RACHEL' S ENVI RONMVENT & HEALTH NEWS #772
---June 26, 2003---
(Publ i shed August 12, 2003)
HEADL| NES:
THE REVOLUTION, PT. 1

THE REVOLUTION, PT. 1

A revolution is occurring in science and technology -- a
revol ution so profound that it is difficult to conprehend.
There has been hardly any discussion of these events in the
nmass nedia, so this revolution is occurring entirely w thout
public discussion or debate.

The revol uti on does not stem from conputers or biotechnol ogy or
cognitive science or nanotechnol ogy. It stens fromthe
convergence of these four technol ogies into sonething that the
Nati onal Sci ence Foundation is calling NBIC
(nano- bi o-i nfo-cogno) science,[1] which critics are calling The
Little BANG (bits, atons, neurons, and genes)[2].

In this series, we will explore the meaning of this profound
revol ution fromthe viewpoint of the environnent, hunman health,
and the future of denobcratic societies. W begin by describing
the | east well-known of these four technol ogies --

nanot echnol ogy, or nanotech for short.

Nanotech is the science and engineering of materials and

machi nes so snmall that they are invisible to the naked eye.
Their tiny size is their advantage. Wen President Cinton
announced the National Nanotechnology Initiative (NNI) in 2000
he spoke of a computer no bigger than a sugar cube hol ding the
contents of the Library of Congress, sensors so snall they
could nmotor through your arteries to detect cancers at an early
stage, and exotic new naterials 10 tines as strong as steel but
a fraction of the weight.

The National Nanotech Initiative (NNI) is located inside the
Nati onal Sci ence Foundation (NSF), the nation's nost
prestigious scientific organization, and the dinton budget
earmarked a hefty $497 million for the NNI in 2000, which
President Bush raised to $604 million in 2002 and $710 million
in 2003.[3]

Nanotech is now the third | argest federal research project,
just bel ow the war on cancer and the star wars nissile defense
shield. (See the NNl web site at www. nano.gov.) The | argest
federal research subsidy for nanotech ($221 million) goes to
the NSF itself and the second-largest ($201 mllion) to the
Depart ment of Defense.[ 3]

Nanotech is named for the nanonmeter, a unit of neasure, a
billionth of a neter, one one-thousandth of a mcroneter. The
Oxford English Dictionary defines nanotechnol ogy as "the branch
of technol ogy that deals w th di mensions and tol erances of |ess
than 100 nanonetres, esp. the manipul ati on of individual atons
and nol ecul es.” Nanotech deals with goings on in the world
where a typical grain of sand is huge (a mllion nanometers in
dianeter). A hunman hair is 200,000 nanonmeters thick. A red

bl ood cell spans 10,000 nanoneters. A virus neasures 100


http://rachel.org/

nanoneters across, and the small est atom (hydrogen) spans 0.1
nanonet ers.

At the nano scale, famliar materials act in unexpected and
unpredi ctabl e ways. At the nano scale, there may be changes in
a substance's elasticity, strength, and color, its tolerance of
tenmperature and pressure and its ability to conduct
electricity. So nano scientists and engi neers are di scovering
new | aws of behavior along with new comercial possibilities.
[4, pg. 48]

For exanple, reduced to nano particles, sone netals becone
translucent, like zinc oxide which is normally white but
becomes i nvi si bl e when nano-ized. [5, pg. 35] Nano zinc oxide
is already avail able conmrercially in new sunscreen oi ntnents,
whi ch are needed now nore than ever because CFCs, the chemicals
that gave us air conditioning, danmaged the Earth's ozone
shield, increasing the dangers of sunburn and skin cancer
especially for white people.

At the nano scale, tiny cantilevers can detect the presence of
m nuscul e anmounts of pollution in water. Instead of neasuring
pollution in parts per mllion or parts per billion, nano
cantil evers can neasure parts per quadrillion (yes, 10 raised
to the power of negative 15), an astonishing sensitivity. The
NNl is now devel opi ng nano-sensors, hoping they can hel p us
clean up the billions of tons of toxic wastes created by the
20t h century's ongoi ng experinment with better |iving through
chem stry.

O course chem sts have been mani pul ati ng atonms and nol ecul es
for more than a century, but PRECI SE nanipul ati on at the
nanoscale is really very new. Mdern nanotech was made possible
by the 1981 invention of the scanning tunnelling m croscope
(STM which allows scientists to "click and drag" individua
atons and thus build new things in new ways. For their work on
the STM Gerd Binnig and Heinrich Rohrer at the |IBM Research
Laboratory in Zurich received the Nobel prize for physics in
1986. [6, pg. 44]

In 1990, two scientists at IBMs A naden Research Laboratory in
San Jose, Cal. denonstrated nano mani pul ation with an STM when
they lined up 35 individual xenon atons to spell out "IBM"
This seem ngly-trivial exercise denmonstrated the first steps
toward "bottomup construction,” the intentional arrangenment of
i ndi vidual atons into useful substances and machi nes. In May of
this year, Japanese scientists denonstrated anot her

br eakt hrough -- they noved single atoms precisely, using
strictly mechanical (non-electric) techniques.[7]

Typi cal construction today -- even construction of the tiniest
conputer circuit -- relies on "top-down" techniques, machining
or etching products out of blocks of raw naterial. For example,
a common technique for nmaking a transistor begins with a chunk
of silicon, which is etched to renove unwanted materi al

| eavi ng behind a sculpted circuit. This "top-down" method of
construction gives the desired product plus waste residues.
Using bottomup construction, atons are arranged -- or in idea
cases they self-assenble -- into the desired configuration with
nothing left over, no waste. Thus bottomup construction offers
the possibility of waste-free manufacturing.

