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Nanotechnology could revolutionise food, but will consumers swallow it?

Once bitten ...

The science of nanotechnology is already revolutionising the worlds of medicine and construction. Soon it could be doing the same for our food - but after the backlash against GM foods, says Steve Boggan, will the consumers swallow it?

Steve Boggan

The Guardian 

Wednesday March 26 2008

http://www.guardian.co.uk/science/2008/mar/26/nanotechnology.food
How do you fancy tucking into a bowl of ice cream that has no more fa  than a carrot? Or eating a burger that will lower your cholesterol? I  you are allergic to peanuts, perhaps you'd like to fix your food so tha  any nut traces pass harmlessly through your body. Welcome to the world o  nanofoods, where almost anything is possible: where food can be manipulate  at an atomic or molecular level to taste as delicious as you want, do you a  much good as you want, and stay fresh for ... well, who knows? A world wher  smart pesticides are harmless until they reach the stomachs of destructiv  insects; where food manufacturers promise an end to starvation; where smar  packaging sniffs out and destroys the micro-organisms that make good food g  bad. In short, a food heaven to those who see it spelling the end of obesity an  poor diet. Food hell to those who believe the case for nanofood safety is stil  far from proven. One thing is certain: after the controversy that surrounde  genetically modified foods, nano is set to become the next kitche  battleground

Nanotechnology has its roots in a talk delivered in 1959 by physicist Richard Feynman to the American Physical Society. He predicted a time when individual atoms and molecules might be used as the building blocks for a set of tools that could then make a smaller set, and so on. The scale he was talking about strains the imagination. A nanometer - nm - (from the Greek word nanos, dwarf) is one-billionth of a metre. To help you visualise how small that is, a red blood cell is about 7,000nm across, a human hair 80,000nm wide and a water molecule slightly less than 0.3nm in diameter. The science of nanotechnology generally inhabits the region of 0.1nm to 100nm.

The science behind the theory became a reality in the 1980s with the invention of specialist microscopes which allowed scientists to see how atoms and molecules behaved in different conditions. By manipulating those conditions - say, with other chemicals, heat, moisture, electromagnetism and so on - they could encourage atoms and molecules to form useful shapes.

This resulted in the creation of new nanomaterials built at the atomic level that promise to revolutionise everything from chemistry to aeronautics. Some nanotechnology products are already on the market - sunscreens, for example, make use of titanium oxide, TiO2. At larger scales TiO2 is white, opaque and good for blocking ultraviolet light. However, at the nanoscale it becomes transparent while retaining its UV-blocking properties, making it perfect for protection against the sun's harmful rays.

Others look set to follow. Carbon nanotubes, for example, could revolutionise the construction industry. Seamless tubes of graphite one atom thick and 10,000 long (to the naked eye, large quantities would look like soot), carbon nanotubes are up to 100 times stronger than steel but around eight times lighter. They can be teased into a twine that can be woven into sheets and, potentially, mixed with composites to eventually overhaul the way - and the height to which - we build. And those buildings could be covered with solar cells made from nanomaterials that could supply all their energy needs. In medicine, "nanocapsules" containing pharmaceuticals that can be programmed to release their cargoes only on contact with, say, cancer cells, are promising new and improved treatments. Not surprising, then, that the proponents of nanotechnology predict that it will lead to a new industrial revolution.

In food, however, the excitement is being matched by health and environmental concerns at all three stages of production: farming, processing and packaging. In its report, Down on the Farm, the ETC Group, an independent Canadian technology watchdog, predicts: "From soil to supper, nanotechnology will not only change how every step of the food chain operates, but it will also change who is involved. At stake is the world's $3 trillion food retail market, agricultural export markets valued at $544bn, the livelihoods of 2.6 billion farming people, and the wellbeing of the rest of us who depend upon farmers for our daily bread."

Nano-futurists don't dispute that, one day, nanofoods will be everywhere. They envisage a day when tiny sensors called motes or smart dust will radio information to the farmer detailing what is going on in his field, inside his crops and in the bodies of his animals so that he can optimise his yields. While such "precision farming" is some way off, nanotechnology is already here in the form of smart pesticides, or nanocides. Syngenta, Monsanto and BASF are among companies that have either developed or are researching pesticides on the nano-scale that they claim will be more stable, longer-lasting and deadlier to pests.

