Project done on behalf of
Collateral Trading 27 C.C.

AIR QUALITY IMPACT ASSESSMENT FOR THE
PROPOSED ASPHALT PLANT IN THE UMHLATHUZE
MUNICIPALITY

Report No.: APP/08/CTR-01 Rev 1.1

DATE: June 2008

Authors:

G Petzer
H Liebenberg-Enslin
R Thomas

Supporting Personnel:

LW Burger

REPORT DETAILS

Reference

APP/08/CTR-01

Status

Final Report, Revision 1.1

Report Title

Air Quality Impact Assessment for the Proposed Asphalt Plant in
the Umhlathuze Municipality

Date

June 2008

Client

Collateral Trading 27 C.C.

Prepared by

Gillian Petzer, BSc Eng (Chemical) (University of Pretoria)
Hanlie Lienbenberg-Enslin (University of Johannesburg)
Renee Thomas, BScHon (University of Pretoria)

Notice

Airshed Planning Professionals (Pty) Ltd is a consulting company
located in Midrand, South Africa, specialising in all aspects of air
quality, ranging from nearby neighbourhood concerns to regional air
pollution impacts. The company originated in 1990 as
Environmental Management Services, which amalgamated with its
sister company, Matrix Environmental Consultants, in 2003.

Declaration

Airshed is an independent consulting firm with no interest in the
project other than to fulfil the contract between the client and the
consultant for delivery of specialised services as stipulated in the
terms of reference.

Copyright Warning

With very few exceptions, the copyright in all text and other matter
(including the manner of presentation) is the exclusive property of
Airshed Planning Professionals (Pty) Ltd. It is a criminal offence to
reproduce and/or use, without written consent, any matter, technical
procedure and/or technique contained in this document

Acknowledgements

The authors would like to express their appreciation to the Richards
Bay Clean Air Association and Ecoserv for providing data and
technical input. Furthermore Yogi Moodley from Zai Consulting and
Quinton Wynne from Collateral need to be thanked for their
assistance in obtaining all relevant information.

Air Quality Impact Assessment for the Proposed Asphalt Plant in the Umhlathuze Municipality
Report No.: APP/08/CTR-01 Rev 1.1

Page i

EXCECUTIVE SUMMARY
1.

INTRODUCTION

Airshed Planning Professionals (Pty) Ltd has been contracted by Collateral Trading 27 C.C.
to conduct an Air Quality Impact Assessment for the proposed hot mix asphalt plant in the
Bhejane Traditional Authority, Umhlathuze Municipality.
Airshed were tasked to do the dispersion modelling based on an emissions inventory
compiled by COEX Environmental for the proposed Asphalt Plant. The Hawk Dispersion
model as used by the City of uMhlathuze was indicated to be the preferred dispersion model.
The following tasks were included:
• Obtain emissions inventory for all sources of emissions at the proposed asphalt plant
from COEX;
• Setup new sources in the existing Hawk dispersion model;
• Run, extract and plot the resultant concentrations for the required averaging periods (i.e.
highest daily and annual averages);
• Make provision for 2 scenarios in the dispersion modelling; and,
• Write a report including the results and impact assessment (based on the current and
proposed South African Standards).
2.

BASELINE ASSSESSMENT

2.1

Legal Overview

In the comparison of simulated ambient pollutant concentrations with air quality criteria,
reference was made both to SA national standards issued by the Department of
Environmental Affairs and Tourism (DEAT), and to various international guidelines and
standards which are widely applied, e.g. US-EPA standards, UK objectives and European
Community standards. The South African limit values for particulates and gaseous
concentrations as published in the SANS documents were also referenced as these are
proposed to replace the current ambient standards.
2.2

Sensitive Receptors

Given that the project will be associated with low level fugitive emissions (e.g. from materials
handling operations, and vehicle entrainment) and elevated emissions (stacks from the
plant), the proposed project has the potential to impact on receptors in the near and medium
fields.

Residential areas in the immediate vicinity of the proposed operations include Nseleni
located directly west of the plant. Residential areas within a 20 km radius of the proposed
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plant include KwaMbonambi, Mabuyeni, Obesa, Pension Farm, Korhaan Hill, Schoongezicht,
Empangeni, Panorama, New Rail, Grantham Park, Umzimbete, Sabamdovu, Ichubo, Meer
an See, Alton, Umhlatuzi Valley, Suits Me, Veldenvlei and Arboretum. Larger residential
developments within a 20km radius are Richards Bay (southeast of the proposed plant).
2.2.1

Dispersion Potential of the Site

Meteorological mechanisms govern the dispersion, transformation and eventual removal of
pollutants from the atmosphere. The extent to which pollution will accumulate or disperse in
the atmosphere is dependent on the degree of thermal and mechanical turbulence within the
earth’s boundary layer. Dispersion comprises vertical and horizontal components of motion.
Ecoserv Consulting manages five meteorological and ambient monitoring stations on behalf
of the Richards Bay Clean Air Association (RBCAA). Ambient monitoring stations equipped
with meteorological stations measure wind speed, wind direction, temperature and humidity.
This data was made available for use in the study. In addition, use was also made of the
information from the SA Weather Services station located at Richards Bay Airport.
Meteorological data for the year 2004 was used in this study.
Ecoserv reported that southwesterly to southerly and northeasterly winds taken over an
annual average dominates, with the most frequent occurrences of winds from the southerly
sector (16% of the time). Diurnal airflow for the Richards Bay region is characterized mainly
by a variation in northeasterly and southwesterly winds. Day-time airflow is dominated by
northeasterly and southwesterly winds with a shift from the southerly direction during nighttime.
2.2.2

Ambient Monitored Data

Ambient monitored data for the uMhlathuze area indicated elevated concentrations of SO2
and PM10. Measured SO2 concentrations was noted to increase between the period 2003 to
2005 at all monitorng sites. During 2006, SO2 concentrations decreased at all monitoring
sites with drecreases ranging from 57% at Brackenham to 67% at Arboretum. In 2007, the
measured SO2 concentrations (with the exception of Brackenham) increased. The increase
in SO2 concentrations from 2006 to 2007 at the monitoring sites, ranged from 30% at
Arboretum, to 129% at Harbour West. The Scorpio and Harbour West sites recorded the
highest SO2 concentrations from the monitoring stations with exceedances of the proposed
SA hourly standard (191 ppb) occuring during the period 2007.
The data availability of the measured PM10 ambient concentrations was fairly poor (only
66% data captured). Both the highest daily and annual average concentrations were above
the proposed SA Standard (SANS limits) indicted elevated levels within the Richards Bay
area.
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2.3

Emissions Inventory

An emissions inventory is a comprehensive, accurate and current account of air pollutant
emissions and associated source configuration data from specific sources over a specific
time period.
Most of the main industrial role-players within the uMhlathuze Local Municipality (ULM) are
members of the Richards Bay Clean Air Association (RBCAA). Emissions are reported to
the RBCAA on a regular basis and included into a dispersion model (Hawk Model) managed
by Ecoserv Consultants. The RBCAA emissions inventory for 2007 was used in the current
study together with fugitive sources quantified as part of the Spatial Development Framework
Air Quality Study.
An emissions inventory for the proposed Asphalt Plant was established by COEX
Consultants and comprised emissions for two proposed scenarios:
•

Scenario 1 – Plant operating at maximum production rate of 202 500 tpa

•

Scenario 2 - Plant operating at anticipated production rate of 60 000 tpa

The main pollutants of concern address as part of the emissions inventory included
particulates and sulphur dioxide (SO2). Particulates are typically assessed based on the
various particle size fractions, including Total Suspended Particulates (TSP) and respirable
particulates or PM10 (i.e. particulate matter with an aerodynamic diameter of < 10 µm). TSP
is usually of interest in terms of dust deposition (nuisance) impacts, whereas PM10 needs to
be considered for health risk purposes. PM10 represents particles of a size that would be
deposited in, and damaging to, the lower airways and gas-exchanging portions of the lung.
The dispersion modelling must be done for PM10 emissions for the relevant averaging
periods (i.e. daily and annual).
The original study reflected the 2004 emissions inventiry where this study was updated with
the 2007 emissions data. Most of the emissions remained similar between 2004 and 2007.
Sulphur dioxide (SO2) however increased by 20% and Hydrogen Fluoride (HF) increased 4.5
times. The latter is primarily due to the omission of some of the HF sources in the 2004
inventory.
Cumulative emissions estimated for the Richards Bay area were 27,666 tons/year of SO2
and 3,335 tons/year of particulate matter from industrial sources including TATA Steel. The
proposed Asphalt Plant will contribute 0.19 % and 1.3 % of the total SO2 and PM emissions,
respectively (at the maximum production rate – Scenario 1). Therefore the results of this
study indicate that the Asphalt Plant will be a minor source of particulate matter and SO2
emissions in the greater Umhlatuze area. The emissions inventory for the Asphalt Plant was
compiled by COEX Environmental Consultants.
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2.4

Impact Assessment

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.
It was decided to use the Hawk model currently being utilised by the RBCAA for dispersion
simulations within the ULM. The HAWK dispersion model has the ability to simulate
unsteady emissions and heavy clouds. The model allows calm, or no-wind conditions, as
well as spatially and temporally varying wind fields produced by complex topography. The
software package consists of a group of Lagrangian Puff-type models, each applicable to a
different dispersion mechanism (e.g. neutral or buoyant normal gases, heavy gases, particles
etc.)..
Input data types required for the HAWK model include: source data, meteorological data, and
information on the nature of the receptor grid
2.4.1

Dispersion Simulation Results

Simulations were undertaken to determine inhalable particulate (PM10) concentrations and
gaseous emissions of SO2 from current baseline operations and the proposed Asphalt Plant
operations. Ambient air quality guidelines and standards are applicable to the assessment of
off-site, community exposures (rather than occupational exposures).
3.

CONCLUSIONS

•

Predicted baseline concentrations of SO2 were high, exceeding the SA Standard for
highest daily and annual averages. Also, the proposed SA hourly standard of 191 ppb
was exceeded. The main area of impact was very similar to the Spatial Framework
results and covered primarily the CBD of Richards Bay where most of the industrial
sources are situated.

•

For predicted PM10 concentrations, Scenario 1 resulted in higher ground level
concentrations in comparison to Scenario 2. Both Scenarios did however result in
ground level cincentrations werll within the proposed SA Standards (SANS Limits) for
highest daily and annual averages. The highest predicted concentrations were 27% of
the SA Standard.

•

For predicted PM10 concentrations, Scenario 1 resulted in higher ground level
concentrations in comparison to Scenario 2. Both Scenarios did however result in
ground level concentrations well within the proposed SA Standards (SANS Limits) for
highest daily and annual averages. The highest predicted concentrations were 27% of
the SA Standard.

•

Predicted SO2 concentrations were low and can be regarded as insignificant specifically
for Scenario 2 where the concentrations were less than 7% of the SA Standards. Even
Scenario 1 resulted low ground level concentrations with the highest hourly resulting in
23% of the proposed SA Standard and the annual 5%.
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•

The highest predicted annual average benzene concentrations were well below the EC
and UK limit of 5 µg/m³ for all scenarios.

•

Predicted ground level concentrations for non-criteria pollutants were all well below the
most stringent effect screening levels for all averaging periods.

•

The cancer risk due to carcinogenic pollutants from the proposed Asphalt plant was
predicted to range from 1 in 114 000 to 1 in 118 000 for Scenario 1 and from 1 in 380 000
to 1 in 400 000 for Scenario 2.

•

All odouriferous concentrations due to the proposed Asphalt Plant operations were
predicted to be below relevant odour limits for all scenarios.

•

4.

When compared to the cumulative predictions, the proposed Asphalt Plant falls well
outside the main area of impact withih the Richards Bay area. When the Asphalt Plant is
simulated together with the baseline concentrations the change in impacts is insignificant.
This is true for both SO2 and PM10 concentrations

RECOMMENDATIONS

In order to define site specific management objectives, the main sources of pollution need to
be identified. Sources can be ranked based on source strengths (emissions) and impacts.
Once the main sources have been pin pointed, target control efficiencies for each source can
be defined to ensure acceptable cumulative ground level concentrations.
The main pollutants of concern identified during the baseline and future impacts assessment
are:
• Particulates (PM10); and,
• Sulphur Dioxide (SO2).
•

It is recommended that dust fallout buckets be placed on the site boundary f the
proposed Asphalt Plant to ensure that the proposed operations are well within the
required guidelines and standards. The dust fallout at the plant boundary should be less
than 600 mg/m²/day.

•

It is recommended that the plant design ensure best international practice and best
available control technology be implemented to ensure the ambient impacts are well
below the proposed SA standards.

•

The proposed Asphalt Plant should form part of the RBCAA and report the plant
emissions to the RBCAA on a regular basis. This will ensure a holistic approach to air
quality management within the City of uMhlathuze.
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AIR QUALITY IMPACT ASSESSMENT FOR THE PROPOSED ASPHALT PLANT
IN THE UMHLATHUZE MUNICIPALITY
1

INTRODUCTION

Airshed Planning Professionals (Pty) Ltd has been contracted by Collateral Trading 27 C.C.
to conduct an Air Quality Impact Assessment for the proposed hot mix asphalt plant in the
Bhejane Traditional Authority, Umhlathuze Municipality (Figure 1-1).

Figure 1-1:

1.1

Location of the proposed Asphalt Plant.

Study Objectives

COEX developed an emissions inventory for the proposed Asphalt Plant in the Nseleni area
near Empangeni. One of the requirements from the authorities was the dispersion modelling
of the proposed plant taking into account the background sources in the area.
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The study conducted for the City of uMhlathuze in 2006 used the Hawk Dispersion model for
predictions of ambient air concentrations. All industrial sources in the region have been
included in the database. The scope of work therefore stipulates that the Hawk Dispersion
model be used including all the RBCAA background sources together with the proposed
asphalt plant.
The main pollutants of concern resulting from the asphalt plant are particulate matter and
sulphur dioxide (SO2). Particulate matter and SO2 are classified as criteria pollutants, with
ambient air quality guidelines and standards having been established by various countries to
regulate ambient concentrations of these pollutants. Air quality guidelines and standards for
particulates are given for various particle size fractions, including Total Suspended
Particulates (TSP) and respirable particulates or PM10 (i.e. particulate matter with an
aerodynamic diameter of < 10 µm). TSP is usually of interest in terms of dust deposition
(nuisance) impacts, whereas PM10 needs to be considered for health risk purposes. PM10
represents particles of a size that would be deposited in, and damaging to, the lower airways
and gas-exchanging portions of the lung. The dispersion modelling must be done for PM10
emissions for the relevant averaging periods (i.e. daily and annual).
The specific terms of reference for the air quality impact assessment included the following:
• Obtain an emissions inventory for all sources of emissions at the proposed asphalt plant
from COEX;
• Dispersion simulations of ambient concentrations from proposed activities, making
provision for two scenarios (utilizing the existing Hawk dispersion model setup);
• Analysis of dispersion modelling results from proposed operations, including:

1.2

o

Assessment of the predicted incremental ground level concentrations;

o

Assessment of the predicted cumulative ground level concentrations;

o

Evaluation of potential for human health and environmental impacts

Site Description

The proposed Asphalt Plant is located in close proximity to the residential area of Nseleni
within the uMhlathuze Local Municipality (ULM) in the KwaZulu Natal Province.
The topography of the ULM is fairly flat comprising of hills, ridges and undulating plains. The
relief ranges from sea level on the eastern side to 296 metres above mean sea level (mamsl)
to the western side. The current land uses in the region include industrial and commercial
processes, surface mining activities, agricultural activities (mainly sugar cane), forestry, and
formal and small residential communities (Liebenberg-Enslin & Petzer, 2006).
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1.3

Sensitive Receptors

Given that the project will be associated with low level fugitive emissions (e.g. from materials
handling operations, and vehicle entrainment) and elevated emissions (stacks from the
plant), the proposed project has the potential to impact on receptors in the near and medium
fields.

Figure 1-2:

Location of sensitive receptors to the proposed Asphalt Plant.

Residential areas in the immediate vicinity of the proposed operations include Nseleni
located directly west of the plant. Residential areas within a 20 km radius of the proposed
plant include Empangeni, Richards Bay, Ngwelizana, KwaDlangezwa and eSikhaweni
(Figure 1-2).

