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PART 1: INTRODUCTION

1.0 Introduction

Environmental pollution is an important issue for an island country like Fiji to address. With limited land resources and sea being the source of income generation, it is highly important that these pollution issues are dealt with. However there is another form of environment pollution which is quite significant in this country. This is air pollution. Air pollution affects a greater population than its immediate surroundings therefore a nationwide policy is critical.

It has been noted from the various complaints received from the general public that air pollution is a significant issue for them. There are various sources of air pollution such as vehicle emissions, open burning of waste (as in household waste and solid waste dumps) and industrial emissions. The control of this is important as a number of harmful chemicals are generated from these such as dioxins and furans, carbon monoxide, sulphur and nitrogen oxides, carbon dioxide, ozone and benzene. Other miscellaneous emissions include particulate matter. These chemicals cause respiratory diseases, neurological disorders, reproductive disorders and in extreme cases, as in exposure to very high levels, cause deaths.

While there are some measures of control on these chemicals such as, the Land Transport Authority implementing their Act to control vehicle emissions, with Ministry of Commerce regulating fuel standards, and the Occupational Health and Safety Department to an extent controlling the emissions at workplace, there are no substantial contribution towards the management of air pollution of the environment, generally, in Fiji. The existing legislations are either for specific sources or locations only. The Mining Act under the Mineral Resources Department also had vague referral to the control of fumes from the gold mine; however that issue is now no longer relevant. There are other Acts such as the Public Health Act which vaguely allude to nuisance incidents which may include air pollution. 

Under Part 2 Section 14 of the recently enacted Environment Management Act (March 2005) that requires the Waste Management and Pollution Control Unit to formulate, implement and monitor strategies for minimizing of packaging wastes, special wastes, liquid wastes and any other types of wastes. This is interpreted to include air pollution or gaseous waste as they may be called. Additionally, there are a number of Conventions and Protocols which Fiji is a signatory to, including the Kyoto Protocol, Vienna Convention and the Stockholm Convention which focuses on chemicals causing air pollution and requires our country to take action in this regards.

Certain factories and private companies may have environmental standards which they follow as a consequence of recognizing international environmental standards for the manufacture of their produce which may assist in keeping the air pollutants at a low level. These standards or environmental component in industrial sector is voluntary in some cases. However concrete national laws/ strategies and standards can provide a much stronger platform for these companies to act from.

The need for a National Air Pollution Control strategy is brought about by Parts II and V of the Environment Management Act (EMA) 2005 that requires the Ministry of Environment to develop strategies for pollution control and to provide permits to facilities discharging waste and pollutants into the environment. Obviously, air pollutants are amongst these and a strategy can provide guidance for the development of these permits.

It is highly important to work closely with the government and private sector to come up with a strategy for air pollution in Fiji. Within the Government Departments itself there is a need for coordination amongst the key stakeholders who are involved in air pollution control, as often there is a question about mandate. This strategy needs to be stringent enough to allow effective protection of the environment, yet it should be flexible enough to allow the private sector to operate in an environmentally friendly manner.

1.1
AIMS AND OBJECTIVES OF THE AIR POLLUTION CONTROL STRATEGY

1.2 Aims and Objectives of the National Air Pollution Control Strategy:
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· To protect and enhance the environment of Fiji in order that the various eco-systems and the population are free from the consequences of air pollution.
· To reduce air pollution to the lowest levels that can be reasonably achieved by targeting reduction at source.

· To create awareness and educate the public on air pollution issues

· To ensure coordination amongst the lead Departments and Ministries regarding air pollution.

1.3
Scope of the Air Pollution Control Strategy

The strategy presently covers the pollutants listed under common air pollutants. Standards shall be set for seven major parameters for monitoring level of air pollution which include: particulate matter, nitrogen dioxide, sulfur dioxide, ozone, carbon monoxide, lead and uvb. Other specific pollutants e.g. hydrogen sulphide, arsenic etc will also be included in the standards to be used for the air pollution regulations for the Environment Management Act  The current list of chemicals in this strategy and standards can be reviewed and based on the necessity and available resources certain other pollutants can be included afterwards. 
1.4
Target Groups:

Industries

Government Ministries

Vehicle Owners

Schools

Urban and Rural Communities

General Public
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PART 2: ASSESSMENT OF THE PRESENT SITUATION IN FIJI

2.0 Air Pollution in Fiji – A Background

Before the Development of the Department of Environment, the Department of Health under the Ministry of Health and Social Welfare had an Air Pollution Control Unit in it. This was back in 1987 when there used to be an environment officer with the Department of Town and Country Planning who used to deal or liaise with Department of Health and other relevant agencies regarding air pollution issues (eventually this lead to the creation of the Department of Environment in the early 1990’s) However as the Government and Ministries changed, perhaps this Unit and its existence faded away. 

Previous records show that the major air pollutant issues were from the Cement Factories, Quarries, Gold Mine, Sand Blasting, Vehicle Emissions, Industries with Incinerators etc. Over a period of twenty years new list of pollutants have been added to the list. 

It was also discovered that previously equipment had been provided to the Fiji Government to monitor air pollution, however due to lack of skilled people to operate these equipment, they became obsolete and were never utilized. 

Therefore this highlights that in Fiji, air pollution issues although reported, have gone unchecked for the past few decades. Also technical equipment, though previously available could not be used due to lack of specialized people to operate them. With lack of legislative strength, coordination amongst line Ministries and questions about mandate, lack of financial and technical resources and education and awareness amongst the public, no action had been taken to address this issue. However, with the changing times people have come to acknowledge the fact that air pollution is a serious problem which needs immediate attention to protect and conserve our environment for future generations. 

2.1
Current Status of Work Done in Relation to Air Pollution 

2.1.1
Department of Energy – National Energy Policy [7]

The Department of Energy has developed a National Energy Policy whereby they have addressed air pollution issues by recognizing air pollution as a significant issue. In the Energy Policy it has been highlighted that “Human activities related to energy use have the greatest impacts on the environment. The adverse impacts of energy production and use have now become political issues and the subject of international debates and regulations. The use of imported fossil fuels for electricity production, transportation, manufacturing, farming and industrial processes contribute the largest share of greenhouse gas emissions. Greenhouse gasses are the causes of global warming and sea level rise. Both global warming and sea level rise have serious implications on the environment through loss of bio-diversity, ozone layer depletion, inundation of low lying lands, severe climate changes and desertification to name a few”.

2.1.2
Fiji Industries Limited (FIL)

FIL is involved in the process of cement manufacture in Fiji. Taking Fiji Industries as an example of the industrial sector, some action has been also taken towards environmental management from an industrial point of view by introducing mechanisms in their production line which reduce dust emissions. Furthermore there is a staff present in the company who looks after the environmental aspects and the company also encourages environmental considerations from staff by designating certain days to the protection of the environment. Dust from the Factory was one of the major causes of concern. Dust occurs as a product of the manufacturing process and from ancillary operations. Emissions most likely can result from: 

• Routine operations (eg. handling of clinker hopper within the clinker shed and loading of cement bulk tanks) 

• Process failure (emissions from cement mill exhaust) 

• Leaks in process equipment 

• Spillage during transport of materials (including clinker, slag and gypsum) 

• Mobile equipment and truck movements disturbing settled dust on site and roads 

• Stockpiling and recovery of raw materials and product 

• Process operations (eg. cement mills.) 

a) Mitigation Controls 

FIL has implemented a number of specific controls to reduce dust emissions from the plant site. These controls are described below. 

i) Dust source elimination 

An effective way to reduce dust emissions is to prevent the escape of dust and to regularly remove/relocate any dust that accumulates around the plant site or treat it in such a way that it can no longer become airborne. The clinker shed has been completely enclosed to prevent dust from escaping during shipments. Discharge hoppers (wharf and onsite) are now in place as another way of controlling dust. The installation of dust collector system for the clinker discharge on the plant is currently underway and will be fully functional before the next shipment. For cement grinding and bagging, several dust collectors are in place to prevent any dust emissions. 

ii) Water spraying to dampen active site areas 

Water is the method most widely used to control open source dust discharges. Water effectively binds small particles, rendering them less susceptible to mechanical disturbance and wind. The efficiency of water for controlling dust discharges is a direct function of the amount of water applied per unit surface area, the frequency of application, the volume of traffic and the prevailing meteorological conditions. 

During shipments and dry spells the areas (roads) are sprayed with water to control the dust generated through vehicle movement. Materials kept in the open are gypsum and slag which are damp and therefore generation of dust is minimal. It should be noted that watering of clinker dust is not possible, as clinker solidifies into concrete. Clinker is stored in an enclosed shed. 

iii) Planting screen vegetation (wind fences) 

Trees were planted to act as wind breaks to protect the site from wind, and screen planting of trees to act as a barrier between the dust source and roads and property boundaries. 

iv) Stabilization of work surfaces 

Roads were sealed so that dust could be easily collected by mechanical means, such as road sweepers and with scrapers. Also by doing this dust generated through traffic movement is further reduced. 

v) Traffic movement restrictions 

Dust arising from industrial activities is often created by traffic movement on sites. Such dust generation is a direct function of the speed at which vehicles travel, and therefore speed restrictions have been imposed on all vehicles entering or leaving the plant in all weather conditions as means of controlling dust from vehicle movement.

2.1.3
Ministry of Agriculture – Land Management Department

This Department has been carrying out awareness activities with the sugar cane farmers to discourage them from burning cane for harvesting purposes. They have also worked with FSC on this issue but they lack legislative strength to tackle this issue.

2.1.4
Land Transport Authority

The Land Transport Authority (LTA) has been carrying out monitoring of vehicle emissions and has data present to show changes in the status of vehicle emissions. The Land Transport Authority Act has a provision for charging penalties to vehicle which smoke excessively. Furthermore LTA is also carrying out a biofuel project in vehicles from different Government Departments to find out the feasibility of utilizing biofuel instead of the normal diesel and petrol. Though a lot of work to reduce vehicle emissions in Fiji has been carried out by LTA, looking at the status of vehicle emissions in Fiji there is still a lot more work to be done in this area in the near future. 

2.1.5
 Department of Environment

With the enactment of EMA, DoE is drafting regulations for air pollution control under this Act. The development of this Strategy should also act as a contribution from DoE towards air pollution control.

Furthermore, the department of environment has also been involved in a number of projects related to international Conventions such as the Stockholm Convention and the Montreal Protocol. Under Stockholm Convention Persistent Organic Pollutants Project (POPs) it was found that open burning, especially of plastics, is one of the major sources of two major POPs chemicals covered under the Convention in Fiji, “Dioxins and Furans”. Dioxins and Furans have known to be classified as the most potent carcinogens in the world. In this regards awareness activities and alternatives to open burning of rubbish was provided for the general public and school visits were also carried out to educate children on the dangers of open burning of rubbish, as burning of rubbish is a major activity in schools. 

