains. Easterly waves and lows occur almost exclusively during
summer months, and are largely responsible for the summer rainfall pattern and the northerly
wind component which occurs over the interior.
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Westerly waves are characterised by concomitant surface convergence and upper-level
divergence which produce sustained uplift, cloud and the potential for precipitation to the rear
of the trough. Cold fronts are associated with westerly waves and occur predominantly
during winter when the amplitude of such disturbances is greatest. Low-level convergence in
the southerly airflow occurs to the rear of the front producing favourable conditions for
convection. Airflow ahead of the front has a distinct northerly component, and stable and
generally cloud-free conditions prevail as a result of subsidence and low-level divergence.
The passage of a cold front is therefore characterised by distinctive cloud bands and
pronounced variations in wind direction, wind speeds, temperature, humidity, and surface
pressure. Following the passage of the cold front the northerly wind is replaced by winds
with a distinct southerly component. Temperature decrease immediately after the passage
of the front, with minimum temperatures being experienced on the first morning after the
cloud associated with the front clears. Strong radiational cooling due to the absence of cloud
cover, and the advection of cold southerly air combining to produce the lowest temperatures.
B.2

Regional Atmospheric Dispersion Potential

The impact of various synoptic systems and weather disturbances on the dispersion potential
of the atmosphere largely depends on the effect of such systems on the height and
persistence of elevated inversions. Elevated inversions suppress the diffusion and vertical
dispersion of pollutants by reducing the height to which such pollutants are able to mix, and
consequently result in the concentration of pollutants below their bases. Such inversions
therefore play an important role in controlling the long-range transport, and recirculation of
pollution.
Subsidence inversions, which represent the predominant type of elevated inversion occurring
over South Africa, result from the large-scale anticyclonic activity which dominates the
synoptic circulation of the subcontinent. Subsiding air warms adiabatically to temperatures in
excess of those in the mixed boundary layer. The interface between the subsiding air and
the mixed boundary layer is thus characterised by a marked elevated inversion. Protracted
periods of anticyclonic weather, such as characterize the plateau during winter, result in
subsidence inversions which are persistent in time, and continuous over considerable
distances. The fairly constant afternoon mixing depths, with little diurnal variation,
associated with the persistence of subsidence inversions, are believed to greatly reduce the
dispersion potential of the atmosphere over the plateau, resulting in the accumulation of
pollutants over the region.
Multiple elevated inversions occur in the middle to upper troposphere as a result of largescale anticyclonic subsidence. The mean annual height and depth of such absolutely stable
layers are illustrated in Figure B-2. Three distinct elevated inversions, situated at altitudes of
approximately 700 hPa (~3 km), 500 hPa (~5 km) and 300 hPa (~7 km), were identified over
southern Africa. The height and persistence of such elevated inversions vary with latitudinal
and longitudinal position. During winter months the first elevated inversion is located at an
altitude of around 3 km over the plateau. In summer this inversion is known to increase in to
4 to 5 km over the plateau (Diab, 1975; Cosijn, 1996).
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Figure B-2. Mean annual stable layers (shaded) over Pietersburg (PI), Pretoria (PR),
Bethlehem (BE), Bloemfontein (BL), Upington (UP), Springbok (SP), Cape Town (CT),
Port Elizabeth (PE) and Durban DB). Upper and lower 95% confidence limits for the
base heights of the layers are shown in each case (after Cosijn, 1996).

In contrast to anticyclonic circulation, convective activity associated with westerly and
easterly wave disturbances hinders the formation of inversions. Cyclonic disturbances,
which are associated with strong winds and upward vertical air motion, either destroy,
weaken, or increase the altitude of, elevated inversions. Although cyclonic disturbances are
generally associated with the dissipation of inversions, pre-frontal conditions tend to lower
the base of the elevated inversion, so reducing the mixing depth. Pre-frontal conditions are
also characterised by relatively calm winds. Over the interior due to the passage of a cold
front, there is a tendency for the lowest mixing depths to coincide with the coldest air
temperatures and rising pressure. Following the passage of the front, a gradual rise in the
mixing depth occurs over the interior (Cosijn, 1996; Preston-Whyte and Tyson, 1988).
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APPENDIX C

SIMULATED AIR POLLUTION PLOTS FOR CURRENT AND FUTURE BASELINE
ESKOM POWER STATION OPERATIONS AND PROPOSED EMISSION CONTROL
SCENARIOS
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Table C-1:
Pollut
ant