Bott om up construction techni ques are now being used to
manuf acture the surfaces of some conmputer disks, and to make
"quantum dots" for labeling and identifying particular genes or



ot her nol ecul es, inproving on traditional dyes. In principle,
bott om up constructi on could assenble nore conplicated
structures, including perhaps nano scal e robots, or nanobots.

Nanobots lie in the future (or strictly in science fiction
dependi ng on who you believe), but nano-scale particles of
carbon such as nanotubes or buckyballs, named after Buckm nster
Ful l er, have already found their way into conmercial products.

According to the Etc G oup, which foll ows nanotech devel opnents
carefully, an estimated 140 conpani es are now produci ng
nanoparticles in powders, sprays, and coatings that are being
used in a variety of products, including sunscreens, autonobile
parts, tennis rackets, scratch-proof eye gl asses,
stain-repellent fabrics, self-cleaning w ndows, and nore.[8,

pg. 2] Mtsubishi Chenmical in Japan has reportedly begun
construction of a plant to manufacture nanotubes at the rate of
120 tons per year, with plans to increase output to 1500 tons
per year by 2007.[9]

The manufacture and use of nanoparticles is entirely
unregulated in the U S. and el sewhere. Furthernore, industry
has devel oped no standard protocols for handling nanoparticles
safely during manufacture, use, or disposal. The environnenta
and hurman health effects of nanoparticles are untested and
unknown.

The April 11, 2003 edition of Science nagazine reported the
first nanoparticle experinments. Wen nice were exposed to

nanot ubes (whi ch have a di aneter of about 10 nanoneters), the
nanot ubes | odged in the alveoli, the deepest portions of the
mce's lungs and triggered the formati on of granul omas, "a
significant sign of toxicity," according to the researcher who
conducted the experinent, Chiu-Wng Lam at NASA's Johnson Space
Flight Center in Houston.[10]

Car bon nanot ubes were not the only nanomaterials to raise red
flags. Toxicol ogi st Gunter Oberdorster at the University of
Rochest er School of Medicine exposed rats to 20-nanoneter
particles of polytetrafluoroethylene, or PTFE, and all the rats
died within 4 hours, according to Science. Rats exposed to

130- nanoneter particles of PTFE showed no effects. Cberdorster
noted that rats' macrophage cells, which normally clear junk
out of the lungs, had trouble clearing the 20-nanomneter
particles.[10] We will explore this subject in nore detai

later in this series.

Nanot echnol ogi sts have no doubt that nanomachines lie in our
future. Only their true nature remains in question. At |east
one experinental nanomachi ne has al ready been built. Powered by
the energy of adenosine triphosphate (the energy source in
human cells) and standing only 11 nanoneters tall, this nano
notor can rotate a netallic rod (750 nanoneters |ong, 150
nanoneters thick) at 8 rpm [6, pg. 47] Wth the recent
addition of a chenical switch, the nano-nmotor can be turned on
and off at will.[11]] Such a nmachi ne serves no useful purpose
today, except to denobnstrate possibilities and fuel dreans.

A maj or controversy over the future of nanomachi nes has been

si mrering since 1990 when K. Eric Drexler published Engi nes of
Creation, in which he envisioned a househol d appliance

somet hing like a nicrowave oven using bottomup construction to
make anyt hing you m ght want -- a conputer chip, a Rolex watch,
or a carrot. The key to Drexler's futuristic dreamis what he
calls an "assenbl er" operating under software control -- a



nanobot programed to assenble atons into anything you can
i magi ne, including copies of itself. [12, pg. 75]

Today, nore than a decade after starting the nanobot debate,
Drexl er brushes aside scornful critiques by Nobel |aureates and
maintains his faith in the future of nanobot assenblers.
Witing in Scientific Arerican in Septenber 2001, he said,

"I nspired by mol ecul ar biol ogy, studies of advanced

nanot echnol ogi es have focused on bottomup construction, in
whi ch nol ecul ar nmachi nes assenbl e nol ecul ar buil ding bl ocks to
form products, including new nol ecul ar nmachi nes. Bi ol ogy shows
us that nol ecul ar nmachi ne systens and their products can be
made cheaply and in vast quantities. [12, pg. 74]

Eventual |y, Drexler says, these cheap, plentiful nachines wll
i nprove and extend |life for everyone:

"Medi cal nanobots are envisioned that coul d destroy viruses and
cancer cells, repair damaged structures, renove accumul at ed
wastes fromthe brain and bring the body back to a state of
yout hful health." [12, p. 74]

Furthernore, Drexler says, programabl e nanobots woul d save the
natural environnent as well:

"[When a production process maintains control of each atom
there is no reason to dunp toxic leftovers into the air or

wat er. | nproved nanufacturing could also drive down the cost of
solar cells and energy storage systens, cutting demand for coa
and petrol eum further reducing pollution. Such advances raise
hopes that those in the developing world will be able to reach
First Wrld living standards w t hout causing environnenta

di saster." [12, pg. 74]

The National Science Foundation shares nmost of Drexler's
utopian vision. Dr. Mhail Roco -- chief architect of the NN
-- says nanotech will bring us a "new renai ssance in our
under st andi ng of nature, means for inproving human perfornmance,
and a new industrial revolution in com ng decades."