The projects under the Montreal Protocol include the recovery of Chlorofluorocarbons (CFCs) and the phase out of methyl bromide. Certain Ozone Depleting Substances (ODS) are also prohibited under the ODS Act 1998. All these chemicals have great potential to become air pollutants and the ozone project and the ODS Act 1998 assists in the management of air pollution in this regards; however the aim of the project is not air pollution control per se, but the prevention of the depletion of the ozone layer. Specifically the aim of the ODS project is to regulate the importation, exportation, sale, storage, and use of ozone depleting substances and to give effect to Fiji’s obligations under the Vienna Convention for the protection of the ozone layer and the Montreal Protocol on substances that deplete the ozone layer, and for related matters.  
The International Waters Project (IWP) also carried out a number of studies as part of their project, one of which included finding out a major form of waste disposal in the rural areas. It was found that burning of waste is a major form of waste disposal in the rural areas and this is also a major source of air pollution in Fiji. Furthermore similar findings were made for a squatter settlement waste management project that was carried out in Wailea by the Department of Environment.

The Department of Environment had previously carried out a project on climate change and how communities could adapt to changes in climate in the future. Now as the Ministry of Tourism and Environment, there are some community climate change projects that are being implemented as well.

2.1.6 Department of Occupational Health and Safety (OHS)

The Department of OHS presently regulates the emission levels at the workplace only. The standards used currently for these emissions are the Australian Standards. While indoor air pollution (as in workplace) is just as or even more dangerous (due to the confined space etc.), as it is regulated by the OHS Department, it is outside the scope of this strategy.

3.0 Sources of Air Pollution

There are various sources of air pollution in Fiji which include (in order of the gravity of the problem):

· Vehicle emissions

· Open Burning - Burning of dumpsites and Backyard burning or burning of household waste (domestic)

· Industrial emissions

· Agricultural burning

· Incinerators 

· Cooking in open stoves (wooden stoves)

· Emissions from shipping vessels

· Dust from gravel roads

The above order was established upon the number of complaints received, visual observations and studies carried out. As mentioned before, it was discovered under a project for the preparation of the National Implementation Plan (NIP) for the Stockholm Convention in Fiji by the Department of Environment, that open burning of organic waste is the main contributor of “dioxin,” a POPs chemical which is highlighted for elimination under the Stockholm Convention.

Furthermore burning of carcasses, cigarette smoking, cooking in “Lovo pits” and crematory practices also contribute towards air pollution but these are usually at a lower level or beyond the scope of this strategy as they are culturally sensitive issues or issues which cannot be controlled. 

Additionally, the National Fire Authority (NFA) carries out fire extinguishing drills which in certain cases utilize tires and various types of fuel. This being an important form of training for the fire officers and for disaster management etc may be excluded from the scope of this strategy.   

Sources of air pollution have been divided into rural and urban sections in this strategy due to the differing daily practices of its inhabitants. 

a)
Sources of Air Pollution in Rural Fiji and in Squatter Settlements
i) Open Burning/ Open Stoves

Open burning of waste has been identified, as mentioned under the IWP and DoE projects, as a major source of air pollution in rural communities as well as squatter settlements as they do not have a waste collection system that is available in the urban areas. 

ii) Diesel Generators

Another source of pollution in rural area especially villages is from the diesel generators that are there under the rural electrification project by the Department of Energy. Villagers have been complaining about emissions from these generators. 

iii) Dust from gravel roads

While this is a problem in the rural area which do not have tar sealed roads, two major solutions would be to tar seal the roads or to wet them in extreme dry seasons to prevent dust issues. However both solutions are highly costly and not practical as yet, for the Government. 

b)
Sources of Air Pollution in Urban Fiji

3.1
Vehicle Emissions

For Fiji’s urban areas, vehicle emissions is amongst the most common and offensive forms of pollution. There are large and increasing numbers of small entities, particularly motor vehicles, contributing to the background levels of air pollution. This pollution is strongly suspected to be increasing - but in the absence of regular monitoring specifically of pollutants in the air originating from vehicle emission, this cannot be quantified.
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Smoke is the visible component of particulate emissions. Where there is smoke there will likely be high emission of non-visual particles as well. The smaller particulates, especially those less than µm2.5 (a human hair is around 100-200µm in diameter) are of particular concern as they can penetrate deep within the lungs. Some particulates from vehicles are known carcinogens. There are also other vehicular emissions to consider including the air quality-related gaseous emissions of carbon monoxide (CO), oxides of nitrogen (NOx), volatile organic compounds (VOC), sometimes also referred to as hydrocarbons (HC), and global-related emissions species such as carbon dioxide (CO2) [1]”.

A study on motor vehicle emissions and actions plans to rectify the situation was carried out by the Department of Environment in 2004 with Mr. Andrew Campbell, a consultant based in New Zealand. The action plans set out realistic and achievable measures through which vehicle emissions can be reduced. An example of the implementation of these action plans is the recent introduction of new standards for sulfur content in diesel by Ministry of Commerce.
3.2
Open Burning/ Open Stoves
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The practice of burning household trash in a burn barrel, open pile, primitive incinerator, or wood stove does not allow for the control of dioxin emissions. Surveys show open burning is widespread around Fiji. The United States Environment Protection Agency (USEPA) places open burning first in rank ahead of municipal and medical waste incinerator emissions. Open burning occurs mostly in rural areas, often close to agriculture but in Fiji it was observed that much open burning is conducted by residents in rural and townships and villages as well as cities. Therefore, it may disproportionately contribute to dioxin exposure in food. Burning of solid waste dumps is another significant source of air pollution in Fiji [4]. Burning of household rubbish








               Solid waste dump burning
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Quantifying open burning dioxin emissions and their proximity to agriculture should be important to reducing human exposure. Yet little information exists on the emission rates from actual open burning or even from experimental simulations. Virtually no information exists on whether those who practice open burning preferentially burn materials like polyvinyl chloride (PVC) plastics or exclude them from burning. Observations in Fiji clearly show there 

is little or no preferential burning. Experimental      studies show that under open burning conditions, PVC content positively correlates with dioxin emissions. Burning of tin cans is harmful as well.

3.3
Industrial Emissions

As mentioned previously in this strategy complaints of industries contributing towards air pollution has been report since 1987 and perhaps even before then. Industries which come under scrutiny include: cement factories, Quarries, sugar mills, food manufacturers, breweries and major laundries. A list of industries which can cause air pollution is given in Appendix 2. The emissions and hence the control measures of these industries would differ depending on the type of operation of the industry and the fuel used. Emissions can range from carbon dioxide to sulfur dioxide etc.

3.4
Agricultural Burning

This mainly constitutes burning of agricultural crops, namely the sugar cane fields. In Fiji the major reason cited for this is that it makes harvesting easier for the harvesters who otherwise face the threat from pests like hornets. However with the cane fields sprayed with pesticides, herbicides etc. this makes burning of the sugar cane both a health and an environmental hazard. Another form of burning which can be categorized under agricultural burning is the bushfires/wildfires or the burning of forest. It is understood that in majority of the cases these are unintentional and perhaps not as significant. Presently there are no legislations for any authority to address them or their prevention and it is difficult to identify the offenders.

3.5
Incinerators:

Incinerators emit poisonous gases, heavy metals, and dozens of organic contaminants. Medical incinerators, in addition to the above, may also emit pathogens, cytotoxins, and radioactive diagnostic materials. They tend to have particularly high levels of mercury and dioxin. Particles (soot, smoke) are released when combustion has been incomplete. Fine particulates with diameters less than 10 um are of the most concern because they are small enough to be inhaled and affect the lungs of people. 

Medical and infectious waste is waste generated by research, vaccination clinics, medical and dental activities, and refers to blood-related waste, such as used needles and blood bags. Solid waste generated at clinics, such as kitchen waste, 

cardboard, and files are not medical waste. Hospital waste is medical and infectious waste that is generated by a facility with 6 or more beds. Pathological waste is human or animal anatomical remains, tissues, or body fluids and the plastic packaging that contains it. Low level radioactive waste refers to x-ray equipment and waste from radio-isotope use or radio-immunoassays. Chemotherapeutic wastes are pharmaceuticals used in chemotherapy. In addition, dioxins and furans preferentially adsorb on to them. Metals, acids, and other organics adsorb to them as well. The amount of particles emitted varies with the moisture content of the waste and the design of the incinerator [4].

Incineration in schools is another source of air pollution. It is the case today that most of the schools have crude incinerators where they burn all their rubbish from the classrooms as well as from the school compounds. These are burnt in crude incinerators which are present in most schools around Fiji. Crude incinerators are those that are not designed to protect the environment or to reduce harmful emissions. They just reduce the size and volume of waste not it’s environmental or health impacts.

3.6 
Miscellaneous 

Accidental fires, burning of carcasses, cigarette smoking and crematory practices also contribute towards air pollution but these are usually at a lower level or beyond the scope of this strategy as they are culturally sensitive issues or issues which cannot be controlled. The practice of burning household trash in a burn barrel, open pile, primitive wood stove does not allow for the control of dioxin emissions. 

Another source of air pollution that has been noted is the emissions from ships that harbor at the wharf. It has often been noted that ships that leave the various wharfs also leave behind huge trails of smoke. The Fiji Islands Maritime and Safety Administration (FIMSA) have indicated that this will be dealt with under the Marine Act. As for Air Pollution from SOLSA (Safety of Life At Sea 74 Convention, the amendments of 78, and its protocols. Convention Ships, Fiji has ratified this Convention, and has incorporated the Coventions requirements into the Marine Act 1986), FIMSA is still in the process of ratifying MARPOL 73/78 (Convention on Marine Pollution), before they could implement the requirements of its Annexes.

Smell from the sewage treatment plants are also targeted by this strategy and the levels of Hydrogen Sulfide, the major source of odor from sewerage treatment plants, will be monitored as required under the standards to rectify this situation. 

4.0
Types of Air Pollutants and Effects of Air Pollution

4.1 Common Air Pollutants and Relationship Between Air Pollution, Climate Change and Ozone Depletion [17]

While closely related, air pollution and climate change have mostly been treated as separate problems. At the international level, efforts under the UNECE Convention on Long-range Transboundary Air Pollution have helped cut air pollution levels in Europe. Sulphur emissions are 60% lower than in 1980, nitrogen oxides are down by 25% compared to 1990 and other pollutants are also starting to decline. Taking certain climate change measures will yield additional benefits through improved local and regional air quality. Certain air pollution abatement measures will also help protect the regional and global climate.
Air pollution affects the regional and global climate both directly and indirectly. Ozone in the lower layers of the atmosphere contributes to global warming even more than some greenhouse gases included in the Kyoto Protocol, and particulate matter in the atmosphere also has important climate impacts. However, although black carbon, or soot particles, has a warming effect, other particles, for instance sulphates and nitrates, may cool the climate. The current high levels of sulphates and nitrates mask the effects of climate change to some degree. Through cuts in sulphur and nitrogen emissions necessary to protect human health and the environment the climate impacts of the greenhouse gases may actually show more quickly. On the other hand, measures to cut black carbon emissions, for instance from diesel combustion, will have double benefits, protecting both human health locally and also the climate regionally and worldwide. 

