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Powering the World with Artificial
Photosynthesis
Humans are learning to mimic plant processes for producing sustainable energy.

By Thomas Faunce
Imagine all built structures—
buildings, roads, bridges—capable of making their own hydrogen
fuel by using sunlight to split water. Imagine further that they can
all absorb atmospheric carbon dioxide and nitrogen, turning it into
food or fertilizer.
Such an engineering feat would
be the very blueprint for a sustainable world. Human structures
Thomas Faunce
at last would pay their own way
in an ecosystem sense.
More solar energy strikes the Earth’s surface in one
hour of each day than the energy used by all human activities in one year. World energy consumption is currently about 450 exajules per year (EJ/yr), or 125,000
terawatt hours. Photosynthesis, the ultimate source of
our oxygen, food, and fossil fuels, is a great invention
of nature that has been deployed on Earth for about 2
billion years. In its present technologically unenhanced
form, photosynthesis globally already traps around
4,000 EJ/yr of solar energy in the form of biomass.
Photosynthesis can be viewed as the planet breathing: taking in carbon dioxide and releasing oxygen. But
it can also be considered as the planet’s nervous system: generating a basic voltage that powers the world’s
life. This is because photosynthesis takes light energy
from the Sun and stores it in chemical bonds.
In the 1800s, most people believed that only birds
would ever fly. Likewise, most people today still believe that only plants can “do” photosynthesis. But we

are on the verge of not only fully replicating photosynthesis, but actually improving it through nanotechnology work under way by large national projects such as
Caltech and Berkeley’s Joint Center on Artificial Photosynthesis, the Solar H2 network based at Uppsala University, the Solar Fuels Initiative (SOFI) based at Northwestern University, and Dan Nocera’s work at MIT and
Harvard.
Public policy and investment interest in developing
the so-called Hydrogen Economy is critically dependent on a cheap, abundant non-carbon-based source of
hydrogen (H2). This would either serve as a source of
electricity via fuel cells or a liquid solar fuel itself, or be
combined with carbon dioxide to form fuels such as
methanol.
In many developed nations, major energy policy documents have outlined the case for such a H2 fuel economy, particularly because of the need to reduce atmospheric greenhouse gases. But they have then faced
problems associated with the high cost of generating
H2, as well as the problem of intermittency in renewable energy electricity supplies.
The short-term benefits of recent bonanzas in coal
seam natural gas and shale oil will also prolong humanity’s damaging dependence on “archived” photosynthesis fuels (fossil fuels such as natural gas, coal,
and oil), as will the subsidies that keep the prices of
such fuels down and so make it harder for renewable
energy technologies to compete.
These problems would vanish if artificial photosynthesis could be routinely incorporated in all engineered
structures on Earth, thus providing a cheap source of
hydrogen fuel, oxygen, carbon-dioxide absorption, and
soil nutrients.
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The major scientific challenges in artificial photosynthesis fall into three areas:
light capture, water splitting
(or catalysis), and carbon-
dioxide reduction. In each of
these areas, nanotechnology
and synthetic biology present
opportunities for significant
improvements.
• Light capture. Nanostructured materials or synthetic
organisms are being developed to absorb photons from a
much wider region of the solar
spectrum. The advantage is
that nanoparticles used on any
surface drastically increase its
surface area compared with
standard materials.
• Catalysis. A crucial component of photosynthesis is the
protein known as photosystem
II, which splits water into hydrogen and oxygen. As well as
the centers mentioned earlier,
new research at the Dutch and
South Korean artificial photosynthesis projects, the Max
Planck Institute for Chemical
Energy Conversion, and the
Energy Futures Lab at Imperial
College London now focuses
on developing artificial watersplitting catalysts (currently fo- Artist’s concept of ultra-short X-ray pulse striking molecules containing manganese, a metal
cused on manganese, nickel, that, with calcium and oxygen, forms the water-splitting catalyst in photosystem II. Researchers
cobalt, and doped iron oxide) believe that a better understanding of this process will contribute to developing artificial
that stay active for extended photosynthesis.
periods of time or that can be
easily regenerated and be
photosynthetic technology may arise from the oil, coal,
made from readily available and inexpensive materials.
and natural-gas industries via international trade and
• Carbon-dioxide reduction. Replicating how photosynthesis reduces atmospheric carbon dioxide may be
investment law.
the hardest challenge, yet perhaps the most significant
GAP as a combined off-grid energy and climatefor humanity. CO2 reduction is a major focus of the artichange solution is a potential disruptor to corporations
ficial photosynthesis groups working in Japan (for exrelying on abundant natural resources or cheap labor.
ample, at Osaka University).
An open-access model for research and marketing of
GAP for solar food and fuel products, for example,
could involve funding rules requiring public good liGovernance Challenges for Artificial Photosynthesis
censing, technology transfer, ethical and social implicaNanotechnology deployed for the development of
tions research, as well as rapid and free access to data.
global artificial photosynthesis (GAP) offers both enPhotosynthesis, like the human genome, deserves the
ergy security and a climate-change solution. Yet, major
status of “common heritage of humanity” under interchallenges to the rapid global deployment of artificial
national law so it can be kept as a legacy for future gen-
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erations and not completely enclosed by patents.
A GAP Project governance structure emphasizing international law might protect photosynthesis from excessive patents that promote inequitable or unsustainable use of the global commons. One mechanism for
this could be a UNESCO Universal Declaration on Natural and Artificial Photosynthesis. Such a Declaration
could place reasonable limits on private appropriation,
encourage the management of the research on behalf of
all, encourage active sharing of the benefits, prohibit
weaponry developed using artificial photosynthesis,
and preserve natural and artificial photosynthesis for
research by future generations.
Globalizing artificial photosynthesis technology will
assist humanity to move into a “Sustainocene” epoch,
where humanity is an environmental steward. We
would have an ethical obligation to ensure that this epoch will last as long as the legacy that life has given us:
some 2.3 billion years. It is a task that cannot wait and
should be made the subject of a macroscience project,
with attendant increase in resources and public-policy
profile.
Thomas Faunce holds a joint position in the College of Law and the
College of Medicine, Biology, and the Environment at the Australian National University (ANU), http://law.anu.edu.au/staff/thomas-faunce. He is
on the Board of Directors of the Energy Change Institute at the ANU.
He is an Australian Research Council (ARC) Future Fellow. His papers
are accessible at http://law.anu.edu.au/staff/thomas-faunce?tb=5, and
his latest book is Nanotechnology for a Sustainable World: Global Artificial Photosynthesis as Nanotechnology’s Moral Culmination (Edward
Elgar, 2012).

