




Editorial–

NUCLEAR watchdogs have a straightforward 

job to do: safeguard the public and workers at 

nuclear plants from the well-established 

dangers of nuclear power. Not so in Canada, 

apparently, where the head of the Canadian 

Nuclear Safety Commission, Linda Keen, found 

herself without a job last week when the 

government took offence at her shutting down 

a reactor whose safety was causing concern. 

The reactor, at Chalk River, Ontario, makes 

more than half the world’s medical isotopes, 

the type used in diagnostic imaging for cancer 

or heart disease. Closing it down led to an acute 

shortage of these isotopes, and the government 

claimed Keen’s decision had put lives at risk so 

she had to be sacked (see page 6).

The saga started in November last year, 

when scheduled maintenance checks 

revealed that two back-up cooling pumps, 

which were required as a condition of the 

reactor’s licensing agreement, had never 

been fitted. It had been operating without 

them for 17 months, in clear breach of safety 

requirements, so Keen ordered that the reactor 

should stay closed until they were installed.

Closing a reactor is one of the few cards 

a safety watchdog has up its sleeve when 

a company fails to meet safety standards, 

and Keen was only doing the job expected of 

safety authorities the world over. Canada’s 

parliament apparently disagreed: in 

December, it voted to reopen the reactor, 

overruling Keen’s decision and undermining 

the watchdog’s authority.

It gets more bizarre still. The natural 

resources minister, Gary Lunn, who ultimately 

fired Keen, claims that as part of its mandate 

to safeguard the health and safety of the 

population, the safety commission has a duty 

to protect the supply of medical isotopes. At 

the weekend, he suggested he would write that 

into the job description of Keen’s successor. 

It is hard to imagine a more blatant conflict 

of interest. Either your priority is to ensure 

people are protected from radiation, or you 

are responsible for what the reactor produces. 

A watchdog cannot do both. The Canadian 

government needs to sort out this mess 

quickly, and not just because the safety of its 

population is at stake.

The world is watching because Atomic 

Energy of Canada Limited, which owns and 

operates the Chalk River facility, is also a 

producer and exporter of nuclear technology. 

Customers for its   CANDU heavy water reactor  

include South Korea, China, India, Argentina, 

Romania and Pakistan. Canada is sending 

a dangerous message to these countries 

when it is prepared to undermine its own 

watchdog and compromise the protection of 

its workers and the public in order to keep 

one of its reactors open.  ●

“IT’S OK because it’s natural.” Heard that one 

before? The notion that a substance or process 

is more likely to be harmful if it’s synthetic is 

common among environmental and health 

pressure groups. Last week we heard it from 

the   Soil Association , which campaigns for 

organic food and farming in the UK. 

Its latest concern is nanoparticles, which 

it has banned from all its certified organic 

products on account of the risk they might pose 

to people’s health – but the ban only applies if 

they’re man-made. Natural nanoparticles 

such as soot are fine, says its press release, 

since “life has evolved with these”.

It is true that the health threats from many 

nanoparticles are still largely unknown. We 

know they can behave very differently to larger 

particles. For example, this week we report 

that ultrafine particles from car exhausts, 

which are slightly larger than nanoparticles, 

have been implicated in cardiovascular 

disease (see page 8). There is no evidence that 

people who apply suncreams that contain 

nanoparticles are putting themselves at risk, 

as the Soil Association implies, but there is 

still a great deal of research to be done.

Whether or not a nanoparticle is safe has 

nothing to do with whether it is “natural”, 

however. There are plenty of nano-substances 

found in nature that we would do best to 

avoid: soot, for example, and many viruses. 

Just because they existed in the environment 

in which we evolved doesn’t mean we are 

immune to their effects. It’s fine to flag up risks 

as they arise, but not to use false, unscientific 

distinctions when pressing your case.  ●

Natural does not mean harmless

Safety in meltdown
Canada is sending out a dangerous message over nuclear safeguards
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 News in perspective

Upfront–

caused a worldwide shortage. 

On 11 December, the government 

overruled Keen’s decision. 

The exact grounds for Keen’s 

removal are not clear, but Gary 

Lunn, Canada’s natural resources 

minister, says she “was prepared 

to put people’s lives at risk”. The 

act governing the CNSC appears 

to cover only the prevention of 

radioactive exposure, but Lunn 

wants to add maintenance of the 

supply of isotopes to CNSC’s 

responsibilities. “We will be giving 

a mandate letter to the new 

person and it will be very clear: 

the importance of the medical 

isotopes,” he said last weekend.

(See editorial comment, page 5)

THERE’S a monster under the 

ice. The discovery of a volcano 

in Antarctica could explain why 

a nearby glacier has been surging 

so quickly into the sea.

In an aerial radar survey 

that peered through the ice 

covering the Antarctic’s Hudson 

mountains, Hugh Corr and David 

Vaughan of the British Antarctic 

Survey discovered a layer of 

volcanic debris left by an eruption 

2000 years ago. The eruption 

would probably have created a 

THE physicists who took on the 

pope in the name of Galileo may 

now be regretting their move, in 

the face of a backlash from the 

Italian public. 

The pope had been due to give 

a speech last week marking the 

opening of the academic year at 

the University of Rome La 

Sapienza, but he cancelled his 

visit after 67 academics wrote a 

letter of protest and students held 

demonstrations. The academics 

objected to remarks by the pope 

in 1990 suggesting the church’s 

condemnation of the astronomer 

Galileo in the 17th century was 

rational and just. 

Many people feel that the 

pope’s freedom of speech has 

been suppressed, says Cristiano 

Germani, a physicist at the 

International School of Advanced 

Studies in Trieste, Italy. “The 

university was wrong to invite the 

pope, but once done, the students 

were wrong to protest against his 

right to speak, and that’s making 

Italians crazy,” he says. On 

Sunday, more than 200,000 

people turned out in support of 

the pope at his weekly sermon.

Meanwhile, high-profile 

physicists who signed the letter 

have found themselves in the 

firing line. Luciano Maiani, 

former director general of CERN 

in Geneva, Switzerland, had 

recently been named as head 

of Italy’s National Research 

Council, but some members of 

the Italian parliament have now 

called on the government to 

block his appointment. 

The rector of La Sapienza is 

reported to be planning to reissue 

his invitation.

HOW far can a nuclear watchdog’s 

remit to protect human health 

extend? That’s the question raised 

by the sacking last week of Linda 

Keen, head of the Canadian Nuclear 

Safety Commission (CNSC). 