SO2

NO2

PM10

Isopleth plots for averaging periods and emission scenarios simulated

Averaging
Period

Highest hourly
Highest daily
Annual
average
Hourly
Exceedances
Daily
Exceedances
Highest hourly
Annual
average
Hourly
Exceedances
Highest Daily
Annual
average
Daily
Exceedances

Emission Scenario
Future
Control
Baseline Scenario
– All
1 – All
sources
sources
24
45
26
46
28
47

Current
Baseline
– Eskom
only
1
3
5

Current
Baseline
– All
Sources
2
4
6

Future
Baseline
– Eskom
only
23
25
27

Control
Scenario
2 – All
sources
56
57
58

Control
Scenario
3 – All
sources
67
68
69

Control
Scenario
4 – All
sources
78
79
80

7

8

29

30

48

59

70

81

9

10

31

32

49

60

71

82

11
13

12
14

33
35

34
36

50
51

61
62

72
73

83
84

15

16

37

38

52

63

74

85

17
19

18
20

39
41

40
42

53
54

64
65

75
76

86
87

21

22

43

44

55

66

77

88
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SIMULATED AIR POLLUTION PLOTS FOR CURRENT AND FUTURE BASELINE
ESKOM POWER STATION OPERATIONS AND PROPOSED EMISSION CONTROL
SCENARIOS
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Table C-1:
Pollut
ant

SO2

NO2

PM10

Isopleth plots for averaging periods and emission scenarios simulated

Averaging
Period

Highest hourly
Highest daily
Annual
average
Hourly
Exceedances
Daily
Exceedances
Highest hourly
Annual
average
Hourly
Exceedances
Highest Daily
Annual
average
Daily
Exceedances

Emission Scenario
Future
Control
Baseline Scenario
– All
1 – All
sources
sources
24
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46
28
47

Current
Baseline
– Eskom
only
1
3
5

Current
Baseline
– All
Sources
2
4
6

Future
Baseline
– Eskom
only
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Control
Scenario
2 – All
sources
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Control
Scenario
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sources
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Control
Scenario
4 – All
sources
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Figure C-1 Highest hourly SO2 concentrations due to Current
Baseline – Eskom Power Station emissions only

Figure C-2 Highest hourly SO2 concentrations due to Current
Baseline – all sources

Eskom Mpumalanga Highveld Cumulative Scenario Planning Study:
Air Pollution Compliance Assessment and Health Risk Analysis of Cumulative Opeations of Current, RTS and Proposed Eskom Power Station Located within the Mpumalanga and
Gauteng Provinces
Report No.: APP/06/ESKOM-05 Rev 0.0
Page C-3

HIGHEST DAILY SO2 GROUND LEVEL CONCENTRATIONS (µg/m³)
ALL CURRENT POWER STATIONS EXCLUDING OTHER SOURCES
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Figure C-3 Highest daily SO2 concentrations due to Current
Baseline – Eskom Power Station emissions only

Figure C-4 Highest daily SO2 concentrations due to Current
Baseline – all sources
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ANNUAL AVERAGE SO2 GROUND LEVEL CONCENTRATIONS (µg/m³)
ALL CURRENT POWER STATIONS EXCLUDING OTHER SOURCES
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Figure C-5 Annual average SO2 concentrations due to Current
Baseline – Eskom Power Station emissions only

Figure C-6 Annual average SO2 concentrations due to Current
Baseline – all sources
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Figure C-7 Frequencies of exceedance of EC hourly SO2 limit due
to Current Baseline – Eskom Power Station emissions only

Figure C-8 Frequencies of exceedance of EC hourly SO2 limit due
to Current Baseline – all sources
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Figure C-9 Frequencies of exceedance of SA daily SO2 limit due to
Current Baseline – Eskom Power Station emissions only

Figure C-10 Frequencies of exceedance of SA daily SO2 limit due
to Current Baseline – all sources
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Figure C-11 Highest hourly average NO2 concentrations due to
Current Baseline – Eskom Power Station emissions only

Figure C-12 Highest hourly average NO2 concentrations due to
Current Baseline – all sources
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Figure C-13 Annual average NO2 concentrations due to Current
Baseline – Eskom Power Station emissions only

Figure C-14 Annual average NO2 concentrations due to Current
Baseline – all sources

Eskom Mpumalanga Highveld Cumulative Scenario Planning Study:
Air Pollution Compliance Assessment and Health Risk Analysis of Cumulative Opeations of Current, RTS and Proposed Eskom Power Station Located within the Mpumalanga and
Gauteng Provinces
Report No.: APP/06/ESKOM-05 Rev 0.0
Page C-9