rus. But the clinic has no equipment to analyze blood
samples or find the cause of the inflammation. A clinic
worker takes down the patient’s information, when the
symptoms began, where he’s from, and whether he
owns cattle, birds, or pigs. She uploads her findings to
the ProMED-mail Web site.
Across the world, an algorithm goes to work, weighing the information in the report against details contained in similar reports from other ProMED-mail users
in the area and around the world. The algorithm rules
that the encephalitis is probably the result of an emerging NiV cluster (since several similar reports have
emerged from nearby clinics). Local health officials are
now able to put in the right measures to, they hope,
prevent an epidemic of a deadly disease.
Timely diagnosis of infectious diseases is crucial for
thwarting massive outbreaks. It’s also difficult and
costly in some of the places where hotspots are most
likely to flare up, such as in South Asia.
A team of researchers has developed a diagnostic
shortcut for resource-strapped communities. In a paper
published in the Journal of the Royal Society Interface,
they describe an algorithm that can identify the specific
pathogens causing certain illnesses by using information loaded into databases, as opposed to expensive lab
diagnosis of blood samples.
First, they established a dataset for different illnesses
or symptoms, like encephalitis, and then cross-referenced that against 10 different known pathogens, like
NiV, typhoid fever, etc. They also weighed environmental features such as the season and the fatality rate
for people who suffered from that illness. Next, they
COURTESY OF TIFFANY L. BOGICH AND SEBASTIAN FUNK