Several of these have already passed safety tests and are licensed for use in Britain and the US. Their active ingredients have been around for years without causing problems; only the delivery method has changed. This involves controlled-release systems that use small polymer capsules which can be more evenly diluted in liquid, be programmed to "stick" to the parts of plants where they are needed, and even remain inert until activated by the alkaline content of a certain insect's stomach; only then do they burst open and kill the pest. Agrochemical companies argue that this means the pesticides are smarter, need lower concentrations of active ingredients, can be programmed not to harm "friendly" insects, and are more easily and safely broken down in the environment.

Packaging, too, may change. Coatings made from smart nanoparticles that can sniff out the telltale gases given off by deteriorating food will trigger colour changes on labels. The label will also tell you when something is ripe. It's called intelligent packaging.

But there is a problem. There are signs that consumers will recoil from any food to which this new technology is applied. Several years ago, the big food companies were happy to talk about products that might be in the pipeline. Famously, Kraft Foods described a tasteless, odourless drink that might contain dozens of flavours, colours and nutrients in billions of microcapsules that could be activated - possibly by microwave - at home. You might turn it into a strawberry-flavoured drink, while I might opt for lemon and lime. Then came the consumer opposition to GM. Nowadays it is difficult to get food companies even to admit they are conducting researching into nano.

However, one firm of German technology analysts, the Helmut Kaiser Consultancy, estimates that hundreds of food companies are conducting research into nanotechnology. Its latest report says: "The nanofood market [soared] from $2.6bn in 2003 to $5.3bn in 2005 and is expected to reach $20.4bn in 2010. The nano-featured food-packaging market will grow from $1.1bn in 2005 to $3.7bn in 2010. More than 400 companies around the world are active in research, development and production. The US is the leader, followed by Japan and China. By 2010, Asia, with more than 50% of the world population, will become the biggest market for nanofood, with China in the leading position."

I approached five of the world's largest food companies, Kraft, Cadbury Schweppes, Unilever, Nestlé and HJ Heinz. Cadbury Schweppes said it was "keeping a watching brief" but was not actively researching nanofood; Heinz had no plans to use nanotechnology; and Kraft and Nestlé made no comment. Unilever, however, was willing to provide a food manufacturer's perspective.

Charles-François Gaudefroy, whose job title - head of consumer confidence and sustainability for research and development - is indicative of the task ahead of him, says there is much hype about nanofood. "There are some people who say nanotechnology is everywhere," he says. "Well, I'd like to see it first. We do not have it in food at the moment, but the potential is manifold, particularly in stabilising foods and enhancing their nutritional properties. For example, if you squeeze an orange and drink it now, you will get vitamin C from it, but if you leave it a while, all the vitamin C will vanish. Putting the vitamin C in nanocapsules can allow it to be released only when it is drunk.

"And [it could be useful in] stabilising nutrients in food. For example, iron and essential fats such as omega-3 do not remain stable in liquids; they oxidise and that changes the colour, odour, the taste of the product ... You could use nanotechnology to stabilise the nutritional properties of products and that would be of benefit to people with deficiencies - anaemia, for example."

Food companies, he says, are also excited by the prospect of intelligent packaging and the ability to give foods a longer shelf life. "In Africa, there is food, but part of the issue is bringing it to the table and increasing its nutrition profile to give children a better start. Stabilisation of nutrients and enabling longer shelf life are areas of development that can reduce suffering."

In Europe, any nanofoods would have to gain approval under a European Commission directorate on new foods and ingredients that was introduced in 1997 to regulate genetically modified products or those manipulated at a molecular level. The directorate requires such products to be assessed by member states before a licence can be granted. In Britain, the EU and the US, moves have been made to introduce voluntary codes of practice for research and manufacturing in nanotechnology, but hard legislation is lagging behind.

So what about safety? A report by the Royal Society and the Royal Academy of Engineering in 2004 expressed concern that little was known about the behaviour of nanoparticles in the environment and recommended that waste containing them should be treated as hazardous until proven otherwise. Since then, the Royal Society and the Council for Science and Technology (CST), the government's main advisory body on science issues, has criticised ministers for failing to put measures in place for assessing the environmental risks. "There is a pressing need for a programme of central government spending [on research] into the toxicology, health and environmental effects of nanotechnologies," the chairman of the CST's nanotechnologies sub-group, Professor John Beringer, said in March last year. "Without a substantial home research endeavour, the UK risks being left out in the cold in future international collaboration. To put it bluntly, the safe development of a new technology should not depend on whether an academic wins a highly competitive research grant."