NSF believes the nano revolution is not far off. Roco predicts
that "Nanotechnology will fundanmentally transform science,
technol ogy, and society. In 10 to 20 years, a significant
proportion of industrial production, healthcare practice, and
envi ronnent al managenent will be changed by the new
technology." [13, p. 19]

Roco says nanotech will give us "highly efficient manufacturing
of all human made objects,” leading to "long term sustainabl e
devel opnent." I n nedicine, he says, nanotech w |l

"revol utioni ze di agnostics and therapeutics." Indeed, Roco

envi sions a gl obal society entirely transformed by nanotech
"The effect of nanotechnol ogi es on the health, wealth, and
standard of living for people in this century could be at |east
as significant as the conbi ned influences of mcroel ectronics,
medi cal imagi ng, computer-ai ded engi neering, and man-made

pol ymers [pl astics] developed in the |ast century."[13, pg. 2]

Where the NSF and Drexler part conpany is at nanotech's dark
side. Were the NSF sees nanotech creating a few probl ens that
are relatively minor and entirely manageabl e, Drexler sees the
possibility of global disaster.

Drexler warned in 1990 that the dark side of nanomachi nes ni ght



include a self-replicating assenbler that goes hayw re (by

acci dent or by mal evol ent design) and starts replicating itself
incessantly, filling up the planet with "grey goo," a scenario
that has cone to synbolize the dangers of nanotech

The National Science Foundati on does not categorically deny the
possibility of self-replicating assenblers, saying only that "A
nunber of very serious technical chall enges would have to be
overcome before it would be possible to create nanoscal e

machi nes that could reproduce thenselves in the natura
environnent. Sone of these chall enges appear to be

i nsurnountable with respect to chenistry and physics

principles, and it may be technically inpossible to create

sel f-reproduci ng nechani cal nanoscal e robots of the sort that
some visionaries have imagined." [13, pg. 11]

Despite his grey goo nightnare, Drexler remains an avid and
optimstic proponent of nanotech. He argues that the grey goo
probl em can be avoi ded by thoughtful humans. H s Foresight
Institute has even published a set of "safety rules"” to

m ni m ze abuses of nanotech (ww. foresight.org). Still, Drexler
wote in Scientific Anerican in 2001, "[T]he chall enge of
preventing abuse -- the exploitation of this technol ogy by
aggressive governnents, terrorist groups or even individuals
for their own purposes -- still loons large." [12, p. 75]

[ To be conti nued. ]
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In this series we are describing an on-rushing revolution in
sci ence and engi neering, created by the convergence of four
technol ogi es: bi otechnol ogy, information science, cognitive
sci ence, and nanot echnol ogy (nanotech). The National Science
Foundation (NSF) refers to all this as nano-bio-info-cogno
science, or NBIC for short.[1,2] See Rachel's #772.

Here we continue describing the newest of these four
technol ogi es, nanotech, which is the science and engi neering of
material s nmeasuring | ess than 100 nanoneters (100 billionths of
a neter) in size, far smaller than the eye can see

The U.S. government created a National Nanotech Initiative just
3 years ago, which now funds nanotech research to the tune of
$700 mllion per year, about a third of that going to the

Pent agon. NSF predicts that nanotechnology will be a
trillion-dollar industry in the U S. by 2015, just 12 years
fromnow [3] This revolution is upon us, though npst of us
haven't a clue it is happening, or even what it is.

In newspapers, the "big debate" about nanotech revol ves around
a theory known as "gray goo," proposed a few years ago by
nanot ech enthusiast K Eric Drexler.[4] Drexler suggested that
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the future of nanotech lies with nano-sized robots, which
under software control, w |l manufacture useful things,

i ncl udi ng copies of thenselves. Drexler naned these nanobots
"assenbl ers,"” and he suggested that vast arm es of assenblers
under software control would provide the basis for a household
appliance that could manufacture anything it was instructed to
manuf acture -- a Rolex watch or a filet mgnon, essentially
fulfilling all of humanity's needs and wants, dirt cheap

Drexler also calculated that, if one assenbler took 1000
seconds to nake a copy of itself, then self-replicating

assenbl ers, gone haywire, could cover planet earth with a gray
goo of assenblers within 72 hours, quickly ending life as we
know it. There is even a fancy scientific nane for the gray goo
hypot hesi s, "gl obal ecophagy." Ecophagy neans "earth-eating."

Drexler's self-replicating assenbler seens far-fetched at best.
Several Nobel prize winners have gone out of their way to
debunk Drexler's dream machine, saying it can't work because it
vi ol ates known | aws of chem stry and physics.[5] However, no
one clainms that all the laws of physics or chemstry are fully
understood, so there's always w ggle room for specul ation

Despite critiques of the gray goo scenario from presti gi ous
quarters, the federally-funded nanotech research community has
been unable to dispel the specter of a world badly damaged, if
not destroyed, by nanotech. No one seens to doubt that nanotech
sci ence and engi neering hold great promise for churning the
econony through industrial innovation and -- not incidentally
-- for the accunul ation of vast wealth by successfu
entrepreneurs. But naggi ng doubts about the dark side persist,
partly fueled by the factual history of earlier

gover nirent - subsi di zed technol ogi es.