In November last year, Keen 

ordered   the shutdown of a 

nuclear reactor at Chalk River , 

200 kilometres from Ottawa, 

after maintenance checks 

uncovered a safety breach. The 

reactor is also the world’s largest 

single supplier of medical 

isotopes, used in diagnostic tests 

for conditions such as cancer and 

heart disease, and the closure 

Some of the most stunning reefs in the 

“Coral Triangle”, the world’s richest area 

of coral biodiversity, have been destroyed 

by crown-of-thorns starfish, which feed 

by spreading their stomachs over coral. 

That’s the dismal result of a survey 

last month of reefs around Halmahera, 

an Indonesian island at the heart of the 

triangle, which stretches from the 

Philippines to the Malaysian peninsula 

to the Solomon Islands. 

“There have been ongoing outbreaks 

throughout the triangle, but at the 

isolated centre we hoped to find pristine 

reefs,” says team member Andrew Baird. 

“We were disappointed.” Baird and 

colleagues from James Cook University 

in Townsville, Australia, conducted the 

survey with the Wildlife Conservation 

Society’s Indonesia Programme . 

CORAL MEETS A THORNY END
The survey found that starfish 

had attacked about 20 per cent of the 

Halmahera reefs and reduced coral 

coverage in these areas by 95 per cent . 

Starfish-free reefs in the heart of the 

triangle had 30 per cent more coral 

diversity than reefs further out. 

The most likely cause of the rise in 

crown-of-thorns numbers is pollution 

from sewage and agricultural run-off, 

Baird says. Microalgae bloom in the 

nutrients and are eaten by starfish 

larvae. However, other biologists argue 

that crown-of-thorns outbreaks are a 

natural part of reef ecosystems.

The need to find the answer will 

be used to pressure the Coral Triangle 

Initiative, set up to protect the reefs, 

to conduct basic research into how the 

ecosystem functions.
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“They were wrong to invite 
him, but once done, students 
were wrong to protest” 

–Attack of the killer starfish–

Papal backlash Nuclear priority

Ice on the skids

6 | NewScientist | 26 January 2008 www.newscientist.com



60 SECONDS

Space pioneer fined 

Private rocket-builder Scaled Composites 

has been fined $25,870 over an accident 

that killed three of its employees in 

July 2007. California’s industrial safety 

agency said the company failed to fully 

train employees to handle nitrous 

oxide, which exploded during tests 

of its SpaceShipTwo craft.

Cloned meat ‘fit to eat’

Food safety authorities in Europe and 

the US have independently declared 

meat and milk from cloned livestock to 

be safe to eat. Not that we’re likely to 

taste it any time soon: both the US 

Food and Drug Administration and the 

European Food Safety Authority say 

cloned animals are too valuable to be 

used for anything other than breeding. 

Spot the damaging genes

Volunteers from China, the US and the 

UK are to hand over their DNA to speed 

the search for medically important 

gene differences between individuals. 

Through the 1000 Genomes Project 

launched on 22 January, teams in 

participating countries will sequence 

and compare the DNA of volunteers to 

identify disease-specific gene variants. 

Night-time spinach 

The lack of meat in refugee rations in 

east Africa has prompted a flourishing 

illegal trade in wild meat, known as 

“night-time spinach” in refugee camps. 

The trade is endangering wildlife 

populations and threatening rural 

communities’ food supplies, according 

to a report by the Traffic wildlife 

monitoring network.

Poor nations’ burden 

Ecological damage by rich nations is 

costing poor nations more than their 

combined foreign debt, according to an 

analysis of more than 40 years of data 

on human activity and environmental 

damage. Climate change, ozone 

depletion, deforestation and overfishing 

have cost up to $47 trillion at current 

values (Proceedings of the National 

Academy of Sciences, DOI: 10.1073/

pnas.0709562104).

temporary hole several hundred 

metres wide in the West Antarctic 

ice sheet  (Nature Geoscience, DOI: 

10.1038/ngeo106).

If the volcano is still generating 

heat, the topography of the 

bedrock around the volcano 

would funnel meltwater from the 

mountain’s flanks and lubricate 

the base of the nearby   Pine Island 

glacier, say Corr and Vaughan. 

The glacier has suddenly lurched  

towards the sea twice in the last 

two decades. 

The researchers point out 

that climate change, not volcanic 

heat, remains the most likely 

explanation for the widespread 

thinning of ice taking place across 

western Antarctica. 

IT’S not quite full speed ahead 

and damn the whales, but this 

week President Bush has given 

the US navy special dispensation 

to use sonar in training exercises 

off the southern California coast, 

in spite of restrictions imposed 

by a district court judge to protect 

marine mammals.

At issue are mid-frequency 

sonars,   which have been linked to 

whale strandings and deaths , but 

which the navy considers essential 

for spotting ultra-quiet diesel-

powered submarines. Earlier this 

month, Judge Florence-Marie 

Cooper imposed restrictions on 

sonar training missions in a case 

filed by the National Resources 

Defense Council and the 

California Coastal Commission.

Navy officials appealed to 

President Bush, who last week 

exempted the training exercises 

because of their importance to 

national security. At the same 

time, the administration’s Council 

on Environmental Quality allowed 

the navy to operate without an 

environmental impact statement. 

The judge temporarily dropped 

the two restrictions the navy 

considered most troublesome – 

to shut down sonars when 

marine mammals come within 

2 kilometres of the transmitters, 

and when conditions allow sonar 

pulses to travel long distances.

IT HAS taken 18 months of 

wrangling and sensational tabloid 

headlines, but two UK research 

teams have been granted their 

wish. They will at last be able to 

try cloning   “cybrid” embryos  in 

the hope of shedding light on 

human neurodegenerative 

diseases and providing clues 

on how to reprogram skin and 

other cells.

On 17 January, the UK’s 

Human Fertilisation and 

Embryology Authority granted 

licences to make cybrids to teams 

led by Lyle Armstrong at the 

University of Newcastle upon 

Tyne and Stephen Minger at 

King’s College London. 

The teams will now use 

somatic cell nuclear transfer, the 

technique used to create Dolly the 

sheep, to fuse nuclear DNA from 

human skin cells with cow or 

rabbit eggs stripped of their own 

nucleus. The best case scenario 

is that the cybrids, which are 

99.9 per cent human, will yield 

human embryonic stem cells, 

although there are serious doubts 

about whether it is in fact possible 

to create   useful cybrids  at all. 

