Chapter 12: Air Quality Management, the Environmental Impact Assessment, Life Cycle Assessment

The management of Air Quality is a multifaceted activity.

The essential elements of an Air Quality Management System

An air quality management system needs to address the complexity of the relationship between the sources of air pollution and the exposure of people, crops, vegetation, livestock and physical infrastructure to the air pollutants, and the human health and economic consequences of this exposure. A complex set of factors relates the sources of air pollution to ambient concentrations (measured as time-averaged values) and the exposure of ‘receptors’ – people, buildings, crops and animals. These factors include meteorology and the atmospheric processes of dispersion, chemical and physical transformation, and deposition of pollutants onto surfaces.

Key elements of an Air Quality Management System (AQMS) are 

· Ambient Air Quality Standards, 

· Source Emission Standards (also called emission Limit Values), 

· the preparation and maintenance of an Emission Inventory, 

· Ambient Air Quality Monitoring, 

· Meteorological Data and 

· Air Quality Modelling and an 

· Air quality and air pollution control regulatory framework. 

A coherent and effective regulatory system (AQMS) would include a process for the setting air quality standards and for setting specific time-bound air quality objectives, and would be capable of gathering the necessary air quality information and using the permitting or licensing system and the necessary technical and legal resources to give effect to plans to meet the specified air quality targets.

Decades of regulatory history (for example, Sweden, the US and the UK, and other economically developed countries) have shown that an effective Air Quality Management System requires both source emission and ambient air type controls. The management of air quality will remain a futile exercise unless a comprehensive source emission control system is in place. 

At present, we do not have either type of control system in place in South Africa. The current permit system for scheduled processes has severe limitations. While a licensing system (for ‘Scheduled Processes) is in place there are no Source Emission Standards that can be used as the basis for issuing licenses. Mobile sources (vehicle emissions) are largely unregulated at present.

Public access to all relevant information pertinent to the Air Quality Management System is an essential component of the access to environmental rights.

The objective of a management system is both to meet air quality objectives and to minimise harmful emissions by setting appropriate source emission limits. We should expect that these objectives would become more stringent as research demonstrates adverse health effects at levels currently considered to be ‘safe’, and technological developments enable lower or even zero pollutant emissions through the development of alternative processes. 

In the absence of air quality standards, the WHO Guidelines may be used in the interim to set air quality objectives.

The following schematic (Figure 12.1) attempts to show the interrelationship between the various elements of an air quality management system.



Public access to air quality information is integral to a comprehensive air quality management system. Most industrialised countries, and a few developing countries, maintain extensive web-based information systems.

An Air Quality or Air Pollution Indices (AQI or API)

The task of communicating the likely health impacts of ambient air pollutant concentrations to the general public in a manner that is both accurate and meaningful is difficult. In many countries and cities, air pollution indices are used. These indices are attempts to compare overall air quality in an area against a standard or guideline value by calculating an index that is indicative of the degree to which the air concentration values meet or exceed the guideline/ standards value(s). The index value may be used to advise vulnerable groups (such as asthmatics) to avoid exposure that might result in adverse health effects. However, there is no internationally accepted standard method for constructing these index systems. Two widely used approaches  (with variants on the basic system), those of the US and UK, differ substantially from each other.  

The WHO Guidelines and Risk Factors

The World Health Organisation periodically reviews the data on the health (and to a lesser extent, environmental) impacts of air pollutants, and publishes a set of guideline values for the commonly occurring air pollutants, and risk factors for those compounds known or suspected to cause one or other form of cancer (UPDATE AND REVISION OF WHO AIR QUALITY GUIDELINES FOR EUROPE, WHO (1997).

The following table lists the WHO guideline values for the classical or common air pollutants.

Table 12.1: WHO Guidelines for the “classical” air pollutants

	Compound
	Annual

ambient air concentration
	Health endpoint
	Observed effect level
	Uncertainty factor
	Guideline Value
	Averaging time

	
	[(g/m3]
	
	[(g/m3]
	
	[(g/m3]
	

	Carbon monoxide
	500-7000
	Critical level of COHb

< 2..5%
	n.a
	n.a.
	100 000
	15 minutes

	
	
	
	
	
	60 000
	30 minutes

	
	
	
	
	
	30 000
	1 hour

	
	
	
	
	
	10 000
	8 hours

	Lead
	0.01-2
	Critical level of Pb in blood < 100-150 ug Pb/1
	n.a.
	n.a.
	0.5
	1 year

	Nitrogen dioxide
	10-150
	Slight changes in lung function in asthmatics
	365-565
	0.5
	200
	1 hour

	
	
	
	
	
	40
	1 year

	
	
	
	
	
	
	

	Ozone
	10-100
	Respiratory function responses
	n.a.
	n.a.
	120
	8 hours

	
	
	
	
	
	
	

	Sulphur dioxide
	5-400
	Changes in lung function in asthmatics
	1000
	2
	500
	10 minutes

	
	
	Exacerbations of
	250
	2
	125
	24 hours

	
	
	respiratory symptoms
	
	
	
	

	
	
	in sensitive individuals
	100
	2
	50
	1 year


Interpreting the WHO Guidelines

The WHO guideline values may be used as the basis for setting ambient air quality standards. However, the WHO Guidelines have to be interpreted with care. Air pollutant concentrations that are below the guideline values may not be assumed to be 100% ‘safe’. The guideline values are periodically reviewed against ongoing research into the relationship between air pollution and health impacts.