** Nucl ear-powered el ectric plants were pronised to produce
"electricity too cheap to neter,"[6] but in fact they produced
expensive electricity, the ever-present threat of catastrophic
acci dents, continuous |ow|evel exposure of workers and

nei ghbors to low |l evel s of radioactivity at every point in the
nucl ear fuel cycle, an extrenely long-lived (and
so-far-unsol ved) problem of radioactive wastes, and the nost
intractabl e problemof all -- the threat of use of nuclear
bonbs by terrorists, rogue states, or by any industrialized
state that finds itself facing too nany enenmies and with too
few soldiers to spare.[7] No one has ever proposed a realistic
solution to the spread of nuclear weapons into the hands of

I rani ans, Pakistanis, North Koreans, and who knows who el se?
Behind all these potential bombs lies the technical training to
make nucl ear power plants, training now available at nost |arge
universities. |If governnents had refused to subsidize nucl ear
power starting in 1950, our nodern problenms m ght seem far nore
nmanageabl e than they do today.

** Petrol eum which gave us plastics, pesticides, and the
private autonobile, is now warm ng the planet, producing costly
and destructive changes in Earth's climte including extreme
droughts, floods, tornadoes, nonsoons, and hurricanes. [ 8]
Climate change, in turn, is expanding the geographic range of
human di seases such as cholera, malaria, yellow fever and
dengue fever. [See Rachel's #466.] Leaded gasoline al one
created a phenonenal | y-large, intergenerational public health
problem reducing the 1@ of three generations of urban
dwel l ers, prompting attention deficits, school dropout, and

vi ol ent behavi or, and increasing heart disease and cancer.[9]
Furthernore, petrol eumbased chem stry produced its own set of



nasty surprises, including |arge nunbers of childhood cancers,
i mmune system di sorders, central nervous system di seases,
attention deficits, birth defects, and injuries to the
reproductive systens of nmen, wonen, and children.[10] Every
week new studi es el ucidate the enornmous public-health costs of
petro-chem cal technologies.[11] In this instance, huge

gover nrent subsi di es made possible the rapid introduction of
ill-considered innovations (such as many products of chlorine
chem stry),[12] and shi el ded the corporate sector from
liability for reckless deci sions.

** Agricultural antibiotics gave us plunmp chickens, fat cattle,
and oversized pigs, but they also hel ped create
antibiotic-resistant fornms of typhoid fever, cholera,
meni ngi ti s, pneunoni a, gonorrhea, syphilis, sal nonella,
streptococcal infections ("strep throat," inpetigo, scarlet
fever, and rheumatic fever), staphylococcus ("staph")

i nfections (serious blood infections comon in hospitals);
shigella, dysentery, and even tuberculosis. In 1992,
antibiotic-resistant bacteria killed at |least 13,300 people in
the U.S., according to the federal Centers for D sease Control
and cost the econony an estimated $30 billion (not including
pain and suffering).[13] Federal eagerness to subsidize the
corporate use of antibiotics on factory farnms contri buted
heedl essly and needl essly to these probl ens.

** Agricul tural biotechnol ogy was supposed to devel op under
preci se | aboratory control, reduce the use of harnfu
pesticides, and "feed the world." In reality, even though the
comer ci al use of biotech food is | ess than a decade ol d,

bi ot ech crops have already increased, not decreased, the need
for dangerous pesticides.[Rachel's #686] Furthermnore, nove
genes, held under the strictest possible governmental controls,
have on several occasions escaped into plants and foods where
the public had been told they woul d never be found.[14] Modern
control s on biotechnol ogy have proven to be a dramatic failure.
Meanwhi | e worl d hunger nmarches on (principally because of poor
di stribution networks, and poverty which prevents people from
pur chasi ng avail abl e food.)

For those who care to | ook, there seens to be a five-step
pattern in this recent history of government-subsidized
t echnol ogi es.

(1) It begins with a corporate decision to comandeer taxpayer
funds to support the devel opment of a new technol ogy, after
whi ch governnent provides a |ong stream of subsidies, sone in
pl ai n sight and many ot hers hi dden. [ 15]

(2) Next, we hear governnent (and corporate) hype about the
[imtless possibilities for increasing productivity, vastly
improving the quality of life for everyone, ending poverty,
curing cancer and so on.[1]

(3) Governnent then refuses to apply (or enforce) even the nost
conmon- sense regul ati ons.

(4) Government (in concert with the corporate sector)
suppresses unwel cone information and ignores (or discredits)
di ssenting voi ces warni ng of troubl e ahead.

(5) Finally, government donates publicly-created know edge and
investment to corporate elites who then make profits galore for
a decade or two until damage reports accunul ate, the public

cat ches on, and controversy engulfs the technol ogy. The role of



government throughout this phase is to act |ike a sponge and
absorb bl ows from an angry public, suppress unwel cone
information, discredit detractors, deflect demands for strict
regul ation, continue to hype the technol ogy, sinultaneously
spendi ng additional tens of billions of taxpayer dollars on
el aborate (and contradi ctory) prograns of blane, deni al

cl eanup, restitution, and defense against |awsuits.

Nanot ech has already entered stages 1 through 4 and is rapidly
approachi ng stage 5.

As with powerful technol ogies before it, the dark side of
nanotech is hard to separate fromits bright side. Even if
nanobot assenbl ers never materialize, self-assenbly,
self-repair, and self-replication remain inmportant goals of
nanot echnol ogi st s.