Figure C-15 Frequencies of exceedance of the SANS Hourly NO2
limit due to Current Baseline – Eskom Power Station emissions
only

Figure C-16 Frequencies of exceedance of the SANS Hourly NO2
limit due to Current Baseline – all sources
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Figure C-17 Highest daily average PM10 concentrations due to
Current Baseline – Eskom Power Station emissions only

Figure C-18 Highest daily average PM10 concentrations due to
Current Baseline – all sources

Eskom Mpumalanga Highveld Cumulative Scenario Planning Study:
Air Pollution Compliance Assessment and Health Risk Analysis of Cumulative Opeations of Current, RTS and Proposed Eskom Power Station Located within the Mpumalanga and
Gauteng Provinces
Report No.: APP/06/ESKOM-05 Rev 0.0
Page C-11

Figure C-19 Annual average PM10 concentrations due to Current
Baseline – Eskom Power Station emissions only

Figure C-20 Annual average PM10 concentrations due to Current
Baseline – all sources
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Figure C-21 Frequencies of exceedance of the SANS Daily PM10
limit due to Current Baseline – Eskom Power Station emissions
only

Figure C-22 Frequencies of exceedance of the SANS Daily PM10
limit due to Current Baseline – all sources
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Figure C-23 Highest hourly average sulphur dioxide
concentrations due to Future Baseline Operations – Eskom Power
Stations only

Figure C-24 Highest hourly average sulphur dioxide
concentrations due to Future Baseline Operations – all sources
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Figure C-25 Highest daily average sulphur dioxide concentrations
due to Future Baseline Operations – Eskom Power Stations only

Figure C-26 Highest daily average sulphur dioxide concentrations
due to Future Baseline Operations – all sources
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ANNUAL AVERAGE SO2 GROUND LEVEL
CONCENTRATIONS (µg/m³) ALL FUTURE POWER STATIONS

ANNUAL AVERAGE SO2 GROUND LEVEL
CONCENTRATIONS (µg/m³) ALL FUTURE SOURCES NO CONTROLS
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Figure C-27 Annual average sulphur dioxide concentrations due to
Future Baseline Operations – Eskom Power Stations only
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Figure C-28 Annual average sulphur dioxide concentrations due to
Future Baseline Operations – all sources
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FREQUENCY OF EXCEEDANCE OF HOURLY SO2 GROUND LEVEL
CONCENTRATIONS LIMITS (350 µg/m³) ALL FUTURE POWER STATIONS

FREQUENCY OF EXCEEDANCE OF HOURLY SO2 GROUND LEVEL
CONCENTRATIONS LIMITS (350 µg/m³) ALL FUTURE SOURCES NO CONTROLS
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Figure C-29 Frequencies of exceedance of EC Hourly sulphur
dioxide limit due to Future Baseline Operations – Eskom Power
Stations only
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Figure C-30 Frequencies of exceedance of EC Hourly sulphur
dioxide limit due to Future Baseline Operations – all sources
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FREQUENCY OF EXCEEDANCE OF DAILY SO2 GROUND LEVEL
CONCENTRATIONS LIMITS (125 µg/m³) ALL FUTURE POWER STATIONS

FREQUENCY OF EXCEEDANCE OF DAILY SO2 GROUND LEVEL
CONCENTRATIONS LIMITS (125 µg/m³) ALL FUTURE SOURCES NO CONTROLS
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Figure C-31 Frequencies of exceedance of SA Daily sulphur
dioxide limit due to Future Baseline Operations – Eskom Power
Stations only
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Figure C-32 Frequencies of exceedance of SA Daily sulphur
dioxide limit due to Future Baseline Operations – all sources
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HIGHEST HOURLY NO2 GROUND LEVEL
CONCENTRATIONS (µg/m³) ALL FUTURE POWER STATIONS

HIGHEST HOURLY NO2 GROUND LEVEL
CONCENTRATIONS (µg/m³) ALL FUTURE SOURCES NO CONTROLS
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Figure C-33 Highest hourly average nitrogen dioxide
concentrations due to Future Baseline Operations – Eskom Power
Stations only
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Figure C-34 Highest hourly average nitrogen dioxide
concentrations due to Future Baseline Operations – all sources
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ANNUAL AVERAGE NO2 GROUND LEVEL
CONCENTRATIONS (µg/m³) ALL FUTURE POWER STATIONS