Information Society | Sci/Tech

Catching a Pandemic, Online
Researchers use an algorithm to diagnose infectious disease
a continent away.
Scenario: A man is brought to a clinic in a remote
village in Nepal. The patient is confused, has a severe
headache, and is breathing laboriously. He’s had seizures, weakness, and vomiting. These symptoms suggest encephalitis, a type of brain inflammation that
could be caused by a number of infectious diseases.
The warning signs of a major outbreak are clear. The
urgent question becomes: What infection is causing the
symptoms? It could be the relatively easy to cure typhoid fever or the impossible to cure Nipah (NiV) vi-
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Sebastian Funk (left) and Tiffany L. Bogich of Princeton University’s Department of Ecology and Evolutionary Biology, two of the
authors of the paper “Using network theory to identify the causes
of disease outbreaks of unknown origin.”
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Disease
Aseptic meningitis
Bacterial meningitis
Chandipura
Chikungunya
Dengue
Japanese Encephalitis
Malaria
Measles
Nipah (NiV)
Typhoid/enteric fever

TIFFANY L. BOGICH, SEBASTIAN FUNK

Visualization of the network of diagnosed outbreaks of diseases with the potential to cause encephalitis (colored)
and outbreaks of encephalitis where the cause was removed (white). The inner network describes the strength
and relationship of individual outbreaks to each other, while the outer ring gives the composition of the seven
communities of disease that were found by the community detection algorithm. Each circle represents a single
outbreak report. Lines connecting two nodes indicate shared traits between two outbreak reports.

pored through the 97 different reports of encephalitis in
the ProMED-mail database to identify instances where
brain inflammation had been observed in conjunction
with a contagious bug such as dengue fever, meningitis, or NiV.
To test the model, they removed the official diagnosis
from the reports. The algorithm was left with just a few
symptom key words like fever, neurological, headache,
and other clues. The model was able to retroactively
identify, with 80% accuracy, NiV, which occurs only in
the spring and kills two-thirds of its victims. Other
pathogens, like chikungunya fever, could be predicted
with 75% accuracy.
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Clustering and Networking Disease
Databases like ProMED-mail and GIDEON have
made some disease clusters much easier to remotely
detect, in part because they enable the spread of information not just between local health-care workers and
global health organizations, but also between clinic
workers in the same area who may be on the front lines
of a potential outbreak and not know it.
“In a way, the method is not all too different from
syndromic [symptom-based] methods of disease identification practiced by doctors around the world, but it
formalizes this process and yields the potential of link-

ing outbreaks of uncommon or new diseases that are
gin” by Tiffany L. Bogich, Sebastian Funk, et al., Journal of the Royal
not on the radar of local clinicians,” says Princeton UniSociety Interface (2013 10, 20120904, published online 6 February
versity zoologist Tiffany L. Bogich, the study’s corre2013).
sponding author. “It also provides an objective output
Columbia University, Mailman School of Public Health, www.mailman.
with probabilities attached to each potential disease
columbia.edu.
that could be causing an outbreak, so
it takes much of the potential subjectivity out of the diagnostic process.”
Have we reached an age where
data and statistics outperform doctors and formal lab tests? Not yet.
The same phenomenon that makes
certain pathogens more conspicuous
can make other illnesses more difficult to diagnose: Diseases, illnesses,
and symptoms all tend to show up
—Rafael Reif, President of MIT
at the same time. Out of the original
set of 97 cases of encephalitis, 54 had
multiple diagnoses, such as dengue
fever and meningitis, occurring
simultaneously.
Also, when one of the health-care
workers jotted down information incorrectly, it threw the model off.
“Real world information is often vague, minimal, and at times
contradictory, so the challenge is
to find ways to make good inferences (disease identifications)
from such limited data,” says epidemiologist Stephen Morse of Columbia University, one of the paper ’s co-authors and creator of
the ProMED-mail site.
But the potential to detect outbreaks much faster through the use
of statistical models applied to field
reports is clear. These tools will find
their greatest value in places where
deadly pathogens are numerous, diagnostic equipment is hard to find,
and time is short.
“What one could do with our
method in real time is to give a quick
and indicative evaluation,” says
Bogich. “When lab diagnostics are
The bold futurist Ray Kurzweil finds limitless potential in reversenot possible—either because it’s
early on in an outbreak or capacity
engineering the human brain to understand precisely how it works and
in country does not exist—our
using that knowledge to create even more intelligent machines.
method offers a ‘quick and dirty’ alternative.”
—Patrick Tucker

“A visionary work that is also
accessible and entertaining.”