“They will clone cybrid 
embryos in the hope of 
shedding light on disease” 

Organ transplantation would be a lot 

simpler if recipients didn’t have to take 

immunosuppressant drugs for the rest 

of their lives. B ut how do you stop 

mismatched organs from being rejected? 

Bone marrow from the donor may 

provide the answer. 

Four out of five patients given non-

matching kidneys successfully adopted 

their new organ and have been living 

without   immunosuppressant drugs  for 

up to four-and-a-half years, according 

to David Sachs and Benedict Cosimi at 

the Massachusetts General Hospital in 

Boston, who pioneered the technique. 

Their first step was to partially destroy 

the recipients’ bone marrow and use an 

antibody to lower the level of T-cells – 

the immune cells involved in organ 

rejection. Then they transplanted the 

kidney, along with bone marrow-

derived cells from the donor, and kept 

the patient in a sterile environment for 

about two weeks.

The donated cells and the patients’ 

own cells created a mixed bone marrow, 

which caused the immune system to 

accept both the patient’s cells and the 

donated organ. Oddly, even though this 

chimeric state is only temporary, the 

tolerance seems to be long-lasting. The 

patients’ immune systems have continued 

to tolerate the new organ for several 

years, and work on animals suggests this 

may last indefinitely (The New England 

Journal of Medicine, vol 358, p 353). 

Sachs suggests the technique 

could eventually be extended to 

xenotransplantation, using organs 

from animals such as pigs. 

ANY KIDNEY WILL DO 
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Blow to whales

Cybrids are go
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This week–

LIVING close to a busy road can 

damage your heart – and now 

we’re closer to understanding why. 

Previous studies had suggested 

that people living in   polluted areas 

are more at risk of heart disease . 

For example, a study published 

in The New England Journal 

of Medicine last year showed 

that women in 36 American 

cities were more likely to develop 

  heart disease  if the air they 

breathed was rich in particles 

measuring 2.5 micrometres or 

less in diameter – known as 

PM2.5s – which are present in 

car exhaust fumes.

It now seems that a greater 

hazard may be posed by so-called 

“ultrafine” particles, about a dozen 

times smaller at 0.18 micrometres 

wide. The latest study in mice has 

shown that they clog up arteries 

with fatty atherosclerotic deposits, 

and chemically alter “good” 

cholesterol, or high-density 

lipoprotein (HDL) cholesterol, 

reducing its beneficial effects. 

The results pose a dilemma for 

air quality regulators, for unlike 

PM2.5 particles and larger PM10s, 

which are already monitored and 

restricted, ultrafine particles are 

almost too small to detect or 

filter. “It has been shown before 

that PM2.5 is more dangerous 

than larger particles,” says Andre 

Nel of the University of California 

at Los Angeles, who led the study. 

“Now we’ve added that ultrafines 

are probably even more 

dangerous than PM2.5.”

For their experiment, Nel’s 

team parked a special mobile 

laboratory near highway 110, 

one of the busiest roads in Los 

Angeles. For five weeks, mice 

breathed in fumes captured from 

the passing traffic, which had 

been concentrated into three 

separate streams. One contained 

clean air filtered of almost all 

its particles. A second stream 

contained the ultrafine particles 

and the third contained PM2.5s. 

When they examined the 

blood vessels of mice exposed to 

the ultrafine particles, they found 

55 per cent more atherosclerotic 

plaque than in mice exposed to 

clean air and 25 per cent more 

than in mice exposed to PM2.5s. 

Moreover, lab tests on cells 

taken from human arteries 

showed that HDL cholesterol 

from the blood of mice that had 

breathed the ultrafine particles 

was less effective than normal 

at blocking inflammation 

triggered by oxidative damage 

to tissue (Circulation Research, 

DOI: 10.1161/CIRCRESAHA. 

107.164970). Such damage occurs 

throughout life as a result of 

normal cellular activity, but is 

usually repaired. The mice also 

showed evidence of oxidative 

damage to fat, and abnormally 

high activity of genes in the liver 

that combat oxidative damage. 

The results imply that the 

ultrafine particles are coated 

with the products of fuel 

combustion, such as polyaromatic 

hydrocarbons, which cause 

oxidative damage in the body. For 

example, HDL loses its protective 

effect if it is oxidised, says Nel.

“They’ve confirmed prior 

findings that concentrating 

particles can accelerate 

atherosclerosis, and shown that 

the smallest particles seem most 

effective at doing this,” says Joel 

Kaufmann of the University of 

Washington in Seattle, who led 

the New England Journal of 

Medicine study.

Ultrafine particles might 

cause more damage than PM2.5s 

because their collective surface 

area is greater, meaning that 

they can transport more tissue-

damaging chemicals into the 

body, Nel says. There are between 

100 and 1000 times more 

ultrafine particles than PM2.5s in 

car exhaust fumes. “They are also 

smaller, and so penetrate deeper 

into the lung, and they’re retained 

there longer,”  says Nel. 

The big question is whether 

the ultrafine particles are so small 

that they could sneak through 

pores in the lung lining and into 

the bloodstream. “Animal studies 

suggest they can, but human 

studies are inconclusive,” says 

Jon Ayres at the University of 

Aberdeen, UK, who chairs the 

UK government’s Committee on 

the Medical Effects of Air 

Pollutants. Two years ago the 

committee produced a report 

warning of a possible link 

between ultrafine particles and 

cardiovascular disease.

“This latest study suggests 

that the ultrafine fraction plays 

a particularly strong role in the 

oxidative and bloodstream 

inflammatory effects,” says Nino 

Künzli of the Centre for Research 

From a city’s 
arteries into ours
Unregulated and almost impossible to detect, the 
finest particles could be the ones causing heart disease
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A KEY breakthrough in medical science 

may already have been achieved at a 

California biotech firm. Andrew French 

and his team at Stemagen in La Jolla 

reported last week that they have 

cloned human embryos. The also say 

they have extracted and grown cells 

from these embryos, but both French 

and the rest of us will have to wait a 

bit longer to find out whether these 

turn out to be the precious   human 

embryonic stem cells  (hESCs) from 

which all tissues originate when 

embryos grow in the womb.  