ANNUAL AVERAGE NO2 GROUND LEVEL
CONCENTRATIONS (µg/m³) ALL FUTURE SOURCES NO CONTROLS
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Figure C-35 Annual average nitrogen dioxide concentrations due
to Future Baseline Operations – Eskom Power Stations only

0km

50km

100km

150km

200km

Figure C-36 Annual average nitrogen dioxide concentrations due
to Future Baseline Operations – all sources
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FREQUENCY OF EXCEEDANCE OF HOURLY NO2 GROUND LEVEL
CONCENTRATIONS LIMITS (200 µg/m³) ALL FUTURE POWER STATIONS

FREQUENCY OF EXCEEDANCE OF HOURLY NO2 GROUND LEVEL
CONCENTRATIONS LIMITS (200 µg/m³) ALL FUTURE SOURCES NO CONTROLS

Proposed PS

Proposed PS

Proposed PS

Proposed PS

Proposed PS

0km

Proposed PS

50km

100km

150km

200km

Figure C-37 Frequency of SANS hourly nitrogen dioxide limit due
to Future Baseline Operations – Eskom Power Stations only
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Figure C-38 Frequency of SANS hourly nitrogen dioxide limit due
to Future Baseline Operations – all sources
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HIGHEST HOURLY PARTICULATES GROUND LEVEL
CONCENTRATIONS (µg/m³) ALL FUTURE POWER STATIONS

HIGHEST DAILY PARTICULATES GROUND LEVEL
CONCENTRATIONS (µg/m³) ALL FUTURE SOURCES NO CONTROLS
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Figure C-39 Highest daily average PM10 concentrations due to
Future Baseline Operations – Eskom Power Stations only
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Figure C-40 Highest daily average PM10 concentrations due to
Future Baseline Operations – all sources
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ANNUAL AVERAGE PARTICULATES GROUND LEVEL
CONCENTRATIONS (µg/m³) ALL FUTURE POWER STATIONS

ANNUAL AVERAGE PARTICULATES GROUND LEVEL
CONCENTRATIONS (µg/m³) ALL FUTURE SOURCES NO CONTROLS
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Figure C-41 Annual average PM10 concentrations due to Future
Baseline Operations – Eskom Power Stations only
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Figure C-42 Annual average PM10 concentrations due to Future
Baseline Operations – all sources
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FREQUENCY OF EXCEEDANCE OF DAILY PARTICULATES GROUND LEVEL
CONCENTRATIONS LIMITS (75 µg/m³) ALL FUTURE POWER STATIONS

FREQUENCY OF EXCEEDANCE OF PARTICULATES GROUND LEVEL
CONCENTRATIONS LIMITS (75 µg/m³) ALL FUTURE SOURCES NO CONTROLS
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Figure C-43 Frequencies of exceedance of the SANS daily PM10
limit due to Future Baseline Operations – Eskom Power Stations
only
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Figure C-44 Frequencies of exceedance of the SANS daily PM10
limit due to Future Baseline Operations – all sources
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HIGHEST HOURLY SO2 GROUND LEVEL CONCENTRATIONS(µg/m³)
SCENARIO 1

HIGHEST DAILY SO2 GROUND LEVEL CONCENTRATIONS(µg/m³)
SCENARIO 1
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Figure C-45 Highest hourly average sulphur dioxide
concentrations due to Scenario 1 Emissions – Including “Other
Sources”
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Figure C-46 Highest daily average sulphur dioxide concentrations
due to Scenario 1 Emissions – Including “Other Sources”
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ANNUAL AVERAGE SO2 GROUND LEVEL CONCENTRATIONS(µg/m³)
SCENARIO 1

FREQUENCY OF EXCEEDANCE OF HOURLY SO2 GROUND LEVEL
CONCENTRATIONS LIMITS (350 µg/m³) SCENARIO 1

Proposed PS

Proposed PS

Proposed PS

Proposed PS

Proposed PS

0km

Proposed PS

50km

100km

150km

200km

Figure C-47 Annual average sulphur dioxide concentrations due to
Scenario 1 Emissions – Including “Other Sources”
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Figure C-48 Frequencies of exceedance of EC Hourly sulphur
dioxide limit due to Scenario 1 Emissions – Including “Other
Sources”
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FREQUENCY OF EXCEEDANCE OF DAILY SO2 GROUND LEVEL
CONCENTRATIONS LIMITS (125 µg/m³) SCENARIO 1

HIGHEST HOURLY NO2 GROUND LEVEL CONCENTRATIONS (µg/m³)
SCENARIO 1
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Figure C-49 Frequencies of exceedance of SA Daily sulphur
dioxide limit due to Scenario 1 Emissions – Including “Other
Sources”

