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1. INTRODUCTION

The World Health Organization reported in the year 2000 that three million people die each year from the effects of air pollution and a comparison was done with a million that die from automobile accidents.

Pollution killing more than 500,000 Asians each year is the latest data from the WHO.

So, Asian governments are starting actions.  China, pushed in part by its commitment to clean up Beijing for the 2008 Olympics, has launched a nationwide campaign to improve air and water, replacing dirty fuels with cleaner-burning natural gas. In South Korea, the government has replaced a fifth of the country's diesel-fueled buses with vehicles that run on compressed natural gas. In New Delhi, India, a law mandates CNG propelled buses and other vehicles in order to curb pollution.

Cities like Washington, New York, Madrid, Beijing, Los Angeles, etc have introduced CNG buses in their public transportation system to curb pollution and to comply with alternative fuel policies.
A study published by The Lancet in year 2000 concluded that air pollution in France, Austria and Switzerland is responsible for more than 40,000 deaths annually in these countries. The publication says half of these deaths are due to vehicle emissions.

The Regulatory Agencies from developed and developing countries in general do not regulate Toxic Air Contaminants (TACs) coming from the vehicle emissions and therefore their statistics do not give a specific idea of the problem and only estimations are known.

But without doubt air pollution and Toxic Air Contaminants in a major degree are a significant factor shaping public health.

Over the past 10 years many epidemiological studies worldwide have measured increases in mortality and morbidity associated with air pollution.

Health impact assessment of fuels and clean air legislation are very delicate subjects due to the fact industry groups do not always accept easily to accept facts or comply with their obligations.

The head of one of the environmental groups in the U.S.A. issued a suitable statement “The current system of environmental regulation considers new chemicals and new technologies "innocent until proven guilty." As a result, the public must "prove harm” before alternatives will be considered. Such a system requires large-scale harm to occur (to humans and ecosystems) before anyone is asked to change their destructive behavior. Peter Montague”

Faltering of attack in November 2000 on Clean Air Act in the high Court of Justice was a milestone that paved the way for environment trends not only in the USA, but in many countries

Examples of the difficulties to enforce the use of “cleaner fuels” and delays are well known, while liquid fuels propelled vehicles are emitting benzene and other aromatics, diesel exhaust and other TACs. 

Big engine and big oil industry prefer adopting changes in engine design and distillation processes and additives rather than to change towards a massive use of cleaner fuels in order to maintain the “statu quo”. But it is worldwide recognized –and in the big oil industry too- that the future relies on gaseous fuels for reasons of security strategy, availability and price and only in some increasing degree due to the environmental issue. 

Recently the assessment of environmental poisoning related to the platinum emissions of catalytic converters of the exhaust gases opened a new questioning. 

Independent studies about public health and fuels are seldom issued. So, it became of great interest news issued on August 19, 2004, about an epidemiological study involving children with leukemia in the neighborhood of gasoline dispensing stations in France. The research was carried out in 2003 by one of the most famous European research centers and this is adding fuel to the public health concern. 

Vehicles powered by natural gas emit virtually no air toxics and this is an important property to take into account in the assessment of liquid fuel replacement for cleaner alternative fuels.

After a 20 year start up of the successful Argentine experience of gasoline replacement in light duty vehicles, CNG conversion or transformation of existing heavy duty vehicles with diesel engines is one of the practical ways to improve air quality in Argentina taking advantage of the well developed pipeline network, plentiful resource and advanced CNG know-how.

Having less Volatile Organic Components (VOCs), minimum particulate matter emissions and no TACs should make CNG an environmental tool aimed at efforts for public health improvement.

2.  A GLANCE AT PUBLIC HEALTH RELATED TO FUELS 

2.1. What looked to be the road for cleaner gasoline and what is going now?

	1886
	First auto built, gasoline is the fuel

	1909
	Ford begins mass production of cars

	1922
	Ethyl Corp introduces “ethyl” gasoline (leaded gasoline)

	1950
	High octane premium gasoline production expands to satisfy new high-compression engines

	1956
	Standard Oil of New Jersey introduces first super premium gasoline

	1972
	EPA announces plan to phase out lead

	1985-1986
	Lead content reduced to a trace. In premium, lead replaced with compounds that contribute to ozone

	1989
	ARCO in the U.S.A.(Atlantic Richfield) introduced cleaner gasoline to replace leaded with MBTE

	Snce 1989 
	Other oil companies in the USA and the rest of the world followed suit with reformulated gasoline and MBTE blending.

	2004
	MBTE has been banned in California as of January 2004. The gasoline additive MTBE or methyl tertiary butyl ether has contaminated groundwater and surface water sources in many regions and is considered a possible human carcinogen. It is highly soluble in water, does not readily degrade in the environment, and most public water systems are not equipped to completely remove it from drinking water.




Gasoline propelled motor vehicles are a source of contaminants like carbon monoxide (CO), volatile organic compounds (VOCs) and oxides of Nitrogen (NOx). These ones and other contaminants qualified as toxic air contaminants (TACs) emitted when gasoline evaporates and when it is burned in the engine, were the objectives of emission reducing techniques resulting in engine modifications, after treatment and fuel reformulation...

Ground level ozone concentration reduction was the goal for summer gasoline and to avoid toxic air pollutants during the whole year, working most countries in this direction in the last two decades. 

Substitution of leaded gasoline in the ‘70s for unleaded using high percentage of aromatics, benzene included and many recognized studies evaluating gasoline quality related to public health reflect troublesome effects..