1.4

Methodological Overview

The Richards Bay Clean Air Association (RBCAA) made the Richards Bay emissions
database available for use in the current study. The emissions data is captured in a
database which is managed by Ecoserv Consulting on behalf of the RBCAA.
In addition, Ecoserv manages meteorological and ambient monitoring stations on behalf of
the RBCAA. This data was also made available for use in the study, providing the baseline
characterisation (atmospheric dispersion potential). An emissions inventory for the proposed
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Asphalt Plant was developed by COEX consultants and provided the primary input for the air
quality impact assessment.
The Hawk model, currently used by the RBCAA for dispersion simulations, was used in the
air quality study, as this dispersion model has been validated for the Richards Bay area.
Local ambient air quality standards are only available for criteria pollutants that are
commonly emitted, such as sulphur dioxide (SO2), carbon monoxide (CO), oxides of nitrogen
(NOx), and particulates. The impact would be assessed using both the SA standards and the
SANS limits as well as internationally recognised “best practice” European Community (EC)
limits. For non-criteria pollutants for which guidelines and limits are not available, peerreviewed health risk criteria, such as those issued by the United States Environmental
Protection Agency (US-EPA) have been used for comparison.
Due to the absence of detailed local guidance on odour, reference was made to the
international literature in identifying a suitable method to use in assessing the potential
acceptability of odour impacts associated with the Asphalt plant. Reference was primarily
made to approaches adopted in the US and in the Australia, e.g. California Air Resources
Board (CARB) method of assessing odours and the recently developed policy of the New
South Wales Environmental Protection Agency (NSW EPA) on the assessment of odours
from stationary sources.
It was recommended that the NSW EPA draft approach be largely adopted for use in the
current study given that it has been comprehensively documented. Reference was,
however, made to the CARB method of selecting detection limits for use in the odour unit
calculation. The approach adopted may be summarised as follows:
I. the detection limits for substances of interest were identified;
II. odour units were calculated by calculating ratios between the 99.9th percentile hourly
average air pollutant concentrations and the respective detection limits; and
III. the odour performance criteria set out by the NSW EPA was applied.

1.5

Outline of Report

The report is outlined as follows:
Section 2

-

Section 3
Section 4

-

Section 5
Section 6

-

Legal requirements, including the specifications of the new Air Quality
Act, and various international organisations.
Description of the climate and dispersion potential of the site.
Baseline characterisation, including all measured ambient air quality
data to date and predicted background concentrations.
Impacts assessment of the proposed Asphalt Plant.
The main conclusions are summarised in this section with relevant
recommendations made
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2

AMBIENT AIR QUALITY GUIDELINES AND STANDARDS AND LOCAL
OBJECTIVES

Air quality guidelines and standards and other evaluation criteria are fundamental to effective
air quality management, providing the link between the potential source of atmospheric
emissions and the user of that air at the downstream receptor site. The ambient air quality
guideline values indicate safe daily exposure levels for the majority of the population,
including the very young and the elderly, throughout an individual’s lifetime. Air quality
guidelines and standards are normally given for specific averaging periods. These averaging
periods refer to the time-span over which the air concentration of the pollutant was monitored
at a location. Generally, five averaging periods are applicable, namely an instantaneous
peak, 1-hour average, 24-hour average, 1-month average, and annual average.
The Air Quality Act (AQA) does not make provision for the setting of legally binding local air
quality standards by local authorities. It is however recognised that local authorities may
define air quality guidelines as internal objectives or targets to assist in ambient air quality
management. Such local targets may need to be made more stringent than national limits in
order to protect particularly sensitive environments, or due to appeals made by local
communities.
2.1

Review of the Current Air Pollution Legislative Context

Under the Atmospheric Pollution Prevention Act (Act No 45 of 1965) (APPA) the focus is
mainly on sourced based control with permits issued for Scheduled Processes. Scheduled
processes, referred to in the Act, are processes which emit more than a defined quantity of
pollutants per year, including combustion sources, smelting and inherently dusty industries.
Best Practical Means (BPM), on which the permits are based, 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. The Department of
Environmental Affairs and Tourism (DEAT) is responsible for the administration of this Act
with the implementation thereof charged to the Chief Air Pollution Control Officer (CAPCO).
The APPA is outdated and not in line with international best practice. It also proves
inadequate to facilitate the implementation of the principles underpinning the National
Environmental Management Act (NEMA) and the Integrated Pollution and Waste
Management (IP&WM) white paper. In this light, the National Environmental Management:
Air Quality Act (Act no. 39 of 2004) was drafted, shifting the approach from source based
control to decentralised air quality management through an effects-based approach.
Although emission limits and ambient concentration guidelines are published by the
Department of Environmental Affairs and Tourism (DEAT), no provision was made under the
APPA for ambient air quality standards or emission standards. The decision as to what
constitutes the best practicable means for each individual case was reached following
discussions with the industry. A registration certificate, containing maximum emission limits
specific to the industry, was then issued.
The new National Environmental Management Air Quality Act has shifted the approach of air
quality management from source-based control only to the control of the receiving
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environment. The act has also placed the responsibility of air quality management on the
shoulders of local authorities that will be tasked with baseline characterisation, management
and operation of ambient monitoring networks, licensing of listed activities, and emissions
reduction strategies. The main objective of the act is to ensure the protection of the
environment and human health through reasonable measures of air pollution control within
the sustainable (economic, social and ecological) development framework.
The Air Quality Act (AQA) makes provision for the setting of ambient air quality standards
and emission limits on National level, which provides the objective for air quality
management. More stringent ambient standards may be implemented by provincial and
metropolitan authorities. Listed activities will be identified by the Minister and will include all
activities regarded to have a significant detrimental effect on the environment, including
health. Emission limits will be established on National level for each of these activities and
an atmospheric emission licence will be required in order to operate.
With the
decentralisation of power down to provincial and local authority level, district and
metropolitan municipalities will be responsible for the issuing of licences for listed activities.
In addition, the Minister may declare priority pollutants for which an industry emitting this
substance will be required to implement air pollution prevention plans. An air quality officer
appointed by local authorities and responsible for the issuing of atmospheric emission
licences, may also require from a company (or person) to submit atmospheric impact reports
in order to demonstrate compliance.
The AQA commenced on the 11th of September 20051 with the exclusion of certain sections.
These sections pertain to the listing of activities and the issuing of atmospheric emissions
licences. Thus, for all Scheduled Processes the conditions as stipulated under the APPA
prevails until these sections are appealed by the AQA. It is expected that the Listed
Activities under the AQA will as a minimum include the current Scheduled Processes.
2.1.1

Legal requirements according to the new Air Quality Act No.39 of 2004.

The minister must, within two years of the date on which this section took effect, establish a
national framework for achieving the object of this Act. This needs to include mechanisms,
systems and procedures to attain compliance with ambient air quality standards, to give
effect to the Republic’s responsibility to international agreements and to control emissions
from point and non-point sources. In addition, national norms and standards needs to be set
for air quality -monitoring; -management planning, - information management, and any other
matter which the Minister considers necessary for achieving the object of this Act.
Chapter 2 states that substances and mixtures of substances that present a threat to health,
well-being or the environment must be identified and national standards be established
(including the permissible amount or concentration of each such substance or mixture of
substances in ambient air). In addition, emission standards need to be established for each
of these substances and mixtures of substances from point, non-point or mobile sources.

1
The National Environmental Management: Air Quality Act (Act no.39 of 2004) commenced with on the 11th of September
2005 as published in the Government Gazette on the 9th of September 2005. Sections omitted from the implementation are
Sections 21, 22, 36 to 49, 51(1)(e),51(1)(f), 51(3),60 and 61.
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Chapter 4 of the impending Air Quality Act focus on Air Quality Management Measures.
Section 21 of this chapter states that the Minister must, or MEC of a province may publish a
list of activities which he/she thinks might have a negative effect on the environment
(including health, social conditions, economic conditions, ecological conditions or cultural
heritage) and this list can be amended from time to time by adding or removing activities. In
addition, if an activity is listed, emission standards need to be set for pollutants emanating
from such an activity.
Section 32 of Chapter 4 states that the Minister or MEC may prescribe measures for the
control of dust in specified places or areas, steps that must be taken to prevent nuisance by
dust; or other measures aimed at the control of dust. In Section 33 reference is made to the
ceasing of mining operations where a mine has to notify the Minister 5 years prior to closure,
clearly stating plans for rehabilitation and prevention of pollution of the atmosphere by dust
after those operations have stopped.
Section 60 of the Air Quality Act lists the ambient air quality standards which are discussed
under subsection 2.3. It is important to note that the Air Quality Act makes provision for
listed activities which will be regulated by District and Metropolitan Municipalities. The
sections however pertaining to listed activities and license specifications were excluded from
the implementation of the AQA. Subsequently, the current specifications for Scheduled
Processes as stipulated under the APPA prevail. This is discussed in subsection 2.2.
2.2

2.2.1

Ambient Air Quality Criteria

National Standards and International Criteria

Air quality limits issued locally by South Africa and SABS (South African Bureau of
Standards) are reflected in the tables together with limits published by the WHO (World
Health Organisation), EC (European Community) and US-EPA (United States Environmental
Protection Agency).
The SABS was engaged to assist DEAT in the facilitation of the development of ambient air
quality standards. A technical committee was established to oversee the development of
standards. Three working groups were established by this committee for the drafting of
ambient air quality standards for (i) sulphur dioxide, particulates, oxides of nitrogen and
ozone, (ii) lead and (iii) volatile organic compounds, specifically benzene. Two documents
were produced during the process, viz.:
SANS 69 - South African National Standard - Framework for setting & implementing
national ambient air quality standards
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
committee for gazetting for public comment and were finalized and published in November
Air Quality Impact Assessment for the Proposed Asphalt Plant in the Umhlathuze Municipality
Report No.: APP/08/CTR-01 Rev 1.1

Page 2-3

2004. DEAT raised concerns regarding certain policy issues having been addressed in the
documents. Although the SANS documents have been finalised, it is currently uncertain
whether these standards will be adopted by DEAT. The current, primarily outdated DEAT air
quality guidelines have been included in the South African Air Quality Act (National
Environmental Management: Air Quality Act No.39 of 2004) (to be referred to as SA standard
in the current report).
The Department of Environmental Affairs and Tourism (DEAT) issued ambient air quality
guidelines for several criteria pollutants, including particulates, sulphur dioxide, oxides of
nitrogen, lead, ozone and carbon monoxide. The National Environmental: Air Quality Act,
which commenced with on the 11th of September 2005, adopted these guidelines as national
standards. The SANS limit values are now proposed to replace these standards as national
ambient standards. This was published for public comment in the Government Gazette of 9
June 2006. In the notice the minister indicates that margins of tolerance, compliance
timeframes and permissible frequencies of exceedance will be included in the regulations or
the national framework to be established in terms of Section 7 of the Act.
The Minister announced his intention of setting new ambient air quality standards in terms of
Section 9(1)(a) and (b) of the Air Quality Act on the 2nd of June 2006. In accordance with the
government’s Integrated Pollution and Waste management Policy, these standards will
define the ambient air quality targets for all air quality management interventions. The
proposed new standards for all criteria pollutants were published for public comment in the
Government Gazette of 9th June 2006.
2.2.1.1

Suspended Particulates

The impact of particles on human health is largely dependent 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, an effective upper
limit of 30 µm aerodynamic diameter is frequently assigned. PM10 and PM2.5 are of
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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 2-1.
Table 2-1:

Air quality guidelines and standards for inhalable particulates (PM10).
Authority

SA standards (Air Quality Act)
SA SANS limits (SANS:1929,2004)
Australian standards
European Community (EC)
World Bank (General
Environmental 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)

(j)

(j)

50(k)
150(m)
50(o)

40(l)
50(n)
20(o)

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 target 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) IFC EHS Guidelines, 2007. Adopted the WHO 2005 air quality guidelines (see Tables 3-8 and 3-9).
(k) 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
(l) UK Air Quality Objectives. www.airquality.co.uk/archive/standards/php. Compliance by 31 December 2004
(m) US National Ambient Air Quality Standards (www.epa.gov/air/criteria.html). Not to be exceeded more than
once per year.
(n) 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.
(o) 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 Tables 3-8 and 3-9).

In addition to the PM10 standards published in schedule 2 of the Air Quality Act, the Act
also includes standards for 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.

Air Quality Impact Assessment for the Proposed Asphalt Plant in the Umhlathuze Municipality
Report No.: APP/08/CTR-01 Rev 1.1

Page 2-5

During the 1990s the 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 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 2-2
and 2-3.
Table 2-2:
WHO air quality guideline and interim targets for particulate matter
(annual mean) (WHO, 2005)
Annual Mean Level

PM10
(µg/m³)

PM2.5
(µg/m³)

WHO interim target-1 (IT-1)

70

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% (211%) 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 2-3:
WHO air quality guideline and interim targets for particulate matter (daily
mean) (WHO, 2005)
Daily Mean Level

PM10
(µg/m³)

PM2.5
(µg/m³)

WHO interim target-1 (IT-1)

150

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
short-term mortality over AQG)
Based on published risk coefficients from multi-centre
studies and meta-analyses (about 1.2% increase of
short-term mortality over AQG)
Based on relation between 24-hour and annual levels

WHO Air Quality Guideline
50
25
(AQG)
th
*
99 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
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2.2.1.2

Sulphur Dioxide

Sulphur dioxide is damaging to the human respiratory function. Exposure to sulphur dioxide
concentrations above certain threshold levels increases the prevalence of chronic respiratory
disease and the risk of acute respiratory illness. Due to it being highly soluble, sulphur
dioxide is more likely to be adsorbed in the upper airways rather than penetrate to the
pulmonary region.
Ambient air quality guidelines and standards issued for various countries and organisations
for sulphur dioxide are given in Table 2-4. The EC’s air quality criteria represent standards to
be achieved by the year 2005, and supersede the old EU standards. I
The revised South African standards are in line with that of the WHO, the EC, the UK and the
World Bank. In making reference to the revised/interim guidelines it should be noted that no
timeframe for implementation or frequencies of exceedances have yet been linked to the
guidelines. These criteria are necessary to facilitate the adoption of the thresholds given as
legally-binding standards. (The WHO and WB guidelines, given their nature, are not linked
to such criteria). The EC and UK limits do, however, have associated frequencies of
exceedance and timeframes for compliance attainment. It is notable that compliance with
EC and UK limits was only required by 2005 with permissible frequencies of exceedance of
the daily limit ranging from 3 to 24 times a year.
It is important to note that the WHO AQGs published in 2000 for SO2 have recently been
revised (WHO, 2005). Although the 10-minute AQG of 191 ppb has remained unchanged,
the previously published daily guideline has been significantly reduced from 48 ppb to 8 ppb.
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) acknowledges the considerable uncertainty as to
whether SO2 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 8 ppb 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 2-5.
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Table 2-4:
Ambient air quality guidelines and standards for sulphur dioxide for
various countries and organisations

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

Maximum
10-minute
Average
(ppb)
191(a)

Maximum 1hourly
Average
(ppb)
-

48(a)

Annual
Average
Concentration
(ppb)
19

191(b)

-

48(b)

19

-

200(c)

80(c)

20

-

133(d)

48(e)

8(f)

(g)

(g)

(g)

(g)

102(h)

133(i)

48(j)

8(k)

191(m)

-

139(l)
(m)

31
19(n)

Maximum 24hour Average
(ppb)

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) IFC EHS Guidelines, 2007. Adopted the WHO 2005 air quality guidelines.
(h) 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.
(i) 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.
(j) 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.
(k) UK Air Quality Objective (www.airquality.co.uk/archive/standards/php). Compliance by 31 December 2000.
(l) US National Ambient Air Quality Standards (www.epa.gov/air/criteria.html). Not to be exceeded more than
once per year.
(m) 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 10minute guideline of 191 ppb published in 2000 remains unchanged but the daily guideline is significantly reduced
from 48 ppb to 8 ppb (in line with the precautionary principle).
(n) WHO guideline. World Health Organisation air quality guidelines 2000. The WHO 2005 global update has no
annual guideline given it is not needed, since “compliance with the 24-hour level will assure lower levels for the
annual average”
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Table 2-5:

WHO air quality guidelines and interim guidelines for SO2 (WHO, 2005)
24-hour Average Sulphur
Dioxide (ppb)
48

10-minute Average
Sulphur Dioxide (ppb)

WHO interim target-1 (IT-1) (2000 AQF
level)
WHO interim target-2 (IT-2)
19(a)
WHO Air Quality Guideline (AQG)
8
191
(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).