0km

50km

100km

150km

200km

Figure C-50
Highest hourly average nitrogen dioxide
concentrations due to Scenario 1 Emissions – Including “Other
Sources”
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ANNUAL AVERAGE NO2 GROUND LEVEL CONCENTRATIONS (µg/m³)
SCENARIO 1

FREQUENCY OF EXCEEDANCE OF HOURLY NO2 GROUND LEVEL
CONCENTRATIONS LIMITS (200 µg/m³) SCENARIO 1
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Figure C-51 Annual average nitrogen dioxide concentrations due
to Scenario 1 Emissions – Eskom Power Stations only – Including
“Other Sources”
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Figure C-52 Frequency of SANS hourly nitrogen dioxide limit due
to Scenario 1 Emissions – Including “Other Sources”
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HIGHEST DAILY PARTICULATES GROUND LEVEL CONCENTRATIONS (µg/m³)
SCENARIO 1

ANNUAL AVERAGE PARTICULATES GROUND LEVEL CONCENTRATIONS (µg/m³)
SCENARIO 1
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Figure C-53 Highest daily average PM10 concentrations due to
Scenario 1 Emissions – Including “Other Sources”
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Figure C-54 Annual average PM10 concentrations due to Scenario
1 Emissions – Including “Other Sources”
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FREQUENCY OF EXCEEDANCE OF DAILY PARTICULATES
GROUND LEVEL CONCENTRATIONS LIMITS (75 µg/m³) SCENARIO 1

HIGHEST HOURLY SO2 GROUND LEVEL CONCENTRATIONS (µg/m³)
SCENARIO 2
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Figure C-55 Frequencies of exceedance of the SANS daily PM10
limit due to Scenario 1 Emissions – Including “Other Sources”
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Figure C-56
Highest hourly average sulphur dioxide
concentrations due to Scenario 2 Emissions – Including “Other
Sources”
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HIGHEST DAILY SO2 GROUND LEVEL CONCENTRATIONS (µg/m³)
SCENARIO 2

ANNUAL AVERAGE SO2 GROUND LEVEL CONCENTRATIONS (µg/m³)
SCENARIO 2
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Figure C-57 Highest daily average sulphur dioxide concentrations
due to Scenario 2 Emissions – Including “Other Sources”

0km

50km

100km

150km

200km

Figure C-58 Annual average sulphur dioxide concentrations due to
Scenario 2 Emissions – Including “Other Sources”
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FREQUENCY OF EXCEEDANCE OF HOURLY SO2 GROUND LEVEL
CONCENTRATIONS LIMITS (350 µg/m³) SCENARIO 2

FREQUENCY OF EXCEEDANCE OF DAILY SO2 GROUND LEVEL
CONCENTRATIONS LIMITS (125 µg/m³) SCENARIO 2
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Figure C-59 Frequencies of exceedance of EC Hourly sulphur
dioxide limit due to Scenario 2 Emissions – Including “Other
Sources”
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Figure C-60 Frequencies of exceedance of SA Daily sulphur
dioxide limit due to Scenario 2 Emissions – Including “Other
Sources”
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HIGHEST HOURLY NO2 GROUND LEVEL CONCENTRATIONS (µg/m³)
SCENARIO 2

ANNUAL AVERAGE NO2 GROUND LEVEL CONCENTRATIONS (µg/m³)
SCENARIO 2
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Figure C-61 Highest hourly average nitrogen dioxide
concentrations due to Scenario 2 Emissions – Including “Other
Sources”
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Figure C-62 Annual average nitrogen dioxide concentrations due
to Scenario 2 Emissions – Including “Other Sources”
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Figure C-63 Frequency of SANS hourly nitrogen dioxide limit due
to Scenario 2 Emissions – Including “Other Sources”
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Figure C-64 Highest daily average PM10 concentrations due to
Scenario 2 Emissions – Including “Other Sources”
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Figure C-65 Annual average PM10 concentrations due to Scenario
2 Emissions – Including “Other Sources”
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Figure C-66 Frequencies of exceedance of the SANS daily PM10
limit due to Scenario 2 Emissions – Including “Other Sources”
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Figure C-67 Highest hourly average sulphur dioxide
concentrations due to Scenario 3 Emissions – Including “Other
Sources”
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Figure C-68 Highest daily average sulphur dioxide concentrations
due to Scenario 3 Emissions – Including “Other Sources”
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Figure C-69 Annual average sulphur dioxide concentrations due
to Scenario 3 Emissions – Including “Other Sources”
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Figure C-70 Frequencies of exceedance of EC Hourly sulphur
dioxide limit due to Scenario 3 Emissions – Including “Other
Sources”
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Figure C-71 Frequencies of exceedance of SA Daily sulphur
dioxide limit due to Scenario 3 Emissions – Including “Other
Sources”
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Figure C-72 Highest hourly average nitrogen dioxide
concentrations due to Scenario 3 Emissions – Including “Other
Sources”
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Figure C-73 Annual average nitrogen dioxide concentrations due
to Scenario 3 Emissions – Including “Other Sources”
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Figure C-74 Frequency of SANS hourly nitrogen dioxide limit due
to Scenario 3 Emissions – Including “Other Sources”
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Figure C-75 Highest daily average PM10 concentrations due to
Scenario 3 Emissions – Including “Other Sources”
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Figure C-76 Annual average PM10 concentrations due to Scenario
3 Emissions – Including “Other Sources”
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Figure C-77 Frequencies of exceedance of the SANS daily PM10
limit due to Scenario 3 Emissions – Including “Other Sources”