The US's Environmental Protection Agency has set up a committee to develop a framework for safety legislation, but the tendency so far has been to accept nano-manipulated materials as being no different from their larger relatives. But any chemist will tell you that materials behave differently at different sizes. Aluminium, for example, is stable in everyday concentrations, but becomes explosive at micro-fine levels.

"I think the authorities know this and they are concerned, but they've been caught flat-footed," says Pat Mooney, the executive director of ETC. "I met a guy who said his company was shipping carbon nanotubes but they'd started limiting the shipment to a couple of kilos at a time because in concentrations of more than that they tended to become explosive. His company didn't know why. That inevitably raises questions about nanotechnology in pesticides and food."

Lynn Frewer, professor of food safety and consumer behaviour at Wageningen University in the Netherlands, acknowledges the potential benefits nanotechnology could bring, but when I ask her about the risks, she says: "The problem with the digestion of nanoparticles is that we don't know where in the body they would end up. If they are small enough to travel through the wall of the gut, which some nanoparticles would be designed to do, they could end up anywhere. And how will they accumulate and travel through the food chain? We simply don't know."

Dr Mike Bushell, Syngenta's research head, disagrees, arguing that nano-sized particles are more easily and safely degraded in the environment. There is, then, much disagreement in an industry still in its infancy, an industry that hasn't yet got international standards of safety. There isn't even an internationally accepted lexicon of nanotechnology.

Last year, the Woodrow Wilson International Centre for Scholars in Washington, an independent Washington-based research institute, published a report entitled Nanotechnology in Agriculture and Food. It expressed concern at the lack of research, concluding: "Neither industry nor government appears to be doing its homework. Products could end up in the market without a proper assessment of risk or end up indefinitely halted at the threshold of commercialisation."

Whether nano-engineered foodstuffs land on our tables will, to a large extent, depend on consumers. If it proves as controversial as GM to many food buyers and environmentalists, then marketing it could be difficult - something of which the industry is well aware. Unilever's Gaudefroy says: "There are areas where debate is vital and it is only just beginning. Much of this is driven by what happened with GM. We have to explain to consumers the good side of nanotechnology and what benefits it can bring them.

"Food regulations, in particular the EU's novel-foods directive, prescribe stringent environmental and safety evaluation before anything is introduced to the market. I can see areas where people could be afraid of nanotechnology - in weaponry, for example. But in food? No. I really don't see mad scientists doing mad things."

Expect more smog alerts under new EPA standards

The air quality isn't worse, but more is known about health effects.

By TOM MEERSMAN, Star Tribune

http://www.startribune.com/bios/10645426.html
Last update: March 24, 2008

Some people don't need anyone to tell them when the air is unhealthy to breathe. Mary Ellen Lynch has trouble concentrating, her muscles ache and she has no energy. "It feels like I'm breathing in a fog," she says.

For Elizabeth Brantley, it means migraines that can last for days. For Teresa Chandler, it means a deep ache in her chest. "I can't get enough air," she says. "It just hurts."

Blessed with winds blowing across a flat landscape, Minnesota has some of the nation's cleanest air. Still, in the state's largest metro area, air quality is considered "good" less than half of the year. As scientists learn more about the health effects of the air pollution from smokestacks, tailpipes, small engines and even wood-burning stoves, they have set lower and lower limits for what's considered acceptable pollution.

"It isn't that the air is worse," said Rick Strassman, air monitoring expert for the Minnesota Pollution Control Agency. "It's that we know more about the health effects."

On March 12 the Environmental Protection Agency said it lowered the standard for ground-level ozone, or smog, citing scientific evidence that the pollutant is more harmful at lower levels than formerly believed.

In 2006 the EPA strengthened the daily standard for very fine particles such as soot and dust, which can infiltrate lungs and aggravate asthma and heart problems.

The two main air pollutants affecting Minnesota are the summer threat from ozone, created on hot, sunny days, and fine particles that accumulate in stagnant air during temperature inversions in winter.