If the cells do turn out to be hESCs, 

they will be the first ever created 

through the cloning technique that 

produced Dolly the sheep. They 

would bring closer the possibility of 

growing replacement tissue from a 

patient’s own cells, and so overcome 

shortages of donated organs and 

avoid problems of tissue rejection. 

So far, no one is celebrating, 

though. The company’s progress is 

being monitored every step of the 

way by fellow researchers still scarred 

by the scandal that broke in 2005 , 

when it emerged that Woo Suk 

Hwang of Seoul National University 

in South Korea had fooled the world 

into thinking he had made cloned 

hESCs. Since Hwang was exposed as 

a fraud, stem cell researchers have 

greeted every claimed breakthrough 

with deep scepticism. 

Last week was no exception. “I’m 

not sold yet. We need to be ultra-

cautious after the Hwang scandal, 

and not make the same mistake all 

over again,” says Robert Lanza, chief 

scientist at Advanced Cell Technology 

in Worcester, Massachusetts. 

French says his team created an 

embryo by fusing DNA taken from one 

of his own skin cells with a human 

egg that had been emptied of its DNA. 

This matured into an early human 

embryo called a blastocyst, from 

which it should in theory be possible 

to extract hESCs matched to French. 

Subsequent tests published in 

Stem Cells (DOI: 10.1634/stemcells. 

2007-0252) appear to show that 

the embryo was indeed a clone 

of French’s skin cell. It contained 

his DNA, along with traces of 

mitochondrial DNA from the woman 

who donated the egg. 

Only one other cloned human 

blastocyst has ever been made. In 

2005 Lyle Armstong and colleagues 

at the University of Newcastle upon 

Tyne in the UK grew a blastocyst from 

a cloned embryonic stem cell. But 

because adults don’t have ESCs, this 

could never be a route to providing 

personalised tissue.

Of 21 embryos created through 

the Stemagen process, five survived 

and grew into blastocysts, which 

contained between 40 and 72 cells. 

Only one contained both French’s DNA 

and the DNA from the woman’s egg. 

Rival stem cell researchers question 

why French didn’t go the whole hog 

and extract hESCs from the embryo he 

had created. They are also concerned 

that the blastocysts he produced 

looked abnormal. “I couldn’t see an 

inner cell mass in any of them,” says 

Stephen Minger, a stem cell researcher 

at King’s College London. The inner 

cell mass is the area of the blastocyst 

where any ESCs would reside.

French says the blastocysts had 

to be destroyed in order to prove 

that they were indeed cloned – and 

that this took priority over trying to 

extract stem cells. “We had to be 

cautious because of the controversy 

involved,” he says. French also 

agrees that the blastocysts were not 

“top grade”, but says the company 

has since made many more that are 

much improved in appearance. 

He told New Scientist that cells 

extracted from the embryos are 

currently being grown in the lab,  

but that it was too soon to say if any 

were hESCs.  Andy Coghlan  ●

“Since Hwang was exposed as 

a fraud, stem cell researchers 

have greeted every claimed 

breakthrough with caution”

www.newscientist.com 26 January 2008 | NewScientist | 9

Are cloned stem 
cells on the way? 

in Environmental Epidemiology 

in Barcelona, Spain, who showed 

in 2005 that women in Los 

Angeles who were exposed to 

PM2.5 particles in their homes 

had thicker artery walls – a marker 

of atherosclerosis. 

However, Künzli and others 

warn that it is too early to 

presume that what happens in 

mice will also happen in people. 

For example, because the particles 

were concentrated before the 

mice inhaled them, the levels the 

mice breathed in were up to six 

times as high as those to which 

commuters in Los Angeles are 

regularly exposed. Also, the mice 

had been genetically engineered 

to develop plaques more quickly 

than normal, meaning it would 

likely take longer for similar 

effects to materialise in humans.

The findings nevertheless 

pose awkward questions for 

regulators and car manufacturers, 

which are already struggling 

to enforce or meet existing 

standards for PM2.5. 

“This new, important study 

shows that ultrafi ne particles 

may be of greater concern than 

larger ones,” says George Gray of 

the US Environmental Protection 

Agency’s Offi  ce of Research and 

Development. “This study will be 

carefully considered as the EPA’s 

Offi  ce of Air moves forward with 

its regular review of the existing 

PM regulations,” he says.

The other bad news is that 

anti-pollution masks won’t block 

out ultrafine particles, although 

some car manufacturers in 

Europe are now fitting vehicles 

with electrostatic devices that can 

precipitate them out.  ●

–No one is monitoring the superfine emissions–

“This study suggests that ultrafine 

pollution plays a particularly 

strong role in oxidative and 

blood inflammatory effects”
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● Inbred offspring live to ripe old age, page 14



This week–

MOSES may have parted the 

Red Sea, but that was nothing 

compared to this feat. The world’s 

biggest tectonic plate under the 

Pacific seems to be tearing apart, 

forming a new mid-ocean ridge 

and two distinct plates. 

Muriel Gerbault and Valerie 

Clouard of the University of 

Chile in Santiago believe this is 

happening because the northern 

half of the plate has been moving 

west at a faster rate than the 

southern half for the past 

7 million years. 

North of the equator, the 

plate is moving relatively 

quickly toward the Mariana 

trench, where the ocean crust is 

disappearing into a subduction 

zone. Meanwhile, in the southern 

hemisphere, the Tonga trench is 

consuming crust more slowly, and 

is itself migrating in the opposite 

direction to the Pacific plate. 

Both of these factors have slowed 

the movement of the southern 

half of the plate by as much as a 

centimetre per year compared 

with the northern part. 

As evidence for their theory , 

the researchers point to the 

existence of several archipelagos 

in the south Pacific – running 

from Samoa to Easter Island –    

including the Pitcairn and Cook 

islands, and French Polynesia. (see 

Map). Gerbault and Clouard think 

they formed when molten mantle 

erupted through cracks in the 

tearing plate (Earth and Planetary 

Science Letters, vol 265, p 195) – an 

idea that has reignited a decades-

old debate over whether plates 

pulling apart can trigger volcanic 

activity.  Most geologists think 

that these volcanic islands were 

created by “hotspots”, large 

plumes of mantle material that 

can punch through the middle of 

tectonic plates that don’t need to 

be weakened first. Island chains 

like the Hawaiian archipelago, the 

Canaries, and Iceland are also 

thought to have formed this way. 

