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H E A L T H  A N D  S T R E S S 

M o s t  o f  u s  h a v e  gr o w n  up  in  a c u l t u r e  w h e r e  b i g g e r  i s  a l m o s t  al w a y s  a s s u m e d  t o  be 
b e t t e r .   A c c o l a d e s  ar e  a w a r d e d  t o  ar c h i t e c t s  w h o  de s i g n  t h e  w o r l d ' s  t a l l e s t  bu i l d i n g s  o r 
l o n g e s t  b r i d g e s .   T h e r e  a r e  pr i z e s  f o r  t h e  la r g e s t  w a t e r m e l o n ,  p u m p k i n  a n d  a l m o s t  an y 
f r u i t  o r  v e g e t a b l e  t h a t  c a n  be  gr o w n  - a s  w e l l  a s  f o r  t h e  bi g g e s t  t r o u t ,  t i g e r  or  ot h e r 
w i l d  a n i m a l  t h a t  h a s  b e e n  c a u g h t  o r  k i l l e d .   T h e  G u i n e s s  B o o k  of  W o r l d  Re c o r d s  is 
r e p l e t e  w i t h  al l  s o r t s  o f  b i z a r r e  re c o r d s  t e s t i f y i n g  t o  t h e  b e l i e f  t h a t  " b i g g e r  i s  b e t t e r ” . 

O v e r  t h e  p a s t  f e w  d e c a d e s  t h e r e  h a s  b e e n  a  t r e n d  i n  t h e  o p p o s i t e  d i r e c t i o n .   B i g  a n d 
b u l k y  b o o m  b o x e s  h a v e  b e e n  r e p l a c e d  b y  A p p l e  i P o d s ,  w h i c h  m a d e  t h e i r  d e b u t  i n 
2 0 0 1 ,  c o u l d  p l a y  1 0 0 0  s o n g s  a n d  c o s t  $ 3 9 9 .   T h e s e  h a v e  a l s o  b e c o m e  p r o g r e s s i v e l y 
s m a l l e r  a n d  l e s s  e x p e n s i v e  d e s p i t e  i n c r e a s e d  c a p a c i t y  a n d  a d d i t i o n a l  f e a t u r e s .   T h e 
i P o d  m i n i  i n t r o d u c e d  t w o  y e a r s  a g o  w a s  a l m o s t  h a l f  t h e  s i z e  o f  t h e  o r i g i n a l  a n d 
a l t h o u g h  w i l d l y  p o p u l a r ,  w a s  r e p l a c e d  l a s t  y e a r  b y  t h e  i P o d  n a n o .   T h e  n a n o  i s  t h e  s i z e 
o f  5  c r e d i t  c a r d s  s t a c k e d  t o g e t h e r ,  w e i g h s  o n l y  1 . 5  o u n c e s  a n d  i s  6 2 %  s m a l l e r  i n 
v o l u m e  t h a n  t h e  m i n i .   A n d  w h i l e  t h e  f i r s t  i P o d s  c o u l d  o n l y  p l a y  m u s i c ,  l a t e r  v e r s i o n s 
c a n  h o l d  e - b o o k s  a n d  d i s p l a y  p h o t o s  a n d  v i d e o s  i n  c o l o r .   T h e  i P o d  n a n o  a l s o  a l l o w s  t o 
y o u  p l a y  s o l i t a i r e  a n d  o t h e r  g a m e s ,  m a k e  s h o p p i n g  l i s t s ,  l i s t e n  t o  y o u r  f a v o r i t e 
p o d c a s t ,  t r a n s f e r  a n  a d d r e s s  b o o k  a n d  c a l e n d a r  f r o m  y o u r  P C ,  h a s  a  s t o p  w a t c h  t o 
t i m e  r u n n i n g  a n d  e x e r c i s e  a c t i v i t i e s ,  a  c l o c k  t o  s e t  t i m e  i n  c i t i e s  a r o u n d  t h e  w o r l d  a n d 
a n  a l a r m  f o r  e a c h  t i m e  z o n e . 

I n  o n e  t e s t  o f  t h e  $ 2 4 9  i P o d  n a n o ,  T h e  W a l l  S t r e e t  J o u r n a l ' s  W a l t e r  M o s s b e r g  " l o a d e d 
t h e  e n t i r e  1 6 - h o u r  u n a b r i d g e d  a u d i o  v e r s i o n  o f  T h e  D a  V i n c i  C o d e  a n d  s t i l l  h a d  r o o m 

l e f t  o v e r  f o r  1 , 1 2 8  s o n g s ,  p l u s  m y  2 4  p h o t o s , 
a  c o u p l e  o f  p o d c a s t  e p i s o d e s  a n d  a b o u t  5 0 
c o n t a c t s  c o p i e d  f r o m  m y  c o m p u t e r ' s  a d d r e s s 
b o o k . "   T h e  r e c h a r g e a b l e  b a t t e r y  l a s t e d  o v e r 
1 4  h o u r s  a n d  a l l  i P o d s  p r o d u c e  s u p e r b  s o u n d 
u s i n g  a  c a s s e t t e  p l a y e r  o r  c a r ' s  m u s i c  s y s t e m . 
S m a l l e r  c a p a c i t y  $ 1 9 9  a n d  e v e n  t h e  l a t e s t  $ 9 9 
i P o d  n a n o  s h o u l d  s a t i s f y  m o s t  n e e d s . 
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B u t  w h y  d i d  A p p l e  d e c i d e  t o  c a l l  t h i s  t h e  i P o d  n a n o ?   M i n i  o r  m i c r o  a r e  r e a d i l y 
u n d e r s t a n d a b l e  p r e f i x e s  a n d  s u f f i x e s  t o  d e s c r i b e  s o m e t h i n g  t h a t  i s  s m a l l ,  o r 
s m a l l e r ,  b u t  n a n o  w o u l d  l i k e l y  m e a n  l i t t l e  t o  m a n y  p e o p l e .   T h i s  w a s  a  b r i l l i a n t 
m o v e ,  s i n c e  n a n o  t h i s  o r  n a n o  t h a t  w i l l  s o o n  b e  h o u s e h o l d  w o r d s  b e c a u s e  o f 
e x c i t i n g  n a n o t e c h n o l o g i c  a d v a n c e s  t h a t  p r o m i s e  t o  h a v e  a  p r o f o u n d 
i n f l u e n c e  o n  o u r  d a i l y  l i v e s . 