2.2.
A POINT OF VIEW FROM THE FRENCH INSTITUTE OF HEALTH AND MEDICAL RESEARCH
Before reading the news some facts to remember: 

· Catalytic converters do not work until a temperature of 400 ªC, and this takes a time. So, always will be benzene and other crude emissions at a gasoline service station. 

•   After 50,000 Km CCs must be replaced but in few cases people do this. 

· Evaporation of gasoline takes place when dispensing fuel at the pump and due to be heavier than air it will be breathed or absorbed by neighboring people.  

· When unloading gasoline from a tank truck into the underground tanks with the     older systems, the vapor displaced in the vapor zone of the tank is discharged and vented usually to the atmosphere and not always they disperse quickly affecting the neighborhood. 

· In Argentina and many other countries benzene is more than 3 % of the content of    gasoline.

•    There is no healthy benzene threshold for humans.

Taking these facts into consideration, the following news is of great concern:
News was issued about a study coming from The French Institute of Health and Medical Research, a respected institution which key figures are:

- 445 millions € budget in 2002

- 366 research units, 21 clinical research centers and 13,000 research professionals, 

August 19, 2004
“Green Gasoline”
Benzene Leukemia Risk In Children Confirmed (from American media)
A recent French study reports that children living within reach of either a gas station or a car repair shop have a fourfold risk of developing leukemia. 

The study confirms the warnings given by German heart specialist Hans Nieper who investigated the health effects of two substances employed in the automotive industry since the 1980s. In fact when lead was shown to be toxic, it was eliminated from gasoline and was replaced by benzene, to keep the liquid within correct burning parameters for existing motors. At around the same time, catalytic converters were introduced as a solution to reduce toxic exhaust gases.

Nieper had warned that the platinum in catalytic converters gets airborne in small but significant quantities and that these aerosol platinum compounds may cause lung cancer and manifestations of chronic fatigue. Benzene, which was introduced at the time lead was removed from fuel, is another toxic substance that may, according to Nieper, cause cancer.

Now the warning on benzene has been confirmed as accurate by the French study. After decades it thus turns out that our "solution" to toxic lead in gasoline which introduced so-called "green" fuel and catalytic converters may be no less toxic than the problem it was meant to eliminate.
Leukaemia link to petrol stations (from European media)
Aug 19 2004

Living near a petrol station or commercial garage may quadruple the risk of childhood leukaemia.

The study in France found a link between cases of acute leukaemia among youngsters and how close they lived to a petrol station or a garage carrying out car repairs.

Past research has shown an association between occupational exposure to benzene - a cancer-causing hydrocarbon derived from petrol - and leukaemia in adults.

The latest study, published in the journal Occupational and Environmental Medicine, suggests a similar link among youngsters living near benzene-emitting sources like garage and petrol stations.

The researchers, from the French National Institute of Health and Medical Research, based their findings on 280 cases of childhood leukaemia and a comparison group of 285 children.

The children were drawn from four hospitals in Nancy, Lille, Lyon and Paris in France, with almost two-thirds (60%) of the children with leukaemia aged between two and six years old.

The team found no clear link between the mother's occupation during pregnancy or levels of traffic around where they lived and the risk of the child developing leukaemia.

They also saw no link between leukaemia and living near businesses such as those dealing with aluminium, plastic, wood, metalwork, printing works and ceramics.

But a child whose home was near a petrol station or garage was four times more likely to develop leukaemia as a child whose home was not close to such a business.

The researchers said the risk appeared to be even greater for acute non-lymphoblastic leukaemia, which was seven times more common among children living close to a petrol station or garage. They also said that the longer a child had lived close to a petrol station or garage, the higher their risk of leukaemia appeared to be. Unleaded petrol: have we been told the full story? Story by Richard Giles in web site ”

2.2. A POINT OF VIEW FROM AUSTRALIA COMPILED BY      AND FIRST ISSUED IN 1995)
“One of the great shifts in attitude in this decade has come about in the promotion of unleaded fuel (ULP) to replace the dreaded leaded fuel. The issue of petrol and what to do about it has been the bane of environmentally minded people for half a century.

Concern about smog in the '60s and '70s led to the introduction of legislation in the USA and later other countries to control the emission of pollutants from vehicles.

Oil companies, confronted with the problem of city smog (mostly sulphur and nitrogen oxides) by public opinion and frustrated politicians, blamed the whole thing on too many cars. The actual figures on car ownership at the time show that while ownership in the USA was increasing steadily, the actual rate of smog particle emission was rising at almost four times the rate of car ownership.

There were two solutions. One was to limit the number of cars and driving hours on the road (which was political suicide at the time) or put something into cars to change emission levels. The second was the solution that the oil companies offered. Enter the catalytic converter -- the environmental solution to all our woes!

The catalytic converter, oil companies said, would rid us of the unwanted compounds of sulphur and nitrogen from exhaust fumes. And lo and behold, the smog problem was solved. It worked. The monitoring of emission levels from motor vehicles over the last two decades has shown smog levels down in all major Western cities, despite the fact that car ownership has continued to rise.

Catalytic converters (CCs) play an important role in the introduction of unleaded petrol. The quality of oil supplies in the '60s was one issue. High grade, low sulphur, low nitrate oil was becoming scarce. It was a better oil for petroleum producers as less cost was involved in producing it. Producers, however, kept on turning out petrol from low grade oils with the resulting contaminants. This meant the levels of air pollution had slowly become worse until the rebellion against smog by legislators and consumers.

The chemical theory of catalytic conversion was known for years. Catalytic cracking is used at the higher temperature process of refining to make branch-chained hydrocarbons to form lubricants. Cracking and conversion are both catalyst processes. The process does not use up any of the chemical triggers. The initial set-up costs are extremely high, but once you have the refinery running, it's not expensive.