2.2.1.3

Benzene

Although air quality guidelines have not been issued in South Africa to date for benzene, it
intended that air quality standards be promulgated for this pollutant during the current
standard setting process. National standards and guidelines have been issued by various
European countries (Table 2-6). Various countries recommend for enforcement standards
with a value of about 10 µg/m3 while long-term guidelines typically have lower thresholds.
Information on health effects from short-term acute exposure to benzene is limited.
Occupational studies of high-level exposure to benzene have found that it can damage the
respiratory tract, lung tissue and bone marrow, and can cause death.
About 50% of inhaled benzene is absorbed (Onursal 1997). Part of the absorbed benzene is
exhaled by respiration and eliminated through the urinary tract. Benzene maintained in the
human body is concentrated in the fat tissue and bone marrow.
Long-term exposure to high levels of benzene in air has been shown to cause cancer of the
tissues that form white blood cells (leukaemia), based on epidemiological studies with
workers. Leukaemia and lymphomas, as well as other tumour types, have been observed in
experimental animals that have been exposed to benzene by inhalation or oral
administration. Exposure to benzene has also been linked with genetic changes in humans
and animals. Based on this evidence, the US EPA has concluded that benzene is a Group
A, known human carcinogen. The International Agency for Research on Cancer (IARC) has
also classified benzene as a human carcinogen (Group 1).
A number of adverse non-cancer health effects have also been associated with exposure to
benzene. Benzene is known to cause disorders of the blood. People with long-term exposure
to benzene at levels that generally exceed 50 ppm (162 500 µg/m3) may experience harmful
effects on the blood-forming tissues, especially the bone marrow. These effects can disrupt
normal blood production and cause a decrease in important blood components, such as red
blood cells and blood platelets, leading to anaemia and a reduced ability to clot. Exposure to
benzene at comparable or even lower levels can be harmful to the immune system, increasing
the chance for infection and perhaps lowering the body's defence against tumours by altering
the number and function of the body's white blood cells. In studies using animals, inhalation
exposure to benzene may also indicate that it is a developmental and reproductive toxicant.
Studies with pregnant animals show that breathing 10-300 ppm (32 500-975 000 µg/m3) of
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benzene has adverse effects on the developing foetus, including low birth weight, delayed bone
formation, and bone marrow damage.

Table 2-6: Ambient air quality guidelines and standards for benzene for various
countries and organisations
Authority
European Community (EC)
United Kingdom

Annual Average Concentration (µg/m³)
5(a)
5(b)

Notes:
(a) EC Second Daughter Directive, 2000/69/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.
(b) UK Air Quality Standards (http://www.defra.gov.uk/environment/airquality/regulations.htm). Compliance by 1 January 2010.

The SANS annual benzene limit for the protection of human health is given as 5 µg/m³.
2.2.2

Effect Screening Levels and Health Risk Criteria

In the current study reference was made to various effects screening and health risk criteria
to ensure that the potential for risks due to all pollutants being considered could be gauged.
(Effect screening levels are generally published for a much wider range of pollutants
compared to health risk criteria.) Where various effect screening and health risk thresholds
are available for one pollutant, preference is given to the WHO guideline values and the
California Reference Exposure Levels.
•

Effects Screening Levels (ESLs) recommended by the Texas Commission on
Environmental Quality (TCEQ) for a vast number of compounds.

•

Reference Exposure Levels (RELs) adopted by the California Officer of Environmental
Health Hazard Assessment (OEHHA) in September 2002.

•

WHO guideline values (GVs) and tolerable concentrations (TCs) given for noncarcinogenic effects.

A synopsis of the WHO guidelines, TCEQ ESLs and California OEHHA RELs given for
various pollutants applicable to this project is given in Table 2-7.
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Table 2-7:

Health risk criteria for non-carcinogenic exposures via the inhalation pathway.
WHO Guidelines
(2000)
Constituent

Acute & Sub-acute
Guidelines (ave
period given)

Chronic
Guidelines
(year +)

µg/m³

µg/m³

RAIS Inhalation
Reference
Concentrations
Subchronic
Chronic
Inhalation Inhalation
RfCs
RfCs
µg/m³

Benzene
22000
(GV)

Ethyl benzene
Formaldehyde

µg/m³
(b)
30

100 (GV) 30 min

n-hexane

700

Napthalene

Xylene

3
1000 (GV) 30-min (a)
260 (GV) 1-week
4800 (GV) 24-hrs

923
870 (GV)

(c)

Chronic
RELs

Acute (1-14
days)

Intermediate
(>14-365
days)

Chronic
(365+
days)

µg/m³
1300 (6 hrs)

µg/m³
60

µg/m³
160

µg/m³
13

µg/m³

2000
94 (1 hr)

3

68000 (1 hr)

7000
1000

(b)

100

4342
49

(b)

10
2115
2115

9
(b)

37

7000

(b)

5000

US ATSDR Maximum
Risk Levels (MRLs)

Acute RELs
(ave period
given)

1000 (c)

Hexane
Methyl chloroform

Toluene

Californian OEHHA
(adopted as of August
2003)

3.7

37000 (1 hr)

300

3768

22000 (1 hr)

700

4342

301
3040

434

Notes:
(a) Given for odour.
Abbreviations:
WHO – World Health Organisation, RAIS – Risk Assessment Information System, OEHHA – Office of Environmental Health Hazard Assessment
ATSDR – US Federal Agency for Toxic Substances and Disease Registry, TC – tolerable concentration, GV – guideline value, RfC – inhalation reference
concentration, MRL – maximum risk level, REL – reference exposure level
(b) Source: Integrated Risk Information System (IRIS)
(c) Source: Health Effects and Environmental Affects Summary Table (HEAST) 1995
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2.2.3

Health Thresholds for Carcinogenic Exposures

Unit risk factors are applied in the calculation of carcinogenic risks. These factors
are defined as the estimated probability of a person (60-70 kg) contracting cancer as
a result of constant exposure to an ambient concentration of 1 µg/m³ over a 70-year
lifetime. In the generic health risk assessment undertaken as part of the current
study, maximum possible exposures (24-hours a day over a 70-year lifetime) are
assumed for all areas beyond the boundary of the proposed development site. Unit
risk factors were obtained from the WHO (2000) and from the US-EPA IRIS database
(accessed May 2005). Unit Risk Factors for compounds of interest in the current
study are given in Table 2-8.
2.2.3.1

Evaluation of Cancer Risk Acceptability

The definition of what is deemed to be an acceptable risk remains one of the most
controversial aspects of risk characterisation studies. An important point to be borne
in mind is the crucial distinction between voluntary and involuntary risks. The risk to
which a member of the public is exposed from an industrial activity is an involuntary
one. In general, people are prepared to tolerate higher levels of risk for hazards to
which they exposure themselves voluntarily.
There appears to be a measure of uncertainty as to what level of risk would be
acceptable to the public. Pollutants are often excluded from further assessment when
they contribute an individual risk of less than 1 x 10-7. (A carcinogenic risk of 1 x 107 corresponds to a one-in-ten-million chance of an individual developing cancer
during their lifetime.) The US-EPA adopts a 1 in a million chance for cancer risks (i.e.
1 x 10-6), applied to a person being in contact with the chemical for 70 years, 24hours per day. Although a risk of 10-7 (1 in 10 million) would be desirable, and a risk
of less than 10-6 (1 in 1 million) acceptable in terms of US regulations, some authors
(Kletz, 1976; Lees, 1980; Travis et al., 1987) suggest that a risk level of between 105 and 10-6 per year (i.e. 1:100 000 and 1: 1000 000) could still be acceptable.
Further work by Travis et al. (1987) indicated that for small populations, risks of less
than 10-4 (1 in 10 000) may also potentially be acceptable, whereas risks greater
than 10-4 are likely to prompt action.
Locally the Department of Environmental Affairs and Tourism (DEAT) has only been
noted to give an indication of cancer risk acceptability in the case of dioxin and furan
exposures. According to the DEAT, emissions of dioxins and furans from a
hazardous waste incinerator may not result in an excess cancer risk of greater than
1: 100 000 on the basis of annual average exposure (DEAT, 1994). Excess cancer
risks of less than 1:100 000 appear therefore to be viewed as acceptable to the
DEAT.
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Table 2-8:
Unit risk factors from California EPA, US-EPA Integrated Risk
Information System (IRIS) (February 2006) and WHO risk factors (2000)
WHO Inhalation
Unit Risk
(µg/m³)
-6
4.4 x 10 to 7.5
-6
x 10
-2
8.7x10

Chemical
Benzene
Benzo(a)pyrene

US-EPA IRIS
Unit Risk
Factor (µg/m³)
-6
2.2 x 10 to 7.8
-6
x10

IARC Cancer
Class

US-EPA Cancer
Class (a)

1

A

-5

Formaldehyde

1.3 x 10

1

B2

1

B1

(a)EPA cancer classifications:
A--human carcinogen; B--probable human carcinogen. There are two sub-classifications: B1--agents for which
there is limited human data from epidemiological studies. B2--agents for which there is sufficient evidence
from animal studies and inadequate or no evidence from human epidemiological studies. C--possible human
carcinogen. D--not classifiable as to human carcinogenicity. E--evidence of non-carcinogenicity for humans.

2.2.4

Odour Impact Evaluation

Odour Thresholds
Odour thresholds are defined in several ways including absolute perception thresholds,
recognition thresholds and objectionability thresholds. At the perception threshold one is
barely certain that an odour is detected but it is too faint to identify further. Recognition
thresholds are normally given for 50% and 100% recognition by an odour panel. The shortterm TARA ESLs and the acute WHO guideline values given for odourants most frequently
represent odour limits rather than health risk thresholds as was indicated in Table 2-7.
Various odour thresholds published in the literature for odorous compounds are given in
Table 2-9 together with the short-term ESLs and WHO guidelines.

Table 2-9:

Odour threshold values for common odourants
Detection
Thresholds

Pollutant

AIHA
(a)

Devos
(b)

Odour Recognition
Thresholds
100%
50%
RecogRecognition
nition
µg/m³
µg/m³

Other
Odour
thresholds

TARA
ESL-ST
(d)

WHO GV
(30 min)(c)

µg/m³
µg/m³
µg/m³
µg/m³
µg/m³
Benzene
200141
11812
75
Ethyl benzene
1300
2000
Formaldehyde
70(e)
Napthalene
440
Toluene
6192
6192
1000
1880
Xylene (all isomers)
9366
2185
89200
3700
(a)
AIHA, 1989. Odor Thresholds for Chemicals with Established Occupational Health Standards, Akron,
Ohio, American Industrial Hygiene Association.
(b)
Devos M, Patte F, Rouault J, Laffort P and van Gemert LJ (Eds), 1990. Standardized Human Olfactory
Thresholds, New York, Oxford University Press.
(c)
World Health Organisation Guideline Value (WHO, 2000).
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(d)

Refers to Effects Screening Levels (ESLs) issued for odours by the Texas Natural Resource
Conservation Commission's Toxicology and Risk Assessment Division (TARA).
Absolute perception threshold (Verschueren, 1996).

(e)

Reported odour threshold data varies considerably, as much as four orders of magnitude for
certain chemicals, as is evident from the thresholds included in Table 2-9. Reasons for this
variability include differences in experimental methodologies and in human olfactory
responses. AIHA (1989) and Devos et al., (1990), referenced in the table, are two of the
most widely used odour threshold references.
Evaluation of Odour Impact Acceptability
Due to the absence of detailed local guidance, reference was made to the international
literature in identifying a suitable method to use in assessing the potential acceptability of
odour impacts associated with the proposed Asphalt plant. Reference was primarily made to
approaches adopted in the US and in the Australia due to the availability of literature on the
approaches adopted in these countries.
There are two main steps in odour assessment, viz.: (i) calculation of odour units based on
predicted or measured ground level air pollution concentrations, and (ii) evaluation of odour
unit acceptability based on defined odour performance criteria. The manner in which these
steps are carried out are discussed in subsequent subsections and a method recommended
for adoption in the current study.
Odour Unit Calculation
The detectability of an odour is a sensory property that refers to the theoretical minimum
concentration that produces an olfactory response or sensation. This point is called the
odour thresholds and defines one odour unit per cubic metre (OU/m³), i.e. the odour unit is
the concentration of a substance divided by the odour threshold for that substance or the
number of dilutions required for the sample to reach the threshold. This threshold is typically
the numerical value equivalent to when 50% of a testing panel correctly detect an odour.
Therefore, an odour criterion of less than 1 OU/m³ would theoretically result in no odour
impact being experienced.
Different states in the US and Australia apply varying methodologies in the calculation of
odour units and also differ in their selection of suitable detection limits. Examples of such
differences include the following:
o

Averaging periods – the New South Wales (NSW) EPA (2006b) and the Draft
Queensland EPA (1999) guideline use a 1-hour average air pollution
concentration, whereas the Victoria EPA recommend the use of 3-minute
average.

o

Percentiles – the NSW EPA (2006b) specify the use of the 99.9th percentile
when selecting 1-hour average air pollutant concentrations to be used in OU
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calculation given a “level 3”2 assessment. The Queensland and Victoria EPAs
both recommend that the 99.5th percentile be used.
Odour Performance Criteria
In practice, the character of a particular odour can only be judged by the receiver’s reaction
to it, and preferably only compared to another odour under similar social and regional
conditions. The NWS EPA, having referred to the literature in its determining the level at
which an odour is perceived to be of nuisance, gives this level as ranging from 2 OU/m³ to
10 OU/m³ depending on a combination of the following factors:
o

Odour quality – i.e. whether the odour results from a pure compound or from a
mixture of compounds. (Pure compounds tend to have a higher threshold – lower
offensiveness – than a mixture of compounds

o

Population sensitivity – any given population contains individuals with a range
of sensitivities to odour. The larger the population, generally the greater the
number of sensitive individuals contained.

o

Background level – refers to the likelihood of cumulative odour impacts due to
the co-location of sources emitting odours

o

Public expectation – whether a given community is tolerant of a particular type
of odour and does not find it offensive. Background agricultural odours may, for
example, not be considered offensive until a higher threshold is reached whereas
odours from a waste disposal site or chemical facility may be considered offensive
at lower thresholds.

o

Source characteristics – emissions from point sources are more easily
controlled that are diffuse sources, e.g. waste disposal sites

o

Health effects – whether a particular odour is likely to be associated with adverse
health effects. In general, odour from an agricultural operation is less likely to
present a health risk than emissions from a waste disposal or chemical facility.

Experience gained in NSW through odour assessments for proposed and existing facilities
has indicated that an odour performance criterion of 7 OU/m³ is likely to represent the level
below which “offensive” odours should not occur for an individual with a “standard
sensitivity”3 to odours. The NSW EPA policy therefore recommends that, as a design
criteria, no individual be exposed to ambient odour levels of greater than 7 OU/m3. Where a
number of the factors listed above simultaneously contribute to making an odour ‘offensive’,
an odour criteria of 2 OU/m3 at the nearest sensitive receptor (existing or any likely future
receptor) is appropriate. This is given as generally occurring for affected populations equal

2

A level 3 assessment requires that comprehensive atmospheric dispersion modeling be done, as opposed to screening
dispersion modeling acceptable in a level 2 odour impact assessments.
3
“Standard Sensitivity” is defined by the Draft Australian and European CEN Standards, which require that the geometric mean
of individual odour thresholds estimates, must fall between 20 ppb and 80 ppb for n-butanol (the reference compound).
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to or above 2000 people. A summary of the NSW EPA’s odour performance criteria for
various population densities is shown in Table 2-10.
Table 2-10: NSW EPA odour assessment criteria defined based on population
density (NSW EPA, 2006)
Population of Affected Community
Rural single residence (≤2)
~ 10
~ 30
~ 125
~ 500
Urban area (≥ 2000) and/or schools and hospitals

Odour Assessment Criteria (OU)
7.0
6.0
5.0
4.0
3.0
2.0

The odour performance criteria specified by the NSW EPA is compared to that used in other
jurisdictions in Table 2-11. It is evident that the odour performance criteria range specified
by the NSW EPA includes the criteria stipulated in various other jurisdictions. The exception
being the South Coast Air Quality Management District in the US which permits odour units
of up to 10 OU in certain instances.