While indications of the climate impacts of increasing greenhouse gas concentrations can already be seen in the rise of mean temperatures and the increase in the numbers of extreme climate events (floods and droughts), most impacts are likely to happen over the next 50-100 years. Some gases, like carbon dioxide, stay in the atmosphere for a very long time, so measures to reduce emissions only start to show an effect after a few decades. In contrast, ozone, and black carbon (PM10) can be controlled to show effects much sooner (10-20 years). Cutting these pollutants could help reduce some climate impacts while waiting for longer-term measures to pay off.

Besides such links between atmospheric effects, there is also a strong link between the sources of emissions. Energy production and transport are responsible for most CO2 emissions and much of the air pollution. Cutting energy consumption and car use will therefore have double benefits. Synergies can also be found in agriculture: cutting ammonia emissions could lead to an increase of some greenhouse gas emissions, but the same reduction levels can also be achieved by an integrated strategy that will even cut some of the greenhouse gases. 

Table 1
Shown in the table below are some common air pollutants:

	Total suspended particles
	Sulfates

	Suspended matter
	Carbon monoxide, carbon dioxide

	Acid gases
	Nitrogen dioxide

	Sulfur dioxide
	Ozone

	Dioxin
	Nonmethane hydrocarbons

	Furan
	Lead


4.2
Pollution and Small Islands [13]
Pacific island countries, like the rest of the world, face serious problems with disposal of wastes and pollution. These problems fall into three categories. (i) aesthetics, (ii) human health (iii) environmental degradation, these are discussed below.

4.3
Costs of pollution to the Tourism Industry
Since tourism is the great economic hope for the Pacific Islands, ambient beauty has a cash value. Yet in most of the Pacific islands, tourists are confronted with fumes from motor vehicles, burning of household wastes and so forth. Open municipal dumps are often close to major urban centres and almost always on fire, with the fumes from these fires being carcinogenic in nature and detrimental to tourists and locals alike.

4.4
Environmental Costs of Air Pollution
Environmental degradation from pollution indirectly impacts human health through reduction of food security, loss of drinking water supplies, and loss of economic opportunity.

The major industries in small island states like Fiji are agriculture, tourism, forestry, mining and fisheries. These depend, to a very large extent on the proper management of our environment.

One major problem regarding environment from air pollution is global warming, which has become worse in the last 100 years. This means that more radiation is reflected back – which means the Earth’s atmosphere is getting warmer and warmer. The effects of global warming include: 

· Average global temperature rise of 3°C in the next 100 years. 

· Sea levels rising – islands may disappear 

· Freak weather – drought and floods 

· Diseases – tropical diseases may spread 
4.5
Costs of Pollution to Human Health
Human health is both directly and indirectly affected by air pollution. 

Carbon monoxide combines with red blood cells to form carboxyhaemoglobin, which substantially reduces the capacity of the blood to carry oxygen to tissues. People who have an existing disease, which affects the delivery of oxygen to the heart, or brain (e.g. angina), are particularly susceptible to the effects of carbon monoxide.

Exposure to high levels of lead may result in toxic biochemical effects that can result in kidney, intestinal tract and nervous system damage. There is also a possible effect on brain development in children.

Particulate air pollution is associated with a range of effects on health, for example PM10s and other fine particles can penetrate deep into the lung tissue and as such can exacerbate asthma and other respiratory and cardiovascular conditions and also lead to increased mortality rates. A World Health Organization (WHO) report (2000) on the effect of air pollution on the children around the world, listed Fiji’s air as having on average over 25 micrograms per cubic metre (μg/m3) of PM10. PM10 refers to particles less than 10 micrometres in diameter. The European Union standard for 24-hour mean PM10 levels is set at 50 μg/m3, not to be exceeded more than 35 days per year. While Fiji is below this, reported numbers may not reflect the actual situation in Fiji and no specific regulations to control air pollution, these values will likely rise. 

Sulphur dioxide causes constriction of the airways by stimulating nerves in the lining of the nose, throat and lung airways, exacerbating existing asthma and chronic lung conditions.

At relatively high concentrations, nitrogen dioxide causes inflammation of the airways. There is evidence to show that long-term exposure to nitrogen dioxide may affect lung function and enhance the response to allergens in sensitized individuals. Nitrogen dioxide also reacts with other gases and pollutants to form ozone, which can lead to irritation of the eyes and nose followed by inflammation and damage to the lining of the airways to the lungs if prolonged exposure is experienced. 

Diesel fuel emissions contain close to 40 toxic substances, smog-forming oxides of nitrogen and fine particulate matter. These contribute to an adverse environmental and health effects, including depletion of the ozone layer, climate change issues, asthma, cardiovascular and respiratory problems, strokes, heart attacks, lung cancer and premature deaths.

5.0 Existing Data

5.1
Research Projects on Air Quality

1. The Ozone Project 
This was a University of the South Pacific (USP) / National Aeronautics and Space Administration (NASA) initiative to investigate atmospheric ozone chemistry (also carried out as a Masters project at USP). Results showed that on average our ground level ozone seldom exceeds 30 parts per billion (ppb) with a three year average of 18 ppbv (a range of 80-120 ppbv is considered safe for ground level ozone.) However the troposphere ozone levels reflect much wider variations, showing anthropogenic (human induced) contributions (three – year range, 21 – 250 ppbv; av. 72 ppbv), usually unpolluted troposphere levels do not exceed 50 ppbv. The stratospheric levels display fewer variations: three year range 7.3 – 12.5 parts per million (ppmv) and av. 9.5 ppmv. Anything above 9 ppmv is considered healthy. Another measure of ozone levels is the ‘column concentration’ measured in terms of Dobson Units, DU. The three year av. for Fiji is 295, within the range of 224- 360 DU. USP had also recently (until 2005) been involved in a Ozone project through one of the students’ Masters programme.

2. The Methane Project

This is a USP/ NIWA (National Institute of Water and Atmospheric Research) NZ (New Zealand). Project which began in 1994. Fiji’s multi year av. for methane concentration is 1710 ppbv which is almost the same as that for Baring Head, NZ and is only slightly lower than the world average of 1720 ppbv. Our radio carbon studies indicate considerable biomass burning influence in the methane levels in Fiji. 

3. Rain Water Studies

The average pH for rain water in Suva is 5.2 which shows no serious ‘acidification’, meaning less of the acidifying oxides like those of nitrogen and sulfur are presently affecting precipitation occurring in and around Suva.

4. Aerosol Studies

There is a lot of black carbon in the Suva air mainly in the city. The total suspended particles (TSP) at USP is 20.7-29.2, Central Suva 33.1 – 50.5 and Walu Bay 67.3 – 68.2 microgram/ cubic meter (WHO annual av. Limit is 60-90 micro gram/ cubic meter).

5.2
Dioxin and Furan Release in Fiji

Emission Factors (EF) for Dioxin and Furan releases in Fiji were calculated using the UNEP Chemicals Toolkit, under the Persistent Organic Pollutants (POPs) Project at the Department of Environment. Four resources in developing an EF were used: The USEPA Background Document (May 1993), the EPA “Inventory of Dioxin Sources” (April 1998), United Nations Environmental Program Dioxin Toolkit (January 2001), USEPA Dioxin Assessment (September 2000). The summary of dioxin and furan releases in Fiji are shown in Figure 1 below:
Table 2:
 Summary of Annual Releases from All Categories

	Source Categories
	Annual Releases (g TEQ/a)

	 
	Air
	Water
	Land
	Products
	Residue

	Waste Incineration
	9.602
	0.000
	0.000
	0.000
	0.0

	Ferrous and Non-Ferrous Metal Production
	0.110
	0.000
	0.000
	0.000
	0.3

	Power Generation and Heating
	1.097
	0.000
	0.000
	0.000
	0.0

	Production of Mineral Products
	0.275
	0.000
	0.000
	0.000
	0.1

	Transportation
	0.078
	0.000
	0.000
	0.000
	0.0

	Uncontrolled Combustion Processes
	0.092
	0.000
	0.000
	0.000
	0.1

	Production of Chemicals and Consumer Goods
	0.000
	0.000
	0.000
	0.000
	0.0

	Miscellaneous
	0.011
	0.000
	0.000
	0.000
	0.0

	Disposal/Landfilling
	0.000
	0.123
	0.000
	7.305
	0.0

	Identification of Potential Hot-Spots
	
	
	
	
	

	Total
	11.3
	0.1
	0.0
	7.3
	0.5


Table obtained from Dioxin and Furan Report [5]

Table 3: Annual Release – Dioxin Incinerators Fiji 2005

Annual Releases (Max) g TEQ/a

	Facility
	Air
	Ash
	Total

	Lautoka Hospital
	0.34
	0.17
	0.51

	Ba Hospital
	0.00
	0.00
	0.00

	Nadi Hospital
	0.00
	0.00
	0.00

	Nadi Airport
	2.72
	1.31
	4.03

	Sigatoka Hospital
	0.00
	0.00
	0.00

	Suva Port Authority
	0.04
	0.02
	0.06

	CWM Hospital
	0.49
	0.72
	2.21

	Labasa Hospital
	0.04
	0.07
	0.11

	Fletcher Steel Suva
	0.05
	0.00
	0.05

	Government Building
	0.01
	0.00
	0.01

	RakiRaki Hospital
	0.25
	0.01
	0.26

	Tavua Hospital
	0.40
	0.01
	0.41

	
	
	
	

	
	
	
	Total grams/yr 7.65



Table Obtained from Fiji Incineration Report [4]

5.3
Lead Measurement in Roadside Dust

Leaded petrol was widely used in the past and has contributed to high environment lead exposure in high traffic density areas. The roadside impact of this has been investigated in Fiji [3]. 

Table 4: Lead Quantities in Roadside Dust

	Type of areas  (mg/kg)                                            Pb in roadside dust

	Low traffic zones                                                                    59 – 99

	Medium traffic zones                                                            333 – 382

	Heavy traffic zones                                                               372 – 5161

	Local soil background                                                               5 – 20

	Available Standard                                                                 710 – 736

	Certified value                                                                       714 ± 28


5.4
Open Burning [4]

Calculating Dioxin emissions for Fiji from Open Burning:
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A very rough calculation for Fiji would be:

ETEQ = EF x P x F x W

Assumptions EF High range is 300ng, P = 598,000, F= 0.70 (based on personal observation that about 70% of all rural people are burning their household waste in Fiji) W = 39kg/year (based on an estimate of 0.75 Kg per person per week) Therefore the total dioxin produced by all open burning NOT including landfill burning is: 


ETEQ = 300 x 598,000 x 0.70 x 39 = 4.9 grams per year.