Fuel could be further purified, but oil companies would have to expend millions to set up new processes. A simpler way to do it would be to get car owners to pay for purifying and build a catalytic converter that fits into the car. That's what happened.

Short lifetime

The small scale CC was designed to use similar principles to those used in refining. It was found that passing exhaust gases through a filter containing platinum and rhodium caused a catalytic conversion of oxides to other products. This works well until the platinum is coated. There were also by-products, some of which are very harmful, including hydrogen sulphide (rotten-egg gas).

Some consumer rights groups told US legislators at the time that the problem was not in the cars but in the use of low grade petroleum for refining. The refineries ought to clean up their act, they said. That never went any further. The age of catalytic converters was born. It became necessary to legislate about them into all new model cars.

Now we have fuel with the pollution-causing oxides being removed by catalytic conversion. However, there was lead in all petrol to stop motor vehicle engines “pinging”. Lead causes the CCs to lose working efficiency. After some time, the CC stops working because lead glazes the platinum in the device and bungs up the whole chemical process.

As well, converters work for only around 50,000 km and their efficiency declines. The NSW Pollution Control Commission (Australia) reported in August 1994 that CCs are likely to deteriorate much faster than was first thought, which may lead to increased carbon monoxide and nitrogen dioxide levels in cities rather than decreases.

They're also expensive, $300-2000 depending on which model car you drive. A lot of people will not voluntarily replace their converters. In fact, some will not even know it has to be done.

The next step is to introduce emission testing for cars and force the owner to replace their converter at great cost to themselves. In the USA a device has been developed and fitted to some cars that stops the vehicle from running after emission levels reach a certain level. They may become compulsory in the future.

Additives

The history of petrol throws light on why leaded petrol came to be. As the motor vehicle grew in popularity, it was costing oil companies more and more to refine petrol. They looked for ways to cut costs. 

Second,  as there was a demand for more and more powerful engines, compression ratios were raised to get more power from the same engine size.

Eventually it came to the point where the new high compression engines would not run well on the lesser quality fuels being turned out. An engine under load would develop a condition called “pinging”. This was caused by the fuel mixture in the engine firing before the right moment or burning too fast. This led to uneven running, stalling on hills and engine wear.

In the early 1920s a man named Thomas Midgie was among those looking to stop engine “knocking” or “pinging”. He came up with oxides of platinum, silver and lead. Lead was the most successful. Midgie was able to get a compound called lead tetra-ethyl which slowed down the reaction to make fuel burn evenly. It was soluble in petrol, it broke down to lead at the high engine temperature, and it vaporized like petrol. So, leaded petrol was born. It was widely used in World War II aviation fuel for quick take-offs.

Cars became bigger and bigger. Engines became more powerful until in the 1960s along came the environment as an issue. Cars became a number one target, and rightly so.

By the mid-1970s, lead in petrol was being identified as a culprit in environmental problems. Lead is a poison. It contributed to the collapse of Roman civilization because lead in piping used to carry water through Roman cities and lead in drinking vessels was absorbed into the body.

During the 1980s, governments around the world began to test for lead in the environment and the human body. In Germany, the federal government decided to drop the lead content in fuel 0.5 grams per liter to 0.15 gm.

However, a report from German federal authorities stated after five years of testing more than 1000 people, “Since the changes observed are only of the order of statistical scatter, this indicates that lead from petrol did not contribute to uptake by ingestion through significant deposition on food and utensils as has been suggested. If it had been, greater and continuing decrease in blood levels in the community should have been observed.”

Another interesting thing about lead that has not been given much publicity is that lead is baked at the operating temperature inside a combustion engine. The internal engine temperature reaches up to 3000 degrees C and, according to Professor Lowthur of London University, becomes like tiny bricks.

The lead falls from the tail pipe and settles on the road. It can be measured. Over three meters from the roadside, the lead measure drops off rapidly. Due to particle size its does not stay airborne and is less likely to be absorbed into the lungs. In the baked form, it is not soluble in the stomach's hydrochloric acid either.

So,  why the concern about lead in the environment and lead threats to children?

It's true that lead levels in blood are an indication of a risk to human brain function. The AMA has published articles showing at least 15 studies pointing to an association between lead exposure and intellectual performance.

---------------------------------------------------------

Benzene effects

The non-lead ingredients added to petrol to stop pinging and maintain octane ratings are known as aromatics. They are from a category of organic substance known as VOCs -- volatile organic compounds. These include benzene, toluene (methyl-benzene), dimethylbenzene, xylene and mesitylene (1,3,5 triethyl-benzene). All are petroleum derivatives. Some are toxic, others are extremely toxic.

Xylene has recently been ordered removed from all marker pens due to its extreme toxicity. Benzene is rated as a carcinogen. Toluene in pregnant women has recently been shown to cause birth defects. A standard text, S. Baum's Introduction to Organic Chemistry, says, “Repeated exposure to benzene leads to a progressive disease in which the ability of the bone marrow to make new blood is eventually destroyed”.

Benzene has been linked to cancer and leukaemia in numbers of studies. As long ago as 1977, the Italian Ramazzini Foundation for Oncology and Environmental Science established that benzene was a powerful carcinogen. It also found subsequently that all aromatic hydrocarbons in fuel cause increases in malignant tumours in animals.

Professor Cesare Maltoni and Morando Soffritti have conducted tests on exposure to all fuel additives. In August 1994 Maltoni addressed the Clean Air Conference run by the CSIRO in Sydney. He presented evidence that benzene is one of the most dangerous industrial carcinogens known. He stated that the risks from benzene and other aromatics have been seriously understated in view of the scale of motor vehicle pollution. More than 400 million cars worldwide burn 600 million tonnes of fuel a year.