A p p l e  h a r d l y  h a s  a  m o n o p o l y  o n  t h i s  m i n i a t u r i z a t i o n  t r e n d  a n d  t h e r e  a r e  e v e n 
s m a l l e r  a n d  l e s s  e x p e n s i v e  M P 3  d e v i c e s  w i t h  a d d i t i o n a l  f e a t u r e s .   T h e  m a u v e 
m o b i B L U  s h o w n  o n  t h e  l e f t  n e x t  t o  a  q u a r t e r  i s  t i n i e r  t h a n  a  1 "  c u b e  a n d  i n 
a d d i t i o n  t o  h o l d i n g  h u n d r e d s  o f  s o n g s ,  i t  h a s  a  v o i c e  r e c o r d e r ,  c l o c k ,  c a l e n d a r 
s l e e p  t i m e r  a n d  a n  F M  r e c e i v e r  t h a t  a l l o w s  y o u  t o  r e c o r d  a s  w e l l  a s  l i s t e n  t o 
p r o g r a m m i n g  w i t h  s t e r e o  o u t p u t .   T h e  b a t t e r y  i s  g o o d  f o r  8 - 1 0  h o u r s  o n  a  s i n g l e 
c h a r g e  a n d  a s  s h o w n  i n  t h e  e n l a r g e d  i l l u s t r a t i o n  i n  t h e  m i d d l e ,  a  b l u e  l i g h t 
e m i t t i n g  d i o d e  d i s p l a y  a  s h a r p ,  b r i g h t  a n d  e a s y  t o  r e a d  d i s p l a y .  I t  i s  a v a i l a b l e  a t 
W a l m a r t  a n d  e l s e w h e r e  f o r  u n d e r  $ 1 0 0  w i t h  m o d e l s  h a v i n g  m o r e  c o n t e n t  s l i g h t l y 
h i g h e r .   T h e  X - 8  s h o w n  o n  t h e  r i g h t  i s  1 . 5  X  1 . 6  X  . 5  i n c h e s ,  a n d  a l t h o u g h  h a l f  a s 
t h i c k  a s  t h e  m o b i B L U ,  h a s  s i m i l a r  f e a t u r e s  a s  w e l l  a s  a  v e r y  c l e a r  1 . 2  i n c h  c o l o r 
s c r e e n .   T h e r e  a r e  d o z e n s  o f  o t h e r s ,  s o m e  o f  w h i c h  a r e  d e s i g n e d  t o  r e d u c e  s t r e s s . 

The LG FM-20 Stress Relieving MP3
players shown to the left look more like
Christmas ornaments.  They come in shiny
colors with a screen that appears out of its
shell when it is turned on.  It can store 1000
songs, has a 20-hour battery life, FM tuner,
and features "Brain Shower Technology" to
relieve stress by sounds and patterns that
produce a sense of deep relaxation.  A
special SPA program can also provide
music to reduce stress and promote sleep

C e l l  p h o n e s  a r e  a n o t h e r  e x a m p l e  o f  h o w  p r o g r e s s i v e  m i n i a t u r i z a t i o n  c a n  o c c u r 
d e s p i t e  t h e  a d d i t i o n  o f  n u m e r o u s  o t h e r  f e a t u r e s .   J u s t  c o m p a r e  t h e  b u l k y  l u g g a b l e 
r a t h e r  t h a n  p o r t a b l e  c e l l  p h o n e s  a v a i l a b l e  t w o  d e c a d e s  a g o  w i t h  t o d a y ’ s  s l e e k 
a t t r a c t i v e  d e v i c e s  t h a t  e a s i l y  f i t  i n  a  s h i r t  p o c k e t  a n d  a l s o  l e t  y o u  p l a y  g a m e s , 
w a t c h  v i d e o s  a n d  t a k e  p i c t u r e s .   S o m e  c e l l  p h o n e s  a r e  r e p l a c i n g  M P 3  p l a y e r s  a s 
m o r e  m o d e l s  n o w  n o t  o n l y  s t o r e  s o n g s  b u t  a l s o  a u d i o  f i l e s  l i k e  e - b o o k s  a n d 
p o d c a s t s .    B l u e t o o t h  e n a b l e d  p h o n e s  c o u l d  s o o n  m a k e  t h e s e  o b s o l e t e  s i n c e  t h e y 
c a n  a l s o  a c c e s s  t h e  I n t e r n e t  a n d  s o m e  h a v e  c a m e r a s ,  u p  t o  a n  h o u r  o f  v i d e o 
r e c o r d i n g  a n d  c a p a b i l i t i e s  a n d  s t i l l  w e i g h  l e s s  t h a n  3  o u n c e s . 
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Nanotechnology now allows all of these features to be combined and incorporated into
clothing.  The black jacket to the left has electronic fibers imbedded in the right sleeve that
can control an iPod by simply pressing on various commands that turn it on and off, access
different selections, pause, fast forward and other functions.  The red jacket in the middle has
a built in MP3 player, Bluetooth cell phone and rechargeable battery. Special fibers sewn into
the jacket conduct electrical signals that link the module to headphones and a microphone
embedded in the jacket's collar and to a command center keyboard sewn into the left sleeve.
If you are listening to an MP3 player when you receive a call the music will be automatically
paused and the call routed through the wireless Bluetooth hood speakers.  The command
center has a display that lets you check your caller ID as well as one-touch controls to
perform all MP3 player and phone functions.  Lighter garments and protective helmets such as
the one on the right with similar features were popular at last month's Winter Olympics.
Shaun White used an iPod equipped helmet during his Gold medal performance and all the
uniforms of the award winning U.S. snowboard team were wired for MP3 players and had
iPod-size pockets, hood speakers and a control panel on the left sleeve.