Table 2-11: Odour performance criteria used in various jurisdictions in the US and
Australia (after NSW EPA, 2001b)

Jurisdiction
New South Wales EPA (NSW EPA, 2001a, 2001b)
California Air Resources Board (Amoore, 1999)
South Coast Air Quality Management District (SCAQMD)
(CEQA, 1993)
Massachusetts (Leonardos, 1995)
Connecticut (Warren Spring Laboratory, 1990)
Queensland (Queensland Department of Environment and
Heritage, 1994)

Odour Performance
Criteria (given for
application to odour
units) (OU)
2 to 7

5
5 to 10
5
7
5

Recommended Approach for Use in Current Study
It is recommended that the NSW EPA draft approach (NSW EPA, 2006a and 2006b) be
largely adopted for use in the current study given that it has been recently drafted and is
comprehensively documented. The approach recommended may be summarised as follows:
(i)

1-hour average air pollutant concentrations;

(ii)

recognition of the odour detection for a substance as specified in Table 2-9;
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(iii)

calculation of odour units by calculating ratios between the 99.9th percentile 1-hour
average air pollutant concentrations and the respective geometric mean detection
limits; and

(iv)

application of the odour performance criteria set out by the NSW EPA in Table 2-11.
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3

ATMOSPHERIC DISPERSION POTENTIAL

The macro-ventilation characteristics of a region are determined by the nature of the synoptic
systems that dominate the circulations of the region, and the nature and frequency of
occurrence of alternative systems and weather perturbations over the region. Meso-scale
processes affecting the dispersion potential include thermo-topographically induced
circulations, the development and dissipation of surface inversions, and the modification of
the low-level wind field and stability regime by urban areas.
Atmospheric processes at macro- and meso-scales were taken into account in the
characterisation of the atmospheric dispersion potential of the study region. Reference was
made to the general literature to provide a description of the synoptic climatology and
regional dispersion potential. In characterising the meso-scale dispersion potential of the
study area reference was made to meteorological data recorded at various stations within
Richards Bay. Parameters that need to be taken into account in the characterisation of
meso-scale ventilation potentials include wind speed, wind direction, extent of atmospheric
turbulence, ambient air temperature and mixing depth.
3.1
3.1.1

Regional Climate and Atmospheric Dispersion Potential
Prevailing Synoptic Climatology

Situated in the subtropical high-pressure belt, southern Africa is influenced by several highpressure 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 3-1) (Vowinckel, 1956;
Schulze, 1965; Taljaard, 1972; Preston-Whyte and Tyson, 1988). The most important of
these is the semi-permanent, subtropical continental anticyclones that 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 that 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 toward the equator. 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
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the strongly anticyclonic winter-time circulation (Schulze, 1986; Preston-Whyte and Tyson,
1988).

Figure 3-1: 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).
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% in June and July. During December such anticyclones only
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occur 11% of the time. Although widespread subsidence dominates the winter months,
weather occurs as a result of uplift produced by localized systems.
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 that occurs over the interior.
Westerly waves are characterised by concomitant surface convergence and upper-level
divergence that 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 decreases 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 combine to produce the lowest temperatures.
3.2
3.2.1

Local Meteorology
Surface Wind Field

Dispersion comprises vertical and horizontal components of motion. The wind field largely
determines the horizontal dispersion of pollution in the atmospheric boundary layer. The
wind speed determines both the distance of downwind transport and the rate of dilution as a
result of plume ‘stretching’. The generation of mechanical turbulence is similarly a function of
the wind speed, in combination with the surface roughness. The wind direction and the
variability in wind direction, determine the general path pollutants will follow, and the extent of
cross-wind spreading (Shaw and Munn, 1971; Pasquill and Smith, 1983; Oke, 1990).
The South African Weather Services maintains one weather station within Richards Bay,
situated at the Richards Bay Airport. Furthermore, each of the 5 monitoring stations
operated by the RBCAA, with the exception of the CBD station, are equipped with a weather
station to measure wind speed, wind direction, temperature and humidity.
Period, day-time and night-time wind roses for the Richards Bay Airport for the period
January 2002 to May 2004 are presented in Figure 3-2. Wind roses comprise 16 spokes,
which represent the directions from which winds blew during the period. The colours used in
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the wind roses below, reflect the different categories of wind speeds; the grey area, for
example, representing winds of 1 m/s to 2 m/s. The dotted circles provide information
regarding the frequency of occurrence of wind speed and direction categories. For the
current wind roses, each dotted circle represents a 5% frequency of occurrence. The value
given in the centre of the circle describes the frequency with which calms occur, i.e. periods
during which the wind speed was below 1 m/s.

Figure 3-2: Period, day-time and night-time wind roses depicting the wind profile at
the Richards Bay Airport for the period January 2002 to the 11th of May 2004.
The spatial and annual variability in the wind field is clearly evident in the figures above. The
prominence of southwesterly to southerly and northeasterly winds taken over an annual
average is clear, with the most frequent occurrences of winds from the southerly sector (16%
of the time). Southeasterly winds are associated with cold fronts moving past, whereas
southwesterly winds are mainly associated with advancing cold fronts. Calm conditions
(wind speeds less than 1 m/s) were noted to occur for 8.3% of the period.
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Compared to the annual roses, the diurnal airflow for the Richards Bay region is
characterized mainly by a variation in northeasterly and southwesterly winds. The day-time
airflow is dominated by northeasterly and southwesterly winds with a combined frequency of
occurrence of 24%. Night-time is noted by the dominance of winds from a southerly
direction, which occur for 19% of the time. During night-time there is a decrease in the
northeasterly winds with an increase of wind from the north. As is common with the nighttime wind profile, this period is characterized by higher incidences of calm conditions (winds
less than 1 m/s) noted to occur for 11.5 % of the time as opposed to 5.1% during day-time.
Diurnal variations are due to the influence of land-sea breeze circulation on the airflow of the
region. Land-sea breeze circulation arises due to the differential heating and cooling of land
and water surfaces. During the day, the land is heated more rapidly than the sea surface, a
horizontal pressure gradient develops with surface convergence and ascent over the land
and decent and surface divergence over the sea (Atkinson, 1981). Sea breezes therefore
characterise the daytime surface circulation resulting in the prevalence of on-shore airflow,
with return currents dominating the upper airflow. By night, the land cools more quickly than
the sea surface resulting in a reversal of the daytime sea breeze and upper air return
currents and the onset of land breezes (off-shore) at the surface. Sea breezes are
characterised by a marked increase in wind speed, and a reduction in the number of calms.
Figure 3-3 shows winds blew mainly from the north to northeast and west-southwest to
south-southwest, with the north-northeast and south-southwest vectors predominating.
There were very few episodes greater than 10 m/s and these winds were mainly from the
SSW, associated with the arrival of coastal lows. Light winds of less than 1.5 m/s blew
mainly from the north to north-west and were largely in the form of land breezes at night and
early morning, particularly during the cooler and more stable autumn and winter months.
Note the increase in light winds < 1.5 m/s from the north to northwest during autumn and
winter (Figure 3-4). There was a seasonal increase in NNE to northeast winds during spring
and a higher proportion of 5-10 m/s winds during spring and summer.

Figure 3-3:

Period wind rose for the Arboretum station for 2004 (from Ecoserv).
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Figure 3-4:
Ecoserv).
3.2.2

Seasonal average wind roses for the Arboretum station for 2004 (from

Temperature

Air temperature is important, both for determining the effect of plume buoyancy (the larger
the temperature difference between the plume and the ambient air, the higher the plume is
able to rise), and determining the development of the mixing and inversion layers. Ambient
temperatures were recorded to range between 11.4°C and 30.0°C. Long-term average
maximum, mean and minimum temperatures for Richards Bay (1951-1984) are shown in
Table 3-1 (Schulze, 1986). An annual mean temperature for Richards Bay is given as
21.8°C, based on the long-term record.

The seasonal and diurnal variations in temperatures recorded at the Richards Bay Weather
Bureau station are depicted in Figure 3-5.
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Table 3-1:
Long-term minimum, maximum and mean temperature (°C) for Richards
Bay for the period 1951-1984 (Schulze, 1986), and for 1970-1990 (SAWS, 2005.

Maximum
Minimum
Mean

Jan

Feb

Mar

Apr

May Jun
1951-1984

Jul

Aug

Sept

Oct

Nov

Dec

30
21.1
25.5

29.6
21.0
25.3

29.3
20.3
24.8

27.3
17.9
22.6

25.1
14.7
20.0

23.4
11.4
17.4

24.0
13.5
18.8

25.4
15.7
20.5

26.1
16.9
21.5

27.6
18.3
23.0

29.5
20.3
24.9

23.0
12.3
17.6

24.0
14.1
19.0

24.9
16.0
20.3

25.4
17.3
21.3

26.7
18.6
22.7

28.7
20.4
24.5

23.4
11.7
17.6

1970-1990
Maximum
Minimum
Mean

Figure 3-5:
3.2.3

29.2
21.2
25.2

28.9
21.2
25.0

28.9
20.4
24.6

27.0
18.1
22.5

24.8
15.2
20.0

23.1
12.3
17.7

Temperature variation at Richards Bay for the year 2003.

Precipitation

Precipitation is important to air pollution studies since it represents an effective removal
mechanism of atmospheric pollutants. Long-term monthly average rainfall figures for
Richards Bay are given in Table 3-2. Long-term average total annual monthly rainfall is in
the range of 57 mm to 172 mm. The study area falls within a summer rainfall region, with ~
60 % of the annual rainfall occurring during the October to February period.
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Table 3-2:

Long-term average monthly rainfall (SAWS, 2005).
1970-1990

Ave
rainfall
(mm)
Ave
no. of
rain
days

3.2.4

172

167

107

109

109

57

60

65

77

105

114

86

1228

12.4

11.5

9.9

8.4

7.2

5.8

5.9

7.1

9.3

12.0

13.1

11.3

113

Mixing Height and Atmospheric Stability

The vertical component of dispersion is a function of the extent of thermal turbulence and the
depth of the surface mixing layer. Unfortunately, the mixing layer is not easily measured,
and must therefore often be estimated using prognostic models that derive the depth from
some of the other parameters that are routinely measured, e.g. solar radiation and
temperature. 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. Day-time
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 mixing layer at the proposed site ranges
in depth from 0 metres (i.e. only a stable or neutral layer exists) during night-times to the
base of the lowest-level elevated inversion during unstable, day-time conditions.
Atmospheric stability is frequently categorised into one of six stability classes. These are
briefly described in Table 3-3. The hourly standard deviation of wind direction, wind speed
and solar radiation were used to determine hourly-average stability classes (STAR method).
Table 3-3:
Atmospheric stability classes
A
very unstable
calm wind, clear skies, hot daytime conditions
B
moderately unstable
clear skies, daytime conditions
C
unstable
moderate wind, slightly overcast daytime conditions
D
neutral
high winds or cloudy days and nights
E
stable
moderate wind, slightly overcast night-time conditions
F
very stable
low winds, clear skies, cold night-time conditions
The atmospheric boundary layer is normally unstable during the day as a result of the
turbulence due to the sun's heating effect on the earth's surface. The thickness of this
mixing layer depends predominantly on the extent of solar radiation, growing gradually from
sunrise to reach a maximum at about 5-6 hours after sunrise. This situation is more
pronounced during the winter months due to strong night-time inversions and a slower
developing mixing layer. During the night a stable layer, with limited vertical mixing, exists.
During windy and/or cloudy conditions, the atmosphere is normally neutral.
For elevated releases, the highest ground level concentrations would occur during unstable,
daytime conditions. The wind speed resulting in the highest ground level concentration
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depends on the plume buoyancy. If the plume is considerably buoyant (high exit gas velocity
and temperature) together with a low wind, the plume will reach the ground relatively far
downwind. With stronger wind speeds, on the other hand, the plume may reach the ground
closer, but due to the increased ventilation, it would be more diluted. A wind speed between
these extremes would therefore be responsible for the highest ground level concentrations.
The highest concentrations for low level releases would occur during weak wind speeds and
stable (night-time) atmospheric conditions. Air pollution episodes frequently occur just prior
to the passage of a frontal system that is characterised by calm winds and stable conditions.
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4

BASELINE CHARACTERISATION

Characterisation of existing ambient pollutant concentrations in the region is fundamental to
the assessment of the proposed project. Existing sources of emissions are discussed and
available air pollution monitoring data presented in Sections 4.1 and 4.2, respectively.
4.1

Sources of Atmospheric Emissions

The identification of existing sources of emission in the region and the characterisation of
existing ambient pollutant concentrations is fundamental to the assessment of the potential
for cumulative impacts and synergistic effects given the existing operations and their
associated emissions.
Most of the main industrial role-players within the study area are members of the Richards
Bay Clean Air Association (RBCAA). Emissions are reported to the RBCAA on a regular
basis and included into a dispersion model (Hawk Model) managed by Ecoserv Consultants.
The emissions inventory compiled by Ecoserv on behalf of the RBCAA has been made
available for use in the current study. Unfortunately, the current emissions inventory is
largely limited to particulate and sulphur dioxide emission data and mainly includes the larger
industrial operations. Furthermore, the particulate emissions data set is considered
incomplete since fugitive dust sources are mainly omitted from the database. Some of the
omitted fugitive sources suchs as the Richards Bay Coal Terminal has been quantified as
part of the City of uMhlathuze Spatial Development Framework project which included an Air
Quality Study. The main description of the baseline characterisation was taken from this
study (Liebenberg-Enslin & Petzer, 2006).
Sources of emission may be categorised in various ways, with distinctions most frequently
being made between industrial versus non-industrial sources, point versus area sources,
mobile versus stationary sources, and regulated versus un-regulated sources. Existing
sources of emissions are discussed and available emission rates listed in the subsequent
sections.
4.1.1

Existing Sources of Emissions within the City of uMhlathuze

Source types present in the area and the pollutants associated with such source types are
noted with the aim of identifying pollutants which may be of importance in terms of
cumulative impact potentials.
•

Stack, vent and fugitive emissions from industrial operations

•

Fugitive emissions from industrial, mining, commercial and miscellaneous operations

•

Vehicle tailpipe emissions

•

Household fuel combustion
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•

Biomass burning (veld fires, forest fires and sugar cane burning)

•

Waste treatment facilities (i.e. water treatment plants, landfills, incinerators etc.)

•

Various miscellaneous fugitive dust sources (agricultural activities, wind erosion of
open areas, vehicle-entrainment of dust along paved and unpaved roads).

Stack, vent and fugitive emissions from industrial operations - industrial emissions include
various criteria pollutants (such as SO2, NOx, CO and particulates), greenhouse gases (CO2
and CH4), volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs),
various heavy metals and other toxins such as dioxins and furans.
4.1.1.1

Industrial Sources

The main industries within the study area include Billiton’s Bayside and Hillside Aluminium,
Mondi Paper and Pulp Mills in Richards Bay and Felixton, Foskor, Tongaat Hulett, Lafarge
Cement, and Exxaro (See Figure 4-1). Richards Bay Minerals, a large mining operation, is
located just outside the municipal boundary, but its emissions could impact on the area and
have therefore been included in this study (Liebenberg-Enslin & Petzer, 2006).