Maltoni said he and other scientists were “alarmed” at the way the slogan “No lead, no worries” had generated a “warped” situation in which additives in petrol are favored, not because they are safe, but because no real research has been done on them.

At the same conference, Dr Simon Wolff of the University College, London School of Medicine, expressed his concerns on benzene. He had set out to find an explanation for ten-fold increases in childhood leukaemia in some population groups in the UK. He found that areas most at risk were newer, middle-class suburbs and townships with high levels of car ownership. He found epidemiological evidence that benzene, petrol vapors and exhaust gases can cause lymphatic cancer and leukaemia of the types common in children. He speculated that children require far less exposure to develop cancer than do adults. Those in areas of high traffic density and who used the car more were at bigger risk. Wolff also found that the other ULP aromatic additives also produce benzene under combustion.

He concluded that Britain's present plan to cut benzene concentration in air from 5 parts per billion to 1 ppb were not enough for children. He suggested that benzene levels had to be cut 50 or 100 times, not just by one fifth. The World Health Organization and the USA EPA estimate that for every 1 ppb benzene we can expect 8« cases of myeloid leukaemia in a population of one million.

--------------------------------

In a speech to members of the automobile club of Victoria in February 1993, Dr Warren said, “In fact this stuff [aromatic additives] appears to be so dangerous, potentially lethal, that I urge you not to use it in any car not fitted with a catalytic converter. Don't use it in your mower, chainsaw, whipper snipper or outboard, and don't wash parts in it, and if any gets on your skin wash it off immediately. Avoid the fumes when refuelling and don't allow anyone near the exhaust, particularly when the exhaust is cold. Remember that catalytic converters don't work until they reach some 400 degrees.”

The use of a whole mixture of aromatic additives in petrol may leave us with a heritage of increased cancer and leukaemia amongst adults and children. Because of its ability to be absorbed even through skin contact, benzene is a high risk substance. And the other aromatics convert to benzene in combustion.

Service stations then become high risk areas. ULP and super ULP are dangerous in the air. Super ULP (which has over 30% aromatics) is so risky an all-party committee in Britain recommended its banning in 1994. It stated, “The potential health hazards resulting from the excessive aromatics used ... outweigh any possible benefits from the reduced lead”. In April 1995 the British government announced that super ULP is to be progressively withdrawn over the next two years.

What to conclude? 

There seem to be flaws in the scientific information demonstrating that lead in petrol is a threat to people. The aromatics added to petrol to make up for the loss of lead constitute a threat in themselves. It seems that the aromatic additives -- benzene, toluene, xylene, mesitlylene and dimethylbenzene may be as risky to health or even more dangerous than lead additives. In particular, benzene is rated as one of the most toxic and carcinogenic chemicals in atmospheric pollutants.

•
The MBTE living (or deadly) case is an example of the counterpart of CNG clean properties. The gasoline additive MTBE or methyl tertiary butyl ether has contaminated groundwater and surface water sources in many regions and is considered a possible human carcinogen. It is highly soluble in water, does not readily degrade in the environment, and most public water systems are not equipped to completely remove it from drinking water.

•
Legislation of most countries introduced in the ’90s the use of “oxygenates” to reduce emissions in congested cities, and refiners chose MBTE due to its availability and favorable blending characteristics.

•
As of January 2004, MBTE was banned in all California gasoline and to prevent health impacts, a primary standard of 13 parts per million has been adopted.

•
News were issued in 2003 and 2004 describing efforts by Congress of the USA to protect MBTE manufacturers from liability for USA groundwater contamination estimated in 30 billion USD so far, with scandal characteristics

2.3 MTBE Bailout

Nader Page, October 17, 2003

------------------------------------

In the aftermath of the crippling northeastern blackout in August, Congress has been working feverishly to pass an energy bill full of supposedly beneficial energy solutions for American citizens. But behind closed doors, corporations, lobbyists, and leadership in both houses have been wrangling over just how far they can push the envelope of this bill to benefit their oily, deregulation-happy friends. 

They have packed the bill with giveaways for the various big energy corporations. There are subsidies for atomic power, for Big Oil, and the repeal of a crucial historic law that has provided the regulatory framework for electricity companies. 

One particularly egregious provision in the bill would shield producers of MTBE (methyl tertiary butyl ether) from any legal claims that the chemical is "defective in design or manufacture." MTBE is a little-known toxic component of gasoline sold in many parts of the country. 

MTBE is added to gasoline as part of the Clean Air Actís efforts to require the use of "oxygenates" to make gasoline burn more cleanly and efficiently. But MTBE is only one kind of oxygenate and despite manufacturersí claims to the contrary, MTBE has never been specifically mandated as a fuel additive. Released into the environment from tens of thousands of leaking storage tanks and spills, it is one of the most ubiquitous pollutants in the nation. 

There is only one reason that some legislators and their oil and chemical taskmasters have pushed so hard for this immunity bailout provision: MTBE is a defective product. Documents produced at a recent trial in California proved that gasoline manufacturers have long known the cold hard truth about MTBE: because of its extreme water solubility, this toxic chemical spreads in the environment farther and faster than other components of gasoline, and it is extremely costly to clean up. 

Now companies that make and use MBTE are seeking absolution from cleaning up the mess they made. Lawsuits from coast to coast seek to hold them accountable. These companies should not be shielded from foreseeable negative effects of the products they create or employ. 