Strassman said that with the standards now lowered slightly, the trigger levels for air quality health alerts will also be adjusted downward.

"Without a doubt that's going to result in more ozone alerts this summer," he said, perhaps as many as a dozen more, depending upon the weather. During the past five years the number of alert days each year has ranged from three to 13, he said, including both summer and winter pollution events.

The alerts are based upon a national air quality index, which reports daily conditions based upon data from monitors that sample the air. Index readings from 0 to 50 are considered good, 51 to 100 are moderate, 101 to 150 are unhealthy for sensitive groups and above 151 are unhealthy for all.

When the index tops 100, the alerts warn those who are elderly or who are very young or who have respiratory problems or heart ailments to postpone heavy exercise. They also advise otherwise healthy adults to limit exertion outdoors.

Last year the Twin Cities recorded 178 days with good air quality, 178 moderate days and nine unhealthy days.

The alerts are helpful to Brantley, a Maple Grove resident who works in downtown Minneapolis. "When there's an alert I drive in instead of taking the bus because that would involve time spent out at the bus stop breathing in air that might trigger a [migraine] attack for me," she said. "Within the past five years it has definitely worsened for me."

On air alert days, Lynch, who said she does not have asthma or other respiratory problems, exercises indoors. "I don't have a choice because otherwise my functioning mentally and physically deteriorates," she said.

The U.S. Centers for Disease Control has reported that high levels of ground-level ozone have been linked with increased medication and emergency room visits by asthmatics, and higher hospital admissions the day after pollutant levels peak. An estimated 320,000 adults and 80,000 children in Minnesota have asthma.

As air quality monitoring becomes more sophisticated and as more data become available about human exposure, public health officials will be able to provide better guidance to the public, said John Linc Stine, director of the environmental health division for the Minnesota Department of Health.

"Certainly we don't want people to reduce overall physical activity, but they do need to pay more attention to environmental conditions," he said. On days with significant smog, he said, that includes not just the elderly and the very young, but people of all ages who work or exercise outdoors.

Kimberly Bouzguenda and two of her three daughters have asthma, and the Shoreview family already takes air quality health alerts seriously. Bouzguenda's 10-year-old daughter Isabel has learned to be more assertive in telling teachers and others that she needs to stay indoors when the air is bad. ''She can tell very accurately what she's feeling and what her limitations are," Bouzguenda said.

Bob Moffitt, communications director for the American Lung Association of Minnesota, said that in addition to reducing their personal exposure, people can take action on both good and bad air days to cut back on driving, conserve electricity, skip wood fires, and minimize use of small engines. Improvements in cleaner fuels and more efficient cars have been beneficial, he said, but have been mostly offset by the increased number of drivers and longer commutes.

Analysis: The formaldehyde factor

 By  JUDY SIEGEL-ITZKOVICH

Updated Mar 25, 2008 

http://www.jpost.com/servlet/Satellite?cid=1205420768124&pagename=JPost%2FJPArticle%2FShowFull
The report that Israel Air Force pilots who have flown the Lockheed-Martin F-16I advanced combat plane have to be examined for signs of a toxic chemical in their blood to which they were supposedly exposed in the cockpit has raised many questions among toxicologists.

The chemical, formaldehyde, is a widely used fixative agent for tissue in medical and scientific labs and an integral component of formica, MDF, bakelite and other substances used for the manufacture of furniture and even car interiors.

Prof. Shmuel Yannai, one of the country's leading toxicologists who works in the Technion-Israel Institute of Technology's department of biotechnology and food engineering, told The Jerusalem Post on Monday that it had long been known that formaldehyde use was problematic.

"It's used to preserve tissue in histology labs, as it kills every pathogen-bacteria, viruses and others to prevent the tissue from deteriorating without freezing or refrigeration," said Yannai. "This is called the fixation process."

Formaldehyde, as anyone who has worked in a histology or school biology lab can attest, is "very smelly. It is problematic, as it harms the respiratory system when inhaled.

The tissues in the trachea, bronchi, bronchioles and even the tiny alveoli in the lungs [where oxygen/carbon dioxide exchange is carried out] react to this very volatile chemical and become fixated‚ like lab specimens.

More recently, it has been found to be a carcinogen, although it is not the most carcinogenic chemical. Nevertheless, there is no safe level of a carcinogen, just as there is no safe level of a mutagenic material that causes mutations in DNA."