Figure 4-1: Location of all the main industries and mines within the study area (after
Liebenberg-Enslin & Petzer, 2006).
a) Aluminium Manufacturing
Aluminium Southern Africa (ASA) is BHP Billiton’s South African company operating two
aluminium smelters within Richards Bay, namely Hillside Aluminium and Bayside Aluminium.
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Bayside Aluminium has begun an environmental upgrade project to reduce environmental
emissions (http://aluminium.bhpbilliton.co.za/).
Primary aluminium refers to aluminium produced directly from alumina. The ore (bauxite) is
refined to alumina and electrolytically reduced to elemental aluminium. Primary aluminum
production begins with the mining of bauxite ore, a hydrated oxide of aluminum consisting of
between 30% and 56% alumina (Al2O3) and lesser amounts of iron, silicon, and titanium.
The ore is refined into alumina by the Bayer process. The alumina is then shipped to a
primary aluminum plant for electrolytic reduction to aluminum. The refining and reducing
processes are seldom accomplished at the same facility (EPA, 1998). Both Bayside and
Hillside are electrolytic reduction facilities using imported alumina and do not refine the basic
ore.
The US.EPA has developed controlled and uncontrolled emission factors for total particulate
matter, gaseous fluoride, and particulate fluoride deriving from aluminium smelting
processes. Emissions from aluminum reduction processes are primarily gaseous hydrogen
fluoride and particulate fluorides, alumina, carbon monoxide (CO), carbon dioxide (CO2),
volatile organics, and sulfur dioxide (SO2) from the reduction cells. The dissociation of the
molten cryolite is the source of the perfluorinated carbons (PFCs), which are formed during
anode effects. The factors related to the formation of PFCs are not currently well
understood, but they can be formed either by direct reaction of the fluorine with the carbon
anode or electrochemically (EPA, 1998).
b) Cement manufacturing
Lafarge Cement is situated in Richards Bay and supplies cement, aggregates and concrete,
roofing and gypsum. The Lafarge Group has laid down clear objectives for all its subsidiaries
on ‘greenhouse’ gas reduction, recycling of industrial by-products, reduction of waste and
dust emissions together with water conservation (http://www.lafarge.co.za/).
The cement manufactured includes Powercrete, Buildcrete, and Duracast. The base product
(powercrete) is traditionally known as Ordinary Portland Cement (OPC). Portland cement is
a fine powder, gray or white in colour that consists of a mixture of hydraulic cement materials
comprising primarily calcium silicates, aluminates and aluminoferrites. The raw materials
used in the manufacturing of Portland cement are chemically combined through
pyroprocessing and subjected to subsequent mechanical processing operations to form gray
and white portland cement. Gray Portland cement is used for structural applications and is
the more common type of cement produced. White portland cement has lower iron and
manganese contents than gray portland cement and is used primarily for decorative
purposes (EPA, 1995).
The Lafarge facility at Richards Bay does not make use of a kiln and the clinker is imported
and mixed together with gypsum and fly-ash. These materials are ground in a ball mill with
the finished product transferred to a blending plant and stored in silo’s (Burger et al., 1997).
The main pollutant of concern at this facility is particulate matter, including total suspended
particulate mater (TSP) and the inhalable fraction (PM10).
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c) Paper Mills
Mondi operates two pulp and paper mills within the boundaries of the uMhlathuze Local
Municipality, one in Richards Bay and one near Felixton.
The Richards Bay mill uses the kraft process while the Felixton mill uses the soda pulping
process, which does not incorporate sulphur compounds and therefore does not produce any
total reduced sulphur. In the kraft pulping process (used at Mondi Richards Bay) the active
cooking chemicals (white liquor) are sodium hydroxide (NaOH) and sodium sulphide (Na2S),
while at Felixton the active cooking chemical is only sodium hydroxide. As a result of the
large amount of sodium hydroxide used, the pH value at the start of a cook is between 13
and 14 and it decreases continuously during the course of cooking because organic acids
are liberated from the lignin and carbohydrates during the pulping reaction. The Richards
Bay mill uses eucalyptus and pine wood as its raw material while Felixton uses waste
bagasse from the Tongaat-Huletts sugar mill together with recovered waste paper.
The most common pollutants associated with pulp and paper mill operations include:
particulates (TSP and PM10), sulphur dioxide (SO2), carbon monoxide (CO), and oxides of
nitrogen (NOx), which are all main criteria pollutants. Depending on the type of process,
various other pollutants could result. Additional pollutants likely to be emitted from the kraft
pulp and bleaching process used at Richards Bay include total reduced sulphur (TRS),
chlorine (Cl2), and volatile organic compounds (VOC).
d) Sugar Mills
Tongaat-Hulett Felixton Sugar Mill is the only raw sugar refinery within the municipality. It is
however only operational for 9 months of the year (April to December).
Sugarcane processing is focused on the production of cane sugar (sucrose) from sugarcane
with other products including bagasse and molasses. Fibre from a portion of the bagasse
residue is used as a source of raw material for the adjacent Mondi Felixton Paper Mill. The
balance of the bagasse residue is used as a source of fuel for the boilers. The boilers
generate high pressure steam which is utilized in the generation of electricity and for process
steam. Sugarcane is typically harvested by using mechanical harvesters and then carried to
the sugar mill by rail and road. At the mill, the cane is unloaded and prepared for removal of
the sugar-containing juice in diffusers and drying mills. The cane exiting from the final mills
is called bagasse. The juice from the diffusion stage is clarified using lime and evaporated to
form a thick syrup. The syrup is crystallized is pans and centrifuged to remove the sugar
from the molasses. The raw sugar is transported to a central refinery or to the sugar terminal
for export. The molasses is utilized in the animal feed and alcohol industries.
Particulate matter (PM), combustion products, and volatile organic compounds (VOC) are the
primary pollutants emitted from the sugarcane processing industry. Combustion products
include nitrogen oxides (NOx), carbon monoxide (CO), CO2, and sulphur dioxide (SO2).
Potential particulate emission sources include the sugar dryers and sugar loading points and
at the lime slacker.
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e) Phosphorus Process
Phosphorus processes are processes in which phosphorus is made or yellow phosphoric
acid is used in any chemical or metallurgical process. The processes at Foskor in Richards
Bay are comprised of sulphuric acid manufacturing, phosphoric acid manufacturing and
granulation fertilisers.
The manufacture of sulphuric acid at Foskor is done via a two-step oxidation process of
elemental sulphur (S) to sulphur trioxide (SO3), which is absorbed into the water to form a 9899% sulphuric acid solution (H2SO4). The raw material sulphur (S) is melted before it is
filtered to remove any solid particles. The molten sulphur gravity flows to the clean sulphur
pits from where it is pumped to the Sulphur Burner to be oxidised (burned) with dry air to
form sulphur dioxide. The SO2 gas is cooled and sent to a converter where it further oxidises
from SO2 to SO3. The gas leaving the final absorption column is vented to atmosphere via a
stack (Burger & Thomas, 2003).
In the production of phosphoric acid two processes are typically used, namely a wet process
and a thermal process. In a wet process facility, phosphoric acid is produced by reacting
sulphuric acid (H2SO4) with naturally occurring phosphate rock. The phosphate rock is dried,
crushed, and then continuously fed into the reactor along with sulphuric acid. The reaction
combines calcium from the phosphate rock with sulfate, forming calcium sulfate (CaSO4),
commonly referred to as gypsum. Gypsum is separated from the reaction solution by
filtration. The main emissions from wet process acid production include gaseous fluorides,
mostly silicon tetrafluoride (SiF4) and hydrogen fluoride (HF) (EPA, 1993).
The process followed by Foskor includes granulation of phosphoric acid with anhydrous
ammonia to produce granular fertilizer. Ammonia-rich off-gases pass through a wet scrubber
before exhausting to the atmosphere (EPA, 1993). Foskor has a primary scrubber utilsing a
mixture of phosphoric acid and water to optimise the densities of the scrubbing liquor thus to
ensure efficient scrubbing.
f) Titanium Slag Processes
Ilmenite ore is beneficiated into a Heavy Mineral Concentrate (HMC), which contains ilmenite
and other non-magnetic heavy minerals. The HMC is then upgraded at a Mineral Separation
Plant (MSP) to produce ilmenite feedstock for the furnaces, as well as byproducts including
zircon, rutile and leucoxene. Anthracite, which is used as a reductant in the smelting
process, is dried and screened before joining the ilmenite feed. Ilmenite is stored in
enclosed silos and then transferred to day-bins before entering the pre-heater. From the preheater it is fed together with the anthracite to the smelter. The smelting process produces
slag and pig iron. After tapping, the slag is left to cool and solidify. The slag block is
crushed, dried, ground and screened to produce two grades of slag. Pig iron is tapped from
the furnace and if required reheated in a ladle furnace before further treatment.
Particulates are the most significant pollutant emitted from the process. Particulates are
generated from several activities, including raw material handling, vehicle entrained dust
from roads, wind blown dust from exposed areas, pre-heating and smelting, and refining.
However, particulate emissions from smelting operation in the form of fumes could account
for up to 94% of the total particulate emissions. As to be expected, there are a number of
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metal compound emissions such as arsenic, nickel, beryllium and chrome (including
hexavalent chrome). Gaseous emissions of sulphur dioxide (SO2) and oxides of nitrogen
(NOx) are generated almost exclusively from the drying, roasting and smelting operations.
Exxaro South Africa operates such a smelting process just north of Empangeni.
g) Richards Bay Minerals
Richards Bay Minerals (RBM) is a leading producer of titania slag, high purity pig iron, rutile
and zircon. The company is situated to the northeast of Richards Bay just outside of ULM
border. RBM is both a mining and mineral separation plant, and a smelting and beneficiation
facility (http://www.richardsbayminerals.co.za/).
The mining methods at RMB are primarily dredge mining with the mined sand being pumped
to a floating concentrator. Here the heavy minerals are separated from the sand by means
of a gravity process and the heavy mineral concentrate (HMC) stockpiled before transferred
to the mineral separation plant. At the mineral separation plant the HMC is re-slurried before
the ilmenite is taken out by means of magnets. The ilmenite is then converted into titania
slag and iron through various processes such as roasting and smelting. The non-magnetic
material such as the zircon and rutile are extracted though an electrostatic process. Both
these
product
are
sold
in
their
raw
form
as
mineral
sand
(http://www.richardsbayminerals.co.za/).
h) Smaller Industrial Operations
Various smaller industrial and commercial operations are currently operational within the
ULM. This would include activities such as spray painting, sand blasting, dry cleaning, small
boiler operations and incineration process, materials handling etc.
Evaporation losses are mainly the cause of air pollutants from dry cleaning and spraypainting (surface coating) operations. Volatile organic compounds (VOC) are the major
pollutants from surface coating operations. The application and curing of the prime coat,
guide coat, and topcoat account for most of the VOCs emitted from assembly plants. Final
topcoat repair, cleanup, and miscellaneous sources such as the coating of small component
parts and application of sealants, account for the remaining amount. This emissions split is
heavily dependent on the types of solvents used and on transfer efficiency (EPA, 1982).
Sandblasting and materials handling operations will predominantly result in fugitive dust
emissions.
Foundaries smelting scrap metal usually consist of materials handling operations, raw
material stockpiles, kilns and furnaces, and grinding mills. Fugitive dust emissions are
mainly associated with the materials handling and stockpiling operations, with sulphur
dioxide (SO2), oxides of nitrogen (NOx), carbon monoxide (CO), carbon dioxide (CO2), VOCs
and possible dioxins and furans from the processing sources.
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i) TATA Steel Ferrochrome Project - Future Industrial Process – Proposed Baseline
Tata Steel will construct a ferrochrome smelter within the Richards Bay area, located within
the Alton North Industrial area. The plant will comprise of a briquetting plant and four
smelting furnaces. The plant will be constructed within two phases, with the first phase
comprising half of the full capacity (i.e. briquetting plant and two furnaces). The final capacity
of the plant will be 270,000 tpa (CSIR, 2005).
The ferrochrome production process comprises of three main stages namely pre-processing,
smelting and post furnace production. Pre-processing involves the production of briqutettes
which are used as feedstock. The smelting process includes the smelting within the furnaces
and the post furnace operations include ferrochrome casting, handling of finished product
and disposal of slag (CSIR, 2005).
The emission deriving from the smelter operations include Particulates (PM10 size fraction,
including heavy metals), Sulphur Dioxide (SO2), Oxides of Nitrogen (NOx), Carbon Dioxide
(CO); and, to a lesser extend hydrogen sulphide (H2S), ammonia (NH3), hydrochloric acid,
hydrogen fluoride, etc. Heavy metals include magnesium, trivalent chromium, iron,
aluminium, zinc, calcium, potassium, sodium, manganese, titanium, tin, lead, hexavalent
chrome, barium, vanadium, and others.
j) Pulp United Project - Future Industrial Process – Proposed Baseline
The Pulp United project will be a 300,000 tpa Bleached Chemi Thermo Mechanical Pulp
(BCTMP) mill located in the Industrial Development Zone of Richards Bay.
The BCTMP process is a process whereby wood chips are pre-softened by means of
chemical impregnation and thermal pre-treatment refining. After refining, the pulp is diluted
to 3% and discharged to the latency chest. The pulp is then brightened with oxidative
bleaching using hydrogen peroxide (H2O2). Bleaching is a totally chlorine free process. The
BCTMP process is generally considered to be a mechanical pulping technique since the
chemicals principally soften the lignin prior to the mechanical stage, rather than fully dissolve
it out as in true chemical pulping processes, e.g. the Kraft process, where fibres are liberated
by ‘cooking’ the chips in a chemical solution in digesters which dissolves the lignin. The mild
chemical pre-treatment of the chips enhances the softening of the wood and improves the
properties of the pulp produced by pressurising refining.
The main pollutants expected to derive from this process includes sulphur dioxide (SO2),
oxides of nitrogen (NOx), particulates (TSP. PM10 and PM2.5) and carbon monoxide (CO).
Odour emissions may form from the chipping and pre-steaming processes.
4.1.1.2

Synopsis of Scheduled and Non-scheduled Process Emissions within study area.

A synopsis of all the industrial and commercial processes identified within the study area is
listed in Table 4-1 including the associated pollutants for each process (Liebenberg-Enslin &
Petzer, 2006).
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Table 4-1:
pollutants.

All industrial sources within the study area and associated air
POLLUTANT

SOURCES
PM10

SO2

NOx

HF

NH3

H2S

VOC

CO

CO2

9
9
9
9

9
9
9
9
9

9
9
9
9

SO3

Other

CURRENT BASELINE
9
9
Hillside Aluminium
9
9
Bayside Aluminium
9
9
Mondi Richards Bay
9
Mondi Felixton
9
Exxaro
9
9
9
Foskor
Richards Bay
9
9
Minerals (RBM)
Richards Bay Coal
9
Terminal (RBCT)
9
Lafarge Cement
9
AAFC (AECI)
National Ports
9
Authority
9
Tongaat-Hullet
Richards Bay Bulk
9
Storage (IVS)
PROPOSED ADDITIONAL BASELINE
9
9
Tata Steel
9
9
Pulp United

9
9
9

9

9
9

9

9
9
9
9
9
9

9

9
9

9
9

9
9

9
9

In the quantification of the industrial sources use was made of the RBCAA database for 2007
as provided by Ecoserv. The spatial development Framework project was based on the
2004 emissions inventory from the RBCAA. As mentioned, the particulate emissions do not
include all fugitive releases due to insufficient data available on these sources. The
emissions included in the dispersion simulations are therefore not a true reflection of the
concentrations within the study area. The total emissions as provided by the RBCAA (SO2)
and information obtained from the study conducted for the City of uMhlathuze in 2006
(particulates, NOx, HF, NH3 and H2S) is given in Table 4-2.
Based on the limited information, it is evident that the main pollutants of concern are mainly
particulates and sulphur dioxide (SO2). Since the particulates reflected in the database are
predominantly from point source releases, and most of the industries indicated that they have
dust control equipment in place, it was assumed that all particulates are PM10.

Table 4-2:
Total annual emissions for 2007 BASELINE operations in tonnes due to
the main industries operating within the study area.
Particulates
(tpa)

SO2 (tpa)

NOx (tpa)

HF (tpa)

NH3 (tpa)

H2S (tpa)

3,429.63

27,765.09

1,203.73

427.72

104.07

18.15
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The proposed baseline scenario was based on industries for which approvals have been
given to operate within the study area. TATA Steel and Pulp United fell into this category.
The increase in emissions by adding TATA Steel and Pulp United to the total emissions
resulting from all scheduled processes is depicted in Table 4-3.
Table 4-3:
Total annual emissions for PROPOSED BASELINE operations in tonnes
due to the main industries operating within the study area.
Particulates (tpa)

SO2 (tpa)

NOx (tpa)

Cr6+ (tpa)

4,093.84

27,956.89

1,442.52

0.011

With the addition of TATA Steel, PM10 emissions will increase by approximately 3.8%.
TATA Steel will not add significantly to the current SO2 or NOx emissions with an increase of
<1% noted. There are currently no other industries within the study area emitting chromium
(and specifically hexavalent chrome) emissions.
4.1.2

Conclusion

The main pollutants of concern, emitted by most of the industrial and commercial sources,
include particulates and sulphur dioxide (SO2).
It is important to note that the emissions inventory is regarded incomplete for particulate
emissions and VOCs.
4.2

Trends in Ambient Air Quality

The establishment of the contributions of various source types to total emissions represents
a means of ranking sources by their emissions. In order to assess the significance of
sources with regard to their potential impact it is necessary to account for various additional
factors, including: atmospheric dispersion potentials, source configurations (particularly
height of emission), proximity of potentially sensitive receptors, and the carrying capacity of
the receiving environment. It is for this reason that the analysis of trends in ambient air
quality is imperative. Temporal and spatial variations in ambient air pollution concentrations
can be determined primarily through two approaches:
(i) through implementing ambient air pollution monitoring at representative sites to directly
measure pollution concentrations, and
(ii) through the development of a comprehensive emissions inventory and the application of
an atmospheric dispersion model, using relevant source, emissions and meteorological
data as input, to simulate ambient air pollutant concentrations.
The implementation of a combination of monitoring and modelling will produce the best
results.
Monitoring data generally provides accurate "snapshots" of air pollution
concentrations at specific points with dispersion models, which are by their nature associated
with a greater level of uncertainty, serving to "paint the whole picture".
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In assessing the significance of ambient air pollutant concentrations monitored in the study
area reference was made to both local and international air quality guidelines, standards and
goals (Section 2). The consideration of international air quality assessment criteria is
important given that South Africa's current standards are being revised and ambient air
quality standards in line with international best practice are being introduced.
4.2.1

Monitoring Campaign carried out in Richards Bay

Ecoserv on behalf of the RBCAA operates and manages five ambient monitoring stations
within the study area measuring sulphur dioxide (SO2). The stations are Brackenham,
Arboretum, the Scorpio substation (corner of John Ross Highway and Foskor/West Central
Arterial), Harbour West and the Civic Centre (CBD) (see Figure 4-2).
The subsections that follow briefly discuss measured pollutant concentrations compared to
their respective guidelines/standards to indicate compliance. This information was obtained
from Ecoserv for 2007.
4.2.1.1

Sulphur Dioxide (SO2)

The SO2 data capture was reported to be above 90% for all stations as can be seen in Table
4-4.
Table 4-4:
Percentage SO2 data capture for 2007.
Station name
Arboretum
Brackenham
Civic Centre (CBD)
John Ross/Foskor intersection (Scorpio)
Harbour West

SO2 data capture (%)
92.2
95.6
94.8
97.3
98.9

Table 4-5 lists the 2007 SO2 averages along with those of 1997 to 2006 for comparison (see
also Figure 4-3). An increase in SO2 concentrations were measured at all monitoring sites
from the period 2003 to 2005. The measure SO2 concentrations decreased during 2006 with
a measured increase (with the exception of Brackenham) occurring in 2007.
The highest annual average SO2 concentration was measured at the John Ross/Foskor
intersection, which is located closest to major industry (Foskor, Hillside Aluminium and
Bayside Aluminium). The John Ross/Foskor intersection annual average SO2 is 42% of the
SA standard (19 ppb).
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Figure 4-2:
area.