Even NSF's Dr. Mhail ("Mke") Roco -- never one to dwell on
the dark side of nanotech or NBIC -- identifies the devel opnent
of "replication and eventually self-replication nethods at
nanoscal e as one of the key chall enges facing

nanot echnol ogi sts. [ 16] Nanotech won't ever anount to much if it
doesn't achieve self-replication

Ray Kurzweil, inventor of the first reading nachine for the
bl i nd, author of The Age of Spiritual Machines, and hardly an
anti-technol ogy Luddite, points out that, "Wthout

sel f-replication, nanotechnol ogy is neither practical nor
econom cally feasible. And therein lies the rub. Wat happens
if alittle software problem (inadvertent or otherwise) fails
to halt the self-replication?. .. Nuclear weapons, for all their
destructive potential, are at least relatively local in their
effects. The self-replicating nature of nanotechnol ogy makes it
a far greater danger."[17]

In a nowfanbus essay in Wred magazine (April 2000), Bill Joy,
co-founder and Chief Scientist at Sun M crosystens, drew an
even darker picture of a future dom nated by genetic
mani pul ati on, nanotech, and robotics (G\R)

"The 21st-century technol ogies -- genetics, nanotechnol ogy, and
robotics (GNR) -- are so powerful that they can spawn whol e new
cl asses of accidents and abuses. Mst dangerously, for the
first tine, these accidents and abuses are widely within the
reach of individuals or small groups. They will not require
large facilities or rare raw materials. Know edge al one w ||l
enabl e the use of them "[ 18]

"I think it is no exaggeration to say we are on the cusp of the
further perfection of extrene evil, an evil whose possibility
spreads well beyond that which weapons of mass destruction
bequeathed to the nation-states, on to a surprising and
terrible enpowernent of extrene individuals."

“I'n truth, we have had in hand for years clear warnings of the
dangers inherent in w despread know edge of GN\R [genetics,
nanot ech, and robotics] technol ogies - of the possibility of
know edge al one enabling mass destruction. But these warnings
haven't been widely publicized; the public discussions have
been clearly inadequate. There is no profit in publicizing the
dangers," Joy wote.

The directors of the National Nanotechnology Initiative (NN)
i n Washi ngton, say they want to explore the dark side of
nanot ech, partly to avoid the troubles that presently engulf
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the energing field of genetically engineered (aka bi ot ech)

food. Biotech -- the practice of stuffing genes from one

species into an unrel ated species (for exanple, blasting the
genes froma trout into a tonmato, to help the tomato survive
cold weather) -- was pronoted by a handful of chenica
corporations aided by pliant federal regulators, sone of whom
cane to their federal jobs fresh fromthe executive suites of
the chemical corporations they were hired to regulate. [Rachel's
#381, #382]

Bet ween 1994 and 2001, genetically engi neered products were
rapidly introduced first into the U S. mlk supply, then into
corn and soybeans with a noticeabl e absence of public debate
until after the fact. Indeed, the U S. Food and Drug

Admi ni stration (FDA) declared it illegal for grocers or anyone
el se to |l abel a product "not genetically engineered," for the
pur pose of preventing citizens from naking infornmed choices at
the grocery check-out.[19] CGovernnent's enthusiasm for biotech
food has been exceeded only by its desire to suppress public
debat e about the technol ogy.

It was a small group of independent researchers in western
Canada -- the Etc Goup (www. etcgroup.org) -- in cahoots with
ot her non-governnental organizations, who first reveal ed the
dark side of biotech. Once the facts began to be known, public
reaction was swift and strong. Many governnents in Europe
banned the inmport of U S. biotech foods. Scientists within the
U S. Food and Drug Administration (FDA) conpl ai ned publicly
that their doubts about the safety of biotech foods had been

i gnored and suppressed. [ Rachel's #685] Canadi an gover nnent

of ficials clainmed they had been offered bribes by chem ca
firnms to approve biotech mlk.[Rachel's #593, #621, #639]

The biotech story is by no neans over. Eventually the
chemi cal - bi ot ech corporations, with the U S. governnent running
interference on their behalf, may overconme worl dwi de resistance
to "frankenfoods" as they are now popul arly known.

Nevert hel ess, by al mbst any standard the introduction of

bi ot ech has been a public relations debacle, a scientific
scandal, and a disaster for U S. international relations.

Nanot ech ent husi asts in Washi ngton are eager to avoid a hiotech
replay, to put it mildly.

To show its willingness to consider the dark side of nanotech
the National Science Foundation (NSF) held a conference in
Sept enber 2000 on "Societal Inplications of Nanosci ence and
Nanot echnol ogy. " Subsequently, NSF published a 272-page report
of the neeting edited by Mhail Roco and an NSF col | eague. [ 20]

Inits report, the NSF acknow edges the followi ng sorts of
probl ems stem ng from nanot ech

** nanotech may increase "the inequality of wealth," creating a
ki nd of "nano divide" because "those who participate in the
"nano revolution' stand to becone very weal thy" while "those
who don't may find it increasingly difficult to afford the
technol ogi cal wonders that it engenders."[20, pg. 11]

** nanot ech- based nedical treatnents may "initially" be
expensi ve, "hence accessible only to the very rich." (18, pg.
11)

The NSF proposes to solve these problens by hiring socia
scientists, philosophers of ethics and other "professionally
trained representatives of the public interest” who are
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"capabl e of functioning as comuni cators between

nanot echnol ogi sts and the public or governnent officials."[20,
pg. 12] In other words, opinion experts will be hired to tel
nano experts what the non-experts think about all this, to help
the nano experts nmke deci si ons about how to depl oy this new

t echnol ogy.

As envi sioned by the NSF, the general public, whose society is
about to be "revol utionized" by nanotech in the next 10 to 20
years, will not have any significant say in the roll-out of
nanot ech, except of course to pay for it.