5.5
Landfill (and Uncontrolled Dump) Fires [4]

During Dr. Ron McDowell’s visit to develop the Fiji Incineration Report, he observed two landfill fires. The landfill (uncontrolled dump) at Sigatoka was on fire and is normally burned. The Suva City landfill (uncontrolled dump) was on fire during the visit and this was accidental as it is normally is fired. For a burning landfill (and uncontrolled dump) the amount of dioxin produced for each day the land fill is on fire is calculated simply by multiplying the tonnes burned per day by the default UNEP EF (1000 ugTEQ) for landfill fires as below:

ETEQ = 1000ug x Estimated tonnage per day burned. For the Suva City Landfill an uncontrolled fire will consume on average about 500 tonnes of co-mingled garbage per day so the ETEQ per day will be approximately:


0.5gm per day or 3.5 gms per week

With an out of control landfill fire such as the Suva City fire observed during the visit here are four main areas of concern:- Acidic gases - hydrogen chloride, hydrogen fluoride, nitrogen oxides and sulphur dioxide, are responsible for respiratory irritations and pose further problems for asthma sufferers. Dioxins suppress the immune system, cause cancer, result in fewer male offspring, and cause endocrine disruption, learning disabilities and behavioral problems. Dioxins pass through to babies in pregnancy and breast-feeding. Fine dust penetrates deep into the lungs and exacerbates asthma and other respiratory diseases. Heavy metals - Cadmium can affect the lungs and kidneys Lead causes nerve and brain damage. Mercury affects the central nervous system Further areas of concern include, Arsenic (As), Antimony (Sb), Beryllium(Be), Manganese(Mn), Nickel (Ni) Thallium (Tl) and Vanadium (V). The Suva City landfill fire is extremely dangerous given its proximity to the city and the large areas affected.

It should be noted that even in very small amounts (as in milligrams) dioxins and furans are rated amongst the highest potential carcinogens in the world.

5.6 Vehicle Emissions [1]

Provided below is a table with data on vehicle emissions from a study report by Dr. Andrew Campbell which was commissioned by the Department of Environment. Table below provides the results of one roadside vehicle count carried out on a hill within Suva city. As can be seen by Table 5, the vast majority of vehicles smoke. Light commercial vehicles (LCVs) and buses were found to be particularly bad followed by trucks then taxis, when considering gross emitters of smoke. It must be pointed out that this set of data was taken for vehicles going up a hill. This is when a vehicle’s smoke emission is likely to be at its worst. The smokiness was graded based on visual classification.
Table 5: Vehicle Emissions

	Vehicle


	Smoky


	High

Smoke


	Gross

Smoke



	Cars
	40%


	10%
	0%

	4WD/Van
	90%


	25%
	3%

	Taxis
	90%


	60%
	3%

	LCV

	90%+


	30%
	7%

	Buses

	95%+


	70%
	16%

	Trucks

	90%+

	60%
	5%


Table Obtained from the vehicle Emissions Report [1]

Table 6: Methyl Bromide Data

	2005
	Total Imports - Metric tonnes
	Usage Metric tonnes
	Usage (ODP**-tonnes)

	Sub-Total Non –QPS*
	
	0.958
	0.575

	Sub-Total QPS
	
	5.384
	3.230

	Total
	6.800
	6.342
	3.805

	2006
	
	
	

	Sub-Total Non -QPS
	
	1.10515
	0.66309

	Sub-Total QPS
	
	6.6674645
	4.00048

	Total
	7.4
	7.7726145
	466357


Table obtained from ODS Project [10]

* QPS – Quarantine Pre Shipment

** ODP – Ozone Depleting Potential

Methyl bromide has an ozone depleting potential (ODP) of 0.6. ODP gives the probability of a particular substance to cause depletion of the ozone layer. This also enhances the concern for methyl bromide as an air pollutant. The table above shows the total amounts of methyl bromide used in Fiji in 2005 and 2006. Under the ODS project there is a project targeted towards the phase out of methyl bromide.

6.0
Policies, Legislations and International Obligations

6.1 Land Transport Act

Presently Fiji does not have any comprehensive standards or control in place as far as emissions into the air is concerned, apart from the vehicle emissions which are being monitored by the Land Transport Authority (LTA) in their Act. The Land Transport Act was enacted in 1998 and amended in 1999 and 2000.

6.2 Ozone Depleting Substances Act 1998

The Ozone Depleting Substances (ODS) Act which was passed by Senate on 3rd June 1998, is enforced by the Ozone Unit at the Ministry of Environment and covers those substances which have potential to cause ozone depletion only. The ODS Act includes, under Controlled Substances, the following groups – Chlorofluorocarbons (CFC’s), Bromofluorocarbon or “Halon”, Carbon tetrachloride, Methyl chloroform, Hydrochlorofluorocarbons (HCFC’s) and Methyl bromide.

6.3 Occupational Health and Safety Act

The Occupational Health and Safety (OHS) Act covers emissions and their standards within the workplace. The OHS Department has currently adopted the Australian standards to monitor the emission levels.

6.4 Public Health Act 

While it is probable that air pollution can be covered on a broad basis under the Public Health Act, under the “Nuisances” section, this is not effective due to its broad nature and low fines. The new Bill tabled by the Ministry of Health did plan to encompass this portion of pollution; however, this Bill has not yet been enacted. Therefore, there is a great need to come up with a strategy meanwhile and address this very critical issue under the Environment Management Act. 

6.5
Environment Management Act

It is highly probable that this Act will come into force by early 2008, once the regulations have been drafted and finalized. According to this Act the definition of the word Environment does encompass air and hence the Department of Environment is mandated to develop strategies for the protection of the environment which would include the National Air Pollution Control Strategy. 

Furthermore, in the EMA the definition of “Pollutant” states “…exhaust gases or other similar matter…” this is interpreted to include air pollutants. Part 2 section 14 (e) of the Act identifies the functions of the Waste and Pollution Control Unit which includes the formation of strategies of various types of waste and pollutants such as special waste, packaging waste, liquid waste and any other type of waste”. There is a provision to provide permits to facilities under Part 5 of this Act that deals with Waste Management and Pollution Control, which discharge any type of waste or pollution into the environment, including solid liquid or gaseous waste. Hence, it is quite appropriate in this context that the Ministry of Environment have a strategy in place to control air emissions and at the same time have some sort of standards to allow these permits to be functional as soon as possible.

6.6
Mining Act 

This is not relevant now due to the closure of the mine; however, previously it addressed amongst other things the management of exhaust fumes from the Gold Mine.

7.0
International Obligations

Fiji is also a member to a number of international Conventions which either directly or indirectly address the issue of air pollution. These include:

· The Stockholm Convention

· The Montreal Protocol

· The Kyoto Protocol

· The Secretariat of the Pacific Regional Environment Programme (SPREP) Convention

Fiji has international obligations to reduce the emission of certain pollutants into the air, for example in the case of Stockholm Convention; Fiji needs to reduce the emission of dioxins and furans. Specific South Pacific requirements and obligations for Fiji under Stockholm Convention include [4]:

· Develop and implement an action plan to identify sources and reduce releases of POPs listed in Annex C (dioxins and furans). 

· Promote measures, including best available techniques (BAT) and best environmental practices (BEP), to achieve release reduction of POPs listed in Annex C taking into consideration guidance adopted by the conference of the parties (COP). 

· Develop and implement an action plan to identify sources and reduce releases of POPs listed in Annex C (dioxins and furans)

· Evaluation of current and projected releases

· Source inventories and release estimates

· Evaluation of efficacy of relevant laws and policies

· Strategies to implement Annex C

· Education, training and awareness raising

· Review of strategies every 5 years

· Schedule for implementation

· Identifying BAT and BEP for particular industry

Awareness raising in industry and community on appropriate procedures, practices and alternatives. An environmentally sound design and operation of the waste incinerators requires the use of best available techniques and best environmental practices (BAT and BEP) guidelines to prevent the formation of these chemicals. These techniques include:

• Practicing proper waste handling

• Ensuring good combustion

• Avoiding formation conditions

• Capturing the chemicals listed under Annex C

• Handling residues appropriately.

Under the Kyoto Protocol, Fiji has taken steps to reduce greenhouse gases and in this regards alternate fuel sources are also being considered by Fiji with special consideration being given to the biofuel industry. This alternate energy sources are very important when identifying the need to reduce air pollution. The Montreal Protocol deals with the control and elimination (phase out) of ozone depleting substances and the SPREP Convention deals with various forms of pollution within the Pacific.
8.0
Education and Awareness Practices

There are many Government and Non-Government Organizations which have carried out education and awareness programmes with regards to air pollution. Some of these include:

· Ministry of Health

· Ministry of Women

· Ministry of Environment

· Ministry of Education

· Department of Energy

· Municipal Councils

· Training and Productivity Authority of Fiji

· Live and Learn Environmental Education

· Pacific Concerns Resources Center

· Pacific Center for Sustainable Environmental Development

· World Wide Fund for Nature

· Green Peace

Though these Departments and Organizations may not have carried out separate work for air pollution, they have included it into their various education and awareness programmes (such as during Environment Week during which the Department of Environment creates awareness on environmental issues linked to the Global Environment Day theme. This week coincides with the World Environment Day)

PART 3: KEY ISSUES, CONSTRAINTS AND POSSIBLE SOLUTIONS 

9.0
Lack of Proper Legislations and Regulations

Presently there is a lack of proper legislations and regulations specifically with regards to air pollution control. There are no standards in Fiji, either local or adopted international standards for emissions of certain pollutants into the environment. These are urgently needed to allow some form of monitoring to take place with regards to air pollution in Fiji. 

Possible solutions:

· EMA incorporate air pollution control in the regulations, as the penalties under EMA are harsh and definite to act as deterrents. 

· Ministry of Health also have a draft Pollution Bill which can address this issue once finalized and enacted

9.1
Lack of Resources for Monitoring and Lack of Resources within Industries
Once the standards regarding air pollution control come into place, there will still be other issues which may hinder its efficient monitoring. A major constraint in managing air pollution is the lack of expertise in the relevant authorities like the Ministry of Health, municipal councils, and rural local authorities. The key issues which may restrain the monitoring of the air pollution standards are:
· Availability of trained people

· Availability of technical resources

· Availability of an accredited laboratory

Presently Fiji has very few of the above mentioned resources, only the Institute of Applied Sciences (IAS) laboratory at the USP is accredited. There are some equipment available at the Chemistry Department at the University of the South Pacific as well to carry out analysis for some air pollutants. However, they are not accredited in all their work. Furthermore trained, staff are also required and so are equipment to carry out analysis.

USP has these resources present but within limitations and to carry out this work at a national level, more staff and equipment will be required.

Once industries are required to comply with the regulated standards they may find difficulties in installing equipment to comply. Also it may be difficult for industries to look for sources to provide their own monitoring of the pollutants which are regulated.

As far as lack of resources within industries are concerned, the case of Fiji Industries Ltd., a cement factory in Fiji provides an example of cooperation between government and industry to control air pollution. The company was able to gain duty concessions from government on a new filter bag system that would abate dust emissions from the cement kiln chimney. The duty concessions were approved based on Fiji Industries Ltd.’s willingness to invest substantially on an important social need (public requests). 

Possible Solutions:

· The lack of resources in industry can in part be answered with duty concessions on imports of pollution abatement technology for industry. 
· Industries can as required under EMA set up environment committees where the members of these committees can be gradually trained to deal with environmental reporting, compliance etc. 
· Identify available source of funding for training people, getting technical equipment and accreditation of laboratory, this can be from the National Government or through donor funding or through Fiji’s eligibilities as a Party to certain conventions.