Sources: “Using network theory to identify the
causes of disease outbreaks of unknown ori-
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Long-Term Risks of
Psychiatric Drugs
More prescriptions could lead to more people suffering
serious side effects.
While it’s common knowledge that antidepressants,
antipsychotics, and other psychiatric medications can
cause short-term side effects, researchers acknowledge
that no one knows for sure what long-term effects patients may suffer after taking these drugs for many years.
Some studies indicate that long-lasting brain and bodychemistry changes, some of them irreversible, can occur.
The issue raises concerns especially because sales of
all types of psychiatric drugs, and the durations for
which patients take them, have both risen markedly in
recent years.
As of 2009, Great Britain’s doctors were issuing twice
as many prescriptions for SSRIs (selective serotonin
reuptake inhibitors, a category of antidepressants and
ADHD medications that includes Prozac, Paxil, and
Strattera) as they were in the mid-1990s, according to
studies published in ACS Chemical Neuroscience. Prescriptions for all antidepressants further rose by 9.6% in
Great Britain in 2011, with around 2 million Britons taking antidepressants for several years or more.
In the United States, prescriptions for the antianxiety
medications Xanax, Ativan, and Valium saw respective
increases of 29%, 36%, and 16% from 2005 through
2009, according to IMS health. Prescriptions for Ris
perdal, a medication for bipolar disorder and schizophrenia, grew by 45%, and prescriptions for the antidepressant Cymbalta skyrocketed 237%. As of 2011, one
out of every eight Americans, including children and
infants, was on a psychiatric medication.
“Serious mental disorders have long been underrecognized and undertreated, so part of the trend reflects
improved capture and treatment,” says Richard Friedman, a Cornell University psychiatrist and New York
Times columnist. “We don’t know, though, to what extent people with nothing more than everyday sadness
or anxiety are unnecessarily receiving them.”
Friedman is concerned that many doctors might be
overprescribing the drugs. Also, doctors are increasingly substituting more potent drugs for milder, safer
ones. Friedman notes with alarm that more doctors are
prescribing Xanax, Valium, and powerful antipsychotic
medications for moderate insomnia and anxiety.
“That’s a bit like killing a fly with a cannon,” he says,
adding that doctors are also not making enough use of
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behavioral approaches. “Various relaxation techniques,
particularly transcendental meditation—for which
there is good empirical evidence of efficacy—can be
very effective.”
Meanwhile, overprescribing medications might be
putting more patients at risk of harmful effects. Some
studies of patients who regularly use antipsychotic
medications have found higher-than-normal occurrences of brain-tissue shrinkage and tardive dyskinesia,
a disorder characterized by physical tremors. Antidepressants may also raise risks of tardive dyskinesia.
Some studies suggest that adults over 50 who take
SSRIs have double the risk of bone fractures, and that
women of all ages who take antidepressants increase
their risks for cardiac death.
Friedman cautions against making firm conclusions
just yet. Many symptoms might have resulted not from
the medications, but from the initial conditions. Schizophrenia and depression, for instance, can both damage
brain tissues over time. He strongly favors more study.
“In the United States, we have essentially a voluntary system of post-marketing surveillance that
relies on individual practitioners to report adverse
events. That means we are probably not capturing
important data that could answer these questions,”
he says.
Peter Breggin disagrees. A psychiatrist who has
helped many patients withdraw from medications and
who has publicly denounced medications’ potential
harms through a series of books and news-media appearances, he argues that we have plenty of data to act.
“We’ve known from the beginning that psychiatric
drugs would be damaging to the brain and mind. That
evidence has been accumulating from year to year,” he
says. “But that evidence is suppressed by the pharmaceutical industry, which has a firm grip on psychiatric
practice.”
Part of the drugs’ problem is that they work by impairing brain functions, Breggin argues. SSRIs, for example, obstruct brain cells’ absorption of serotonin, a
neurotransmitter critical to regulating mood. This improves the patient’s mood in the short term, since more
serotonin stays present at high enough concentrations
to be active.
Over time, however, the brain can “compensate” by
slowing or stopping production of new serotonin.
Eventually, nerve synapses themselves die. Then the
patient needs a stronger medication and is at risk for
even worse depression.
“This probably contributes to the long-term apathy
that these drugs produce, with a general decline in
quality of life,” Breggin says. “All psychiatric treatments impair brain function directly as a part of their
action. Just like with shock treatment and lobotomy, the