To back up their theory, the 

team built a model of the strain 

patterns across the Pacific plate 

using data from the ocean 

trenches and GPS readings of 

movement in the plate. Their 

model predicted a line where the 

crust was likely to tear and form 

volcanic islands and it matched 

the position of existing islands.

Norman Sleep of Stanford 

University in California  thinks 

the researchers’ claim for a new 

plate boundary is interesting, 

but has some doubts about the 

mechanism they use to make 

their case. Like many other 

geologists, he believes that 

strain on the Pacific plate on its 

own would not be enough to 

prompt hot mantle to well up. 

There are several places on Earth 

where oceanic crust is being 

stretched, but with very little 

volcanic activity, he says. “Ocean 

spreading ridges in the Indian and 

Arctic Oceans are notably very 

magma-starved.” According to the 

geological “standard model”, a 

plume of buoyant mantle beneath 

the region must also be involved 

for magma to rise to the surface in 

the volumes it has.

Gerbault admits that a plume 

could be influencing the 

formation of islands, but found 

that when they included this 

information in a second model, 

the island chains formed in a 

different place.

Whether a plume is involved 

or not, if things continue apace, 

Gerbault says the tearing could 

create a new mid-ocean ridge, and 

a new plate boundary. If they are 

right, between 5 and 20 million 

years from now the Pacific will 

effectively be divided in two.  ●

Is the Pacific 
splitting in two?

SOUNDBITES

‹ Our main concern is 
that the human genome 
is set to become a massive 
marketing scam.›

Helen Wallace of pressure group 

Genewatch warns against unscrupulous 

companies selling cheap, inaccurate 

genetic tests for future disease risk 

(The Guardian, London, 22 January)

‹ Assume that you don’t 
have all the answers. I can 
assure you we don’t.›

Google’s Eric Schmidt tells NASA it 

should invite more public participation 

in developing its space programmes 

(The Washington Post, 18 January)

‹ Common actions are 
needed in every country 
to protect the common 
inheritance that has been 
given to us by our creator.›

Prince Charles raised a few eyebrows 

at an alternative-energy conference 

in Abu Dhabi, not least because he 

had “beamed in” as a hologram 

(The Guardian, London, 22 January) 

‹ The way they keep targeting 
gays as if gays alone are 
responsible for it – it’s like 
HIV/AIDS all over again.›

Researchers at the University of 

California, San Francisco, provoked 

anger from many people, including 

local resident Colin Thurlow, after 

claiming that gay men were “many 

times more likely than others” to 

acquire a new strain of MRSA (The 

New York Times, 20 January)

‹ If it sells, well, then 
we can come another day. 
This is very important to 
our continuing.›

Joe Taylor, creationist founder of Mount 

Blanco Fossil Museum who believes that 

we co-existed with dinosaurs, on 

having to sell off a fossilised mastodon 

skull to rescue the museum from financial 

trouble (Associated Press, 17 January)
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THE GREAT DIVIDE

If the Pacific plate is moving westward faster north of the equator than south, the stress may 

eventually divide it in two
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“The northern Pacific plate has 

been moving west at a faster 

rate than the southern part for 

the past 7 million years”



This week–

House-hunting bees 
behave like a brain
ROWAN HOOPER
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WHEN 20,000 bees need to find a 

new nest site, how do they scout 

out potential locations and decide 

where to set up home? The queen’s 

role is crucial to the life of the hive, 

but she’s no house hunter. 

Instead, democratic decisions 

are made through a process using 

thousands of worker bees. The 

  swarm is a superorganism , says 

Kevin Passino of Ohio State 

University, Columbus. It uses 

“group memory” to make collective 

decisions in a way that parallels 

how neurons communicate in a 

vertebrate brain. “The swarm 

knows more than the sum of what 

every bee knows,” says Passino. 

In springtime, half of a healthy 

bee colony will form a swarm 

cluster (pictured) in preparation 

for finding a new home. Several 

hundred scout bees set off to 

search potential sites, such as 

holes in trees. Each scout will 

spend about 30 minutes assessing 

relevant factors such as the size of 

the cavity, the presence of ants 

and the aspect of the sun. 

The scouts then fly back to the 

cluster and use a combination of 

  waggle dances and runs across the 

body of the cluster  to transmit 

information about the site to the 

other bees. The more runs across 

the cluster a scout makes – on 

average 150 – the higher the scout 

rates the site.

The scout then revisits the 

potential home, taking one or 

two “recruits” with it to make 

their own assessment. If a recruit 

likes the site too, it will return to 

the cluster and give positive 

feedback in the form of a similar 

waggle-and-run combination, 

which generates yet more 

recruits, and so on. If enough 

recruits agree on a particular site, 

a “quorum threshold” is reached 

and the swarm lifts off to the 

new location. This ongoing 

recruitment process means that 

the swarm can simultaneously 

assess, compare and “remember” 

different sites during selection.

However, if recruits disagree 

with a scout’s positive assessment 

of a potential site, then support 

for it will fade away. That’s because 

every time a bee returns to the 

swarm from a potential site, it 

makes about 15 fewer runs across 

the cluster than after its previous 

trip. Without a good number of 

returning recruits joining in to 

advocate the site with their own 

runs, the number of bees in favour 

of that site diminishes until 

support for it drops to zero.

Passino and colleagues built a 

computer model to simulate the 

process. It showed that starting 

with 150 runs, and reducing by 

15 each time, ensures that a swift 

yet accurate decision is reached, 

and the choices of error-prone 

bees are filtered out (Behavioral 

Ecology and Sociobiology, DOI: 

10.1007/s00265-007-0468-1).

The decision-making process 

is a race to see which option 

accumulates sufficient evidence in 

its support, says co-author Thomas 

Seeley of Cornell University in 

Ithaca, New York. Brains make 

decisions in a similar way: a 

neuron’s level of activation is akin 

to the number of runs a bee makes, 

and high activation helps “recruit” 

more neurons to its cause.

The study “beautifully 

demonstrates ‘quorum sensing’ 

as a mechanism for collective 

decision making,” says Bert 

Hölldobler, of Arizona State 

University in Tempe.  ●

“The swarm uses ‘group memory’ 

to make collective decisions in a 

way that parallels how neurons 

relate in a vertebrate brain”

–Everyone gets a say–
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This week–

MARRY your cousin to have long-lived 

kids? Inbreeding is not usually 

mooted as the key to longevity, but 

Giuseppe Passarino of the University 

of Calabria in Rende, Italy, thinks it 

might be. “Everyone knows that 

inbreeding is bad – it increases your 

chances of catching a range of 

diseases,” he says. “But on the other 

hand, our study suggests that if 

inbreds don’t get those diseases 

when they’re young, they might have 

a better chance of long life.”