· Use the polluter pays principal to put the responsibility on polluters to pay for the required staff and equipment for analysis.

9.2
Lack of Proper Education and Awareness

Proper education and awareness programmes need to be put into place by the relevant authorities to make the public more aware of issues regarding air pollution in Fiji. For a proper education and awareness programme to be in place, the relevant organizations need to work together to avoid duplication and develop a complete package for the public. This should include the issues as well as alternatives and/or solutions.

Also financial and other resources are required to develop a complete package on education and awareness.

Possible Solutions:

· All relevant line Ministries and Departments, NGOs etc collaborate and come up with a complete education and awareness package for different sectors of the community on various sources of air pollution

9.3 Lack of Coordination

It is often seen that the lead and other relevant agencies that have a mandate in air pollution control lack coordination. This results in duplication of work, wastage of resources and time in deciding about the different actions and the lead agencies who should be taking the actions.

Possible Solutions:

· The National Air Pollution Control Strategy should highlight a mechanism in which the actions will be implemented and how monitoring will be done to coordinate the efforts of the agencies.

9.4 Lack of Data 

Presently there is no data or inventories available to provide a baseline value for the air pollutants from the various sources. Some data may exist within different Ministries and Departments but currently these are in isolation of each other and need to be collated.

Possible Solutions:

Relevant line Ministries and departments to start collecting data as in:

· LTA have data on vehicle emissions

· Department of Energy have data on methane and carbondioxide quantities which can be extrapolated from the calculations of energy efficiency 

· Department of Health to collect all air pollution data related to health effects

· Department of Environment to collect all air pollution data from facilities for baseline purposes through the permits as required under EMA

· Land Management Department from Ministry of Agriculture to store all data related to agricultural burning

· FIMSA collate data on ship emissions

PART 4: AVAILABLE STANDARDS AND IMPLEMENTATION

This section highlights some existing standards and processes for the implementation of the strategy.

10.0 Standards: Examples and Comparison of International Standards

Table 6: International comparison of air quality standards 

	Pollutant
(averaging period)
	New Zealand proposed 
	Australia 
	UK 
	EU 
	WHO 
	     USEPA

	PM10 
(24-hour)
	50 µg/m3
	50 µg/m3
	50 µg/m3
	50 µg/m3
	No safe level
	150 µg/m3

	NO2
(1-hour)
	200 µg/m3
	256 µg/m3
	200 µg/m3
	200 µg/m3
	200 µg/m3
	100 µg/m3

(Annual (Arithmetic Mean)

	Ozone
(1-hour)
	150 µg/m3
	210 µg/m3
	100 µg/m3
	170 µg/m3
	-
	0.12 ppm

(Applies only in limited areas)

	SO2
(1-hour)
	350 µg/m3
	570 µg/m3
	350 µg/m3
	350 µg/m3
	-
	0.14 ppm

(24-hour)

	CO
(8-hour)
	10 mg/m3
	-
	10.0 mg/m3
	-
	10 mg/m3
	10 mg/m3

	Lead (Pb)

(Quarterly Average)
	
	
	0.5 µg/m3
	
	
	1.5 µg/m3


Table 7: Australian Ambient Air Quality Standards

	Pollutant
	Averaging period
	Maximum (ambient) concentration
	Goal within 10 years (maximum allowable exceedences)

	Carbon monoxide
	8 hours
	9.0 ppm
	1 day a year

	Nitrogen dioxide
	1 hour
	0.12 ppm
	1 day a year

	
	1 year
	0.03 ppm
	none

	Photochemical oxidants (as ozone)
	1 hour
	0.10 ppm
	1 day a year

	
	4 hours
	0.08 ppm
	1 day a year

	Sulfur dioxide
	1 hour
	0.20 ppm
	1 day a year

	
	1 day
	0.08 ppm
	1 day a year

	
	1 year
	0.02 ppm
	none

	Lead
	1 year
	0.50 µg/m3
	none

	Particles as PM10
	1 day
	50 µg/m3
	5 days a year


http://www.environment.gov.au/atmosphere/airquality/standards.html#emission
Table 8: New Zealand Ambient Air Quality Standards

	Contaminant 
	Standard 
	Time Average 
	Allowable exceedences per year
	Start date 

	Carbon monoxide (CO) 
	10 mg/m3 
	8 hours 
	1
	1 September 2005 

	Nitrogen dioxide (NO2) 
	200 µg/m3 
	1 hour 
	9
	1 September 2005 

	Ozone (O3) 
	150 µg/m3 
	1 hour 
	0
	1 September 2005 

	Particles (PM10) 
	50 µg/m3 
	24 hours 
	1
	1 September 2005 

	Sulphur dioxide (SO2) 
	350 µg/m3 
	1 hour 
	9
	1 September 2005 

	
	570 µg/m3 
	1 hour 
	0
	


http://www.mfe.govt.nz/laws/standards/when-standards-come-into-effect.html 

The standards shown in table 8 for New Zealand shall be introduced as interim standards for ambient air quality for the Environment Management Act for Fiji. For the other more specific substances the standards adopted will be as under Part 5 of the Air Quality Criteria of the Sustainable Development Bill, 1998 attached as Annex 1. The point of discharge at facilities will follow the standards that the OHS Department has followed for the purposes of air emissions at workplace. These standards are for the purpose of permits to be developed under the Environment Management Act for the facilities that discharge waste and pollutants into the environment. In future, upon revision of the Environment Management Act, more standards for other air pollutants in Fiji will be added on when the country has the capacity to measure these.

11.0 Development of the Draft Air Pollution Strategy and Criteria for Priority Setting

The development of this strategy was guided by a steering committee which comprised of the following stakeholders:

· Ministry of Health

· Department of Land Use and Planning, Ministry of Agriculture

· Land Transport Authority

· Department of Energy

· Department of Occupational Health and Safety

· Fiji Industries Ltd

· Department of Environment

A draft information paper was developed for these stakeholders, who then commented on it. The draft information paper was then taken for consultation at the First Air Pollution Forum held in March 2007. Comments from that Forum assisted in evolving the draft information paper to a draft National Air Pollution Control Strategy. Input from Government, Non Government Organizations and Academia have contributed towards the development of this strategy.

This section lays down the criteria for prioritizing actions that will assist in achieving the vision, goals and targets set out in this document [8]:

· Volume and Risks

Air Pollutants cause a wide range of environmental risks and harm to human health. Some pollutants can be highly toxic and pose immediate risk as compared to others, for example methane has a higher greenhouse potential than carbon dioxide, about 21 times higher.

· Achievability

Policies and actions must be achievable and realistic to ensure success. Attitudinal change will take time.

· Public Concern

Policies and actions must respond to public concerns.

· Cost Effectiveness
Measures that offer the best value for money will take priority.

· Community based solutions 

Solutions that meet the needs and aspirations of local communities and which maximize their involvement are likely to provide the most sustainable outcome, as in reducing open burning of household rubbish.

12.0 Guiding Principles

These principles guided the development and will guide the implementation of this strategy.

· Sustainable Development

Sustainable development requires that air pollution control be carried out in a way that does not place undue social, economic or environmental burdens on either present or future generations and that ensures social equity, effective protection of the environment, prudent use of natural resources that promotes stable economic growth and employment.

· Precautionary Principle

Precaution should be applied where there are threats of serious or irreversible damage. Lack of full scientific data/information certainty shall not be used as a reason for postponing cost-effective measures to prevent environmental degradation

· Polluter-Pay Principle

Those causing pollution should pay for the cost of cleaning up the environment and maintaining ecological diversity and health.

· Life Cycle Principle

This is taking a holistic approach to processes, taking into account all stages beginning from resource extraction to eventual disposal of the end product when it become waste. This is highly important for air pollutants which unlike solid or liquid waste are invisible in most cases and cannot be physically removed from the atmosphere or the environment once it has been introduced into the environment. Also once the pollutants are released into the atmosphere it becomes quite difficult to pinpoint the source. Therefore it is important to identify the source of the pollutants and control at source. One such measure is increasing energy efficiency of boilers or fuel efficiency in cars etc which would eventually lead to a decrease in incomplete combustion and hence release of carbondioxide.

· Extended Producer Responsibility

Under Extended Producer Responsibility (EPR), the producers/importers bear a degree of responsibility for the environmental impacts of their products. It includes upstream impacts arising from the choice of materials and, manufacturing process and downstream impacts, from the use and disposal of products. EPR encourages producers and importers to consider the entire life cycle of their products. It is especially useful for products not easily recovered from the waste stream. EPR encourages businesses to prevent pollution at source, design products to be environmentally friendly and set up take back and recycling schemes.


13.0 IMPLEMENTATION, MONITORING AND ACTION PLANS 

This section highlights the strategy principles and action plans for the review, monitoring and assessment of Air Pollution Control Strategy and Standards. It also highlights the detailed action plans as identified for the implementation of the strategy. 

13.1
Strategy Principles

It is proposed that the following principles will underpin the development of the Action Plan in order to meet the objectives of the strategy:

• The support of the general public, voluntary and special interest groups, industry and the business community will be obtained in order that the wider community within Fiji can assist in meeting the objectives.

• The relevant authorities must set an example of good practice, for example by the use of such initiatives as discouraging open burning within their vicinity etc.

• The National Air Pollution Control strategy must be given a high degree of consideration in the Town and Country Planning and development control decisions and should influence the council’s comments and planning conditions imposed upon development applications.

13.2
Review and Assessment 

A 4-stage process is required for the review and assessment of the national air pollution control strategy and standards. At the end of each stage a review will be carried out to see the effectiveness of the stage and identify and rectify the problems that arise. This is the review and assessment for the standards that have been adopted as part of this atrtegy.

Stage 1

Stage 1 consists of an inventory of all the polluting processes and amounts that may affect air quality within Fiji, including the emissions from traffic on major roads, area sources such as housing estates etc. and all industrial processes (facilities). The development of this inventory would take a while due to the quality and quantity of work involved.

Stage 2

These values (baseline values obtained from industries etc) need to be compared with the standards that Fiji adopts and the areas where the values are the nearest or beyond the standards will be assessed carefully. To rectify this, action plans by the relevant facilities need to be produced detailing the steps to be taken in order to ensure compliance with the relevant air quality objectives. Facilities which fall well within the standards set should be regulated by the relevant regulations, for example the Environment Management Act. If it is determined that the standards set are unachievable they can be re-examined and changed in accordance.

Stage 3

Stage 3 involves the review of the action plans set by the facilities to identify whether they are serving the purpose or not and whether the air pollution levels are compliant with the standards or not.

Stage 4

Stage 4 takes place after review. If the action plans have succeeded in reducing the levels of air pollution then the relevant legislations would take over the monitoring of the relevant areas regarding air pollution control. However, if the action plans do not succeed, then further consultation is required to ensure efficient plans to control the levels of pollutants in the identified facilities.