Location of the five SO2 ambient monitoring stations within the study

Table 4-5:

Comparison of SO2 annual averages (ppb) (Ecoserv, 2005).

Station name
Arboretum
Brackenham
Civic Centre (CBD)
John Ross/Foskor
intersection (Scorpio)
Harbour West

1997
1.9

1998
4.0

1999
3.0

2000
3.5

2001
3.7

2002
3.5

5.0

5.7

2003
3.6
3.1
5.3

2004
4.6
4.0
6.8

2007
2.6
1.8
5.0

6.9

10.6

8.0
7.8

Trends in daily average SO2 at each of the monitoring stations are provided in Figures 4-4 to
4-8. The guideline (48 ppb) is indicated on each graph.
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Inter-annual comnparison of RBCAA annual average SO2
(standard = 19 ppb)
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Figure 4-3:

Comparison of annual average SO2 for the period 1997 - 2007.

Figure 4-4:

Daily average SO2 concentration measured at Arboretum during 2007.
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Figure 4-5: Daily average SO2 concentration measured at the Civic Centre (CBD)
during 2007.

Figure 4-6:

Daily average SO2 concentration measured at Brackenham during 2007.
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Figure 4-7: Daily average SO2 concentration measured at Scorpio substation (cnr
John Ross and West Central Arterial) during 2007.

Figure 4-8:

Daily average SO2 concentration measured at Harbour West during 2007.
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Elevated SO2 concentrations at Arboretum were generally recorded during moderate to fresh
south-westerly to west-south-west winds. Peaks in SO2 associated with this wind field
generally originate from Hillside Aluminium or Foskor, although Bayside Aluminium may also
contribute to a lesser extent. Elevated SO2 was also recorded during westerly winds on
occasions. In this case the most likely source is Mondi Richards Bay.
The Civic Centre station measures elevated SO2 concentrations during moderate to fresh
south-south-westerly to west-south-west winds.
Elevated daily average SO2 at the John Ross/Foskor intersection was mainly associated with
moderate north-north-easterly winds, which corresponds to the vector from the Hillside
Aluminium FTC, and with light north-westerly land breezes, the main source of which is
Hillside Aluminium GTC4. Two exceedances of the daily guideline occurred (one in February
and one in May in 2007).
Similarly to Scorpio, elevated daily average SO2 at Harbour West was mainly associated with
moderate north-north-easterly and north-easterly winds, which corresponds to the vector
from the Hillside Aluminium FTC and Foskor, and with light north-westerly land breezes, the
main source of which is Hillside Aluminium GTC4. Three exceedances of the daily guideline
occurred (one in February, one in May and one in June).
The maximum daily and hourly average SO2 concentrations measured during 2007 are
shown in Table 4-6. Figures 4-9 and 4-10 show the maximum SO2 concentrations measured
per month.
Table 4-6:
Highest SO2 concentrations (ppb) measured at each station during 2007
and percent of standards.
Station name
Arboretum
Brackenham
Civic Centre
John Ross/Foskor
intersection (Scorpio)
Harbour West

Daily average
(48 ppb)
Max SO2 conc
% standard
14.7
31
15.4
32
37.9
79
> 100
49.8
53.0

> 100

Hourly average
(133 ppb)
Max SO2 conc
% standard
73.6
55
54.0
41
115.9
87
> 100
205.1
244.0

> 100
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Figure 4-9:

Maximum hourly average SO2 per month for 2007.

Figure 4-10: Maximum daily average SO2 per month for 2007.
4.2.1.2

Inhalable Particulates (PM10)

The monitoring network was expanded during 2004 to include the measurement of
particulate matter (PM10) at Civic Centre.
Air Quality Impact Assessment for the Proposed Asphalt Plant in the Umhlathuze Municipality
Report No.: APP/08/CTR-01 Rev 1.1

Page 4-16

The SANS limit for PM10 concentrations is given as 75 µg/m³ for a daily averaging period
and 40 µg/m³ for an annual averaging period. No hourly DEAT or international guideline
exists for comparison. Annual PM10 concentrations were slightly over the proposed limit;
however data availability was low so these values are given as an indication only (Table 4-7).
(It is recommended that at least 80% of the data be available in order to make a
comprehensive analysis of the data collected).
The trend in daily average PM10 at the Civic Centre indicates background PM10 levels of
approximately 20 µg/m³ (see Figure 4-11). There were 16 exceedences of the proposed SA
Standard of 75 µg/m³ (SANS limit). Maximum daily average PM10 concentrations are shown
in Table 4-8.

Table 4-7:
2007.

Note:

(1)

Percentage PM10 data capture and annual average concentrations for

Station

PM10 data capture (%)

PM10 annual average for 2007 (1)
(µg/m³)

Civic Centre

66

41.4

The SANS annual PM10 limit is 40 µg/m³.

Table 4-8:

Maximum daily average particulate concentrations for 2007.
Station

Civic Centre
Note:

(1)

Maximum daily
average PM10
concentration
(µg/m³)
142

Maximum concentration as fraction of
guideline (1)
1.9

The SANS daily PM10 limit is 75 µg/m³.
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Figure 4-11: Daily average PM10 during 2007.

4.2.2

Dispersion Simulations

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 concentration
estimates from models as the primary basis for environmental and health impact
assessments, risk assessments and emission control requirements. It is therefore important
to carefully select a dispersion model for the purpose.
4.2.2.1

Dispersion Model Selection

It was decided to use the Hawk model currently utilised by the RBCAA for dispersion
simulations within the study area. The HAWK dispersion model has the ability to simulate
unsteady emissions and heavy clouds. The model allows calm, or no-wind conditions, as
well as spatially and temporally varying wind fields produced by complex topography. The
software package consists of a group of Lagrangian Puff-type models, each applicable to a
different dispersion mechanism (e.g. neutral or buoyant normal gases, heavy gases, particles
etc.). The choice of dispersion mechanism is done automatically by the code, depending on
the factors listed above. The various models in the code were borrowed from internationally
published articles, the accuracy of which is discussed by the respective authors. The heavy
gas module is based on the model proposed by Eidsvik (1980). This model has also been
used in other software packages (e.g. Radian Corporation’s Charm ® Model). In validation
studies performed by Radian Corporation it was found that the heavy gas model generally
over predicted the observed concentrations by a factor of two. This is especially the case
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when the gas density is only slightly higher than that of air. In a later evaluation of heavy gas
models, Hanna et al. (1982) indicated that no single heavy gas dispersion model is a clear
improvement on the other. All the models over predicted mostly by a factor of two or under
predicted by half of the observed concentrations. It may be that stochastic processes in the
atmosphere will prevent models from reducing the uncertainty below about 50% of the mean
observations.
Input data types required for the HAWK model include: source data, meteorological data, and
information on the nature of the receptor grid.
a) Source Data Requirements
The HAWK model is able to model various source types point (stack/chimney/vent), area,
line, volume and fire sources. The source groups included in the model was the following:
•

Industrial sources modelled as point sources;

All sources require emission rates, coordinates, height above sea level and release height of
emissions. In addition, point source parameters include stack height, stack diameter, exit
temperature and volumetric flow rate.
b) Meteorological Requirements
Meteorological parameters that were included in the Hawk model consisted of pressure, wind
speed, wind direction, temperature, precipitation, solar radiation, and humidity.
Meteorological stations used in the current assessment include Bayside, Hillside, Arboretum,
RBM1, RBM2 and Wildenweide (from the Richards Bay Clean Air Association Monitoring
Network). Meteorological data for the period 2004 was used for the dispersion simulations
using the HAWK model. Ecoserv provided the data on behalf of the RBCAA.
c) Receptor Grid
A grid of 39 km east-west, and 30 km north-south was used, with 2043 receptor points over
the modelled area.
4.2.3

Dispersion Modelling Results

Simulations were undertaken to determine the ground level concentrations from the main
pollutants of concern within the study area reflecting current operating conditions. Criteria
pollutants included are inhalable particulate matter (PM10) and sulphur dioxide (SO2). The
predicted exposure periods include highest hourly, daily and annual averages. The predicted
air concentrations of inhalable particles (PM10) are shown as the highest daily and annual
average periods for comparison to the respective air concentration limits – no hourly average
limit values exist.
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Dispersion simulations for SO2 reflect concentration contours for emissions from all major
industrial sources within the uMhlathuze area. Particulate matter from the industrial point
sources was assumed to be within the PM10 fraction4.
4.2.3.1

Compliance Assessment

In the comparison of simulated ambient pollutant concentrations due to the current activities
within the uMhlathuze Local Municipality (ULM) with air quality criteria, reference was made
to the relevant national and international guidelines and standards for criteria pollutants (e.g.
US-EPA standards, UK objectives and European Community standards).
In assessing compliance of current baseline operations attention is paid to cumulative air
pollutant concentrations due to all quantified emissions within the ULM (see Section 4.1).
The dispersion results are represented in Table 4-9 as the highest predicted cumulative
concentrations (due to current sources) in comparison to the relevant guidelines/limit values
(see Section 2.1). The table includes the predicted ground level concentrations, the relevant
limit values and the impacts as a fraction of the limit values. Hence, when it is more than a 1
the guideline/limit is exceeded. Plots for the baseline scenario are listed in Table 4-10, and
shown in Figures 4-12 to Figure 4-21. It should be noted that the plots reflecting hourly and
daily averaging periods contain only the maximum predicted ground level concentrations, for
those averaging periods, over the entire period for which simulations were undertaken. It is
therefore possible that even though a high hourly or daily average concentration is predicted
to occur at certain locations, that this may only be true for one hour or one day during the
year. Typically for short-term predictions the second highest concentrations would be
extracted, hence these predictions can be seen as a conservative approach.
Table 4-9:
Predicted maximum air pollutant concentrations due to all source
activity within the study area.

Pollutant

Averaging period

Predicted
Maximum
Concentration

Sulphur
Dioxide (SO2)

Highest Hourly Average
Highest daily average
Annual Average
Highest daily average
Annual Average

2 000 ppb
1000 ppb
75 ppb
5000 µg/m³
150 µg/m³

PM10

Relevant Air
Quality
Limit/Guidelines

Predicted
Concentrations as
a fraction of the
limits

133 ppb (b)
(a)
48 ppb
(a)
19 ppb
(c)
75 µg/m³
40 µg/m³ (c)

>1
>1
>1
>1
>1

Notes: (a) SA/SANS SO2 limits
(b) EC hourly SO2 limit
(c) SANS PM10 limits

4
This was taken to be an acceptable assumption since most stack releases are fitted with control
equipment.
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Sulphur dioxide:
Maximum ground level concentrations for SO2 were predicted to exceed the relevant SA
standards for all three averaging periods (highest hourly, highest daily and annual averages).
The annual sulphur dioxide limit, intended for the protection of human health, is only
exceeded directly southwest of the city centre. The EC annual sulphur dioxide limit, intended
to protect ecosystems, is however exceeded for a larger portion of region covering the city
centre and an area to the southwest.
SO2 short-term and daily limits are significantly exceeded in terms of magnitude, frequency
and spatial extend of exceedance due to current operations within the study area. The entire
Richards Bay area falls within this zone of impact with the town of Empangeni and the far-out
rural areas falling outside this zone.
Particulate Matter (PM10):
Predicted ground level PM10 concentrations exceed the proposed SA Standards (SANS
limit) for highest daily averages (75 µg/m³) and the annual standard (40 µg/m³) for isolated
areas, mainly around the CBD and neighbouring industrial areas.
Table 4-10:

Pollutants and averaging periods for which plots are given.

Pollutant

Scenario

Sulphur dioxide (SO2)

Baseline Sources

Particulate Matter (PM10)

Baseline Sources

Averaging period
Highest hourly (a)
Highest daily average (b)
Annual Average (b)
Highest daily average (c)
Annual Average (c)

Figure No.
4-12 to 4-13
4-14 to 4-15
4-16 to 4-17
4-18 to 4-19
4-20 to 4-21

Notes: (a) EC hourly SO2 limit
(b) SA/SANS/EC/WHO SO2 limit
(c) SANS PM10 limits
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Figure 4-12: Highest hourly SO2 concentrations (ppb) due to
current baseline operations.
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Figure 4-13: Highest hourly SO2 concentrations (ppb) due to
proposed baseline operations.
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HIGHEST DAILY SO2 GROUND LEVEL CONCENTRATIONS (ppb)
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Figure 4-14: Highest daily average SO2 concentrations (ppb)
due to current baseline operations.
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Figure 4-15: Highest daily average SO2 concentrations (ppb)
due to proposed baseline operations.
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ANNUAL AVERAGE SO2 GROUND LEVEL CONCENTRATIONS (ppb)
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Figure 4-16: Annual average SO2 concentrations (ppb) due to
current baseline operations.
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Figure 4-17: Annual average SO2 concentrations (ppb) due to
proposed baseline operations.
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HIGHEST DAILY PM10 GROUND LEVEL CONCENTRATIONS (µg/m³)
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Figure 4-18: Highest daily average PM concentrations (µg/m³)
due to current baseline operations.
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Figure 4-19: Highest daily average PM concentrations (µg/m³)
due to proposed baseline operations.
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Figure 4-20: Annual average PM concentrations (µg/m³) due to
baseline operations.
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Figure 4-21: Annual average PM concentrations (µg/m³) due to
baseline operations.
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5

IMPACT ASSESSMENT FOR ASPHALT PLANT

An emissions inventory for all primary and secondary sources of emissions for the proposed
Asphalt Plant was established by COEX. The emissions inventory forms the basis for
assessing the impact of gaseous and particulate emissions from the processes on the
receiving environment. The establishment of an emissions inventory comprises the
identification of emission sources, and the quantification of each source's contribution to
ambient air pollution concentrations.
5.1

Emissions inventory

The source parameters and emission rates used in the simulations are shown in Table 5-1 to
Table 5-3 below. Emissions were provided by COEX Environmental Planners (Emissions
from hot mix asphalt plant, 10 October 2007). Two scenarios were considered:
• Scenario 1 – Plant operating at maximum production rate of 202 500 tpa,
• Scenario 2 – Plant operating at anticipated production rate of 60 000 tpa.
Table 5-1:

Source parameters for the Asphalt Plant.
Height

Diameter

Length

Width

m

m

10

0.5

m
-

m
-

Volume
Area

2

-

-

-

2
139

2
6

Area

5

-

7

7

Source

Source type

Asphalt
plant
stack
Tipping
Vehicle
entrainment
Stockpiles (3)

Point

Exit
velocity
m/s

Exit temp
°C

9.62

80

-

-

-

-

-

-

Table 5-2: Emission rates for the Asphalt Plant.
TSP
g/s

Source

PM10
g/s

SO2
g/s

0.27
0.20

1.99
-

0.15

-

0.04

-

0.0009
0.0009
0.0009
17.06

51.60

0.08
0.06

0.59
-

0.05

-

Scenario 1
Asphalt plant stack
Tipping
Vehicle entrainment
road 1
Vehicle entrainment
road 2
Stockpile 1
Stockpile 2
Stockpile 3
TOTAL (tpa)

–

0.27
0.42
0.77

–

0.22
0.002
0.002
0.002
43.54
Scenario 2

Asphalt plant stack
Tipping
Vehicle entrainment
road 1

–

0.08
0.12
0.23
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Source
Vehicle entrainment
road 2
Stockpile 1
Stockpile 2
Stockpile 3
TOTAL (tpa)

Table 5-3:

–

TSP
g/s
0.06

PM10
g/s

SO2
g/s

0.01

-

0.002
0.002
0.002
13.03

0.0009
0.0009
0.0009
5.15

15.29

Emission rates for the Asphalt Plant for non-PAH HAPs and PAH HAPs.