Passarino and his colleagues 

used census data to identify a 

geographically isolated region of 

southern Italy with more than its 

fair share of male nonagerians. When 

the team looked at the local phone 

book, they found many people in the 

region shared the same surname, 

suggesting marriage between related 

individuals was common (Annals of 
Human Genetics, DOI: 10.1111/j.1469-

1809.2007.00405.x).

“The level of inbreeding can 

be measured quite precisely by 

studying surname distribution,” 

says Passarino. Because a surname 

is passed through the paternal line, 

it behaves like a gene transmitted 

through the Y chromosome, he says.

Everyone has two copies of each 

gene. In a large gene pool there is 

a high chance that those copies will 

be distinct. But in a small, inbred 

community, the gene pool remains 

the same and it is more likely that an 

individual will be “homozygous” – 

with two identical copies of a gene.

“Longevity seems to be linked to 

homozygosity,” Passarino says. This 

may be because certain copies of some 

genes boost lifespan, and carrying 

two of them doubles the effect. 

A number of DNA analyses have 

located regions of the genome where 

centenarians show an unusually high 

level of homozygosity, he says.

“It is theoretically possible to 

observe more centenarians as a 

result of inbreeding,” says Leonid 

Gavrilov at the University of 

Chicago, but he wonders why only 

men were the beneficiaries.

Passarino says it may be because 

the genetic component of longevity 

plays a more important role in men, 

whereas  in women,  environmental 

factors come to the fore . Healthcare 

has improved in western Europe 

over the past 60 years, which has 

benefited women more than men. 

For example, in Denmark the number 

of male centenarians is 10 times as 

high because of better healthcare, 

but the number of females is 50 

times higher, he says. The region that 

Passarino identified is economically 

poor and has limited healthcare. This 

could explain why fewer women 

than men live to old age there.

Bruce Carnes of the University of 

Oklahoma cautions against   marrying 

a relative , however. “Homozygosity is 

typically a very bad thing,” he says. 

“Almost every discussion of inbreeding 

that I have ever read has emphasised 

its downside.”  Colin Barras  ●
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AT INDIA’s largest burns centre 

in Victoria Hospital, Bangalore, 

“WE APOLOGISE for recent price increases,” 

reads the sign over the bread counter, “but 

they are due to global factors beyond our 

control.” This is not a Third World food stall 

but an upscale supermarket in Brussels, 

capital of the European Union, whose 

farming system was once notorious for the 

mountains of surplus grain it produced. 

Those mountains are now gone. 

The world is down to its lowest grain 

stocks for decades, and food prices are 

up around the world. 

There were street riots over the price 

of basic foods in Mexico and India last 

year, and in Jakarta, Indonesia,  last week. 

China and Russia have slapped controls 

on food prices to prevent unrest and 

inflation. Low-income Americans are 

feeling the pinch of 10 per cent increases 

for bread, 19 per cent for milk. Italians 

boycotted pasta for a day last September 

in protest at a 7 per cent price hike.

Get set for more, and worse. The 

recent rises are down to the high price 

of oil. Food production the world over 

requires massive amounts of oil for 

everything from manufacturing fertiliser 

to shipping grain. It is no accident that as 

oil hit $100 a barrel last year, maize prices 

stood at a record $4 a bushel. Prices are 

unlikely to fall any time soon, says Lester 

Brown of the Earth Policy Institute, 

a Washington DC think tank, who has 

  long predicted what is now happening .

Brown, like most observers, also 

blames the   surge in biofuel production , 

driven by US policy and   high oil prices . 

That boosts demand for grain and 

oilseeds, pushing up food prices across 

the board. But there is a more fundamental 

problem too: there is just not enough land 

to grow all we need for food and fuel.

Market theory suggests that high 

prices should lead to increased supply, 

with more yield per hectare and more 

hectares planted. Trouble is, there are few 

unused hectares. “I don’t think acreage 

will increase,” says Snow Barlow, head of 

agriculture at the University of Melbourne, 

Australia. There is some scope for 

improving yield – but will it be enough?

That’s doubtful. Even as prices for 

food are rising, so is demand. Population 

growth adds  200,000 new mouths a 

day. In addition, says Joachim von 

Braun, head of the International Food 

Policy Research Institute in Washington 

DC, growing prosperity in China, India 

and elsewhere is boosting demand for 

meat and other animal products, and it 

takes 2 to 6 kilograms of grain to produce  

every kilogram of milk, meat or eggs.

Putting these trends together, basic 

grain production is predicted to have to 

increase 2.5 per cent per year for the next 

40 years to meet projected demand for 

food and fuel. Most of this will have to 

come from yield increases. Yet for 

decades yields have grown by an average 

of only 1.5 per cent per year, and as 

climate change bites it will be hard even 

to maintain current yields, Barlow says.

The answer should be agricultural 

R&D. This was what produced the grain 

mountains of previous years – but that 

glut led to research cutbacks. Funding 

for agricultural R&D shrank throughout 

the 1990s in rich countries, says Julian 

Cribb of the University of Technology 

in Sydney, Australia. That should now 

change. College students take note: 

now would be a good time to major 

in agronomy.  Debora MacKenzie  ●

World’s poor are up in arms 
as pressure on crops grows

INSIGHT

Last year Mexico, this year Indonesia: 

where will food prices bite next?

“Longevity seems to be linked 

to homozygosity. Some genes 

boost lifespan, and carrying 

two copies doubles the effect”

The secret of 

a long life is a 

family affair
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This week–

IT’S a case of cosmic déjà vu. 

Four hundred years ago, Danish 

astronomer Tycho Brahe 

launched his career with an 

account of a dazzling stellar 

explosion as bright as the planet 

Venus. It later turned out to be 

a supernova in the Milky Way. 

Now a team of astronomers 

has watched the same explosion, 

long after the dying star fizzled 

out, by measuring “light echoes” – 

light from the original explosion 

that has reflected off interstellar 

dust and headed in our direction. 

They also saw faint reflected 

flashes from Cassiopeia A, the 

most recent supernova known 

to have occurred in our galaxy. 