13.3
Implementation and Monitoring Mechanism of the National Air Pollution Control Strategy

The action plans have been done in detail (as in prioritized and with timeframes) to guide the implementation. After two and half years a forum can be called to highlight the progress of implementation of the action plans and any gaps can be addressed in this forum. Generally the strategy will be reviewed after 5 years in 2011, by the members of the forum. However in the interim should the need arise for any amendments to the strategy and for any additional chemical to be added to the list of standards, the concerned party can write in to the Ministry of Environment and Tourism who shall then take the next course of action; such action will depend on the nature of the issue, this maybe another gathering of the forum or a meeting of the steering committee may be sufficient. 


[image: image2]

12.4 Action Plans 

The action plans have been developed for the various sources of air pollution as has been highlighted earlier in the strategy. It should also be noted that most action plans are based on the key constraints highlighted earlier which include lack of education and awareness, lack of resources, lack of data and lack of proper regulations and legislations. Detailed action plans are given in this section which highlight the target agency, the actions, implementation timeframe and priority, lead agency and performance indicators. The sources of air pollution, in order of their appearance as target areas together with their action are highlighted below:

· Incineration (Medical, Airports and Schools):

· Vehicle Emissions

· Open Burning (Municipal Collection Areas, Solid Waste Dumps and Landfills)

· Open Burning (Squatter Settlements, Agricultural and Rural Communities)

· Emission from Diesel Generators in Rural Communities

· Industrial Emissions

· Lack of Data -  as this is a cross cutting issue for all sources of air pollution, a separate action plan as been designed to rectify this problem, encompassing all sources of air pollution which have been mentioned in this strategy

· Lack of Technical Resources – this is also a cross cutting issue with all the sources of air pollution, as technical resources are needed to be able to analyze samples for particular pollutants from various sources. Due to this reason, this problem has a separate action plan designed to deal with it, encompassing all sources of pollution highlighted in the strategy

It should be noted that though ship emissions have been identified as a major source of air pollution in Fiji, it has not been dealt with in the Action Plans, as assurance had been given by FIMSA that this will be incorporated within the Marine Act or after they have implemented the MARPOL Convention. Formal correspondence regarding this has been conveyed to FIMSA. 

Furthermore dust from roads has also been recognized as a major source of air pollution in rural areas in this strategy. Two major solutions would be to tar seal the roads or to wet them in extreme dry seasons to prevent dust issues. However both solutions are highly costly and not practical as yet, for the Government, therefore they have not been incorporated into the Action Plans. 

Detailed Action Plans 

Target Area 1: Medical/ Airport Incinerators – Awareness and Education

Issue: The workers usually involved in the operation of incinerators are unaware of the potential risks involved in operating the incinerators below optimum levels

Target Group: Ministry of Health and Hospital Workers and Airport Staff handling incinerators (Airports Fiji Ltd – AFL)
Function: To provide awareness of emissions from improper operation of medical/ airport waste incinerators

Measures that can be incorporated into awareness activities include:

· Health and environmental risks involved with improper operation of incinerators

· Need for personal protective equipment when operating incinerators and when handling ash

· Need for proper disposal of ash

Timing and Priority:

	2007
	2008
	2009
	2010
	2011

	2
	1
	1
	1
	1


* 1 – high priority, 5 – low priority

Lead Agency: Ministry of Health and Ministry of Environment and Tourism
Performance Indicators:

· Workers using PPE 

· Proper disposal of ash

· Incinerators operating at optimum level

Target Area 1: Incinerators – Medical/ Airport Incinerators – Operation

Issue : The fuel costs for operation of generators is beyond the budget of most hospitals which is why in some cases the incinerators are not used and other non environmental forms of waste disposal is used. Also there are no proper guidelines for incinerators operation and no major monitoring is done.

Target Group: Ministry of Health, Ministry of Finance and Hospital/ Airport Workers
Function: To provide concessions on fuel price for incinerators in hospitals/ airports and provide guidelines for incinerator operation and inspection

Measures that can be incorporated into this activity include:

· Ministry of Health, Airports Fiji Ltd (AFL) requesting Ministry of Finance for concessions on fuel for hospital/ airport incinerators

· Develop a guideline for operation of incinerators together with waste inventories and schedule for maintenance and monitoring.

Timing and Priority:

	2007
	2008
	2009
	2010
	2011

	3
	3
	2
	2
	1


* 1 – high priority, 5 – low priority

Lead Agency: Ministry of Health, AFL 

Performance Indicators:

· Hospitals/ Airports using incinerators with reduced fuel prices

Target Area 1: Incinerators - Medical Incinerators – Alternatives

Target Group: Ministry of Health 

Function: To provide alternatives for medical waste disposal

Measures that can be incorporated into this activity include:

· A study on waste incinerators has already been carried out in 2005. Follow up feasibility study on the recommendations can be carried out.

· A feasibility study can be carried out to find out the most cost effective and environmentally friendly form of medical waste disposal

Timing and Priority:

	2007
	2008
	2009
	2010
	2011

	2
	2
	1
	1
	1


* 1 – high priority, 5 – low priority

Lead Agency: Ministry of Health and Ministry of Environment and Tourism
Performance Indicators:

· Report of the feasibility study

· Recommendations of the feasibility study in practice

Target Area 1: Incinerators - School Incinerators – Education Awareness and Best Practices

Issue: Schools around the country are utilizing various forms of incineration for waste disposal 

Target Group: Ministry of Education, Primary and Secondary School Teachers and Students
Function: To carry out education and awareness on waste disposal and provide good waste management systems in schools

Measures that can be incorporated into this activity include:

· Provide education and awareness to students and teachers on the health and environmental hazards related to incineration of rubbish

· Provide alternatives for waste disposal, as in recycling, reducing and reusing 

· Ban all the incinerators used in schools currently

Timing and Priority:

	2007
	2008
	2009
	2010
	2011

	2
	2
	1
	1
	1


* 1 – high priority, 5 – low priority

Lead Agency: Ministry of Environment and Tourism, and Environment Education NGOs, namely Live and Learn

Performance Indicators:

· Schools have a waste management and disposal system in place

· School incinerators no longer in use

Target Area 1: Incinerators - Airport Incinerators – Alternatives

Target Group: Ministry of Health, Airports Fiji Ltd

Function: To provide alternatives for airline waste disposal

Measures that can be incorporated into this activity include:

· A study on waste incinerators has already been carried out in 2005. Follow up feasibility study on the recommendations can be carried out.

· A feasibility study can be carried out to find out the most cost effective and environmentally friendly form of airline waste disposal

Timing and Priority:

	2007
	2008
	2009
	2010
	2011

	2
	2
	1
	1
	1


* 1 – high priority, 5 – low priority

Lead Agency: Ministry of Health and Ministry of Environment and Tourism
Performance Indicators:

· Report of the feasibility study

· Recommendations of the feasibility study in practice

Target Area 2: Vehicle Emissions 

Target Group: Ministry of Transport, Department of Energy, Land Transport Authority, Fiji Taxi Union, Fiji Bus Operators Association, Drivers, Ministry of Commerce and General Public

Function: To provide solutions for vehicle emissions

Measures that can be incorporated into this activity include:

· A study on vehicle emissions has already been carried out with detailed action plans and it is suggested that the Department of Environment carry out meetings with the target groups and prioritize the action plans to be implemented from this study in 2007

· The Department of Environment together with the relevant authorities should start implementing at least one action plan identified in the report in 2008, at least 2 action plans in 2009 and 2010 and at least 3 action plans in 2011. 

Timing and Priority:

	2007
	2008
	2009
	2010
	2011

	1
	1
	1
	1
	1


* 1 – high priority, 5 – low priority

Lead Agency: Ministry of Transport, Land Transport Authority and Ministry of Environment and Tourism
Performance Indicators:

· Action plans implemented as indicated in this action plan

· Reduction in the quantity and quality of vehicle emissions

Target Area 3: Open Burning – In Municipal Collection Areas, Solid Waste Dumps and Landfills - Legislations

Target Group: Households in municipal collection areas, municipal councils maintaining the solid waste dumps and Landfill operators

Function: To provide legislative solution for household waste burning 

Measures that can be incorporated into this activity include:

· The Department of Environment needs to incorporate a ban on all household waste burning into the Environment Management Act (EMA)

· The Department can work together with the Municipal Councils and Neighborhood Watch Zones and Police Posts to monitor this particular legislation. 

Timing and Priority:

	2007
	2008
	2009
	2010
	2011

	2
	2
	1
	1
	1


* 1 – high priority, 5 – low priority

Lead Agency: Ministry of Environment and Tourism and Municipal Councils
Performance Indicators:

· EMA includes regulation on banning of open burning of household waste, solid waste dumps and landfills.  

· Reduction in the quantity of open fires of household waste, solid waste dumps and landfills. 
Target Area 3: Open Burning – In Municipal Collection Areas, Solid Waste Dumps and Landfills – Education and Awareness

Target Group: Households in municipal collection areas, municipal councils maintaining the solid waste dumps and Landfill operators

Function: To carry out education and awareness on open burning of waste and provide good waste, solid waste dumps and landfill management systems 
Measures that can be incorporated into awareness activities include:

· Health and environmental risks involved with open burning of waste

· Alternates to burning waste

· Proper Waste Management in various sectors and Waste Minimization practices

Timing and Priority:

	2007
	2008
	2009
	2010
	2011

	2
	1
	1
	1
	1


* 1 – high priority, 5 – low priority

Lead Agency: Ministry of Health and Ministry of Environment and Tourism
Performance Indicators:

· Reduction in open burning in residential areas, solid waste dumps and landfills

· Education and Awareness activities and materials developed and distributed

Target Area 3: Open Burning –Agricultural - Lack of Resources for Monitoring (also including education and awareness) and Lack of Resources within Industries
Target Group: Sugar Cane Farmers 

Function: To form a network with all the relevant agencies to provide sufficient resources and mechanisms for prevention of burning of sugar cane

Measures that can be incorporated into this activity include:

· The Department of Environment needs to form a committee with Land Use and Planning Department from Ministry of Agriculture, Ministry of Sugar and Fiji Sugar Corporation, cane growers and the cutters association and work towards the development of measures (including education and awareness) to prevent burning of sugar cane fields.

. 

Timing and Priority:

	2007
	2008
	2009
	2010
	2011

	3
	3
	2
	2
	1


* 1 – high priority, 5 – low priority

Lead Agency: Ministry of Environment and Tourism and Ministry of Sugar
Performance Indicators:

· Reduction in the quantity of open fires in sugar cane field
· Committee formed
· Measures to prevent burning of Sugar Cane Fields in place, including education and awareness packages

Target Area 3: Open Burning –Agricultural – Lack of Legislations and Lack of Resources within Industries
Target Group: Fiji Sugar Corporation and Sugar Cane Farmers

Function: To legislate and restrict the burning of sugar cane and provide alternatives and incentives to farmers 

Measures that can be incorporated into this activity include:

· The Department of Environment needs to identify alternatives for using burning to harvest sugar cane and perhaps incorporate some measures into the EMA on restricting this activity

Timing and Priority:

	2007
	2008
	2009
	2010
	2011

	3
	3
	2
	2
	1


* 1 – high priority, 5 – low priority

Lead Agency: Ministry of Environment and Tourism and Ministry of Sugar
Performance Indicators:

· Reduction in the quantity of open fires in sugar cane field
· Committee formed
· Measures to prevent burning of Sugar Cane Fields in place, including education and awareness package
Target Area 3: Open Burning –Squatter Settlements 

Target Group: Residents of Squatter Settlements

Function: To provides alternate forms of waste disposal to squatter settlements

Measures that can be incorporated into this activity include:

· The Department of Environment has piloted a waste management project in Wailea Squatter Settlement.