Citizens concerned about the safety of their drinking water are outraged that Congress is seeking to shift tens of billions of dollars in toxic cleanup costs from the biggest oil companies in the nation to taxpayers and drinking water ratepayers. The MBTE provision is tantamount to a nationwide, $30 billion tax hike. If successful, this craven effort would be one of the bigger corporate bailouts in American history and a staggering rollback of the "polluters pays" laws that have cleaned up contamination hazards in every state in the Nation. It would open a Pandoraís box for manufacturers to seek liability immunity for a vast array of products with serious environmental or public health risks. 

For over twenty years, United States decision-makers and courts have agreed that industries must bear the cost of cleaning up the environmental problems that they create. This is an appropriate remedy for damage caused by companies that pollute, and it deters future pollution hazards. 

There is a lot of talk these days about "taking responsibility" ‚ which corporatists masquerading as conservatives use to refer only to regular people. Here the hypocrisy of the responsibility rhetoric is laid bare: 

The chemical and oil companies that make and use MTBE are specifically looking to escape their responsibility. But the usual conservative responsibility chorus is silent. 

More than a few members of Congress have taken a turn singing from the responsibility hymnal. It's time for these members of Congress to fulfill their responsibilities -- by refusing to relieve corporations of theirs. 

Fortunately, there are some in Congress willing to take a stand. Having seen first hand the value of the polluter pays framework in helping to clean the feculent toxic mess made by General Electric in the Hudson River, Senator Chuck Schumer has promised to filibuster if the MTBE provision remains in the bill. And last week, 42 Senators signed a "dear colleague" letter initiated by Senator Barbara Boxer asking that the energy bill conferees remove the MTBE escape from liability protection. 

2.4. Conclusions 

•
What looked to be the road for cleaner gasoline resulted in public health updated considerations showing some conclusions when the MBTE scandal exploded in the U.S.A. in order to give a 30 billion dollar immunity for polluters.

•
The MBTE troublesome public health effects is a good example of what is going in the world.

•
More complicated is the problem of benzene and aromatics in general, posing a dangerous health problem for present and future generations and many governments are ignoring what is happening, with the exception of some of them supporting cleaner fuels like CNG.

•
Natural gas (CNG) for internal combustion engines is not toxic and does not require any aggregates. 

III.
WHAT LOOKED TO BE THE ROAD TO MORE EFFICIENT ENGINES WITH THE DIESEL CYCLE AND WHAT IS GOING NOW? 

The answer was given in one of the milestones in the history of fuels by the Findings of the Californian Scientific Review Panel on THE REPORT ON DIESEL EXHAUST as adopted at the Panel’s April 22, 1998, Meeting

Exposure related conclusions

1. Diesel exhaust is a complex mixture of gases and fine particles emitted by a diesel-fueled internal combustion engine.

2. The gaseous fraction is composed of typical combustion gases such as nitrogen, oxygen, carbon dioxide, and water vapor. However, as a result of incomplete combustion, the gaseous fraction also contains air pollutants such as carbon monoxide, sulfur oxides, nitrogen oxides, volatile organics, alkenes, aromatic hydrocarbons, and aldehydes, such as formaldehyde and 1,3-butadiene and low-molecular weight polycyclic aromatic hydrocarbons (PAH) and PAH-derivatives.

3. One of the main characteristics of diesel exhaust is the release of particles at a

markedly greater rate than from gasoline-fueled vehicles, on an equivalent fuel energy basis. The particles are mainly aggregates of spherical carbon particles coated with inorganic and organic substances. The inorganic fraction primarily consists of small 

solid carbon (or elemental carbon) particles ranging from 0.01 to 0.08 microns in diameter. The organic fraction consists of soluble organic compounds such as aldehydes, alkanes and alkenes, and high-molecular weight PAH and PAH-derivatives, such as nitro-PAHs. Many of these PAHs and PAH-derivatives, especially nitro-PAHs, have been found to be potent mutagens and carcinogens.

Nitro-PAH compounds can also be formed during transport through the atmosphere by reactions of adsorbed PAH with nitric acid and by gas-phase radical-initiated reactions

in the presence of oxides of nitrogen. 

4. Diesel exhaust includes over 40 substances that are listed by the United States

Environmental Protection Agency (U.S. EPA) as hazardous air pollutants and by the ARB as toxic air contaminants. Fifteen of these substances are listed by the International Agency for Research on Cancer (IARC) as carcinogenic to humans, or as a probable or possible human carcinogen. Some of these substances are:acetaldehyde; antimony compounds; arsenic; benzene; beryllium compounds; bis(2-ethylhexyl) phthalate; dioxins and dibenzofurans; formaldehyde; inorganic lead; mercury compounds; nickel; POM (including PAHs); and styrene.

5. Almost all of the diesel particle mass is in the fine particle range of 10 microns or less

in diameter (PM ). Approximately 94 percent of the mass of these particles are less than 2.5 microns in diameter. Because of their small size, these particles can be inhaled and a portion will eventually become trapped within the small airways and alveolar regions of the lung.

6. The estimated population-weighted average outdoor diesel exhaust PM concentration 

in California for 1995 is 2.2 microgram per cubic meter (g/m ). Several independent studies have reported similar outdoor air diesel exhaust PM concentrations. The 

1995 estimated average indoor exposure concentration is approximately 1.5 g/m . 

7. The population time-weighted average total air exposure to diesel exhaust particle concentrations across all environments (including outdoors) is estimated to be 1.5

g/m in 1995. This total exposure estimate may underestimate many Californians' actual total exposure because it excludes elevated exposures near roadways, railroad tracks, and inside vehicles. Near-source exposures to diesel exhaust may be as much as five times higher than the 1995 population time-weighted average total air exposure. It also excludes other routes of exposure to diesel exhaust, such as ingestion and dermal absorption.