Armin Rest of the Harvard-

Smithsonian Center for 

Astrophysics in Cambridge, 

Massachusetts, and colleagues 

began searching for the 

centuries-old supernova in the 

Milky Way after finding similar 

reflections from more distant 

historic supernovae in the Large 

Magellanic Cloud. Finding echoes 

from supernovae in our galaxy 

was a long shot, because they are 

nearer and their reflections are 

more diffuse (  New Scientist, 

5 May 2007, p 46 ). For example, 

the echoed light from Tycho’s 

supernova is around 20 billion 

times fainter than the light he 

observed directly in 1572.

The team took identical images 

of the sky a few months apart 

and then digitally subtracted 

one from the other to look for 

any changes. Any supernova 

reflections would appear to shift 

as the pulse of light from an 

exploding star sweeps across dark 

clouds of interstellar material. 

They found evidence for 

several sets of light echoes 

rippling across patches of dust 

in the northern Milky Way. The 

echoes appear to originate from 

two distinct locations in the sky, 

one corresponding to the known 

position of Tycho’s supernova 

and the other to Cassiopeia A, 

both of which are now just clouds 

of ionised material. “We’re 

confident we’ve got them,” Rest 

told a meeting of the American 

Astronomical Society in Austin, 

Texas, last week. 

The discoveries are more 

than an astronomical curiosity. 

The echoes of Tycho’s supernova 

should verify exactly what type 

of explosion caused it and help 

piece together the sequence of 

events that led to the glowing 

wreath of gas left over at the 

same place today.

The link between past and 

present is even more crucial for 

Cassiopeia A, which exploded 

sometime after 1660 but went 

unrecorded, presumably because 

its brilliant flash was obscured 

by dust. Its remnant was first 

detected by British radio 

astronomers in 1947.

Researchers disagree about 

what kind of supernova produced 

Cassiopeia A. For example, Craig 

Wheeler of the University of Texas 

at Austin recently used data from 

the Chandra X-ray Observatory to 

argue that the explosion must 

have been asymmetrical and 

therefore shone with varying 

brightness in different directions 

(www.arxiv.org/0711.3925). 

Analysis of the Cassiopeia A light 

echoes could put this idea to the 

test, since each echo shows a 

reflection of the supernova as it 

appeared from a unique angle. 

The chance to settle the 

Cassiopeia A mystery “would 

be absolutely wonderful”, says 

Brad Schaefer, an astronomer 

at Louisiana State University 

in Baton Rouge.  ●

Supernova echoes 
take us back in time
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–How did Cassiopeia A explode?–

IVAN SEMENIUK

NEED more drugs to numb the pain? 

It might be because you received 

them as a baby. Studies in rats 

suggest some premature babies might 

grow up with altered sensitivity to 

pain and painkillers if they received 

morphine in intensive care during 

their first few weeks after birth.

Around 3 per cent of babies in the 

UK and US are born so prematurely 

that they need invasive treatments 

such as surgery or mechanical 

ventilation to keep them alive. 

Although acceptance that these 

babies need pain relief has been 

slow to grow, most of them will now 

receive morphine at some point.

Sarah Sweitzer of the 

University of South Carolina in 

Columbia treated newborn rats 

with morphine injections  during 

the first nine days after birth and 

tested their pain sensitivity later in 

life. Rats are born so immature that 

their early development resembles 

that of a   premature baby . 

Even aged 39 days – the 

equivalent of adolescence – rats 

treated with morphine in infancy 

seemed to be more sensitive to 

pain because they withdrew their 

paws more readily when heated 

with a lamp or poked with a hair 

than did the rats that had been 

given a placebo. When the rats were 

given morphine, those who had 

received the drug as babies needed 

more of it as young adults 

(Brain Research, DOI: 10.1016/j.

brainres.2007.12.043).

Premature birth and pain are 

known to have other long-term 

repercussions, but the effects of 

morphine on adults born prematurely 

have still to be studied. If the rat 

findings hold true for people, we may 

need to change the approach to 

effective pain relief as premature 

babies grow up, says Sweitzer. 

Kanwaljeet Anand, a neonatal 

pain expert at the University of 

Arkansas agrees: “It’s high time we 

did some follow-up research on 

children who received morphine as 

premature babies.”  Nora Schultz  ●

When more 

morphine means 

feeling more pain  

“Rats treated with morphine 

in infancy needed more of it 

to kill pain when they were 

young adults”

M
.D

.S
TA

G
E 

ET
 A

L/
U

M
A

SS
 A

M
H

ER
ST

/M
IT

/C
XC

/N
A

SA



In brief–

 Research news and discovery
IM

A
Z 

PR
ES

S 
R

EU
N

IO
N

/G
A

M
M

A
/C

A
M

ER
A

 P
R

ES
S

EVER lose patience waiting for a 

bus and decided to walk instead? 

Next time, stick around, it’s nearly 

always the best strategy.

Scott Kominers, a 

mathematician at Harvard 

University, and his colleagues 

derived a formula for the optimal 

time that you should wait for a 

tardy bus at each stop en route 

before giving up and walking on. 

“Many mathematicians 

probably ponder this on their 

way to work, but never get round 

to working it out,” he says.

The team found that the 

solution was surprisingly 

simple. When both options 

seem reasonably attractive, the 

formula advises you to choose 

the “lazy” option: wait at the first 

stop, no matter how frustrating 

  (www.arxiv.org/abs/0801.0297) . 

The formula does break down 

in extreme cases, Kominers says, 

when the time interval between 

buses is longer than an hour, for 

example, and your destination is 

only a kilometre away. 

If you do choose to walk, you 

should make your decision before 

you start waiting, he says. You will 

still reach your destination later 

than the bus you’d have caught, 

but it will be much less frustrating 

than waiting for a while and then 

watching the bus shoot by. “It 

certainly has changed the way 

I travel,” Kominers says.

The mathematical reason to be lazy

SUNLIGHT glinting off alien 

oceans may help astronomers 

spot water on other worlds. 

Darren Williams of 

Pennsylvania State University, 

Behrend, and Eric Gaidos of the 

University of Hawaii at Manoa 

modelled the way a distant planet 

would reflect light towards Earth 

as it orbits its star. They showed 

that when a wet planet appears 

as a crescent, light striking the 

smooth surface of a large sea 

or ocean would make it appear 

brighter. The more uniform 

scattering from the rough surface 

of a drier planet means that it 

would not get brighter in this way. 

The researchers say this effect 

could be detected by the next 

generation of planet-hunting 

space telescopes. The work will 

appear in the journal Icarus.