damage is the treatment. When you give an antipsychotic drug to someone who is disturbed, you lobotomize them, in part. What you get is a chemical lobotomy.”
Nor do these effects necessarily go away once the patients wean off the drugs. Someone who is on a drug
for a few years—or, in some cases, just a few months—
can suffer biochemical disruptions and “chronic brain
impairment” long after he or she has ceased taking it.
“In the case where you have damage that is clearly
demonstrable—that is, it’s the mind or the neurological
system or the metabolic system—these things develop
within months or less, and then it just becomes more frequent or worse as time goes on,” says Breggin.
He warns that the numbers of patients who eventually come down with these symptoms are likely to increase in the years ahead, due simply to the sheer
growth in the numbers of people who are on medications in the first place. As the numbers grow further,
health-care systems everywhere will strain to help
them.
“So we’re talking about a massive problem, millions
of people permanently injured by the drugs, there’s no
doubt about that,” says Breggin, adding this grim caveat: “We can’t even begin to estimate the overall effect,
because we don’t study for it.”
Still, the risks of taking a medication are often far less
than the risks of not taking it, cautions Ian Reid, a professor of psychiatry and mental health at the University
of Aberdeen in Scotland. Depression and other such
disorders are potentially debilitating, and a prescription drug is often the only reliable treatment option.
“Depressive disorder is a painful and disabling condition that can kill. It ruins many lives, and while antidepressants most certainly have side effects and can do
harm, just like any other treatment—including talking
therapies, for that matter—properly used they can and
do help many,” says Reid. “Folks who have never experienced serious mood disorder, or met sufferers, often
have little conception of just awful the illness can be.”
Side effects will not appear in every patient, he notes,
and when they do, they are often manageable. Every
patient should evaluate his or her health situation and
the treatment options with a doctor and weigh all the
pros and cons of treatment accordingly.
Additionally, any patient can reduce the chances of
suffering serious side effects by having a checkup with
his or her doctor regularly—Reid recommends every
six months. Further safety comes from maintaining an
overall healthy lifestyle: eating properly, getting
enough sleep, and minimizing alcohol consumption, or
avoiding alcohol if the medications carry warnings
against alcohol consumption.
“All effective drugs are associated with side effects,

of course, and the issue here is balancing benefit versus
harm,” says Reid. “This is by no means straightforward, and careful consideration is required in best
matching medicines to individual circumstances, preferences, and experiences.”
Drug safety might improve much in years to come, in
any case, as communications technology improves,
suggests Jay Herson, futurist and consultant on biostatistics and data monitoring who designed and analyzed
clinical trials for pharmaceutical companies for more
than 40 years. He says that digital communications networks make it easier for researchers to note new evidence on drug-related health effects and then relay it to
the pharmaceutical company and to watchdog groups,
news media, and government regulators. In fact, we
might even be at risk of overreacting to alleged drug
dangers that turn out later to be false.
“We will have data being constantly streamed from
physicians to drug companies to the government, and
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we’ll know about these things,” Herson says. “Regulators are going to have more data than ever before, and
all the data could create an overzealousness. There will
be false alarms.”
But another, more positive trend could also emerge: a
more cautious public. As consumers read more about
medications and their potential harms, more of them
might opt for nonchemical, lifestyle strategies to boost
their health naturally and safely. Increased participation in yoga and meditation in recent years are examples of this, Herson explains.
“We’re learning more about yoga and meditation
every year. More and more people are directed, and the
Internet helps a lot, to these alternatives. People learn
that that may be all they need,” he says. “So there may
be fewer people taking medicine.”
The pharmaceutical companies will be more vigilant,
as well, Herson hopes. They know that they lose financially if their drugs cause demonstrable physical harms
to the consumers who take them. Companies that want
to steer clear of lawsuits are finding ways to improve
clinical trials, such as by using larger groups of people.
“Once the word is out that there are these effects,
the doctors don’t prescribe it anymore. And the pharmaceutical company will say ‘we don’t want a class
action suit.’ When all of that is happening, the sales of
the drug go down,” he says. “It doesn’t go on forever.”
—Rick Docksai
Sources: Richard Friedman, Cornell University, www.cornell.edu.
Peter Breggin, Center for the Study of Empathic Therapy,
www.breggin.com.
Ian Reid, University of Aberdeen School of Medicine and Dentistry,
www.abdn.ac.uk.
Jay Herson, Johns Hopkins University Bloomberg School of Public
Health, www.biostat.jhsph.edu.