8. Diesel engine exhaust contains small carbonaceous particles and a large number of chemicals that are adsorbed onto these particles or present as vapors. These particles have been the subject of many studies because of their adverse effects on human health and the environment. A recent study conducted for the Health Effects Institute showed that, despite a substantial reduction in the weight of the total particulate matter, the total number of particles from a 1991-model engine was 15 to 35 times greater than the number of particles from a 1988 engine when both engines were operated without emission control devices. This suggests that more fine particles, a potential health concern, could be formed as a result of new technologies. Further study is needed since the extent of these findings only measured exhaust from two engines and engine technologies.

9. The major sources of diesel exhaust in ambient outdoor air are estimated to emit approximately 27,000 tons per year in 1995. On-road mobile sources (heavy-duty trucks, buses, light-duty cars and trucks) contribute the majority of total diesel exhaust PM emissions in California. Other mobile sources (mobile equipment, ships, trains, and boats) and stationary sources contribute the remaining emissions.

10. Significant progress has been made as a result of federal and state regulations that have addressed particulate matter levels from diesel engines. Emissions of on-road mobile source diesel exhaust PM in California are expected to decline by approximately 85 percent from 1990 to 2010 as a result of mobile source regulations already adopted by the ARB.

11. The results of a study funded by the ARB at the University of California, Riverside, indicate that the diesel exhaust from the new fuel tested contained the same toxic air

contaminants as the old fuel, although their concentrations and other components may

differ. Further research would be helpful to quantify the amounts of specific compounds emitted from a variety of engine technologies, operating cycles, and fuel to characterize better any differences between old and new fuels and technologies.

I.
What was the well known health effects associated with diesel exhaust until 1998?

12. A number of adverse short-term health effects have been associated with exposures to diesel exhaust. Occupational exposures to diesel exhaust particles have been associated with significant cross-shift decreases in lung function. Increased cough, labored breathing, chest tightness, and wheezing have been associated with exposure to diesel exhaust in bus garage workers. A significant increase in airway resistance and increases in eye and nasal irritation were observed in human volunteers following one-hour chamber exposure to diesel exhaust. In acute or subchronic animal studies, exposure to diesel exhaust particles induced inflammatory airway changes, lung function changes, and increased the animals' susceptibility to infection.

13. A number of adverse long-term non cancer effects have been associated with exposure

to diesel exhaust. Occupational studies have shown that there may be a greater incidence of cough, phlegm and chronic bronchitis among those exposed to diesel exhaust than among those not exposed. Reductions in pulmonary function have also been reported following occupational exposures in chronic studies. Reduced pulmonary function was noted in monkeys during long-term exposure. Histopathological changes in the lung of diesel-exposed test animals reflect inflammation of the lung tissue. These changes include dose-dependent proliferations of type II epithelial cells, marked infiltration of macrophages, plasma cells and fibroblasts into the alveolar septa, thickening of the alveolar walls, alveolar proteinosis, and focal fibrosis.

14. Studies have shown that diesel exhaust particles can induce immunological reactions

and localized inflammatory responses in humans, as well as acting as an adjuvant for pollen allergy. Intranasal challenge with diesel exhausts particles in human volunteers resulted in increased nasal IgE antibody production and a significant increase in mRNA for pro-inflammatory cytokines. Co-exposure to diesel exhaust particles and ragweed pollen resulted in a nasal IgE response greater than that following pollen or diesel exhaust particles alone. Effects of intratracheal, intranasal, and inhalation exposures of laboratory animals are supportive of the findings in humans. These effects include eosinophilic infiltration into bronchi and bronchioles, elevated IgE response, increased mucus secretion and respiratory resistance, and airway constriction.

15. Based on the animal studies, the U.S. EPA determined a chronic inhalation Reference

Concentration value of 5 g/m for noncancer effects of diesel exhaust. This estimate takes into consideration persons who may be more sensitive than others to the effects of diesel exhaust. The report supports the recommendation of 5 g/m as the 3 California Reference Exposure Level (REL) (Table 1). It should be noted that this REL may need to be lowered further as more data emerge on potential adverse non cancer effects from diesel exhaust.

16. Diesel exhaust contains genotoxic compounds in both the vapor phase and the particle phase. Diesel exhaust particles or extracts of diesel exhaust particles are mutagenic in bacteria and in mammalian cell systems, and can induce chromosomal aberrations,

aneuploidy, and sister chromatid exchange in rodents and in human cells in vitro.

Diesel exhaust particles induced unscheduled DNA synthesis in vitro in mammalian cells. DNA adducts have been isolated from calf thymus DNA in vitro following treatment with diesel exhaust particle extracts. DNA adducts have been shown to increase following inhalation exposure of rodents and monkeys to whole diesel exhaust. Elevated levels of DNA adducts have been associated with occupational exposure to diesel exhaust. Results of inhalation bioassays in the rat, and with lesser certainty in mice, have demonstrated the carcinogenicity of diesel exhaust in test animals, although the mechanisms by which diesel exhaust induces lung tumors in animals remains uncertain.

17. Over 30 human epidemiological studies have investigated the potential carcinogenicity

of diesel exhaust. These studies, on average, found that long-term occupational exposures to diesel exhaust were associated with a 40 percent increase in the relative risk of lung cancer. The lung cancer findings are consistent and the association is unlikely to be due to chance. These epidemiological studies strongly suggest a causal relationship between occupational diesel exhaust exposure and lung cancer.