What has any of the above to do with stress or health?  And exactly what is nanotechnology and
why will it have such dramatic effects on our daily lives?  After all, nanotechnology has been around
for ove r fif ty  ye ars so why all the  sudde n fuss?   If  only  some  of  the  le ngthy  list of pot ential
m edical applications result  in millions of people  liv ing much longe r what  will the  ef fe ct  be  on our
healt h care syste m and econom y?   How  can we  be  sure  that  this new  te chnology is entirely saf e
and doe s not  pose  environme nt al thre ats?   T hose  are som e of  the que st ions and issue s we
w ould like  to addre ss in this Ne wsle t te r.  In addit ion, as will be see n, some  nano advances that 
are  designed to m ak e  lif e  less stressful could e asily  boom erang and have  the re v erse  ef fe ct .

Richard Feynman, Nano Nonsense & "There's Plenty of Room at the Bottom"
Nano means a billionth and is derived from nanos, the Greek word for dwarf.  A nanometer is
a billionth of a meter or a million times smaller than a millimeter.  Most nanotechnology
research is in the range of one to several hundred nanometers.  To put this in perspective, a
carbon atom is 1 nanometer wide, a hemoglobin molecule is 4 nanometers and viruses are
around 100 nanometers, compared to a red blood cell, which is over 2,000 nanometers long.
Nanotechnology focuses on the ability to build or manipulate structures molecule by molecule
to produce endless possibilities.  As noted in a recent article, this will "allow scientists to
create new structural materials 50 times stronger than steel of the same weight, making
possible the construction of a Cadillac weighing 100 pounds."  An Israeli firm has already
developed nanotechnology-based material that is five times stronger than steel and twice as
strong as any impact-resistant material used in protective gear.  It has withstood tests during
which it was subjected to a steel projectile traveling at speeds up to 1.5 kilometers/second or
3400 miles/hour.  This impact would be the equivalent of dropping four diesel locomotives on
an area the size of a human fingernail.  Full-scale production of several tons of material daily
is expected within six months.
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The birth of nanotechnology can be credited to Richard Feynman, who received a Nobel Prize
in 1965 for his major contributions to quantum computing and an area of physics known as
quantum electrodynamics. Some of his other scientific accomplishments included being part of
the Los Alamos team that developed the first atomic bomb and solving the problem of the
1986 Challenger space shuttle disaster by simply demonstrating how the rocket booster’s O-
rings lost all their resiliency in ice water.  Feynman was widely known for his insatiable
curiosity, sense of humor and extreme honesty. Always a playful practical joker who was not
intimidated by authority, he caused consternation during the years he helped develop the
atomic bomb, by figuring out in his spare time how to pick the locks on filing cabinets and
crack the safes that contained classified information. Without removing anything, he left
taunting anonymous notes to let officials know that their security system had been breached.
This and several similar escapades illustrating his playful temperament may explain why his
early proposals were not taken seriously.

Feynman had suggested over 50 years ago that it should be possible to manipulate atoms and
molecules to produce things so minute and marvelous that they were practically
inconceivable.  One was an army of remote controlled miniscule mechanical surgical robots
that could make repairs on a molecular level.  Another was his contention that the contents of
all the books in any large university library could easily fit on part of a post card and readily
retrieved using nanotechnology.  Indeed, all the books in the world in every language would
fit on a few cards that could be reproduced as often as needed.  Thus, any library could have
a copy of every book without the need for more space or concerns about deterioration due to
age or accidental damage.  Although people boasted that the Lord's Prayer had now been
engraved on the head of a pin, Feynman claimed nanotechnology could replace this with the
contents of the entire 30-volume Encyclopedia Britannica.  He also claimed it would be
possible to make very tiny but powerful motors and batteries using nanotechnology.  Because
of his reputation as a prankster, many likely considered much of this to be just another
example of one of his practical jokes, while others referred to it as "nano nonsense".

Frustrated, Feynman delivered his famous lecture on nanotechnology entitled There's Plenty
of Room at the Bottom at a 1959 American Physical Society meeting where he reiterated
these and other claims.  He challenged other researchers to think about manipulating
materials molecule by molecule or even at an atomic level and concluded his talk by offering a
$1000 prize to the first person who could build a working electric motor 1/64 inch or less on a
side.  He offered another $1000 prize to the first person who could produce written text at
1/25,000 scale, which was the size required to print the entire Encyclopedia Britannica on the
head of a pin. _ The motor prize was claimed the following year by a meticulous craftsman
using conventional tools that did not involve nanotechnology since the designated size was
not small enough.  The second prize was eventually awarded 25 years later to a Stanford grad
student who had successfully reduced the first page of Dickens' A Tale of Two Cities on a page
measuring only 1/160 millimeter on a side, 20 times smaller than the human eye can see.
This was accomplished by using electron beam lithography and Feynman was delighted since
it confirmed his claim that nanotechnology would dramatically change our lives.