Psychology | Humanity

Virtual Empathy
Superhero fantasies may increase impulses toward
compassion.
If you’re worried about seeming cold, calculating,
and incapable of empathy, science has provided a solution: Pretend to be Superman. Researchers from Stanford University found that individuals became demonstrably more empathetic after engaging in a
virtual-reality video game where they could fly.
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SCREEN CAPTURES FROM VIDEO COURTESY OF STANFORD UNIVERSITY

Fly like Superman (rather than a chopper pilot) to promote feelings of empathy and altruism.

The researchers took 60 subjects and asked them to
strap on a pair of virtual-reality goggles. The subjects
were then informed that they were in a video game
with the ability to fly. One group was told they could
clutch an imaginary helicopter joystick to direct a chopper. The second group was instructed to stretch their
arms in front of them like the Man of Steel. The researchers piped in sounds of rushing air and even used
heavy speakers to vibrate the floor, like a shaking helicopter. The objective of the game was to deliver a lifesaving shot of insulin to a child.
When the subjects had completed the training, they
were asked to sit with an interviewer to discuss the
game. Here’s where the actual experiment began.
During the mock interview, the questioner would
pretend to accidently drop several pens. This is apparently a common means for assessing empathy levels in
clinical psychological research. Subjects who leap to
help the interviewer pick up pens within five seconds
are displaying high empathy. Subjects who wait for the
interviewer to start picking up pens before pitching in,
or who make no attempt to help at all, are empathychallenged.
The researchers found that the “Superman” group reacted much more quickly to the pen drop, retrieving
15% more pens than the “helicopter” group. Several of
the subjects in the helicopter group made no attempt to
clean up the mess at all.
“We want to have a more precise understanding of
why this occurs,” Jeremy Bailenson, an associate professor of communication, said in a press release.
“What’s more important for encouraging altruistic behavior: being able to fly, or being active in choosing to
help?”
—Patrick Tucker
Source: Stanford University, www.stanford.edu.
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Partnering for a World
Free of Mercury
Efforts against mercury pollution will gain strength under a
new UN treaty.
A number of mercury-containing consumer products
will disappear from store shelves over the next seven
years, as mandated by a first-ever global convention on
mercury. The text of the treaty, which 147 member
countries of the United Nations agreed to in January
2013, will be formally signed in October.
The treaty recognizes the growing threat that mercury pollution poses to human health, and it requires
its signers to curb mercury emissions from all industrial activity, particularly coal mining and burning, as
well as mining for gold.
The treaty’s signers commit to installing new mercury-pollution control systems on all new coal-fired
power plants within the next five years and to retrofit

the control systems onto any already-existing coal-fired
facilities within the next 10 years. The signers also
pledge to cease production, by 2020, of a range of mercury-laced products, including thermometers, fluorescent light bulbs, and batteries.
“If you still have a mercury thermometer in 2020,
you will still be able to use it, but you won’t be able to
buy a new one, because they won’t be manufactured
anymore,” says Tim Kasten, director of the chemicals
branch of the UN Environmental Program (UNEP),
which has been documenting mercury’s growing threat
to human health for several years.
The UNEP’s 2013 Global Mercury Estimate report indicates a doubling of mercury levels in the world’s top
100 meters of ocean water over the last 100 years, and
increases in rates of human neurological, behavioral,
and physical disorders linked to mercury. The report
traces nearly half of the world’s mercury pollution to
Asia, with China alone responsible for a third of the
global total. About 24% of the pollution stems from
coal mining and burning, according to the report.
Coal-powered facilities in North America and Europe
now emit only a tenth of the mercury that they were releasing decades ago, thanks to widespread installation