But formaldehyde, Yannai said, was nevertheless used on a regular basis in labs and in manufacturing because lab workers used protective equipment.

Carpenters and factory workers making formica and other products containing formaldehyde know they have to protect themselves, and they are forbidden to put their products on the market either before they have been aired out or after they have undergone polymerization (which takes longer) so the chemical no longer is volatile and does not release any smell.

Yannai said he believed that passenger compartments in commercial planes contained formica and other substances made with formaldehyde, and this produced pleasant surfaces on the internal walls of the plane. However, they have been aired out or undergone polymerization so the formaldehyde is no longer volatile. "But there is no reason I can think of why formica is needed inside a cockpit," he said.

Formaldehyde is also added to certain colors and used to facilitate drying. It then undergoes polymerization and gives a stronger and more stable color.

Sudden and intense heating, however, could cause the vapors to be released, just as small amounts can be felt in a car sizzling in the sun. But there is a partial vacuum in the cockpit of a combat plane which at higher pressure slowed down the escape of vapors from the cockpit, Yannai said.

"We have not been told what happened in this specific type of plane, what formaldehyde was doing there and why no other model of plane has had the problem," the Technion toxicologist said. "We need much more information. A cockpit gets hotter and absorbs more solar radiation than a car on the ground. Maybe there is some other explanation that the Israel Air Force knows about. If the combat plane had a problem with its fuel, it could be removed by distillation, but this is something different, and it can't be eliminated this way. Mucous membranes in the nose, mouth, trachea and lungs can be harmed by exposure to formaldehyde. It could affect the mucous membranes of the eyes, but I'm not sure if this is a major problem."

In any case, carcinogens can take decades to show up in the form of cancer. "Almost all types of cancer take years to present themselves," Yannai said.

Enviro-toxins, radiation may be tied to breast cancer

By SHERRY BAKER • Gannett News Service  • March 25, 2008

http://www.news-press.com/apps/pbcs.dll/article?AID=/20080325/MOMS/803250310/1013/LIFESTYLES
In the decades following World War II, both breast cancer rates and the use of synthetic chemicals soared in the United States - and a new report contends there's a strong connection between the two.

Produced by the Breast Cancer Fund, a nonprofit group whose mission is to identify environmental links to breast cancer, "The State of the Evidence: 2008" concludes toxic chemicals in the environment, along with increased radiation exposure, are the main culprits in the sharp rise of breast cancer incidence.

The report cautions that "in-utero" (in the womb) and early childhood exposure to carcinogens through plasticizers, estrogen-mimicking substances and other chemicals may increase the risk of breast cancer in adult life.

"As we looked at the research comprehensively, the themes of interactions of timing and mixtures of chemical exposures and also radiation exposure as risks emerged. In bringing this broad focus to environmental causes of breast cancer, we hope to find ways to lower the future incidence of breast cancer not only for adults but, most importantly, for our children and grandchildren," said Dr. Janet Gray, an endocrinology researcher at Vassar College who edited the report.

However, some public health experts say there's no scientific proof establishing a link between environmental contaminants and breast cancer.

Based on a review of more than 400 breast cancer studies, "The State of the Evidence" noted that more than 80,000 synthetic chemicals are currently used in the United States, although complete toxicological screening data are available for only 7 percent of them. Many of these substances are known to remain in the environment for many years and accumulate in body fat and breast tissue.

One group of chemicals - phthalates, which the Breast Cancer Fund report identifies as a breast cancer risk - was in the news recently when the U.S. Senate passed legislation strengthening the Consumer Product Safety Commission with an amendment requiring all children's toys and child-care products to be free of these hormone system disruptors. A study by Fox Chase Cancer Center in Philadelphia last year found that phthalates accelerated breast development and genetic changes in newborn female lab rats, a condition that might predispose the animals to breast cancer later in life.

Our bad air could be bad for the brain, too

BY STACEY SHEPARD, Californian staff writer

e-mail: sshepard@bakersfield.com
Monday, Mar 24 2008 

http://www.bakersfield.com/102/story/395751.html
Medical research has already shown that fine particulate pollution in Kern's air is bad for the heart and lungs but new research indicates it may be bad for the brain, too.