0km

50km

100km

150km

200km

Figure C-78 Highest hourly average sulphur dioxide
concentrations due to Scenario 4 Emissions – Including “Other
Sources”
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Figure C-79 Highest daily average sulphur dioxide concentrations
due to Scenario 4 Emissions – Including “Other Sources”
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Figure C-80 Annual average sulphur dioxide concentrations due
to Scenario 4 Emissions – Including “Other Sources”
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Figure C-81 Frequencies of exceedance of EC Hourly sulphur
dioxide limit due to Scenario 4 Emissions – Including “Other
Sources”
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Figure C-82 Frequencies of exceedance of SA Daily sulphur
dioxide limit due to Scenario 4 Emissions – Including “Other
Sources”
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Figure C-83 Highest hourly average nitrogen dioxide
concentrations due to Scenario 4 Emissions – Including “Other
Sources”
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Figure C-84 Annual average nitrogen dioxide concentrations due
to Scenario 4 Emissions – Including “Other Sources”
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Figure C-85 Frequency of SANS hourly nitrogen dioxide limit due
to Scenario 4 Emissions – Including “Other Sources”
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Figure C-86 Highest daily average PM10 concentrations due to
Scenario 4 Emissions – Including “Other Sources”
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Figure C-87 Annual average PM10 concentrations due to Scenario
4 Emissions – Including “Other Sources”
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1

Introduction to risk characterisation

The USA National Research Council (NRC 1983) developed the original paradigm for human
health risk assessment in the USA. This model has been adopted and refined by the US
Environmental Protection Agency (USEPA) and other agencies in the world (IPCS 1999) and
essentially divides human health risk assessment into the following steps:
•

Hazard assessment is the identification of chemical and biological contaminants
suspected to pose hazards and a description of the types of toxicity that they may evoke;

•

Dose-response assessment (toxicological assessment) addresses the relationship
between levels of biological exposure and the manifestation of adverse health effects in
humans, and/or how humans can be expected to respond to different doses or
concentrations of contaminants;

•

Exposure assessment includes identification of potentially exposed individuals, the routes
of direct and indirect exposure, and an estimate of concentrations and duration of the
exposure;

•

Risk characterisation involves the integration of each component described above, with
the purpose of determining whether specific exposures to an individual might lead to
adverse health effects. In the case of particulate and gaseous air pollutants, risk
characterisation is done through expression of risks in terms of expected increases in
mortality and hospitalisations for specific causes.

More recent approaches for full risk characterisation examine hazard assessment, doseresponse assessment and exposure assessment in a more interactive way. The procedures
involve knowledge of what is known and not known about the toxic substance, its modes of
action and effects in target tissue, what the assumptions and uncertainties are, and the level of
confidence in extrapolating from high dose to low dose. This differs from the original stepwise
concept of risk assessment, going from hazard assessment to dose-response assessment to
exposure assessment and risk characterisation in an almost linear fashion.

2

Uncertainties related to estimates of the burden
of disease associated with outdoor air pollution

The uncertainties discussed below are related to exercises estimating the burden of disease
associated with outdoor air pollution in general, and are not particular to the Eskom health risk
assessment, but are also applicable to the current Eskom study.
According to the WHO (2004), the following uncertainties apply to all such studies:
•

The application of mortality effects is reasonable (in comparison with hospitalisation
effects). However, uncertainty remains about the actual magnitude of the effect in the
populations under study, and the appropriate confidence interval. The latter is a
reflection of the degree of precision of the estimate.