Envi ronnmental i sts argue that the conmercialization of nanotech
of fers an opportunity to try a nore thoughtful approach to

i ndustrial innovation, adopting the "better safe than sorry”
precautionary principle, instead of the nore traditional "damm
the torpedoes, full speed ahead."[21] No one disputes that the
old way created substantial benefits, but the costs to human
heal th and the environnment have been enornous, and unpl easant
new surprises are being discovered weekly if not daily. |ndeed,
it is no exaggeration to say that there is a consensus anong
many bi ol ogi sts that the biosphere is being shredded by

previ ous technical innovations.[22, 23] Maybe this tinme around
we coul d have the benefits of the new technol ogy but mninize
the unpl easant surprises.

The Nati onal Acadeny of Sciences, which nanages the Nationa
Nanotech Initiative, seens to agree that nanotech should be
studi ed, but wants it done as the technology is being

i ntroduced, not before. The difference is crucial. History
reveal s vividly that after a new technol ogy has achi eved
conmer ci al success, it is nearly inpossible to slow it down,
much less bring it to a halt. Even when major public health
probl ens becone apparent, as with asbestos, |eaded gasoline,
chl or of  uorocar bons, and fossil fuels it can take 30 to 100
years to change course and introduce saner alternatives. The
only practical tine to apply restraint to nanotech woul d be
now.

The mechani sm for applying restraint would be the denocratic
i nvol venent of a broad spectrum of the general public,

genui nely seeking their gui dance, not nerely trying to
mani pul ate them|like so nany robots. Nunerous advanced

techni ques are avail abl e now for engaging the public in

i nforned debate,[24] but the National Science Foundation has,
so far, shown no inclination to give any of thema try.

[ To be continued]
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THE REVOLUTION, PT. 3: ULTRAFI NES

THE REVOLUTI ON, PT. 3: ULTRAFI NES

A revolution is sweeping through science and technol ogy,

bl endi ng cognitive science (how the brain works), biotechnol ogy
(mani pul ati on of genes), information technol ogy, and

nanot echnol ogy, or nanotech for short. The engi neers who are
masternminding this revolution explain that it is "essential to
the future of humanity"[1l, pg. 22] because it holds the proni se
of "world peace, universal prosperity, and evolution to a

hi gher | evel of conpassion and acconplishnment."[1, pg. 6] They
say it may be "a watershed in history to rank with the

i nvention of agriculture and the Industrial Revolution."[1, pg.
20] The ultimate aimof the revolution is not so new the
"conquest of nature." [1, pg. 80]

The revolution is driven by the convergence of four
technol ogi es (nano, bio, info, cogno), but here we focus again
on only one of the four -- nanotech -- because it is becom ng
the foundation stone of bio and info sciences,[1, pg. 71]
because it has been largely ignored by the nmedia, and because
it is galloping forward at breakneck speed. It is no
exaggeration to say that the field of nanotech is gripped by a
"gold rush"” nentality. Any day of the week, take a | ook at

htt p://nanotech-now. coml to catch a glinpse of the gold rush in
action.

Nanotech is nanmed for the nanonmeter, a unit of neasure, a
billionth of a neter, one one-thousandth of a micronmeter. The
Oxford English Dictionary defines nanotechnol ogy as "the branch
of technol ogy that deals with dinmensions and tol erances of |ess
than 100 nanonetres, esp. the manipul ation of individual atons
and nol ecul es. "

In 2000, President Cinton created the National Nanotech
Initiative, which is now funded at the level of $700 mllion
per year -- the third largest public research programin the
U.S., after the war on cancer and the star wars m ssil e defense
program (See Rachel's #772 and #773.) In every state in the
U.S., nanotech proponents are comrandeering tax dollars to
subsi di ze "the next big thing." Many states are hoping to
establish their own "Nano Valley" as an entrepreneurial wld
west nodel ed on Silicon Valley before the bubble burst.

In March of this year, Small Tinmes nmagazine said the states
with the greatest nanotech potential are California,
Massachusetts, New Mexico, Arizona, Texas, Maryland, New York,
[I'linois, Mchigan and Pennsyl vania, w th Col orado, New Jersey,
North Carolina, GChio, Virginia, and Washi ngton state cl ose

behi nd.[2] The National Science Foundation predicts that
nanotech will be a trillion-dollar industry by 2015, just 12
years from now. [2] Nanotech is advanci ng upon us at warp speed.

This week we will focus on only one aspect of nanotech: the
environnental and hunman health effects of nano particles, which
are particles 100 nanoneters (0.1 micronmeters) or less in
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dianeter. As we saw in Rachel's #772, the intentiona

manuf acture of nano particles is already under way, and this
new i ndustry is gearing up worldw de. Nano particles go by

di fferent nanes, such as nanodots, nanotubes, buckyballs, and
buckm nsterful | erenes, anpbng ot hers.

According to the Etc G oup, which foll ows nanotech devel opnents
carefully, an estimated 140 conpani es are now produci ng nano
particles in powders, sprays, and coatings that are being used
in a variety of products, including sunscreens, autonobile
parts, tennis rackets, scratch-proof eye gl asses,
stain-repellent fabrics, self-cleaning w ndows, and nore.[3,
pg. 2] Mtsubishi Chenical in Japan has reportedly begun
construction of a plant to manufacture nanotubes at the rate of
120 tons per year, with plans to increase output to 1500 tons
per year by 2007.[4] The U.S. governnent's space agency, NASA,
pl ans to spend the next five years scaling up the production of
nanot ubes. [1, pg. 50]

One of the nost inportant characteristics of nano particles is
their huge surface-to-volune ratio. The smaller sonething is,
the larger its surface area is, in conparison to its vol une.