18. Other agencies or scientific bodies have evaluated the health effects of diesel exhaust.

The National Institute of Occupational Safety and Health first recommended in 1988 that whole diesel exhaust be regarded as a potential occupational carcinogen based upon animal and human evidence. The International Agency for Research on Cancer (IARC) concluded that diesel engine exhaust is probably carcinogenic to humans and classified diesel exhaust in Group 2A. Based upon the IARC findings, in 1990, the State of California under the Safe Drinking Water and Toxic Enforcement Act of 1986 (Proposition 65) identified diesel exhaust as a chemical "known to the State to cause cancer." The U.S. EPA has proposed a conclusion similar to IARC in their draft documents. The 1998 draft U.S. EPA document concluded similarly that there was sufficient animal evidence of carcinogenicity and that the human evidence was limited.

19. There are data from human epidemiological studies of occupationally exposed populations which are useful for quantitative risk assessment. The estimated range of lung cancer risk (upper 95% confidence interval) based on human epidemiological data is 1.3 x 10 to 2.4 x 10 (g/m ) (Table 2). After considering the results of the -4 -3 3 -1 meta-analysis of human studies, as well as the detailed analysis of railroad workers, the SRP concludes that 3 x 10 (g/m ) is a reasonable estimate of unit risk expressed -4 3 -1 in terms of diesel particulate. Thus this unit risk value was derived from two separate approaches which yield similar results. A comparison of estimates of risk can be found in Table 3.

20. Based on available scientific information, a level of diesel exhaust exposure below 

which no carcinogenic effects are anticipated has not been identified.

21. Based on available scientific evidence, as well as the results of the risk assessment, we conclude that diesel exhaust be identified as a Toxic Air Contaminant.

22. As with other substances evaluated by this Panel and after reviewing the field of published peer reviewed research studies on diesel exhaust, additional research is appropriate to clarify further the health effects of diesel exhaust. This research may have significance for estimating the unit risk value.

23. The Panel, after careful review of the February 1998 draft SRP version of the ARB

report, Proposed Identification of Diesel Exhaust as a Toxic Air Contaminant, as well as the scientific procedures and methods used to support the data, the data itself, and the conclusions and assessments on which the Report is based, finds this report with the changes specified during our October 16, 1997, meeting and as a result of comments made at the March 11, 1998, meeting, is based upon sound scientific knowledge, methods, and practices and represents a complete and balanced assessment of our current scientific understanding”.

--------------------------------------------

Conclusion

Since 1998 new worldwide ruling is trying to solve this intricate matter, but millions of diesel engines are spitting their particulate matter in the way the findings of the Californian Scientific Panel Review made public.

II.
What’s new about ultrafine particles health effect until 2004?

An explanation about its potential incidence in public health, are given in a paper issued by the Rachel organization (#274), which main concepts follow:

One of the most important characteristics of ultrafine particles (particles with an average diameter of 100 nanometers (0.1 micrometers) or less), is their huge surface-to-volume ratio. The smaller something is, the larger its surface area is, in comparison to its volume. Because ultrafine particles are so small, they have an enormous surface area, relative to their volume. 

Unfortunately, the large surface area of tiny particles also makes them dangerous for at least two reasons: first, the large surfaces alone promote the reaction of oxygen with human (or animal) tissue, creating free radicals. 

"Free radicals are atoms or groups of atoms with an odd (unpaired) number of electrons and can be formed when oxygen interacts with certain molecules. Once formed these highly reactive radicals can start a chain reaction, like dominoes. Their chief danger comes from the damage they can do when they react with important cellular components such as DNA, or the cell membrane [the cell's outer casing]. Cells may function poorly or die if this occurs," explains Dr. Mark Jenkins at Rice University. 

In sum, the large surface of ultrafine particles offers an ideal place which oxygen reactions can occur in the airways and lungs, resulting in the formation of free radicals with subsequent cell damage or cell death, followed by inflammation. 

The second danger from ultrafine particles arises when they float freely in the air, where their large surface area provides a sticky place where metals and hydrocarbons attach themselves. The smaller the size of the particle, the larger the load of metals and hydrocarbons it can carry (larger, relative to the particle's volume). 

What do we know about health effects of ultrafine particles? 

Scientists have known for more than a decade that fine and ultrafine particles in the air create haze and kill large numbers of humans. Fines and ultrafines are produced by fossil-fuel power plants, incinerators, cement kilns, and diesel engines, among other sources. As early as 1991, Dr. Joel Schwartz of U.S. Environmental Protection Agency (now at Harvard) estimated that fine particles were killing 60,000 people each year in the U.S. That shocking estimate has since been confirmed and reconfirmed and is now widely ccepted. Fine particles are defined as those with a diameter of 10,000 nanometers (10 micrometers) or less. Ultrafines are 100 times smaller than fines.[6] 

Today, researchers are examining the properties of ultrafines and there seems to be little doubt that they are the major killers in haze. Studies in Los Angeles, California reveal that ultrafines are 10 to 50 times as damaging to lung tissue, compared to larger fine particles. 

Since 1991, scientists have been wondering whether fine and ultrafine particles cause harm because of their size alone, or because they carry metals and hydrocarbons deep into the lung. Researchers today believe that, in the case of ultrafines, the answer is both. 

U.S. Environmental Protection Agency refers to fines as PM 10 (short for "particulate matter 10 micrometers or less in diameter"). By 1996, EPA became convinced that PM 2.5 (particles with diameters of 2.5 micrometers [2500 nanometers] or less) were far more dangerous than PM 10, and the agency proposed rules to control PM 2.5 air pollution. Corporations immediately sued in court to "get government off our backs" and to fulfill their fiduciary duty to shareholders by every legal means, even though that duty in this instance entails killing tens of thousands of anonymous citizens each year. In 2001, after a 5-year court battle, EPA won in the U.S. Supreme Court, but the agency, chastened by corporate encounters, has shelved its plan for controlling PM 2.5 air pollution. Meanwhile, new studies are piling up showing that nano particles (ultrafines, which in EPA terminology would be PM 0.1) are by far the most dangerous of all.