This is just now starting to take place.  The U.S. market for nano-products was $200 million in
2005 but is forecast to exceed $4 billion next year and the National Science Foundation
predicts it will be $1 trillion by 2015.  This extremely accelerated growth suggests that
nanotechnology could transform our daily lives more than the Industrial Revolution or the
discovery of electricity. Feynman did not live to see his prediction of nano motor and energy
sources come to fruition but you soon may never have to replace batteries again or wait hours
to fully recharge them. New batteries containing carbon nanotube ultracapacitators can
completely recharge laptops and cell phones in a minute.  Carbon nanotubes are rolled-up
sheets of graphite about the width of a DNA molecule.  Unlike conventional batteries that start
losing their ability to hold a charge after a year, these will still be going strong long after such
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de v i ce s hav e  be c om e  obs ole t e .  Ca rb on na no t ub e  bat t e ri e s ca n als o pro v i de  an  e ne r gy 
st or ag e  de v ice  t e n  ti m e s m or e  pow e r f ul  and  mu ch  li gh t e r t ha n t he  lat e st  ba t t e r ie s  in hy b ri d
ca rs .  Th e s e  w il l sig ni f ic an t l y  re d uce  t he  ne e d  fo r ga sol in e  and  also  out l iv e  the  lif e  of  the 
v e hi cl e .  N ano  bio bat t e rie s th at  co nv e rt  ligh t  int o el e ct ri cit y  ar e  als o be i ng  de v e lop e d  f or a
w i de  arra y  of  im pl ant ab le  de v i ce s , inc lu di ng an  ar t i f i cia l re t in a. 

A  pr om ine nt  na no t e chn ol ogy  re s e ar ch e r at  B e ll  labs  pre dic t s  th at  w it h in  th e  ne x t  ye ar or 
t w o,  ult r as e ns it iv e  m ic rop ho ne s dou ble  t he  di am e t e r of  a hu m an  hai r w il l be  in st a ll e d in 
m o bi le  ph on e s.   Th e se  w ill  be  abl e  to tu ne  in  t o sou nd  fr om  di f f e r e nt  dire ct io ns bu t  als o
ha v e  t he  ab ili t y  t o blo ck  ou t  bac k g rou nd  nois e  not  re l e v a nt  to  t he  co nv e rs at io n.  A  "l iq ui d
e y e "  le ns  w oul d be  in st all e d  in pho ne s  in as li t t l e  as  th re e  or fo ur ye ars  t ha t  w il l e na bl e  t o
de t e ct  wh e t he r  t he  pe rs on on  t he  ot he r  e nd  of  t he  li ne  wa s pay in g ful l at t e n t i on to  th e 
co nv e r sat io n. It  w ill  re sp on d muc h in th e  sam e  way  as a hum an ey e ,  mo v i ng if  som e t h ing 
ca ug ht  it s at t e n t i on,  he  sai d.   Wit hin  a de ca de , ce l l pho ne s w il l als o hav e  an  "e le ct r on ic 
no se "  to de t e c t  th e  spe cif ic  phe r om one s th at  ma k e  up  an ind iv i du al 's sc e nt  and  co ul d be 
us e d  as a " hac k e r- pro of "  se c ur it y  sy st e m  t o re p lac e  fo ur- di git  pin  nu m b e rs  and  se cr e t 
pa ss w o rds .

B r e a k t hro ug hs in  nano  f ibe r re se a rc h hav e  alr e a dy  re su lt e d in fa br ics  t hat  re p e l an y 
st ub bo rn st ain , ne ut r al iz e  st a t ic  char ge s tha t  at t ra ct  fu z z , are  m ore  dura bl e  and  w rin k l e 
f r e e , ev a po rat e  ex ce s s moi st ur e  aw a y  f ro m  the  sk in  t o pro v i de  co ol ing  and ca n als o cha ng e 
co lo r de p e n din g on  th e  te m pe ra t ur e .   N an o pla st ic en gi ne e ri ng ad v a nce s wil l al low  f ut u re 
w a ll s to au t om at ic all y  adj us t  roo m  te m pe ra t ur e ,  op e n  and cl ose  w in dow s,  em it  ligh t ,  sp e a k 
w o rd s and  chan ge  colo rs  be ca us e  of  bui lt -i n sol ar ce ll s t ha t  col le ct ,  st or e  an d t ra nsm it 
e n e r gy  to  dif f e r e n t  m ol e cu le s em b e d de d  in the  sam e  t y p e  of  mat e r ia l use d f or  soda  bot t le s. 
T h e  "w all s hav e  ea rs"  is a com m on  e x pr e s si on bu t  ne w  7  mi ll im e t e r thi n sou nd bo ard s of 
sp e c ia l pol y ur e t ha ne  ar e  alr e a dy  re pla ci ng  sp e a k e r s be cau se  of  sup e ri or  su rr ou nd so und .
T h e s e  sou nd boa rd s vib ra t e  be ca use  of  ge n e r at o rs  th at  are  fi ne - t u ne d t o the  t re ble , mid -
ra ng e  and  bass  f re que nc ie s  of  the  surf ac e  mat e r ial  of  the  w all  or flo or  be hi nd  wh ic h t he y  are 
co nc e a le d .  Th e  ac ou st ic gu it a r' s sou nd  co m e s fro m  sim il ar  vi br at i on s of  it s t hi n out e r  wa ll 
an d pa t e n t e d hig h pre ci sio n di git al  "p ur so nic "  sou nd  t e ch no log y  ha s im p rov e d  on t hi s
pr in ci ple  t o cre at e  a st un ni ng  an d tru ly  surr ou nd so un d qua lit y .   Int e r ior  car  pa ne lin g us ing 
si m i la r nan o sou nd boa rd s cou ld  so on  re pl ac e  car  st e r e o  sp e a k e r s be cau se  of  sup e ri or 
qu al it y .