Non-PAH HAPs
Benzene
Ethylbenzene
Formaldehyde
Hexane
Iso-octane
Methyl chloroform
Toluene
Xylene
Total
PAH-HAPs
2-methylnaphthalene
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(e)pyrene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Perylene
Phenanthrene
Pyrene
Total

Emissions [tons/year]
Scenario 1

Scenario 2
0.039
0.024
0.314
0.093
0.004
0.005
0.294
0.02
0.794

Scenario 1

0.012
0.007
0.093
0.028
0.001
0.001
0.087
0.006
0.235
Scenario 2

0.017213
0.000142
0.002228
0.000314
0.000021
0.000001
0.00001
0.000011
0.000004
0.000004
0.000018
0.000062
0.001114
0.000001
0.065813
0.000001
0.002329
0.000304
0.09

0.0051
0.000042
0.00066
0.000093
0.000006
0
0.000003
0.000003
0.000001
0.000001
0.000005
0.000018
0.00033
0
0.0195
0
0.00069
0.00009
0.027

Cumulative emissions (see section 4) estimated for the Richards Bay area were 27 666
tons/year of SO2 and 3 335 tons/year of particulate matter from industrial sources including
TATA Steel. From the results obtained in this study, the proposed Asphalt Plant will
contribute 0.19 % and 1.3 % of the total SO2 and PM emissions, respectively (at the
maximum production rate – Scenario 1). Therefore the results of this study indicate that the
Asphalt Plant will be a minor source of particulate matter and SO2 emissions in the greater
Umhlatuze area.
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5.2

Dispersion Simulations

Table 5-4:
Predicted maximum air pollutant concentrations due to the proposed
Asphalt Plant.

Pollutant

Averaging period

Predicted
Maximum
Concentration

Sulphur
Dioxide (SO2)
Scenario 1
Sulphur
Dioxide (SO2)
Scenario 2
PM10
Scenario 1
PM10
Scenario 2

Highest Hourly Average
Highest daily average
Annual Average
Highest Hourly Average
Highest daily average
Annual Average
Highest daily average
Annual Average
Highest daily average
Annual Average

30 ppb
10 ppb
1 ppb
9 ppb
3 ppb
0.3 ppb
20 µg/m³
2 µg/m³
6 µg/m³
0.6 µg/m³

Relevant Air
Quality
Limit/Guidelines

Predicted
Concentrations as
a percentage of
the limits (%)

133 ppb (b)
48 ppb (a)
19 ppb (a)
(b)
133 ppb
(a)
48 ppb
(a)
19 ppb
(c)
75 µg/m³
40 µg/m³ (c)
75 µg/m³ (c)
40 µg/m³ (c)

23
21
5
7
6
2
27
5
8
1.5

Notes: (a) SA/SANS SO2 limits
(b) EC hourly SO2 limit
(c) SANS PM10 limits

Table 5-5:

Pollutants and averaging periods for which plots are given.

Pollutant

Scenario

Sulphur dioxide (SO2)

Scenario 1

Sulphur dioxide (SO2)

Scenario 2

Particulate Matter (PM10)

Scenario 1

Particulate Matter (PM10)

Scenario 2

PAH-HAP and non PAHHAP

Scenario 1 and Scenario 2

Averaging period
Highest hourly
Highest daily
Annual Average
Highest hourly
Highest daily
Annual Average
Highest daily
Annual Average
Highest daily
Annual Average
Highest hourly
Highest daily
Annual average

Figure No.
5-1
5-2
5-3
5-4
5-5
5-6
5-7
5-8
5-9
5-10
5-11
5-12
5-13
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HIGHEST HOURLY SO2 GROUND LEVEL CONCENTRATIONS (ppb)
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Figure 5-1: Highest hourly SO2 concentrations (ppb) due to
the proposed asphalt plant (Scenario 1).

HIGHEST DAILY SO2 GROUND LEVEL CONCENTRATIONS (ppb)
SCENARIO 1 - ASPHALT PLANT ONLY

0km

5km

10km

15km

20km

25km

Figure 5-2: Highest daily average SO2 concentrations (ppb)
due to the proposed asphalt plant (Scenario 1).
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ANNUAL AVERAGE SO2 GROUND LEVEL CONCENTRATIONS (ppb)
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Figure 5-3: Annual average SO2 concentrations (ppb) due to
the proposed asphalt plant (Scenario 1).
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Figure 5-4: Highest hourly SO2 concentrations (ppb) due to
the proposed asphalt plant (Scenario 2).
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HIGHEST DAILY SO2 GROUND LEVEL CONCENTRATIONS (ppb)
SCENARIO 2 - ASPHALT PLANT ONLY
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Figure 5-5: Highest daily average SO2 concentrations (ppb)
due to the proposed asphalt plant (Scenario 2).
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Figure 5-6: Annual average SO2 concentrations (ppb) due to
the proposed asphalt plant (Scenario 2).
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HIGHEST DAILY PM10 GROUND LEVEL CONCENTRATIONS (µg/m³)
SCENARIO 1 - ASPHALT PLANT ONLY
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Figure 5-7: Highest daily average PM concentrations (µg/m³)
due to the proposed asphalt plant (Scenario 1).
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Figure 5-8: Annual average PM concentrations (µg/m³) due to
the proposed asphalt plant (Scenario 1).
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HIGHEST DAILY PM10 GROUND LEVEL CONCENTRATIONS (µg/m³)
SCENARIO 2 - ASPHALT PLANT ONLY
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Figure 5-9: Highest daily average PM concentrations (µg/m³)
due to the proposed asphalt plant (Scenario 2).
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Figure 5-10: Annual average PM concentrations (µg/m³) due to
the proposed asphalt plant (Scenario 2).
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HIGHEST HOURLY PAH-HAP AND NON PAH-HAP GROUND LEVEL CONCENTRATIONS (µg/m³)
ASPHALT PLANT ONLY

0km

Pollutant
Benzene
Ethylbenzene
Formaldehyde
Methyl chloroform
Toluene
Xylene
Naphthalene

5km

µg/m³
2.34
1.44
18.84
0.30
17.64
1.20
3.95

10km

Scenario1
µg/m³
1.17
0.72
9.42
0.15
8.82
0.60
1.97

15km

µg/m³
0.39
0.24
3.14
0.05
2.94
0.20
0.66

20km

µg/m³
0.72
0.42
5.58
0.06
5.22
0.36
1.17
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Figure 5-12: Highest daily non PAH-HAP
(µg/m³) due to the proposed asphalt plant.
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Figure 5-11: Highest hourly PAH-HAP and non PAH-HAP
concentrations (µg/m³) due to the proposed asphalt plant.
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ANNUAL AVERAGE PAH-HAP AND NON PAH-HAP GROUND LEVEL CONCENTRATIONS (µg/m³)
ASPHALT PLANT ONLY
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Figure 5-13: Annual average PAH-HAP and non PAH-HAP
concentrations (µg/m³) due to the proposed asphalt plant.
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5.3

Impact Assessment on due to the proposed asphalt plant

5.3.1

5.3.1.1

Criteria Pollutants

Inhalable particulates (PM10)

For Scenario 1, the highest predicted daily ground level concentration of 20 µg/m³ is well
within the proposed SA Standard of 75 µg/m². Over an annual average the predicted PM10
concentration was low and well within the proposed SA standard of 40 µg/m³.
Scenario 2 resulted in even lower predicted ground level concentrations with a maximum
daily PM10 concentration of 6 µg/m³ and an annual average concentration of below 1 µg/m³.
5.3.1.2

Sulphur dioxide (SO2)

Ambient concentrations of SO2 resulting from the proposed Asphalt Plant were predicted to
be very low and can be regarded as insignificant specifically for Scenario 2. Scenario 1
resulted in predicted ground level concentrations ranging between 23% and 5% of the SA
Standard (highest percentage reflects hourly averages).
Scenario 2 indicated ground level concentrations of 7%, 6% and 2% of the highest hourly,
highest daily and annual standards, respectively. When evaluating the spatial impacts of
these predicted concentrations it is very localised and close to the source of emissions.
5.3.1.3

Benzene

The highest off-site annual average benzene ground level concentrations due to the asphalt
plant operations are predicted to be 0.078 µg/m³ and 0.024 µg/m³ for Scenario 1 and
Scenario 2 respectively. These predicted concentrations are 1.56% and 0.48% of the EC
and UK limit of 5 µg/m³.
5.3.2

Impact Assessment of Non-Criteria Pollutants – Non-Carcinogenic Effects

The predicted ground level concentrations for non-criteria pollutants are well below the
strictest effect screening levels for all averaging periods (Table 5-6).
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Table 5-6:
Predicted off-site ground level concentrations of non-criteria pollutants, with the concentrations given as a fraction of
the most stringent screening levels. Fractions of >1 indicate threshold exceedances.
Predicted concentrations (µg/m³)

Pollutant

Ethyl benzene
(Scenario 1)
Ethyl benzene
(Scenario 2)
Formaldehyde
(Scenario 1)
Formaldehyde
(Scenario 2)
Hexane
(Scenario 1)
Hexane
(Scenario 2)
Methyl
Chloroform
(Scenario 1)
Methyl
Chloroform
(Scenario 2)
Napthalene
(Scenario 1)
Napthalene
(Scenario 2)
Toluene

Highest
hourly

Highest
daily

Annual
average

-

-

0.048

-

-

0.014

18.84

-

0.63

Relevant Health Thresholds (µg/m³)

Acute
Health
Threshold

Sub-acute
Health
Threshold

Chronic
Health
Threshold

-

-

1000

94
5.58

-

0.19

-

-

0.19
-

-

-

Predicted Concentrations as a Fraction of the
Relevant Health Threshold
Highest
Hourly
Concentration
as a Fraction
of the Acute
Threshold

Highest Daily
Concentration
as a Fraction
of the Subacute
Threshold

Annual
Average
Concentration
as a Fraction
of the Chronic
Threshold

-

-

<0.01

-

-

<0.01

0.2

-

0.21

0.06

-

0.06

-

-

<0.01

3

2115

-

-

0.06

-

-

<0.01

0.3

-

0.01

<0.01

-

<0.01

<0.01

-

<0.01

-

-

0.04

-

-

0.01

<0.01

-

<0.01

68000
0.06

-

0.002

-

-

0.13
-

-

-

0.04

17.64

-

0.59

37000

-

-

1000

3
300

Air Quality Impact Assessment for the Proposed Asphalt Plant in the Umhlathuze Municipality
Report No.: APP/08/CTR-01 Rev 1.1

Page 5-12

Predicted concentrations (µg/m³)

Pollutant

(Scenario 1)
Toluene
(Scenario 2)
Xylene
(Scenario 1)
Xylene
(Scenario 2)

Highest
hourly

Highest
daily

Annual
average

5.22

-

0.17

1.2

0.4

0.04

Relevant Health Thresholds (µg/m³)

Acute
Health
Threshold

22000
0.36

0.12

Sub-acute
Health
Threshold

4800

0.012

Chronic
Health
Threshold

Predicted Concentrations as a Fraction of the
Relevant Health Threshold
Highest
Hourly
Concentration
as a Fraction
of the Acute
Threshold

Highest Daily
Concentration
as a Fraction
of the Subacute
Threshold

Annual
Average
Concentration
as a Fraction
of the Chronic
Threshold

<0.01

-

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

100

Notes:
(1) The actual air quality guidelines and limits referred to are documented in Section 2.2.2.
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5.3.3

Impact Assessment of Non-Criteria Pollutants – Potential for Carcinogenic
Effects

A synopsis of the maximum annual average concentrations of the carcinogenic pollutants
predicted to occur due to proposed routine operating conditions is given in Table 5-7.
In assessing the results presented in Table 5-7 it is important to note that a conservative
impact assessment methodology was employed. Maximum exposures were assumed to
occur to predict maximum concentrations, i.e. 24-hours a day exposures over a 70-year
lifetime to the maximum annual pollutant concentrations predicted.
Carcinogenic cancer risk ranges between 1 in 118 000 to 1 in 114 000 for Scenario 1 and
between 1 in 400 000 to 1 in 380 000 for Scenario 2.

Table 5-7:
Predicted maximum off-site annual average concentrations of various
carcinogens due to the proposed operations during routine operating conditions and
resultant cancer risks (assuming maximum exposed individuals) – Scenario 1.

Carcinogens / suspected
carcinogens
Benzene
Formaldehyde
Benzo(a)pyrene
Total Incremental Cancer Risk
Across all Carcinogens
Quantified

Calculated Cancer Risk (expressed as a 1: xxx
chance of contracting cancer)
Based on Lowest Risk
Based on Highest Risk
Factor (least
Factor (most
conservative)
conservative)
5 800 000
1 600 000
120 000
120 000
5 700 000
5 700 000

118 000

114 000

Table 5-8:
Predicted maximum off-site annual average concentrations of various
carcinogens due to the proposed operations during routine operating conditions and
resultant cancer risks (assuming maximum exposed individuals) – Scenario 2.

Carcinogens / suspected
carcinogens
Benzene
Formaldehyde
Benzo(a)pyrene
Total Incremental Cancer Risk
Across all Carcinogens
Quantified

Calculated Cancer Risk (expressed as a 1: xxx
chance of contracting cancer)
Based on Lowest Risk
Based on Highest Risk
Factor (least
Factor (most
conservative)
conservative)
19 000 000
5 000 000
400 000
400 000
-

400 000

380 000
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5.3.4

Impact Assessment of Non-Criteria Pollutants – Odour Impacts

In order to assess the potential that exists for odour impacts a comprehensive odour
assessment procedure was adopted based on guidance obtained from the NSW EPA. In
terms of this procedure highest hourly pollutant concentrations were compared to odour
thresholds obtained from the literature. Predicted hourly (off-site) pollutant concentrations for
various malodourous substances predicted to occur from the Asphalt plant are given in
Tables 5-9. Concentrations of odouriferous compounds are given as a fraction of relevant
odour thresholds, with fractions of greater than 1 indicating threshold exceedances and
therefore odour impact potentials.

Table 5-9:
Highest hourly predicted (off-site) pollutant concentrations due to
proposed routine operations at the Asphalt Plant. Odour threshold exceedances are
given in bold print.

Pollutants

Benzene
Ethylbenzene
Formaldehyde
Naphthalene
Toluene
Xylene
Benzene
Ethylbenzene
Formaldehyde
Naphthalene
Toluene
Xylene

Highest hourly
predicted
Odour Detection
concentrations
Levels (µg/m³)
(µg/m³)
Scenario 1
2.34
75
1.44
1300
18.84
70
3.95
440
17.64
1880
1.20
2185
Scenario 2
0.72
75
0.42
1300
5.58
70
1.17
440
5.22
1880
0.36
2185

Hourly predicted
concentrations as a
fraction of the odour
detection limits
0.03
<0.01
0.27
<0.01
<0.01
<0.01
0.01
<0.01
0.08
<0.01
<0.01
<0.01

No odour threshold exceedances are predicted to occur due to routine operations at the
proposed Asphalt Plant. NSW EPA stipulates that an odour unit of 2.0 is acceptable for
urban areas. The odour unit for the study area is predicted to be <1.0 over the study area for
all odouriferous compounds.