•

A second major uncertainty relates to the general shape of the concentration-response
function and whether there is a threshold concentration. Most studies also support the
idea that there is a linear relationship between relative risk and ambient concentration,
within the range of exposures examined. However, a log-linear function is also often
appropriate.

Report No:
046-2006

Risk characterisation of the potential health impact associated with the release of
PM10, NO2 and SO2 to air by various Eskom operations

Page 1 of 5

•

A third uncertainty involves co-pollutants. Some of the estimated health effects include
the effects of both pollutants and other correlated pollutants. The use of PM as an index
for the mix of pollutants is reasonable but conservative.

•

Fourth, there is also uncertainty concerning the baseline rates of the considered health
outcome in the studied population.

The Clean Air Task Force (2000) has discussed the uncertainties related to the different
epidemiological studies used to estimate the relationship between pollutants and a particular
health endpoint.
The first is related to studies conducted in different locations. The concentration-response
functions estimated by these different studies might differ from each other in several ways:
• They may have different functional forms. Some studies have assumed that the
relationship between the health effect and the pollutant is best described by a linear
form, while other studies have assumed that the relationship is best described by a loglinear form.
• They may have measured pollutant concentrations in different ways, e.g. 24-hour
average PM concentrations, while another study may have used two-day averages.
• They may have characterised the health endpoint in slightly different ways. E.g.
“respiratory illness” in one study may include a different set of International
Classification of Disease (ICD) codes than another.
• They may have considered different types of populations. One study may have
considered changes in the health endpoint only among members of a particular
subgroup of the population (e.g. individuals 65 and older), while other studies may have
considered the entire population in the study location.
The estimated relationship between a pollutant and a health endpoint, derived in a specific
epidemiological study in a specific study location, is therefore actually specific to the type of
population studied, the measure of pollutant used, and the characterization of the health
endpoint considered.
Related to this, specifically with regard to the Eskom health risk assessment, is that all the
population cells in the population-based dispersion model were assumed to have the same
mortality rate, simply because more specific data were not available. In fact, the mortality rate
may differ between different population cells, and the concentration-response relationship may
in fact vary somewhat from one location to another (for example, due to differences in
population susceptibilities or differences in the composition of especially PM). It is unfortunately
not possible to know the extent or direction of the bias in the total incidence change based on
application of a single function everywhere in the population-pollution matrix.

3

Discussion

3.1

Confidence in the validity of the
response functions (risk estimates)

concentration-

The quantitative results of the health risk assessment associated with each of PM10, SO2 and
NO2 does not enjoy equal degrees of confidence in the validity of the projected numbers of
mortality or hospitalisation. The WHO (2004) selected PM2.5 and PM10 for the quantitative
assessment of the disease burden associated with environmental exposure to outdoor air
pollution. This was done because these exposure metrics had been used in epidemiological
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studies throughout the world, and, as stated by the WHO, over the past two decades,
epidemiological studies spanning five continents have demonstrated an association between
mortality and morbidity, and daily, multi-day or long-term (a period of more than a year)
exposures to concentrations of pollutants, particularly PM.
The USEPA initiated an update of the National Ambient Air Quality Standards (NAAQS) by the
recent publication of the final version of the revised Air Quality Criteria for Particulate Matter in
2004 (USEPA 2004), which assessed new scientific information that had become available
(published or accepted for publication) mainly between early 1996 through April 2002, although
a few important new studies published through 2003 had also been considered. It is therefore
clear that these two international agencies place particular emphasis on the role of particulate
matter in the burden of disease associated with outdoor air pollution. The concentrationresponse functions supported by these two agencies for the assessment of the burden of
disease associated with PM are therefore the product of thorough research presented in recent
scientific publications, often involving large populations. The PM functions recommended by
the WHO had, for example, been developed based on a meta-analysis using studies
catalogued in bibliographic databases up to February 2003. This included 629 ecological time
series studies and 160 individual or panel studies. Of these, 286 time-series and 124 panel
studies had provided usable data (Anderson et al., 2004).
Such extensive and intensive methods have not yet been applied to the gaseous pollutants, and
it is therefore clear that the confidence in the concentration-response functions developed for
the quantification of PM health effects should be rated higher than for the gaseous pollutants.