S e lf - c l e an i n g  ba t h r o om s  ar e  no w  av a i l a bl e  w i t h  a ne w  m a t e r i a l  ma d e  up of  t it a n i u m 
d i ox i d e  na n o p a rt i c l e s t h a t  co n t i nu o u s l y  cl e a n t h e  su r f a c e s  of  ti l e s  an d  gl as s  us in g  li gh t  t o 
d o  t h e  scr u b b i ng .   T he  t i t an i u m  di o x i d e  na n o  pa r t i cl e s  abs o r b  UV A  li gh t  an d us e  it s  e n e r g y 
t o  ox i d i z e  di r t  an d  ba c t e r ia  an d  co n v e rt  t h e m  in t o  ha r m l e s s  ca rb o n  dio x i d e  an d  w at e r . 
W h il e  t h is  or i gi n a l l y  on l y  w o r k e d ou t s id e  w i t h  su n li g h t  ne w  co at i n g s  al s o  re s p o n d t o 
a r t i f i c i al  li g ht .    A n  or d in a r y  60  -1 0 0 - w a t t  bu l b  wi l l  k il l  co li f o r m  ba c t e ri a  an d re d u ce  t h e 
n e e d  t o  us e  di si n f e c t a n t s  an d  ot he r  ch e m i c a l s.   Ot he r  co at i n g s  co n t a in i n g  na n o s c al e 
a l u m i n u m  o r  si l v e r  pa r t i c l e s  e m b e d d e d  in  a  v e r y  t h i n  p l a s t i c  l a y e r  al s o  pr o v i d e  ge r m i c i d a l 
b e n e f i t s  d u e  t o  t h e  " l o t u s  e f f e c t " ,  w h i c h  re f e r s  t o  t h e  lo t u s  pl a n t ' s  ab i l i t y  t o  r e p e l  w a t e r . 
B e c a u s e  of  t h e  co a t i n g ' s  n a n o - p r o p e r t i e s ,  ba c t e r i a ,  oi l ,  d i r t ,  li m e  an d  e v e n  w a t e r  ca n ' t 
s t i c k  t o  i t s  s u r f a c e .   Ev e r y  d r o p  of  w a t e r  t h a t  ru n s  o v e r  it  t a k e s  t h e  de p o s i t s  w i t h  i t , 
d r i p p i n g  o f f  a n d  r e n d e r i n g  t h e  su r f a c e s  cl e a n  ag a i n .   S c a l p e l s ,  he m o s t a t s ,  ne e d l e s , 
r e t r a c t o r s  an d  ot h e r  s u r g i c a l  in s t r u m e n t s  ar e  no w  be i n g  co n s t r u c t e d  w i t h  s i m i l a r  c o a t i n g s 
t h a t  w i l l  he l p  k e e p  t h e m  s t e r i l e  a n d  s a f e r  f o r  lo n g e r  t i m e  pe r i o d s .  Re s e a r c h e r s  ha v e  a l s o 
b e e n  a b l e  t o  p r o c e s s  a n  in e x p e n s i v e  po l y m e r  t o  re p e l  w a t e r -  ba s e d  f l u i d s  b e t t e r  t h a n 
e v e n  a  f r e s h l y  w a x e d  c a r .   Ev e n  dr o p s  of  h o n e y  ro l l  ri g h t  of f  an d  t h i s  su p e r  w a t e r 
r e p e l l a n t  pl a s t i c  w i l l  m a k e  it  po s s i b l e  t o  ha v e  f r e e  f l o w i n g  h o n e y  an d  k e t c h u p  co n t a i n e r s 
t h a t  d e l i v e r  t h e  v e r y  la s t  dr o p  as  w e l l  as  se l f  w a s h i n g  bu i l d i n g  w a l l s  w h e r e  a n y  d i r t  is 
w a s h e d  aw a y  w h e n  i t  ra i n s . 



March 2006                   The Newsletter of THE AMERICAN INSTITUTE OF STRESS                      Page 6

Feynman's belief that we could also learn a lot by uncovering the nano secrets of Nature was
also on target.  Bird beaks are typically short and thick or long and thin.  But the brightly
colored beaks of toucans are both thick and long and equally effective for gathering tiny fruit
from the tips of branches or functioning as a powerful nutcracker.  Scientists have found that
the beak's interior is a highly organized matrix of stiff bone fibers embedded in a "foam" of
air-tight cells that gives it more rigidity with very little additional weight.  They are now
duplicating this to develop ultra-light aircraft and vehicle components using synthetic foams
made with metals and polymers.  Gecko lizards can walk up walls and even hang from the
ceiling by one toe because of their remarkable footpads. Each five-toed foot is covered with
microscopic elastic hairs that are split at the ends to form a forest of nanoscale fibers.  These
make such extremely close contact that they form intermolecular bonds that bind the foot to
most surfaces.  Researchers have now created a densely packed carpet of carbon nanotubes
that function the same way but with 200 times more gripping power to make dry adhesives
for microelectronic, robotic and space technology applications.  They have also learned how
sponges are able to use proteins to make their silica needles and are trying to copy this to
make more powerful silicon chips for computers, telecommunication and fiber optic devices.