5.4

Impact Assessment on Human Health due to all sources

Section 4 discussed the cumulative baseline concentrations for both the current situation as
well as the future scenario including TATA Steel and Pulp United. As can be seen from
these plots, the zones of exceedance are limited to the Richards Bay area. The proposed
Asphalt Plant is located some distance outside the zone of impact to the northwest.
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When the Asphalt Plant is simulated together with the baseline concentrations the change in
impacts is insignificant. This is true for both SO2 and PM10 concentrations.
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6

AIR QUALITY MANAGEMENT PLAN FOR THE PROPOSED ASPHALT
PLANT

An air quality impact assessment was conducted for the proposed operations at the Asphalt
Plant. The main objective of this study was to determine the significance of the predicted
impacts from the proposed emissions on the surrounding environment and on human health.
Particulates and sulphur dioxide were identified to be the main pollutants of concern resulting
from the proposed operations. Dispersion simulations were undertaken to reflect proposed
operating conditions.
The comparison of predicted pollutant concentrations to ambient air quality guidelines and
standards facilitated a preliminary screening of the potential, which exists for human health
impacts. Nseleni was identified as the sensitive receptor in the immediate vicinity of the
proposed operations.
6.1

Target Control Efficiencies

Vehicle entrainment on unpaved roads of 75% control efficiency can be achieved through
effective waster sprays. Construction of plant areas and roads can obtain a 62% control
efficiency through effective water sprays. Wind erosion from storage piles can be reduced
through the implementation of berms.
6.2

Project-specific Management Measures

The main objective of Air Quality Management measures for the proposed Asphalt Plant is to
ensure that all operations will be within compliance with the requirements of the Air Quality
Act.
It is recommended that the project proponent commits to air quality management planning
throughout the various operations of the project. It is recommended that an Air Pollution
Control System (APCS) be developed for the Asphalt Plant to reduce and control emissions
from the process plant, materials handling operations and the unpaved road surfaces. This
APCS includes detailed management plans, mitigations measures, monitoring and
operational procedures developed to ensure emission reductions will occur. The APCS must
be implemented and revised by plant personnel on an on-going basis.
6.2.1

6.2.1.1

Identification of Suitable Pollution Abatement Measures

Construction Phase

Dust control measures which may be implemented during the construction phase are
outlined in Table 6-1. Control techniques for fugitive dust sources generally involve watering,
chemical stabilization, and the reduction of surface wind speed though the use of windbreaks
and source enclosures.
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Table 6-1:

Dust control measures implementable during construction activities

Construction
Activity

Recommended Control Measure(s)

Truck transport and
road dust entrainment

Where possible and for high risk sites, pave all major haul routes. Paving is
highly effective but is expensive and unsuitable for surfaces used by very
heavy vehicles or subject to spillage of material in transport. In addition, dust
control measures will usually still be required on the paved surfaces. The
use of gravel or slag can be moderately effective, but repeated additions will
usually be required.
Set speed limits of 35 km/hr or less for site traffic on paved roads and 10-15
km/hr on unpaved surfaces. Speed controls on vehicles have an
approximately linear effect on dust emissions. Thus by reducing the speed
from 30 km/hr to 15 km/hr dust emissions can be reduced by 50%.
Wet suppression of unpaved areas should be applied during dry windy
periods, using a water cart and/or fixed sprinklers.
Chemical suppression can also be used in conjuction with wet suppression.
This involves the use of chemical additives in the water, which help to form a
crust on the surface and bind the dust particles together. Chemical
stabilisation reduces watering requirements, but any savings can be offset by
the cost of the additives. Repeat treatments are usually required at intervals
of 1-4 weeks. The method is best suited to permanent site roads and usually
not cost-effective on temporary roads, which are common in mines and
construction sites.
Inspect haul roads for integrity and repair if required.
Provide hard-standing areas for vehicles and regularly inspect and clean
these areas.
Reduce mud/dirt carry-out onto paved roads.
Reduce unnecessary traffic.
Cover loads with tarpaulins to prevent dust re-entrainment from trucks.
Limit load size to reduce spillage.
Minimise travel distances through appropriate site layout and design.
Use wheel and truck wash facilities at site exits.

Excavation and
earthworks
Stockpiles
storage mounds

Re-vegetate dry, exposed areas to stabalise surfaces.
Only remove secure covers in small areas and not all at once.
All activities must be damped down, especially during dry weather.
and

Limit the height and slope of the stockpiles to reduce wind entrainment. For
example, a flat shallow stockpile will be subject to less wind turbulence than
one with a tall conical shape.
Keep stockpiles or mounds away from the site boundary, sensitive receptors
and watercourses. If necessary, take into account the predominant wind
direction to reduce the likelihood of affecting sensitive receptors.
Make sure the stockpiles are maintained for the shortest possible time.
Seed, re-vegetate or turf long term stockpiles to stabalise surfaces or use
surface binding agents.
Where possible, enclose stockpiles or keep them securely sheeted.
Erect fences of similar height and size to the stockpile to act as wind barriers
and keep these clean using wet methods. Porous fences or hedges often
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Construction
Activity

Recommended Control Measure(s)
make the most suitable shelter.
Store fine material (under 3 mm in size) inside buildings or enclosures.
Minimise drop heights to control the fall of materials.

6.2.1.2

Operational Phase

The main sources of particulate and gaseous emissions resulting in impacts on the
surrounding environment from the operational phase of the proposed Asphalt Plant was
identified to be:
•

Stack emissions

•

Material handling;

•

Vehicle entrainment from unpaved roads, and;

•

Wind blown dust.

Stacks
It is also important to ensure that properly trained personnel are used to operate the
equipment at all times.
Road surfaces
The entrained dust from road surfaces on the proposed plant is not predicted to result in high
ground level impact. However if spillages occur, the material should be removed as soon as
possible to ensure low levels of airborn particulates.
Wind Blown Dust
Wind blown dust from the storage piles was predicted to have low impacts on the
surrounding area. Emissions from raw material as well as product storage piles may be
reduced by means of berms (e.g. walling in on two or three sides). The position of the berm
should be determined based on prevalent wind direction. Storage piles that consist of fine
material should be covered or enclosed to reduce airborn particulate impacts.
Material Handling
Drop height for tipping of material at storage pile should be kept as low as possible. Any
spillages should be cleaned to minimise particulate emissions.
General
It is recommended that continuous new technologies be investigated to ensure that best
available technology is implemented were possible.

6.2.1.3

Closure and Post-closure Phase

The control measures during the construction phase will apply to the closure and postclosure phase.
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6.2.2

Monitoring Requirements

6.2.2.1

Performance Indicators

Key performance indicators against which progress may be assessed form the basis for all
effective environmental management practices. In the definition of key performance
indicators careful attention is usually paid to ensure that progress towards their achievement
is measurable, and that the targets set are achievable given available technology and
experience.
Performance indicators are usually selected to reflect both the source of the emission directly
and the impact on the receiving environment. Ensuring that no visible evidence of wind
erosion exists represents an example of a source-based indicator, whereas maintaining offsite dustfall levels to below 600 mg/m2/day represents an impact- or receptor-based
performance indicator. Source-based performance indicators have been included in
regulations abroad. The ambient air quality guidelines and standards given for respirable
and inhalable particulate concentrations by various countries, including South Africa,
represent receptor-based objectives. The dustfall categories issued by the Department of
Environmental Affairs and Tourism also represent receptor-based targets.
6.2.2.2

Specification of Source Based Performance Indicators

Source based performance indicators for the proposed Asphalt Plant would include the
following:
•

Emission rates from proposed stacks to be in compliance with permit requirements;

•

Visible reductions in fugitive dust resulting from material handling, vehicle entrainment
and wind erosion;

•

From all activities associated with the proposed Asphalt Plant, dustfall in close
proximity to sensitive receptors should not exceed 600 mg/m2/day.

6.2.2.3
•

Receptor based Performance Indicators

It is recommended that dispersion modelling be undertaken once measurements of
the various stacks have been undertaken for SO2, PM, non-PAH and PAH emissions
to ensure that ground level impacts for upset conditions are within the current and
proposed SA standards. Emission measurements can be obtained through stack and
pipe sampling providing a snapshot of emissions during the period of the stack or pipe
test. Stack samples are collected using probes inserted through a port in the stack wall
or from the emission stream above the stack, and pollutants are collected in or on
various media and sent to a laboratory for analysis. Emission rates are then
determined by multiplying the pollutant concentration by the volumetric stack gas flow
rate. Because there are many steps in the stack sampling procedures where errors
can occur, only experienced stack testers should perform such tests.
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•

Aim to protect human health and welfare for majority of the population, including the
very young and elderly.

6.2.3

6.2.3.1

Record-keeping, Environmental Reporting and Community Liaison

Periodic Inspections and Audits

Periodic inspections and external audits are essential for progress measurement, evaluation
and reporting purposes.
It is recommended that site inspections and progress reporting be undertaken at regular
intervals (at least quarterly) during operations, with annual environmental audits being
conducted. Annual environmental audits forms part of an APCS and should be initiated at
the proposed Asphalt Plant. Results from site inspections and off-site monitoring efforts
should be combined to determine progress against source- and receptor-based performance
indicators. Progress should be reported to all interested and affected parties, including
authorities and persons affected by pollution.
Corrective action or the implementation of contingency measures must be proposed to the
stakeholder forum in the event that progress towards targets is indicated by the
quarterly/annual reviews to be unsatisfactory.
6.2.3.2

Liaison Strategy for Communication with I&APs

Stakeholder forums provide possibly the most effective mechanisms for information
dissemination and consultation. EMPs should stipulate specific intervals at which forums will
be held, and provide information on how people will be notified of such meetings. As
operations are located in close proximity to residential developments, it is recommended that
such meetings be scheduled to be held at least on a quarterly basis.
6.2.4

Financial Provision (Budget)

The budget should provide a clear indication of the capital and annual maintenance costs
associated with dust control measures and dust monitoring plans. It may be necessary to
make assumptions about the duration of aftercare prior to obtaining closure. This
assumption must be made explicit so that the financial plan can be assessed within this
framework. Costs related to inspections, audits, environmental reporting and I&AP liaison
should also be indicated where applicable. Provision should also be made for capital and
running costs associated with dust control contingency measures and for security measures.
The financial plan should be audited by an independent consultant, with reviews conducted
on an annual basis.

Air Quality Impact Assessment for the Proposed Asphalt Plant in the Umhlathuze Municipality
Report No.: APP/08/CTR-01 Rev 1.1

Page 6-5

7

CONCLUSIONS AND RECOMMENDATIONS

With the commencement of the new Air Quality Act of 2004, the focus of air quality
management has moved from source based control to that of the receiving environment.
The main objectives of the act are to promote an environment that is not detrimental to
human health and well-being. This constitutes effective environmental health management,
the implementation of integrated waste management and minimisation strategy at al levels,
and the development of an integrated system of pollution minimisation, management and
prevention.
The main objective for the proposed Asphalt Plant is to ensure that all operations are within
compliance with the requirements of Air Quality Act. In order to define site specific
management objectives, the main sources of pollution needed to be identified. Sources can
be ranked based on sources strengths (emissions) and impacts. Once the main sources
have been identified, target control efficiencies for each source can be defined to ensure
acceptable cumulative ground level concentrations.
7.1

Main Findings from the Impact Assessment

The main conclusions reached based on the results from the air quality impact assessment
can be summarised as follows:
7.1.1

Emissions Inventory

•

The baseline emissions inventory for the current study were taken from the 2006 Air
Quality Study conducted for the City if uMhlatuze to imform the Spatial Development
Framework. The emissions inventory were primarily based on the industry emissions as
reported to the RBCAA. The original study reflected the 2004 emissions inventiry where
this study was updated with the 2007 emissions data. Most of the emissions remained
similar between 2004 and 2007. Sulphur dioxide (SO2) however increased by 20% and
Hydrogen Fluoride (HF) increased 4.5 times. The latter is primarily due to the omission
of some of the HF sources in the 2004 inventory.

•

Cumulative emissions estimated for the Richards Bay area were 27,666 tons/year of SO2
and 3,335 tons/year of particulate matter from industrial sources including TATA Steel.
The proposed Asphalt Plant will contribute 0.19 % and 1.3 % of the total SO2 and PM
emissions, respectively (at the maximum production rate – Scenario 1). Therefore the
results of this study indicate that the Asphalt Plant will be a minor source of particulate
matter and SO2 emissions in the greater Umhlatuze area. The emissions inventory for
the Asphalt Plant was compiled by COEX Environmental Consultants.
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7.1.2

Baseline Characterisation

•

Ambient monitored data for the uMhlathuze area indicated elevated concentrations of
SO2 and PM10. Measured SO2 concentrations was noted to increase between the period
2003 to 2005 at all monitorng sites. During 2006, SO2 concentrations decreased at all
monitoring sites with drecreases ranging from 57% at Brackenham to 67% at Arboretum.
In 2007, the measured SO2 concentrations (with the exception of Brackenham)
increased. The increase in SO2 concentrations from 2006 to 2007 at the monitoring sites,
ranged from 30% at Arboretum, to 129% at Harbour West. The Scorpio and Harbour
West sites recorded the highest SO2 concentrations from the monitoring stations with
exceedances of the proposed SA hourly standard (191 ppb) occuring during the period
2007.

•

The data availability of the measured PM10 ambient concentrations was fairly poor (only
66% data captured). Both the highest daily and annual average concentrations were
above the proposed SA Standard (SANS limits) indicted elevated levels within the
Richards Bay area.

•

Predicted baseline concentrations of SO2 were high, exceeding the SA Standard for
highest daily and annual averages. Also, the proposed SA hourly standard of 191 ppb
was exceeded. The main area of impact was very similar to the Spatial Framework
results and covered primarily the CBD of Richards Bay where most of the industrial
sources are situated.

7.1.3
•

Asphalt Plant Impact Assessment

Two Scenarios were included into the dispersion simulations including:
•

Scenario 1 – Plant operating at maximum production rate of 202 500 tpa

•

Scenario 2 - Plant operating at anticipated production rate of 60 000 tpa

•

For predicted PM10 concentrations, Scenario 1 resulted in higher ground level
concentrations in comparison to Scenario 2. Both Scenarios did however result in
ground level cincentrations werll within the proposed SA Standards (SANS Limits) for
highest daily and annual averages. The highest predicted concentrations were 27% of
the SA Standard.

•

For predicted PM10 concentrations, Scenario 1 resulted in higher ground level
concentrations in comparison to Scenario 2. Both Scenarios did however result in
ground level concentrations well within the proposed SA Standards (SANS Limits) for
highest daily and annual averages. The highest predicted concentrations were 27% of
the SA Standard.

•

Predicted SO2 concentrations were low and can be regarded as insignificant specifically
for Scenario 2 where the concentrations were less than 7% of the SA Standards. Even
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Scenario 1 resulted low ground level concentrations with the highest hourly resulting in
23% of the proposed SA Standard and the annual 5%.
•

The highest predicted annual average benzene concentrations were well below the EC
and UK limit of 5 µg/m³ for all scenarios.

•

Predicted ground level concentrations for non-criteria pollutants were all well below the
most stringent effect screening levels for all averaging periods.

•

The cancer risk due to carcinogenic pollutants from the proposed Asphalt plant was
predicted to range from 1 in 114 000 to 1 in 118 000 for Scenario 1 and from 1 in 380 000
to 1 in 400 000 for Scenario 2.

•

All odouriferous concentrations due to the proposed Asphalt Plant operations were
predicted to be below relevant odour limits for all scenarios.

•

When compared to the cumulative predictions, the proposed Asphalt Plant falls well
outside the main area of impact withih the Richards Bay area. When the Asphalt Plant is
simulated together with the baseline concentrations the change in impacts is insignificant.
This is true for both SO2 and PM10 concentrations

7.2

Recommendations

In order to define site specific management objectives, the main sources of pollution need to
be identified. Sources can be ranked based on source strengths (emissions) and impacts.
Once the main sources have been pin pointed, target control efficiencies for each source can
be defined to ensure acceptable cumulative ground level concentrations.
The main pollutants of concern identified during the baseline and future impacts assessment
are:
• Particulates (PM10); and,
• Sulphur Dioxide (SO2).
Recommendation 1
It is recommended that dust fallout buckets be placed on the site boundary of the proposed
Asphalt Plant to ensure that the proposed operations are well within the required guidelines
and standards. The dust fallout at the plant boundary should be less than 600 mg/m²/day.
Recommendation 2
It is recommended that the plant design ensure best international practice and best available
control technology be implemented to ensure the ambient impacts are well below the
proposed SA standards.
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Recommendation 3
The proposed Asphalt Plant should form part of the RBCAA and report the plant emissions to
the RBCAA on a regular basis. This will ensure a holistic approach to air quality
management within the City of uMhlathuze.
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