· A lessons learn workshop can be held with the various municipal councils and rural local authorities to replicate this work in other squatter settlements around Fiji, beginning with at least one squatter in each division in 2008 (where the gaps in the first pilot project can be identified and solved) and then if the system works, further settlements can be included into this project. 

Timing and Priority:

	2007
	2008
	2009
	2010
	2011

	3
	2
	2
	2
	1


* 1 – high priority, 5 – low priority

Lead Agency: Ministry of Environment and Tourism and Municipal Councils, Ministry of Finance
Performance Indicators:

· Reduction in the quantity of open fires in squatter settlements
· A waste management and collection system in place for squatter settlements
· Wailea pilot project replicated at least in 3 other sites

Target Area 3: Open Burning – Rural Communities

Target Group: Residents of Rural Communities of Fiji.

Function: To provides alternate forms of waste disposal and waste management to rural communities.

Measures that can be incorporated into this activity include:

· The Department of Environment has developed a rural waste management policy

· Hold workshop with the rural local authorities and Ministry of Fijian Affairs regarding the implementation of the rural waste management policy

· Begin implementation of the recommendations of the Rural Waste Management Policy in at least 3 rural communities in 2009

Timing and Priority:

	2007
	2008
	2009
	2010
	2011

	3
	2
	2
	2
	1


* 1 – high priority, 5 – low priority

Lead Agency: Ministry of Environment and Tourism and Rural Local Authorities, Ministry of Finance, Ministry of Health
Performance Indicators:

· Reduction in the quantity of open fires in rural communities
· A waste management and collection system in place for rural communities
· Recommendations of the Rural Waste Management Policy implemented at least in 3 sites

Target Area 4: Emission from Diesel Generators – Rural Communities

Target Group: Residents of Rural Communities of Fiji, Department of Energy

Function: To provide proper maintenance system for diesel generators in rural electrification projects under Department of Energy

Measures that can be incorporated into this activity include:

· The Department of Environment to work with the Department of Energy and the rural communities on reviewing the current maintenance system for generators

· Identify gaps in the maintenance system and assist the Department of Energy in filling in these gaps

· Assist the Department of Energy in the implementation of improved maintenance system for the diesel generators involve din the rural electrification project

Timing and Priority:

	2007
	2008
	2009
	2010
	2011

	4
	3
	3
	2
	2


* 1 – high priority, 5 – low priority

Lead Agency: Ministry of Environment and Tourism and Department of Energy
Performance Indicators:

· An improved maintenance system in place for diesel generators in use under the rural electrification project
· A reduction in the emissions from the diesel generators in rural communities

Target Area 4: Emission from Diesel Generators – Rural Communities

Target Group: Residents of Rural Communities of Fiji, Department of Energy

Function: To provide alternate sources for electricity generation in rural electrification projects under Department of Energy

Measures that can be incorporated into this activity include:

· The Department of Environment to work with the Department of Energy in identifying alternate sources of energy (by carrying out feasibility studies etc.) for the rural electrification project.

· Assist the Department of Energy in the implementation of projects with alternate energy sources for rural electrification

Timing and Priority:

	2007
	2008
	2009
	2010
	2011

	4
	3
	3
	2
	2


* 1 – high priority, 5 – low priority

Lead Agency: Ministry of Environment and Tourism and Department of Energy
Performance Indicators:

· Alternate energy sources used for rural electrification project
· A reduction in the emissions from the diesel generators in rural communities

Target Area 5: Industrial Emissions – Lack of Resources

Target Group: All industries which have some air emissions

Function: To provide assistance to rectify the lack of resources for the industries regarding monitoring and control of air pollution

Measures that can be incorporated into this activity include:

· The Department of Environment to work with the Industries to form the Environment Management Committees as required under EMA and the representatives of this committee to be trained in all environmental matters, including reporting, monitoring, awareness and implementation of government policies and strategies and regulation etc.

· The Department of Environment to work with the industries and the Ministry of Finance to request for duty and tax exemption on air pollution abatement equipment

Timing and Priority:

	2007
	2008
	2009
	2010
	2011

	3
	2
	2
	1
	1


* 1 – high priority, 5 – low priority

Lead Agency: Ministry of Environment and Tourism, Industries and Ministry of Finance
Performance Indicators:

· Environment Management Communities in place in the various industries and members of the committees trained regarding environmental matters
· Tax and duty concession provided on air pollution abatement equipment purchased by industries
· Reduction in industrial air emissions
Target Area 5: Industrial Emissions – Lack of Proper Legislations and Regulations

Target Group: All industries which have some air emissions

Function: To ensure that proper legislations to control industrial emissions are in place

Measures that can be incorporated into this activity include:

· The Department of Environment to incorporate air pollution regulations and standards for industries in the EMA

Timing and Priority:

	2007
	2008
	2009
	2010
	2011

	2
	2
	1
	1
	1


* 1 – high priority, 5 – low priority

Lead Agency: Ministry of Environment and Tourism, Industries 
Performance Indicators:

· EMA includes regulations and standards for industrial air emissions
· Reduction in industrial air emissions
Target Area 6: Lack of Data Regarding Air Pollution in General – Data Collation and Responsibilities of Various Departments and Organizations

Target Group: Department of Environment, Ministry of Health, Land Transport Authority (LTA), Land Use and Planning Department, Department of Energy, Fiji Islands Maritime Safety Administration (FIMSA)

Function: To ensure that relevant data regarding air pollution is available within the relevant agencies

Measures that can be incorporated into this activity include:

· LTA have data on vehicle emissions

· Department of Energy have data on methane and carbon dioxide quantities which can be extrapolated from the calculations of energy efficiency 

· Department of Health to collect all air pollution data related to health effects

· Department of Environment to collect all air pollution data from facilities for baseline purposes through the permits as required under EMA

· Land Management Department from Ministry of Agriculture to store all data related to agricultural burning

· FIMSA collate data on ship emissions

Timing and Priority:

	2007
	2008
	2009
	2010
	2011

	3
	2
	2
	1
	1


* 1 – high priority, 5 – low priority

Lead Agency: Ministry of Environment and Tourism
Performance Indicators:

· Relevant data available readily with the relevant agency.
Target Area 7: Lack of Resources for Analyzing Air Pollution in General 

Target Group: Government, Institutional and Private laboratories

Function: To ensure that relevant air pollution monitoring and analysis capacity exists within the relevant laboratories available in Fiji

Measures that can be incorporated into this activity include:

· Carry out a study to assess the current capacity of measuring air pollution in Fiji

· Carry out a feasibility study with various options for analyzing air pollution in Fiji

· Identifying donor agencies through various mechanisms including international Conventions and incorporating funding requests under the National Budget requests to purchase technical equipment and for training of personnel  

· Use the polluter pays principal in getting the polluters to pay for the analysis of samples and all the monitoring work whether they can be done in Fiji or internationally.

Timing and Priority:

	2007
	2008
	2009
	2010
	2011

	3
	2
	2
	1
	1


* 1 – high priority, 5 – low priority

Lead Agency: Ministry of Environment and Tourism
Performance Indicators:

· A system in place for analysis of samples for air pollution
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Annex 1 (obtained from the Sustainable Development Bill, 1998, Schedule 14
(Sections 152(10) (a) and (f), and 152 (11).)) 
Air Quality Criteria

Part 5 - Emission Standards (Dioxins and Furans and other Substances)

1
The sum concentrations of:


(a)
2,3,7,8-Tetrachlorodibenzo-P-Dioxin,


(b)
1,2,3,7,8-Pentachlorodibenzo-P-Dioxin, 


(c)
1,2,3,6,7,8-Hexachlorodibenzo-P-Dioxin, 


(d)
1,2,3,7,8,9-Hexachlorodibenzo-P-Dioxin, 


(e)
1,2,3,4,7,8-Hexachlorodibenzo-P-Dioxin, 


(f)
2,3,7,8-Tetrachlorodibenzofuran, 


(g)
2,3,4,7,8-Pentachlorodibenzofuran, 


(h)
and 1,2,3,6,7,8-Hexachlorodibenzofuran


shall not exceed, at the point of the exhaust, 0.5 nanograms/Nm3 in any emission from a commercial or industrial facility.

2.
The concentration of any Category 1 solid substances listed in Table 1 shall not exceed 2.5 mg/Nm3 at the point of the exhaust.
Table 1 - Solid substances
	Substance
	Category
	Air quality guideline mg/m3

	Ammonium compounds
	3
	0.03

	Antimony compounds 
	2
	0.01

	Arsenic compounds
	1
	0.001

	Asbestos
	1
	0.001

	Bariumsulfate
	3
	0.03

	(Other) Barium compounds
	2
	0.01

	Bitumen
	3
	0.03

	Bone-meal
	2
	0.01

	Cadmium
	1
	0.001

	Calcium hydroxide
	3
	0.03

	Calcium oxide
	3
	0.03

	Chromium and Chromium compounds
	1
	0.001

	Copper and Copper compounds
	2
	0.01

	Corn or flour dust
	4
	0.03

	Cyanides (Sodium and Calcium compounds)
	1
	0.001

	DDT and related compounds
	1
	0.001

	Fertiliser (phosphates)
	3
	0.03

	Lead and Lead compounds
	1
	0.001

	Magnesium compounds
	3
	0.03

	Nickel compounds
	1
	0.001

	Soot
	2
	0.01

	Tar
	2
	0.01

	Tobacco
	3
	0.03

	Wood dust
	2
	0.01

	Zinc and Zinc compounds
	2
	0.01


Table 2 - Gas, vapour or haze substances
	Substance
	Category
	MAC-value mg/m3
	Scent limit mg/m3
	Air quality guideline mg/m3

	Acetic acid
	2
	25
	0.25
	0.25

	Acetic anhydride
	2
	20
	-
	0.2

	Acetone
	4
	2400
	1
	70

	Acetylene
	4
	-
	-
	-

	Acrolein
	2
	0.25
	0.05
	0.003

	Acrylonitrile
	1
	9
	-
	0.001

	Ammonia
	2
	18
	0.1
	0.18

	
	
	
	
	

	Benzene
	1
	30
	3
	0.005

	Butane
	4
	1430
	-
	40

	normal-Butanol
	2
	150
	0.2
	1.5

	normal-Butyl acetate
	2
	710
	0.03
	0.2

	
	
	
	
	