Nano Breakthroughs In Diagnosing, Treating And Preventing Disease
Abalone and oysters have also given up their secrets of strength that may lead to denser and
more fracture resistant artificial bone.   The sturdiness of these and other mollusk shells is
due to nacre, a finely layered iridescent shiny substance produced on the inner surface of
shells in response to irritation, which is how pearls are also made. When seawater freezes,
crystals of pure ice form layers, while impurities such as salt and microorganisms are expelled
from the forming ice and become trapped in channels between the ice crystals. The result is a
multilayered structure that roughly resembles nacre's wafer-like construction. To mimic this,
scientists created a watery suspension of hydroxyapatite, which is the mineral component of
bone.  When frozen, this similarly concentrates in the space between the ice crystals, creating
layers and layers of nacre-like material that are also tough but light.  They then learned that
by increasing the rate of the freezing process, the layered structure became smaller and they
ultimately obtained a microstructure measuring one micron, or one-millionth of a meter.
After the ice was removed they were left with a porous scaffolding of hydroxyapatite layers
that locked in place just like nacre and very much stronger than the porous hydroxyapatite
materials currently used as bone substitutes.  In addition, the space between the scaffolding's
layers can be filled with an organic polymer that degrades over several weeks, liberating
antibiotics and compounds that stimulate bone growth.  This dense hydroxyapatite-polymer
composite could be inserted wherever new bone is needed since as the polymer degrades, the
scaffolding becomes more porous, prompting bone cells to invade the newly created pores.
Artificial joints made of this composite could soon replace those made from metal alloys and
ceramics that often trigger inflammation and immune responses or require corrective surgery
after only a few years.

Nanotechnology tissue cell culture engineering advances are creating substitute skin that
looks and functions like normal skin with the same soft, smooth texture, strength, durability
and color pigmentation. Even under the best circumstances, the healing of skin wounds is an
imperfect process since when the lower portion or dermis is damaged, a dense form of
collagen is quickly created to cover the wound.  However, it is so thick that no hair roots,
sweat glands and few nerves or blood vessels can grow in it.  As a result, functionality is lost
and as the collagen heals, it shrinks, pulling on the surrounding skin.  Traditional grafts can
reduce these problems but often do not take or become infected and slough off.  This new
synthetic substitute skin knits with the surrounding tissue to spur the growth of sweat glands,
hair follicles and blood vessels to supply oxygen and nutrients and promote healing without
scar formation.  One version has already proved successful in several dozen catastrophic burn
patients not expected to survive, including one with third degree burns over 80% of her body.
Burns over 30% of the body of any degree are usually fatal.
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Some of the most exciting bionanotechnology advances are in applications to improve the
diagnosis and treatment of disease, including:

• Earlier detection of an impending heart attack now referred to as the "Clinton
Syndrome" due to the former president's sudden and unanticipated heart attack that
required emergency quadruple bypass surgery.  This vivid demonstration that even
someone who had regular checkups and access to the best medical care resulted in
physicians being flooded with worried middle-aged men concerned that their hearts
might contain a similar unsuspected ticking time bomb.  Such heart attacks are often
due to inflamed plaque that is unstable and prone to rupture, causing blockage of a
coronary vessel.  This life-threatening situation may be undetectable by conventional
imaging techniques if the plaque is not big enough to significantly impair blood flow.
Identifying such asymptomatic patients at increased risk has now been made possible
by using nano-sized contrast agents along with ultrasound inside blood vessels.  This
new technique generates cross-sectional images that highlight those areas of inflamed
plaque most likely to rupture within the next twelve months.

• Alzheimer's disease is associated with the deposition of beta amyloid plaque in the brain
that many believe are responsible for its devastating symptoms.  When gold
nanoparticles were attached to beta amyloid fibrils and subsequently exposed to weak
microwave fields in test tube studies, the amyloid plaque dissolved and did not
reappear.   Animal studies are planned and damage to healthy brain tissue is unlikely
since the energy levels of these fields is six times smaller than those from cell phones.
This approach may have potential for treating Parkinson's, Huntington's and other
neurodegenerative diseases that are also characterized by the aggregation of various proteins.

• Early diagnosis of genetic disorders.  Devices made of carbon nanotubes can detect
mutations in genes that cause hereditary diseases much more rapidly and at a lower cost
than current techniques.  Researchers have already utilized the electrical properties of
these carbon nanotubes to find a particular mutation in the gene that causes hereditary
hemochromatosis, a disease in which too much iron accumulates in body tissues.

• Femtosecond (one quadrillionth of a second) laser pulses are being used for
diagnosis and treatment at a cellular level.  Depending on the laser power and optics
used, a "femtoscope" can visualize living tissue a thousand times more precisely than
the best computer tomographs.  Femtosecond laser surgery can function like tiny
"nano-scissors" to insert genetic material into cells or cut nerve axons that send
impulses to muscle cells.

Improvements in the diagnosis and treatment of cancer may come from a great variety of
innovative techniques.  Consider just the following half-dozen:

1. Nanoshells are particles about 20 times as small as a red blood cell and made of a silica
core covered by a thin gold shell. These gold nanoparticles are attracted and bind to
epidermal growth factor receptors that stud the surface of cancer cells but are rarely
found on normal cell membranes.  By "varying the size of the core and the thickness of
the gold shell, researchers can tweak a nanoshell to respond to a specific wave length of
light delivered by a laser beam directed to the tumor.  When these nanoshells are tuned
to this wavelength, they convert the light into heat that that destroys cancer cells without
injuring adjacent healthy tissue.  In one study where squamous cell cancers had been
implanted in animals and this technique was used, surface temperatures above the
tumors jumped an average of 46 degrees Fahrenheit and all the tumors disappeared
within 10 days.  Trials in humans are expected to start shortly.