Because nano particles are so snall, they have an enornous
surface area, relative to their volunme. Drug comnpanies are
pl anni ng to take advantage of those large surfaces -- for

exanpl e, covering nano particles with drugs for targeted
delivery into the interiors of our cells. The smaller the size
of the particle, the larger the load of drugs it can carry
(larger, relative to the particle's volune).

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

"Free radicals are atons or groups of atons with an odd

(unpai red) number of electrons and can be formed when oxygen
interacts with certain nolecules. Once formed these highly
reactive radicals can start a chain reaction, |ike dom noes.
Their chi ef danger comes fromthe danmage they can do when they
react with inportant cellular conponents such as DNA, or the
cell menbrane [the cell's outer casing]. Cells may function
poorly or die if this occurs," explains Dr. Mark Jenkins at

Ri ce University.[5]

In sum the large surface of nano particles offers an idea

pl ace whi ch 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 nano particles arises when they fl oat

freely in the air, where their large surface area provides a

sticky place where netals and hydrocarbons attach thensel ves.
The smaller the size of the particle, the larger the |oad of

netal s and hydrocarbons it can carry (larger, relative to the
particle's vol une).

What do we know about health effects of nano particles?

It turns out that we already have a fair anpbunt of data on the

dangers of airborne nano particles -- but researchers don't
call them nano particles. They call themultrafines. Nano
particles and ultrafines are the same thing -- particles with

an average dianeter of 100 nanometers (0.1 mcroneters) or
| ess.



Scientists have known for more than a decade that fine and
ultrafine particles in the air create haze and kill |arge
nunbers of hunmans. Fines and ultrafines are produced by
fossil-fuel power plants, incinerators, cenent kilns, and

di esel engi nes, anobng ot her sources. As early as 1991, Dr. Joel
Schwartz of U.S. Environmental Protection Agency (now at
Harvard) estinmated that fine particles were killing 60,000
peopl e each year in the U S. That shocking estimte has since
been confirmed and reconfirned and is now w dely accepted. [ 6]
Fine particles are defined as those with a dianeter of 10,000
nanoneters (10 microneters) or less. Utrafines are 100 tines
smal | er than fines.[6]

Today, researchers are examning the properties of ultrafines
and there seens to be little doubt that they are the major
killers in haze. Studies in Los Angeles, California reveal that
ultrafines are 10 to 50 tines as danmaging to lung tissue,
conpared to larger fine particles.[7]

Since 1991, scientists have been wondering whet her fine and
ultrafine particles cause harm because of their size alone, or
because they carry netal s and hydrocarbons deep into the |ung.
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 micronmeters or less in

di aneter"). By 1996, EPA becane convinced that PM 2.5
(particles with dianmeters of 2.5 microneters [2500 nanonet er s]
or less) were far nmore dangerous than PM 10, and the agency
proposed rules to control PM 2.5 air pollution. Corporations

i medi ately sued in court to "get government off our backs" and
to fulfill their fiduciary duty to sharehol ders by every | ega
neans, 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. Suprene Court,
but the agency, chastened by corporate encounters, has shel ved
its plan for controlling PM 2.5 air pollution.[8]

Meanwhi | e, new studies are piling up show ng that nano
particles (ultrafines, which in EPA term nol ogy would be PM
0.1) are by far the nost dangerous of all

EPA does not collect data on nano particles in any systematic
way, and has announced no plans to control them Meanwhile the
nano particle corporations and NASA are ranping up industria
operations to manufacture ultrafines in ton quantities. It
appears that the stage is being set for major new trouble and
an escal ation of the killing.

The picture continues to devel op, but current research shows
that nano particles in the lung cause the formati on of free
radi cals, which in turn, cause |lung di sease, and cardi ovascul ar
di sease. Furthernore, nano particles carry netals and

car ci nogeni ¢ hydrocarbons deep into the lung, where they
exacerbate asthma and ot her serious breathing problens. In

addi tion, nano particles conmbined with metals can pass directly
into the brain where they pronote the formation of waxy anyl oid
pl aques, which are the signature feature of Al zheimer's

di sease.

In Fresno, Calif., Kent E. Pinkerton at Univ. of Calif. Davis
found from autopsi es that "outwardly robust people routinely
harbor damage in their lungs' snall airways, setting the stage
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for respiratory and cardi ovascul ar di sease." The bronchi ol es
were scarred with fibrosis and an abnormal thickening,
apparently caused by "the ravages of free radicals.” [6,9]

Subsequent exposure of rats to ultrafine particles at |evels
found in Fresno on a bad day reveal ed many dead cells in the
rats' lungs, |arge nunmbers of inflammatory cells (neutrophils),

and destruction of macrophages -- which are cells that pronote
health by actively removing foreign material fromthe
lungs.[10] In other words, ultrafines kill off the lung's

natural defenses, then create their own uni que form of danage,
promoting free radicals, cell death, inflammation and
eventual | y cardi ovascul ar di sease

Pi nkerton's findings were confirmed by a study of the |ungs of
non- snoki ng wonen in Mexico City and in Vancouver, British

Col unbi a, which reveal ed extensive |ung damage from exposure to
dirty Mexico City air, but not clean Vancouver air. [4] The
smal | ai rways of the Mexican women "were very abnormal ," with
fibrosis and thickening.