A University of California, Irvine experiment found mice exposed to fine particulate pollution in Riverside and Los Angeles developed brain inflammation caused by damaged tissue.

The changes in the mice's brains were similar to those found in people with Alzheimer's and Parkinson's disease, although it's unclear at this point if the pollution actually causes the diseases, said Michael Kleinman, a toxicologist and adjunct professor at UC Irvine.

Kleinman said the findings are some of the first to suggest air pollution may be associated with neurological disease. He recently presented them at the Society of Toxicology Annual Meeting in Seattle.

“We were surprised that particles could affect the brain that way,” said Kleinman.

Past research has linked particulates to a higher risk of heart disease, clogged arteries and reduced heart function, and can cause early death, asthma attacks and impaired lung development in children.

Particle pollution occurs when tiny specks of dust, chemicals and soot from vehicles, factories and farms become concentrated in the air. The valley's meteorology and geography helps trap the pollution in the air.

Southern California and the San Joaquin Valley have some of the worst particle pollution in the country.

In the past six months, Bakersfield violated the national standard for fine particulates on 63 days, compared to 25 days in Riverside and 23 days in Los Angeles, according to preliminary state data.

Riverside and Los Angeles, however, experience the pollution year-round while the San Joaquin Valley tends to see it only during winter months.

The mice in the study were exposed to concentrations of particles that would be found on a day when pollution violates the national standard for five hours a day, three days a week for six weeks, Kleinman said.

The small particles are believed to enter the blood stream through the lungs and then penetrate a protective layer between blood vessels and brain tissue, Kleinman said. Another theory suggests the particles may enter the brain after being inhaled through the nose, via the olfactory nerve.

Jean Ospital, the health effects officer for the South Coast Air Quality Management District, told the Riverside Press-Enterprise that the brain inflammation could be a normal reaction and might have other causes.

The San Joaquin Valley Air Pollution Control District recently drafted a plan to bring the valley into compliance with national standards for fine particulate matter by 2014. The plan will be voted on by the district's governing board on April 30.

“More recent studies and the overwhelming body of evidence shows that PM 2.5 has more severe health effects than ozone,” said Seyed Sadredin, executive director of the San Joaquin Valley Air Pollution Control District. “The district is pursuing many measure to address PM 2.5.”

Estrogenic chemicals change birds' tunes

Wild birds sing more complex melodies when exposed to endocrine disrupters.

NAOMI LUBICK; Science News

March 19, 2008

http://pubs.acs.org/subscribe/journals/esthag-w/2008/mar/science/nl_birdsong.html
Both natural and synthetic chemicals that mimic estrogen can change how male birds sing by enlarging sections of their brains responsible for creating songs. Researchers have taken these findings to the field for the first time, showing that the more complex songs these birds sing attract more females. But the males' immune systems and their overall reproductive success may be compromised by exposure to the contaminants.

Reporting in PLoS ONE (2008, DOI 10.1371/journal.pone.0001674), researchers led by Katherine Buchanan of Cardiff University (U.K.) describe their experiments with several dozen starlings. The team housed 35 young male birds in outdoor aviaries over several winter months, when the starlings would normally have fed on worms from sewage treatment plants. The birds fed instead on worms the researchers had spiked with environmentally relevant doses of 17-beta estradiol or with a hormone cocktail containing 17-beta estradiol, dioctyl phthalate, bisphenol A, and dibutyl phthalate. A control group received no hormones.

Birds that ate contaminated worms for several months sang the longest and most varied songs; they also spent the most time singing and their brains had larger higher vocal centers. The starlings that were fed worms containing only 17-beta estradiol were close behind. But the song performances of the control group lagged; they spent less time singing, with fewer and less varied tunes in their repertoires. Female starlings that listened to recordings of the songs lingered next to the speakers longer during songs of male birds fed the hormone mixture.

Despite their increased singing prowess, the exposed males' immune responses faltered in basic tests compared with those of control group males. The researchers hypothesize that the females' choice to mate with less fit males could explain recent decreases in starling populations in Europe—and have implications for other species as well.

Many studies have been published on the mechanisms of hormone effects on birds, comments Mary Ann Ottinger of the University of Maryland, but this study takes the next step toward a better understanding of how contaminated prey might affect birds' behavior in the wild. —NAOMI LUBICK
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