Setting Air Quality Standards

The Standards are in principle based on protecting human health against the adverse effects of air pollution. They are, in principle, set at a level that protect the general population, including the more vulnerable groups such as the elderly, the very young and sensitive groups such as asthmatics. But this statement only applies to pollutants that appear to show a ‘threshold effect’ – a concentration below which adverse health effects are not observed. However, even in the cases where these thresholds are thought to exist, health based standards do not protect exceptionally sensitive individuals, nor do they account for simultaneous exposures to a combination of pollutants.

In the case of substances, including carcinogens, for which no thresholds exist, health based standards have to be set on the basis of the risk of contracting the disease or of suffering the adverse health effect. The question then arises as to the level of ‘acceptable risk’, including the question as to the process for deciding the level of ‘acceptable risk’. (Typically, 1 in million or 1 in 100 000 excess cancers for a lifetime exposure are defined as ‘acceptable’.)

The concept of ‘health and well-being’ should surely include a consideration of the psychological impact of being subjected to odorous substances. It is possible to set ambient air quality standards for odourous substances such as hydrogen sulphide based on the odour threshold.

Persistent pollutants such as dioxins, polycyclic aromatic hydrocarbons (PAHs) and lead compounds present special problems. Natural processes do not break down lead compounds, and break down dioxins and PAHs only very slowly. These compounds therefore tend to accumulate and concentrate in living organisms, and are toxic at very low concentrations in the body. Thus, although contamination of the environment occurs through air pollution, the major health concern is not direct inhalation of these persistent toxins but ingestion through dust and food, and accumulation in the body over time. Ambient air monitoring, although an important tool in monitoring exposure, is only an indirect method of assessing exposure. A multi-pathway exposure assessment is required to assess the impact of air polluted by these substances. The identification, control and elimination of the sources of Persistent Toxic Substance 

The use of Environmental Impact Assessments (in environmental management)

The NEMA definition of the ‘environment’ is: 

'environment' means the surroundings within which humans exist and that are made

up of:

(i) the land, water and atmosphere of the earth;

(ii) micro-organisms, plant and animal life;

(iii) any part or combination of (i) and (ii) and the interrelationships among

and between them; and

(iv) the physical, chemical, aesthetic and cultural properties and conditions of

the foregoing that influence human health and well-being;

An Environmental Impact Assessment (EIA) is defined (in the EIA guidelines) as “a process of examining the environmental effects of a development.” In the context of the NEMA definition of the ‘environment’, an EIA must include an evaluation of the likely human health impacts of a development. While the regulations and the guidelines prescribe a set of procedures, including a public participation process, for carrying out an EIA, the scientific methodology to be used is described either in very broad terms or not at all. The decision criteria are also described in broad terms (for example, an impact may be describes as ‘low’, medium’ or ‘high’ without objective criteria for the categorization. The method used in an EIA and the interpretation of the results of an EIA may therefore be open to dispute by contending parties.

A wide range of developmental activities (examples: the construction of a coastal road through the Wild Coast, an expansion of an oil refinery, construction of a waste incinerator, construction of a new shopping center) may have an impact on the environment (as defined). EIA procedures may therefore be complex, and may include a series of ‘specialist studies’ such as an analysis of future traffic patterns, air pollution dispersion modeling studies, health impact assessments or specialist studies of impacts on local fauna and flora. 

Life Cycle Assessment

An EIA in practice tends to examine the relatively local impacts of the proposed activity. A life cycle assessment is a systematic procedure for examining not only the proposed development activity but the potential impact of the product itself throughout the lifespan of the project, and of the impact of the raw materials used in the process, the energy consumption and its use of resources such as water and land. For example, an environmental impact assessment of a coal mine might examine the impact of air and water pollution during operations whereas a life cycle assessment would include an assessment of rehabilitation of the site at the end of the life of the mine, the energy consumed during the mining process itself, and the long term impact of disturbance of the underground water resources. In the case of the manufacture of consumer products, a life cycle assessment would include an assessment of the impacts of the transport system and energy used in the distribution of the product, the waste disposal problem posed by the product after use, the feasibility of recycling materials and the environmental risks posed by the product itself.

Ambient air based controls





 Air Quality Assessment





Modelling outputs





Ambient air monitoring (measurements)





Emission Inventory





Other Environmental data





Air quality standards 


(based on the protection of health and environment)





OTHER INTERVENTIONS


Public transport;


Renewable energy;


Cleaner fuels;


etc





Review


source emission controls





Compare with





Emission inventories





Meteorological data





Air Quality Model





Source emission standards


(based on technology considerations)





Source emission measurements





Compare with





Pollutant source based controls





Figure 12.1: Elements of an Air Quality Management System