Mercury Pollution in Our Mouths
A number of other, more established industries produce additional mercury pollution, including naturalgas combustion, chlorine manufacturing, and—this
may surprise some—dentistry.
The production of fillings and other dental products
worldwide uses around 340 tons of mercury yearly, of
which 100 tons enters the environment as waste. Most
of this comes from the amalgam, a mercury-laden
waste product of dental fillings and restorations, which
exits into ecosystems via dental offices’ wastewater.
In the United States, dentistry emits 3.7 tons of mercury a year. But a dental office can eliminate more
than 95% of its own mercury waste by installing an
amalgam separator into its plumbing system to filter
and capture amalgam particles. Unfortunately, uptake
of amalgam separators has been slow: As of 2009, only
39% of U.S. dental offices had them, according to the
Eco Dentistry Association.
Marcella Lentini, the association’s marketing and
member services manager, sees little hope for more
widespread amalgam separator usage unless the government passes laws to require it. Currently, 11 U.S.
states and 17 municipalities have made the fixtures legally required, and they have seen strong rates of
compliance, she points out.
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“Our hope is that, when dentists—as caring healthcare professionals—understand the public health and
safety implications of not properly disposing of mercury waste, they will make the right decision and voluntarily install amalgam separators. Unfortunately,
the health of our planet may not be able to wait that
long, and nationally mandated requirements may be
necessary,” she says.
As many as half of U.S. dentists also substitute
dental fillings made with mercury-free materials,
such as gold, glass ionomer, porcelain, and composite resins, Lentini adds. And she places further hope
in one more key trend: healthier teeth. Rates of tooth
decay have declined; if this trend continues, there
will be fewer patients needing treatments—which
may or may not use mercury—in the first place.
“As the rates of dental decay continue to decline,
in part as a result of better oral care habits by consumers like daily flossing and regular dental visits,
there will be fewer teeth that require restoration
and therefore less and less amalgam being used,”
Lentini says.
—RD
Source: Marcella Lentini, Eco-Dentistry Association,
www.ecodentistry.org.

of mercury-capture systems. These antipollution systems have yet to be added, however, to many coalpower facilities in China and the developing world.
The treaty’s stipulations call for narrowing this technological gap among the world’s facilities as far as possible, Kasten notes.
“It’s going to be a bit more of a gradual process for
the existing facilities, since there are tens of thousands
of them around the world. It’s going to take time, and
it’s going to take some funding, as well,” says Kasten.
Meanwhile, mercury pollution has more than doubled worldwide since 2005 from “artisanal” gold mining—e.g., amateur prospectors scouting for gold. Artisanal gold mining is a widespread source of income in
sub-Saharan Africa and other developing areas. Since
mercury is commonly used to help separate the gold
from the rock, artisanal mining has become the number-one worldwide source of mercury pollution, emitting 727 tons into the environment every year, or 35%
of the global total. The UNEP report expects artisanal
mining and its accompanying mercury pollution to rise
further in years ahead due to surging global prices for
gold.
The treaty does not prohibit or restrict artisanal mining—nor should it, according to Susan Egan Keane, a
senior environmental analyst with the Natural Resources Defense Council, one of dozens of nonprofits
that lobbied for this mercury treaty’s passage. There are
artisanal mining methods that do not use mercury, she
explains, and countries can solve the problem best by
teaching the miners the mercury-free methods and providing them with the needed capital and equipment.
“Laws on the books really aren’t that meaningful.
People are desperate for this income,” says Keane.
“What is meaningful is for countries to take up the
cause of these miners.”
In fact, promoting the new methods might actually
make the miners wealthier. According to Keane, the
mercury-free methods are more cost-effective and tend
to yield more gold.
“By training miners and teaching them new technologies, they can actually enhance their mining capacity.
Right now they’re using a fairly inefficient process to
obtain gold,” she says.
Mercury travels in water and air, according to Keane,
and this unfortunately makes it more dangerous globally: It can easily leave one locale and drift into another
one far away. Communities in Europe and North
America have, for instance, ingested mercury pollution
that originated in China. She argues that this transborder drifting underscores further why it is important to
have a global treaty.
“Mercury is a global pollutant,” says Keane. “We can
phase out mercury products and mandate mercury

controls in one country and it could still see mercury
pollution.”
—Rick Docksai
Sources: Tim Kasten, United Nations Environment Program,
www.unep.org.
Susan Egan Keane, Natural Resources Defense Council,
www.nrdc.org.
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Building a Quantum Computer
By Geordie Rose