2. A nano "Trojan horse" may be used to smuggle a powerful chemotherapeutic drug inside
tumor cells to increase its effectiveness and reduce toxic side effects. The drug delivery
vehicle used is a man-made star-shaped polymer three or four nanometers in diameter
called a dendrimer.  This is about the size of a hemoglobin molecule making it small
enough to slip into cells through tiny openings in cell membranes.  Dendrimers have a
tree-like structure with many branches where scientists can attach different molecules. In
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one report, scientists attached methotrexate, a powerful anticancer drug, to some
branches of the dendrimer and on other branches they attached fluorescent imaging
agents and folic acid, an important vitamin crucial for the healthy functioning of all cells.
However, cancer cells need increased amounts of folate to fuel their rapid growth so
they have many more folate receptors on their cell walls to soak it up.  As the lead
author explained, "It's like a Trojan horse.  Folate molecules on the nanoparticle bind to
receptors on tumor cell membranes and the cell immediately internalizes it, because it
thinks it's getting the vitamin it needs.  But while it's bringing folate across the cell
membrane, the cell also draws in the methotrexate that will poison it."  When tested in
laboratory mice that had received injections of human epithelial cancer cells, this
nanoparticle-based therapy using folic acid and methotrexate was 10 times more
effective at delaying tumor growth than methotrexate given alone and far less toxic.

3. Plastic beads 20 to 600 nanometers in size called PEBBLES (probes encapsulated by
biologically localized embedding) can be coated with targeting molecules to provide a very
precise contrast agent for imaging, drug delivery or to destroy cancer cells.  A high velocity
device is used to blast them like little bullets to attach to liposomes that cells readily import.
Once they reach their goal, sound or light can be used to trigger them to function.

4. A cancer "nanobomb" has been developed using carbon nanotubes that can literally
blow up breast cancer tumors. The bombs are created by bundling the carbon
nanotubes and then exposing them to the near infrared light of a laser.  If a single
carbon nanotube is exposed to the laser the resultant heat is quickly dissipated, but
when they are bundled, so much heat is generated that they start exploding in
succession like a cluster bomb.  This could be particularly effective in breast cancer
because the heat shockwave kills not only the cancerous cells but also biological
pathways that carry instructions to generate additional cancerous cells and the small
veins that nourish the diseased cells.  This method is now also being explored to treat
prostate and pancreatic cancers.

5. Another technology being tested involves a hydrogen-carbon polymer nanoparticle with
bits of Taxotere, a FDA approved drug for treating prostate cancer bound up in its
fabric.  This is attached to a substance that homes in on cancer cells where the polymer
very gradually dissolves to slowly release nuggets of the drug.  In one study in which
human tumors created from prostate cancer cell lines were implanted in mice, cancers
disappeared within a month or two in all who received nanoparticles containing
Taxotere but not in those injected with regular Taxotere.

6. Preventing the side effects of chemotherapy and radiation may be achieved using
carbon-based nanoparticles called fullerenes.  These soccer ball-shaped hollow
structures attract and bind unstable free radicals resulting from tissue injury due to
radiation and chemotherapy that prevent them from racing around the body and
damaging healthy cells.

There are also numerous preventive medicine and Public Health nano applications.  Some 13
million people die from waterborne infection every year and others from drinking water
contaminated by toxic chemicals, like the 23 Massachusetts children who died from
trichloroethylene (TCE) poisoning. Nanotechnology is making water safer because of
nanoscale membranes that filter out contaminants, nanoscale polymer "brushes" coated with
molecules that capture and remove poisonous metals, proteins and microbes, as well as
photocatalytic nanomaterials that allow ultraviolet light to destroy pesticides, industrial
solvents and germs.  Researchers have also found that nanoparticles of gold coated with
palladium can quickly remove TCE from groundwater thousands of time faster than current
methods.  Detecting water or air pollution will also be markedly improved by more powerful sensors
that are activated by minute traces of any pathogen, dangerous gas or increase in radioactivity.

The  antibacterial propertie s of silver have been known since antiquit y.  Nanotechnology  has now
bee n able  to take full advantage of this by maximiz ing the availability of silver ions, the most
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pot ent form of this element .  The se are  now being used to preve nt and treat  deadly antibiotic
resistant  infections.  One company has invent ed a process to de posit silver particles less than a
thousandt h the diamet er of a human hair on me dical device s like  urinary cat heters that are
com mon sources of inf ection. These nanoscale particles have so much surface  area that minute
concentrations are ef fectiv e.  According to one aut hority , ''The equivalent  of a teaspoon of silver
nanoparticles in a se ven-lane Oly mpic-size sw imming pool is enough to do the job''.  Silver
nanocryst als be tween 1 and 100 nanomete rs that prov ide sustaine d rele ase are also being used
in dressings to preve nt inf ection and reduce the ne ed for frequent changing.  A new transpare nt
wound dre ssing using a nanostruct ured membrane allows air and moisture to pass through, while 
protecting the injury  from bacterial infection.  Drug delivery system s can be embedded in the 
mem brane to allow sustained medication release and cells can be  graft ed ont o the dressing to
promote tissue regeneration and accelerate healing.  As a bonus, the membrane sticks to skin at
body temperature, but releases without damaging newly formed skin when chilled with an icy cloth.

Gre ater protect ion from skin cancers will com e from  products containing inv isible  zinc oxide
nanoparticles that absorb UV light but allow visible light to pass through that are already available
in some Australian sunscree ns.  These also contain other sun-blocking ingre dients that can break
dow n over time and cause the rele ase of  free radicals that damage skin and DNA.  "UV-Pe arls"
can preve nt this by encapsulating all the act ive ingredie nts in highly transparent silica glass
nanospheres that allow them  to function without hav ing any dire ct contact with the skin.
Described as "S unglasses for the Skin", these  UV-Pe arls are com pletely safe  and inert and are 
already starting to appear in som e sunscreens and daily wear cosmetics.  A nano-coated nylon
has been developed that protects against UV radiation in thick fibers for outdoor clothing as well
as thin materials for summe r fabric.  The mat erial has a SPF ov er 60, dries quick ly, is light ,
resistant  to abrasion and e xtreme ly tear-proof.