Resear cher Ken Donal dson at the University of Edi nborough in
Scot | and has studied particles of pure titani um di oxi de and
pure carbon. At 10 micronmeters dianeter, they cause no danage
to rat lungs. But when they are crushed into ultrafines "they
becorme highly inflammogenic to the lungs,"” he told Science
News.[6, 12, 13] In other words, carbon nano particles, wthout
any pollutants attached (no netals, no hydrocarbons), cause

| ung damage by thensel ves. Their size alone is harnful

Donal dson conducted similar experinents on ultrafine particles
of pure styrene, with simlar results, show ng that nano size
alone is a danger. This clearly indicates that the nmanufacture
of nano particles will be a threat to workers, and any
particles released into outside air will be a public health
nmenace. It is worth pointing out the obvious: The smaller
particles beconme, the harder they are to control and contain

Nano particles floating in the air will not remain pure for
| ong. Metals and hydrocarbons (from conbustion sources |ike
i ncinerators, cenent kilns, fossil-fuel power plants, and
di esel engines) will quickly coat their |large surfaces.

It is now known that the deadly effects of fine and ultrafine
particles aren't restricted to the lung, but occur in the

cardi ovascul ar system and brai n. Renaud Vincent and col | eagues
at Health Canada (the Canadi an equi val ent of the U S. Nationa
Institutes of Health) clarified the mechani smof cardiovascul ar
danmage by exposing healthy volunteers to high levels of fine
particles -- the levels you might find in a city with dirty
air.[14, 15, 6]

Vi ncent found that exposure to ultrafine particles doubles the
concentration of a small protein (called endothelin) in the

bl ood 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]

I nportantly, the spike in endothelin concentration only occurs
when subj ects are exposed to fine and ultrafine particles that
have netals 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 seens to be the

conbi nati on of ultrafine particles and netal s and/or
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hydr ocarbons that increases endothelin

O her researchers have al so been exam ning the effects of fine
and ultrafine particles on cardiovascul ar health. Scientists at
the Harvard School of Public Health exposed dogs to fine and
ultrafine particles, then sinulated heart attacks in the dogs
by using a surgically-inplanted balloon to tenmporarily shut off
a coronary artery. Dogs that had been breathing ultrafines
could not conpensate for the blocked artery -- which may hel p
expl ai n why humans who have heart attacks on a bad-air day are
nore likely to die than people having heart attacks where the
air is cleaner.[16]

Car di ovascul ar di sease and heart attacks are not the only
concern arising fromexposure to fine and ultrafine particles
inthe 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

Cal der on- Garci deunas found that ultrafine particles carry
nmetal s such as vanadi um and ni ckel into the dogs' brains
through their noses. The fine particles break down the barriers
that normally prevent contam nants passing into the brain.[6,
17]

Dogs are often used as nodels for the study of cognitive

i mpai rments that acconpany old age in humans. Some dogs aged 10
and over devel op the waxy pl aques that are characteristic of

Al zhei mer' s di sease. Cal deron-Garci deunas's study of 200 dogs
in Mexico City reveals that the animals breathing ultrafine
particl es devel op waxy beta-anyloid plaques in the brain before
they are a year old.[6, 17]

Cal deron- Garci deunas told science witer Janet Ral off that her
findings are "definitely worri sone" because she has exam ned
the noses of humans in Mexico City and found evi dence of a
breakdown of nasal tissue, simlar to that found in dogs.|[6]

U. S. EPA researchers and col |l eagues in Germany have found that
netals attached to fine and ultrafine particles greatly
exacerbate asthma. First they exanmi ned children in a Gernan
city where the air is contaminated with fine and ultrafine
particles mxed with netals. Conpared 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 mce to the two kinds of air that the children
were breathing. They reported that mice exposed to

netal -contami nated ultrafine particles devel oped strong
allergic and asthnmatic reactions in their airways.[ 18]

Using isolated lung cells, researchers found that ultrafine
particles fromLos Angeles air (a) carry far nore toxic
conbusti on byproducts per unit weight than do | arger particles
(no surprise because of surface-to-volunme ratio); and (b) enter
cells and settle in the mitochondria, which are the cells’
source of power. Utrafine particles turn the mtochondria into
"functionl ess bags," researcher Andre Nel told Science News,
killing the cells they were powering.[7, 6]

In sumthe nanotech industry and the U S. governnent are
rapidly ranping up a new industrial capacity to manufacture ton
quantities of ultrafine particles, very simlar to particles

al ready known to be killing tens of thousands of people in the
U S. each year. The conplete catal og of harmfromthese
particles remains to be witten, but we already know that they
cause or aggravate asthna and cardi ovascul ar di sease, damage
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the small airways of animals, adults, and children, carry
nmetal s and cancer-causi ng conbusti on byproducts deep into the
l ungs and even into the brain where they pronote the growh of
anyl oi d pl agues associated with Al zhei ner's di sease.

We al so know that the current regulatory system has proven to
be i ncapabl e of bringing particulate pollution under contro
because of relentless opposition fromcorporations. As a natter
of law, corporations are required to put profits before public
health, so we can never expect themto do any better than they
are doing today, until we change the |aw [19]

Clearly, in the case of nano particles, we have reasonabl e
suspi cion of harm and we have sonme remaining scientific
uncertainty. Therefore we have an ethical duty to take
preventive (precautionary) action. If there ever was a proper
time to invoke the precautionary principle, this is it.[20]
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