3.2

Confidence in the validity of outcome estimates of
mortality vs. hospitalisation

Morbidity outcomes for health effects of air pollution include hospitalisation and emergency
room visits, as well as asthma attacks, bronchitis and other respiratory symptoms. The WHO
guide for the quantitative assessment of the disease burden (WHO 2004) did not provide a
method to quantify hospital admissions attributable to air pollution.
The reasons (WHO 2004) cited are:
• The dearth of evidence for non-industrialised nations;
• The difficulty in determining the baseline level of hospital admissions to use in
calculations, and
• The difficulty in relating hospital admissions to the ultimate disease burden.
In contrast to the quantification of morbidity effects, the WHO concluded that it was reasonable
to apply the suggested relative risks associated with mortality to cities and regions throughout
the world, since the studies had been replicated in many alternative physical and social
environments and over a wide range of concentrations of PM10.
The health risk assessment was therefore forced to rely on concentration-response functions
for the outcome of hospital admissions developed mainly on the basis of epidemiological
studies in developed, industrialised countries, as presented in the USEPA (2004) Air Quality
Criteria for Particulate Matter and other studies considered in the literature review. The specific
region studied as part of the Eskom health risk assessment may certainly be regarded as
industrialised, but the contribution to air pollution by domestic coal burning in the region under
study, the socio-economic and health status of the exposed communities, are more
representative of developing country scenarios than the developed (and industrialised)
scenario.
Due to the above factors, the confidence in the validity of estimates of mortality should be rated
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higher than in estimates of hospitalisation.

3.3

Confidence in the validity of the baseline health data

A moderate to high degree of confidence in the mortality data available for South Africa is
reasonable, since the MRC had carried out an in-depth analysis of provincial mortality data from
the South African National Burden of Disease Study (SA NBD Study) conducted in 2000 and
reported by Bradshaw and co-workers (Bradshaw et al., 2004).
Unfortunately, the same degree of confidence cannot be attached to the baseline
hospitalisation data used in the study. In contrast to developed countries, South Africa cannot
afford the health systems needed to extract data on hospitalisation numbers and causes at
South African hospitals, especially not at the governmental hospitals, on which the majority of
the socio-economically deprived is dependent. Hospitalisation numbers for the region under
consideration in the Eskom health risk assessment was derived by extrapolation from data
available from a study in KwaZulu-Natal, which was sponsored by a donor country (KZNDOH
2004).
The validity of applying health data from KwaZulu-Natal to Mpumalanga and Gauteng may be
questioned. Firstly, the sources contributing to outdoor air pollution in the KwaZulu-Natal region
are probably different from Gauteng and from Mpumalanga, due to the absence of large
industrial installations such as those found in the Vereeniging-Vanderbijlpark- and Secunda
areas, but the presence of a large area of multi-industrial activity, as found in the Durban-South
area. In addition, the HIV-AIDS prevalence in the various provinces is not the entirely
comparable, with rates in KwaZulu-Natal being the highest in the country. Hospital admissions
for respiratory diseases in KwaZulu-Natal therefore probably reflect a more significant burden of
secondary infections due to the HIV-AIDS pandemic than do admissions in Gauteng and
Mpumalanga.
Considering the above factors, the confidence in the validity of baseline estimates of mortality
numbers in the receptor population should be rated higher than in estimates of baseline
hospitalisation numbers.

4

Conclusions

The above exposition of the confidence that may be attached to the validity of the
concentration-response functions, of estimates of outcomes of mortality vs. hospitalisation, and
of the baseline health data used in the quantification of the health risks, must inform the
conclusion on the level of confidence that may be attached to the results of the quantification of
the health risks. Overall, a higher level of confidence may be attached to the validity of the
quantification of the health risks when mortality is used as an outcomes measure, rather than
hospitalisation numbers. In addition, a higher level of confidence is associated with the
outcome of health risk quantification based on the concentrations of PM, as opposed to the
gaseous pollutants.
This does not imply that outcome estimates based on hospitalisation numbers are incorrect, or
are unlikely, or should not be used as a basis for decision-making. Rather, it justifies a certain
degree of caution in the interpretation of results expressed in terms of hospitalisation numbers.
The numbers may certainly be used to compare various options for expansion or mitigation, but
are probably associated with a wide confidence interval range. This would be due to the lower
degree of confidence in the hospitalisation estimates as compared to the mortality estimates,
and reflects the potential inaccuracy of the hospital admission estimates. The implication of a
wide confidence interval range is generally that a wide range of variation is possible around the
predicted numbers, and that the true hospitalization numbers prevalent in the receptor
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communities might be considerably lower or higher than those predicted, particularly when
these were based on the concentrations of gaseous pollutants.

5
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