What Are The Drawbacks, Deficiencies Or Dangers Of Nanomania?
All of the above seems wonderful and exciting and this is just the tip of the iceberg.  There will be
numerous other advances that are likely to improve medical care and public health over the next decade
as more and more people jump on the nanotechnology bandwagon.   However, many are concerned that
this nanomania may have a downside that is not yet appreciated because we don't know enough about
the long-term consequences of switching to certain nanomaterials.  Many promising new technologies
like DDT were hailed as triumphs until it was learned years later that in addition to killing insects, it was
also lethal to eagles, falcons and other birds of prey.  Chlorofluorocarbons introduced in the 1920's
were the coolants of choice for refrigerators and air conditioners for over 7 decades years until it was
found that they destroyed the Earth's ozone layer and were eventually banned.

Som e scie ntists are concerned that zinc oxide  nanoparticles in sunscreens could be absorbed into
skin cells and possibly int eract with sunlight to damage them.  Others worry that  the ability  of
som e nano particles to pass through cells could allow the m to pass into the  blood stream and
lodge in brain, lung, kidne y or other tissue or other organs.  In one  recent anim al study, carbon
nanotubes used to deliver drugs were found to promote blood clotting.  Buck yballs are a
microscopic form of carbon discov ered in 1985  and named after Buckminster Fuller, who invente d
the  geode sic dome.  While buckyballs can enable much fast er Int ernet speeds and
com munications through cellular network s and phone lines, preliminary  studies suggest that they
can also kill waterborne bacteria and break down brain ce lls in fish.  We don't know what will
happen when buckyballs wash out of consumer product s and into sewage plants that discharge
int o lake s, riv ers, or coastal waters.  What will happen when factories that produce or use
buckyballs discharge their wastes directly into wat erways?  The re are  no clear answers and laws
such as the Tox ic Substance s Cont rol Act, the  Food, Drug and Cosmetic Act, and the Fede ral
Haz ardous Subst ances Act must all be re writte n to include  safet y prov isions for nanomat erials.
Labor unions and environmentalist s are concerned about possible  safet y and health hazards and
som e trial lawy ers have com pared nanote chnology to asbest os, which has been plagued by more
than $70 billion in litigat ion ov er the  past three decade s
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Since nano-devices are too small to be seen by the human eye, some fe ar that they  could be
use d to control human brains or record and transmit  private conversat ions.  Others are
concerned that nano devices will lead to gadgets that will make  us progressively lazier or
int ensify  deadly coronary prone Type A behavior.  A February 3 Wall Stre et Journal article
described a $15 0,000 system  recently installe d for a 35-y ear-old Wall Stree t inve stor designe d to
mak e him productive the mom ent he  opens his eyes. "When he shut s off his alarm, automat ic
shades gradually let sunlight in the bathroom . Then the towel warmers switch on, the floor
warms and the toilet seat heats up. Whe n he turns on his faucet , a 15 -inch LCD screen appears
in the mirror with a touch panel full of icons; he can click on a 'Bloomberg' logo to see his
portfolio, an 'email' logo to che ck messages and a 'TV' logo for morning financial news." And
behind that screen is a com puter.  Anot her Ty pe A CEO wit h a Blackberry, tw o mobile phones,
three off ice computers and wirele ss Int ernet for his car now also wants to make sure that being
in the bathroom  will not ke ep him  out of the loop.  "When he answers the speaker-phone in his
shower, the wat er aut omatically shuts off. He  can open the front door for deliveries while
shaving. He's also put the finishing touches on a waterproof computer that will let him  answe r
emails from his sauna."  The article goes on to describe how similar "Type A" bat hrooms are
quickly becoming the new home off ice for work aholics.

One  cannot help but be reminded of Oswald Spe ngler's The  Decline of the We st, one of the most
widely discusse d book s in the 192 0's and 1930 's.  It was a brilliant review  of all great cult ures
showing that there we re certain common characterist ics that were associated with their growth,
mat uration and decline.  One of the most consistent  features that pre dicted the end of a
civ ilizat ion was a preoccupation with product s and gadget s that  promoted pe rsonal comfort.  A
good exam ple was Rome  in the third cent ury A.D., when it was at  the height of its power.
Engineers had constructed roads all ove r the vast empire equal to ten times the circumf erence  of
the  earth at the equator.  They didn't hesitate to cut through hills, tunne l unde r mountains, build
sturdy bridges over rivers and valleys, and their "freeways" we re as straight and flat as possible.
Many of these are still in use.  They built extensive wat er supply and sewe r syst ems some of
which were large enough to drive a wagon through and still function.  Water was everywhere,
supplied by fantastic aqueducts over long distances. Hot-and-cold-water public baths were a must
to the Romans. There were over 800 public baths in the city of Rome itself and wealthy people had
furnaces under their houses with warm air circulating through pipes or ducts in the walls.  No one
could have imagined within a hundred years, the great Roman Empire would be conquered by
barbarians and disappear.  Spengler accurately predicted World War II, the fall of Germany and
warned that Western civilization was on its way out because of its growing preoccupation with
creature comforts and gadgets.  Will nanotechnology provide the crowning blow?  It is the death
knell for our civilization or will it possibly ring in the birth of a new and better one?

Only time will tell.  For the present, perhaps it is best to take advantage of and enjoy the benefits
nanotechnology can provide while remaining sensitive to the dangers it might pose for future generations.
Health and Stress
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