The picture continues to develop, but current research shows that nano particles in the lung cause the formation of free radicals, which in turn, cause lung disease, and cardiovascular disease. Furthermore, nano particles carry metals and carcinogenic hydrocarbons deep into the lung, where they exacerbate asthma and other serious breathing problems. In addition, nano particles combined with metals can pass directly into the brain where they promote the formation of waxy amyloid plaques, which are the signature feature of Alzheimer's disease. In Fresno, Calif., Kent E. Pinkerton at Univ. of Calif. Davis found from autopsies that "outwardly robust people routinely harbor damage in their lungs' small airways, setting the stage for respiratory and cardiovascular disease." The bronchioles were scarred with fibrosis and an abnormal thickening, apparently caused by "the ravages of free radicals." Subsequent exposure of rats to ultrafine particles at levels found in Fresno on a bad day revealed many dead cells in the rats' lungs, large numbers of inflammatory cells (neutrophils), and destruction of macrophages -- which are cells that promote health by actively removing foreign material from the lungs. In other words, ultrafines kill off the lung's natural defenses, and then create their own unique form of damage, promoting free radicals, cell death, inflammation and eventually cardiovascular disease. 

Pinkerton's findings were confirmed by a study of the lungs of non-smoking women in Mexico City and in Vancouver, British Columbia, which revealed extensive lung damage from exposure to dirty Mexico City air, but not clean Vancouver air. The small airways of the Mexican women "were very abnormal," with fibrosis and thickening. 

Researcher Ken Donaldson at the University of Edinborough in Scotland has studied particles of pure titanium dioxide and pure carbon. At 10 micrometers diameter, they cause no damage to rat lungs. But when they are crushed into ultrafines "they become highly inflammogenic to the lungs," he told Science News. In other words, carbon nano particles, without any pollutants attached (no metals, no hydrocarbons), cause lung damage by themselves. Their size alone is harmful. 

It is now known that the deadly effects of fine and ultrafine particles aren't restricted to the lung, but occur in the cardiovascular system and brain. Renaud Vincent and colleagues at Health Canada (the Canadian equivalent of the U.S. National Institutes of Health) clarified the mechanism of cardiovascular damage by exposing healthy volunteers to high levels of fine particles -- the levels you might find in a city with dirty air. 

Vincent found that exposure to ultrafine particles doubles the concentration of a small protein (called endothelin) in the blood stream. Endothelin increases blood pressure. The spike in endothelin levels can be tolerated by a healthy subject, but may kill a person who is already suffering from atherosclerosis (hardening of the arteries).[6] 

Importantly, the spike in endothelin concentration only occurs when subjects are exposed to fine and ultrafine particles that have metals or hydrocarbons attached to them. If the particles are purified before the humans are exposed to them, they have no effect on endothelin levels. Thus it seems to be the combination of ultrafine particles and metals and/or hydrocarbons that increases endothelin. 

Other researchers have also been examining the effects of fine and ultrafine particles on cardiovascular health. Scientists at the Harvard School of Public Health exposed dogs to fine and ultrafine particles, then simulated heart attacks in the dogs by using a surgically-implanted balloon to temporarily shut off a coronary artery. Dogs that had been breathing ultrafines could not compensate for the blocked artery -- which may help explain why humans who have heart attacks on a bad-air day are more likely to die than people having heart attacks where the air is cleaner. 

Cardiovascular disease and heart attacks are not the only concern arising from exposure to fine and ultrafine particles in the air. A University of North Carolina research team working with dogs living in Mexico City has shown that exposure to ultrafine air pollution causes brain damage. Lilian Calderon-Garcideunas found that ultrafine particles carry metals such as vanadium and nickel into the dogs' brains through their noses. The fine particles break down the barriers that normally prevent contaminants passing into the brain. 

Dogs are often used as models for the study of cognitive impairments that accompany old age in humans. Some dogs aged 10 and over develop the waxy plaques that are characteristic of Alzheimer's disease. Calderon-Garcideunas's study of 200 dogs in Mexico City reveals that the animals breathing ultrafine particles develop waxy beta-amyloid plaques in the brain before they are a year old. 

Calderon-Garcideunas told science writer Janet Raloff that her findings are "definitely worrisome" because she has examined the noses of humans in Mexico City and found evidence of a breakdown of nasal tissue, similar to that found in dogs.[6] 

U.S. EPA researchers and colleagues in Germany have found that metals attached to fine and ultrafine particles greatly exacerbate asthma. First they examined children in a German city where the air is contaminated with fine and ultrafine particles mixed with metals. Compared to children living in a rural German town where the air is relatively clean, the urban children showed strongly allergic reactions. The researchers then exposed mice to the two kinds of air that the children were breathing. They reported that mice exposed to metal-contaminated ultrafine particles developed strong allergic and asthmatic reactions in their airways. 

Using isolated lung cells, researchers found that ultrafine particles from Los Angeles air (a) carry far more toxic combustion byproducts per unit weight than do larger particles (no surprise because of surface-to-volume ratio); and (b) enter cells and settle in the mitochondria, which are the cells' source of power. Ultrafine particles turn the mitochondria into "functionless bags," researcher Andre Nel told Science News, killing the cells they were powering. 
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