	Carbon monoxide
	4
	29
	-
	1

	Carbon disulphide
	2
	60
	0.05
	0.05

	Chlorine
	2
	3
	0.06
	0.03

	Chloroform
	1
	120
	30
	0.12

	Cyclohexane
	2
	1050
	2
	10

	Cyclohexanone
	2
	200
	0.02
	0.03

	
	
	
	
	

	1,2 Dichloroethane
	1
	200
	17
	0.2

	Dichloromethane
	1
	350
	4
	0.35

	Diethyl ether
	2
	1200
	-
	0.3

	
	
	
	
	

	Epichlorohydrin
	1
	4
	-
	0.004

	Ethane
	4
	-
	-
	-

	Ethanol
	4
	1900
	7
	30

	Ethyl acetate
	2
	1400
	0.6
	3

	Ethylene oxide
	2
	90
	-
	0.9

	
	
	
	
	

	Formaldehyde
	2
	1.5
	0.07
	0.015

	Furfuryl alcohol
	2
	20
	-
	0.02


Table 2 (continued) - Gas, vapour or haze substances
	Substance
	Category
	MAC-value mg/m3
	Scent limit mg/m3
	Air quality guideline mg/m3

	normal-Heptane
	2
	1600
	-
	16

	normal-Hexane
	2
	360
	-
	3.6

	Hydrazine
	1
	0.13
	-
	0.001

	Hydrochloric acid
	2
	7
	0.2
	0.07

	Hydrogen
	4
	-
	-
	-

	Hydrogen fluoride
	1
	2
	-
	0.006

	Hydrogen phosphide
	2
	0.4
	0.1
	0.004

	Hydrogen sulphide
	2
	15
	0.0001
	0.001

	
	
	
	
	

	Isobutyl acetate
	2
	700
	0.6
	0.3

	Isopropyl alcohol
	2
	980
	2
	10

	
	
	
	
	

	Methane
	4
	-
	-
	-

	Methanol
	2
	260
	4
	2.6

	Methyl acetate
	2
	610
	0.002
	0.005

	Methyl bromide
	1
	20
	-
	0.02

	Methylene bis phenyl isocyanate (MDI)
	2
	0.2
	-
	0.002

	Methyl ethyl ketone
	2
	590
	0.7
	5

	Methyl formate
	2
	250
	-
	2.5

	Methyl isobutyl ketone
	2
	410
	0.4
	0.5

	Methyl methacrylate
	2
	410
	0.2
	0.1

	alpha-Methylstyrene
	2
	480
	0.04
	0.03

	Monochlorobenzene
	1
	350
	-
	0.35

	
	
	
	
	

	Naphthalene
	2
	50
	0.004
	0.01

	Nitric oxide (NO)
	2
	30
	-
	0.05

	nitrous oxide (N2O)
	2
	4
	0.1
	

	
	
	
	
	

	Ozone
	2
	0.2
	0.015
	0.002


Table 2 (continued) -Gas, vapour or haze substances
	Substance
	Category
	MAC-value mg/m3
	Scent limit mg/m3
	Air quality guideline mg/m3

	normal-Pentane
	2
	360
	-
	3.6

	Perchloroethylene
	2
	240
	12
	2.4

	Phenol
	2
	19
	0.02
	0.1

	Phosgene
	2
	0.4
	0.5
	0.004

	normal-Propyl acetate
	2
	840
	-
	8.4

	Propylene oxide
	2
	240
	-
	2.4

	Prussic acid
	2
	11
	-
	0.11

	Pyridine
	2
	15
	0.04
	0.05

	
	
	
	
	

	Styrene monomer
	2
	420
	0.02
	0.03

	Sulphur dioxide
	2
	5
	0.9
	0.08

	Sulphuric acid
	2
	1
	-
	0.01

	
	
	
	
	

	Toluene
	2
	375
	0.08
	1

	Toluene diisocyanate (TDI)
	2
	0.14
	-
	0.001

	1,1,1-Trichloroethane
	1
	1080
	-
	1

	1,1,2-Trichloroethane
	2
	45
	-
	0.045

	Trichloroethylene
	2
	190
	-
	1.9

	
	
	
	
	

	Vinyl chloride
	1
	8
	-
	0.008

	
	
	
	
	

	Xylene
	2
	435
	0.6
	1


Annex 2 Industries Causing Air Pollution

	Type of Industry
	Type of Industry

	Petroleum product wholesaling 
	Synthetic resin manufacturing 

	Mining - coal, iron ore, nickel ore, silver-lead-zinc ore and metallic mineral ore 
	Waste disposal services (includes waste incineration industry)

	Electricity supply 
	Chemical product manufacturing 

	Ceramic product manufacturing 
	Copper, silver, lead and zinc smelting, refining

	Oil and gas extraction 
	Hospitals (except psychiatric hospitals) 

	Paper and paper product manufacturing 
	Water transport terminals 

	Organic industrial chemical manufacturing 
	Services to air transport 

	Beer and malt manufacturing 
	Concrete product manufacturing 

	Petroleum refining 
	Plywood and veneer manufacturing 

	Iron and steel casting and forging 
	Wood product manufacturing 

	Printing, publishing and services to printing 
	Pesticide manufacturing 

	Paint and ink manufacturing 
	Plastic injection moulded product manufacturing 

	Glass and glass product manufacturing 
	Nonmetallic mineral product manufacturing 

	Medicinal and pharmaceutical product manufacturing 
	Basic iron and steel manufacturing 

	Dry-cleaners and laundries
	Aluminium rolling, drawing, extruding 

	Aluminium smelting 
	Metal container manufacturing 

	Inorganic industrial chemical manufacturing 
	Gas supply 

	Sugar manufacturing 
	Road and bridge construction 

	Alumina production 
	Port operators 

	Nonferrous metal casting 
	Chemical wholesaling 

	Petroleum and coal product manufacturing 
	Rail transport 

	Basic nonferrous metal manufacturing
	Agriculture, forestry and fishing


Annex 3:  Substances Emitted from Motor Vehicles
	Acetaldehyde
	n-Hexane

	Acetone
	Lead and compounds

	Benzene
	Manganese and compounds

	1,3-Butadiene
	Nickel and compounds

	Cadmium and compounds
	Oxides of nitrogen

	Carbon monoxide
	Particulate matter £ 10 m

	Cyclohexane
	Polycyclic aromatic hydrocarbons

	Chromium (III) compounds
	Styrene

	Chromium (VI) compounds
	Sulfur dioxide

	Cobalt and compounds
	Toluene

	Copper and compounds
	Total volatile organic compounds

	Ethylbenzene
	Xylenes

	Formaldehyde
	Zinc and compounds


Annex 4: Substances emitted from solid fuel combustion
	Acetaldehyde
	n-Hexane

	Acetone
	Hydrochloric acid

	Antimony and compounds
	Lead and compounds

	Arsenic and compounds
	Manganese and compounds

	Benzene
	Mercury and compounds

	Beryllium and compounds
	Methyl ethyl ketone

	1,3-Butadiene
	Nickel and compounds

	Cadmium and compounds
	Oxides of nitrogen

	Chromium (III) compounds
	Particulate matter £10m (PM10)

	Chromium (VI) compounds
	Phenol

	Carbon disulfide
	Polycyclic aromatic hydrocarbons

	Carbon monoxide
	Selenium and compounds

	Cobalt and compounds
	Sulfur dioxide

	Cyanide compounds
	Styrene

	Dichloromethane
	Tetrachloroethylene


	Ethylbenzene
	Toluene

	Di-(2-ethylexyl) phthalate
	Total volatile organic compounds

	Fluoride compounds
	Xylenes

	Formaldehyde
	Zinc and compounds


	Annex 5: Air Pollutants in Cigarettes

	Compound

Vapour Phase
	Type of toxicity
	Amount in SS (per cigarette)

	Carbon monoxidea
	T
	26.8-61 mg

	Carbonyl sulfide
	T
	2-3 mg

	Benzenea
	C
	400-500 g

	Formaldehydea
	C
	1,500 g

	3-Vinylpyridine
	SC
	300-450 g

	Hydrogen cyanide
	T
	14-110 g

	Hydrazine
	C
	90 ng

	Nitrogen oxidesa
	T
	500-2000 g

	N-nitrosodimethylamine
	C
	200-1040 ng

	N-nitrosopyrrolidine
	C
	30-390 ng

	Tar
	C
	14-30 mg

	Nicotine
	T
	2.1-46 mg

	Phenola
	TP
	70-250 g

	Catechol
	CoC
	58-290 g

	o-Toluidine
	C
	3 g

	2-Naphthylamine
	C
	70 ng

	4-Aminobiphenyl
	C
	140 ng

	Benzo[a]anthracene
	C
	40-200 ng

	Benzo[a]pyrene
	C
	40-70 ng

	Quinoline
	C
	15-20 g

	n'-Nitrosonornicotine
	C
	0.15-1.7 g

	NNK (4-(methyl-nitrosamino)-(3-pyridyl)-1 -butanone)
	C
	0.2-1.4 g

	n-Nitrosodiethanolamine
	C
	43 ng

	Cadmium a
	C
	0.72 g

	Nickel a
	C
	0.2-2.55 g

	Polonium-210
	C
	0.5-1.6 pCi


Annex 6: Australian Standards for Various Air Pollutants

	Compound
	Emission factor (g/kg)a
	Australiab

	Ethane
	0.735
	 

	Ethylene
	2.245
	 

	Acetylene
	0.562
	 

	Coronene
	B
	

	Propane
	0.179
	 

	Propene
	0.622
	 

	i-Butane
	0.014
	 

	n-Butane
	0.028
	 

	Butenes
	0.596
	 

	Pentenes
	0.308
	 

	Benzene
	0.969
	A

	Toluene
	0.365
	 

	Furan
	0.171
	 

	Methyl ethyl ketone
	0.145
	 

	2-Methyl furan
	0.328
	 

	2,5-Dimethyl furan
	0.081
	 

	Furfural
	0.243
	 

	o-Xylene
	0.101
	 

	PAH total
	<0.250
	 

	Acenaphthylene
	0.016
	 

	Anthracene
	0.005
	A

	Benzo[a]pyrene
	0.003
	B

	Benzo[b]fluoranthene
	0.004
	B

	Benzo[k]fluoranthene
	<0.001
	B

	Benzo[g,h,i]perylene
	0.028
	B

	Benzo[a]anthracene
	<0.001
	B

	Dibenzo[a,h]anthracene
	0.004
	 

	Biphenyl
	0.011
	 

	Chrysene
	0.005
	B

	Fluoranthene
	0.004
	A,B

	Fluorene
	0.007
	 

	Indeno[c,d]pyrene
	0.020
	B

	Naphthalene
	0.072
	A

	Phenol
	<0.001
	

	Pyrene
	0.004
	A,B


ETEQ = EFTEQ x P x F x W


Where: ETEQ = annual TEQ emissions (g/y); EFTEQ = emission factor in gTEQ/kg of waste consumed by combustion; P = rural population; F = fraction of rural population burning household waste; W = mass burned per year per person.
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