We are changing the way we build machines, so we may
soon be able to build machines that are more like us.
In the movie Prometheus, a work set in the future supposedly about our search for our own beginnings, one of
the characters is an android named David. David is a lot
more human in many ways than the human characters
in the film.
In the future, humanity is going to try to build things
like David. We’re going to fail at first, because that’s the
nature of big things. But just because you’re probably
going to fail doesn’t mean you shouldn’t try to do it. If
we at my company, D-Wave, listened to everybody that
said that you couldn’t build a quantum computer 10
years ago, we never would have tried.
But we did try. And we succeeded. These two goals
have a lot in common.
The original goal of AI was not to build things that
make you click on ads more. That wasn’t the reason
that AI got started. The reason AI got started is because
we wanted to build the things that were like those
science-fiction robots. We wanted to build machines
that behaved more like us.
Over the years of failure, and determining how hard
this problem was, people got disillusioned. Now, it’s
not even talked about in polite company anymore, although it’s coming back a little bit. I never really cared
what people think. I think that this is worth doing. And
we should try to do it. … At D-Wave, we’re trying to
build systems that use all different resources in a way
that allows us to try a huge amount of things to try to
build truly intelligent machines.
Part of the reason D-Wave was a success was that we
took the attitude that we couldn’t know in advance
what the right answer was. We didn’t know what the
right design was for a quantum computer. So how do
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Geordie Rose of D-Wave Systems stands in front of the D-Wave
One, the world’s first commercially available quantum computer.

you get around that? You try thousands of ideas as fast
as you can. And you evolve the solution.
So what we’re trying to do now is set up an infrastructure that will allow us to try tens of thousands of
ideas, and narrow the solutions. We’re going to try to
apply the things that worked well with building quantum computers to this even harder problem of building
machines that are intelligent in the way that we think
we are.
Today, our computers are little clockwork universes
that we’ve created within a chip. And those little clockwork universes can do an awful lot of things very, very
well. But they are not like the way nature actually is.
We know that nature isn’t clockwork, but that used to
be a controversial point of view. The clockwork universe
assumption, popular from the seventeenth century until
the twentieth, was driven by an understanding of the
world that was developed during the Enlightenment: that
the universe has gears and clicks forward in a very deterministic and linear way. Therefore, if you know something at some point, you can always know what’s going
to happen at another point.
Nature is fundamentally different from a clockwork
universe. It’s far more complex. Once you acknowledge
that, you have to acknowledge that it’s possible to build
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machines that are not like our computers—machines
that are like nature. These machines can solve problems
that you couldn’t otherwise solve. Quantum computers
are one type of machine like that.
It’s the way that they do their computation that gives
insight into something about the ontological nature of
reality. What is actually out there? If we rely only our
senses, we’ll never know. We see the world through
lenses that are so thick, it’s amazing that we can know
anything else about the universe other than what we
see.
The amount of data that’s inundating the room you
are sitting—the cell-phone signals, the Internet, the
gamma rays, even just the photons that you can see in
that tiny little spectrum that we can see with our eyes—
it’s such a tiny part of the universe. It’s fascinating we
can do physics at all. But quantum mechanics takes
that concept to a whole other level.
You see, in quantum mechanics there’s a perfectly viable explanation for the way the world works, which is
the idea that every time a decision is made, every time
a potential becomes a reality, the whole universe forks
and generates copies of itself.
Our way of computing at D‑Wave is very different
from the ways that people build computers today, architecturally. Our way is a lot more like a brain. It’s
more like a neural network. Neurons, in this case, are
molecular devices called qubits, or quantum bits.
They’re like neurons, except they’re quantum.
The progression of quantum computing technology
over the last eight or nine years has been exponential.
And the number of these qubits—neurons on the
chip—has been steadily doubling every year for almost
nine years now. As you get this number larger and
larger, you start pushing into territory that allows you
to do things that you simply can’t do with conventional
approaches to computing. The benefits aren’t just
speed.
Nevertheless, there are a lot of things these computers can’t do well. Why aren’t there any New York Times
bestsellers written by computers?
The problem of making a machine that thinks like us
is a lot like the problem of making a quantum computer—it’s the sort of problem where there’s no good
reason why you can’t do it. Doing it right requires a lot
of money. And time. But that’s not a reason to not do it.
So perhaps in 10 or 15 years, it won’t be me telling you
about this. It will be something that we created.
Geordie Rose, founder and chief technology officer of D-Wave Systems Inc., is the creator of the D-Wave One, the world’s first commercial quantum computer.
This article was adapted from his presentation at WorldFuture 2012,
❑
the annual conference of the World Future Society.