Bright idea for 

planet spotters

A TWEAK to a couple of genes 

combined with a low-calorie diet 

has boosted the lifespan of baker’s 

yeast by a factor of 10.

Valter Longo’s team at the 

University of Southern California, 

Los Angeles, created a strain of 

yeast that lacks the genes RAS2 

and SCH9. The genes are linked 

with ageing in yeast and have been 

implicated in cancer in humans. 

Keeping the yeast on a 

calorie-restricted diet extended 

its life from one to 10 weeks with 

no evident side effects (PLoS 

Genetics, DOI: 10.1371/journal.

pgen.0040013.eor).   Previous 

studies have shown that calorie 

restriction can prolong the 

lifespans of animals , but 

mutations associated with 

longevity often cause problems.

The team is now trying the 

technique on mice, and is also 

studying a group of people from 

Ecuador who naturally have 

genetic mutations similar to 

those of the long-lived yeast. 

Eat less, live long 

The sound of ocean waves lapping on the beach could 

prove handy for more than just helping people sleep: they 

may help predict when a volcano is about to wake up.

When some land volcanoes are preparing to erupt, 

telltale changes on the surface can reveal a build-up of 

magma, but if the magma chamber is at depth there may be 

little sign of a pending eruption, says Florent Brenguier at 

the University of Grenoble in France. 

Now Brenguier’s team has found a way to monitor such 

inscrutable volcanoes. When ocean waves break, they send 

low-frequency shock waves over great distances through 

the Earth’s crust. The team found that these shock waves 

slow down if they pass through the magma chamber of a 

volcano that is experiencing pre-eruption rumbles. Placing 

about 20 sensors around a volcano could give a detailed 

picture of any changes at depth, says Brenguier.

The team correctly forecasted eruptions of the Piton de 

la Fournaise volcano on the island of Réunion in the Indian 

Ocean in July 2006 and April 2007 as much as 10 days in 

advance (Nature Geoscience, DOI: 10.1038/ngeo104).

Other natural seismic sources could also be used, says 

Brenguier, such as wind battering the ground. Even traffic 

might work, although its high-frequency waves cannot 

penetrate as deeply as ocean-generated ones, he says.

To know when it’ll blow, hit 
the beach and catch a wave
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FOOTWEAR, it seems, has been 

fashionable for rather a long time. 

Toe bones from a cave in China 

suggest people were wearing 

shoes at least 40,000 years ago. 

Erik Trinkaus and Hong Shang, 

from Washington University 

in St Louis, Missouri, measured 

the shape and density of toe 

bones from a 40,000-year-old 

skeleton found in Tianyuan cave 

near Beijing. They compared 

these bones with those from 

20th century urban Americans, 

late-prehistoric Inuits and other 

late-prehistoric Native Americans.

Shoes alter the way a person 

walks. With a rigid sole the toes 

curl far less than when barefoot 

and less force is passed through 

the bones, leading to obvious 

differences in the three recent 

populations. “Modern shoe-

wearing Americans have wimpy 

little toes,” says Trinkaus. 

Barefoot native Americans have 

strong, large toes. Shoe-wearing 

Inuits lie somewhere in between.

Trinkaus and Shang found that 

the Tianyuan toe bones were most 

similar to the Inuits’, indicating 

that this person regularly wore 

shoes (Journal of Archaeological 

Science, DOI: 10.1016/j.

jas.2007.12.002). 

Old boots just 

got older

FAMILY values may have declined 

over the 20th century, but blood 

remains thicker than water – just 

about. That’s according to a 

comparison of childless couples 

in 1910 with those of today.

Thomas Pollet at the University 

of Newcastle, UK, and Robin 

Dunbar of the University of Oxford 

studied   US census data from 1910 . 

They found that childless couples 

were three times as likely to have 

young nephews and nieces living 

with them as were couples with 

children. “These young children 

would be a biological cost,” says 

Pollet, because they would need 

feeding and clothing. 

The fact that couples did this 

is evidence that the “helpers at 

the nest” hypothesis – which says 

that family members will act to 

improve the reproductive success 

of others in their family – is active 

in humans, he says (Journal of 

Biosocial Science, DOI: 10.1017/

S0021932007002659).

“These family ties are more 

difficult to detect in modern 

society,” says Pollet. With the 

advent of contraceptives, couples 

can control the size of their 

family, so children are less likely to 

be passed on to childless siblings . 

However, modern childless 

couples care for their nieces and 

nephews in other ways. “We 

analysed Belgian families in 2004, 

and found that women are more 

likely to have had recent phone 

or email contact with nephews 

and nieces if they are childless 

themselves,” says Pollet. He also 

says that statistics show an 

individual is more likely to lend 

money to a sibling with children. 

“But if your sibling is childless, 

you keep your money to yourself.”

Families have changed, but we still care for our relatives

THE   flu pandemic  that struck in the 

autumn of 1918 killed tens of millions 

worldwide. But it now seems that it 

had a widespread, and much milder, 

trial run. 

Scandinavian health statistics 

record an unseasonable outbreak 

of flu in the summer of 1918. People 

who caught it were only a tenth as 

likely to die as those stricken in the 

autumn, but those who did catch 

it were mainly young adults – 

a hallmark of the autumn outbreak 

and a strong indication that the 

summer virus was closely related to 

it (The Journal of Infectious Diseases, 

DOI: 10.1086/524065).

Previous studies have shown that 

the autumn virus spread relatively 

slowly. It had been hoped that this 

was a general feature of pandemics, 

because it would mean that “social 

distancing” measures such as   closing 

schools could prevent deaths .

However, the Scandinavian 

figures suggest that the autumn virus 

spread slowly because the summer 

virus had already immunised many 

people. The team also found that 

the summer virus spread too fast for 

social distancing to work, but that 

the immunity it caused may have 

saved lives. Not every city got the 

summer flu and those that did may 

have had up to 40 times fewer deaths 

in the autumn.

If a pandemic behaved the same 

way now, this suggests we shouldn’t 

try to avoid the first wave. Watching 

out for it could also give us time to 

make vaccine before the bad wave hits.

1918 flu pandemic 
had trial run

IT’S bad news for tired mothers-to-be. 

The long-running controversy about 

whether drinking   coffee increases the 

chance of miscarriage  may have been 

laid to rest: it does. 

Several studies have linked 

caffeine to higher rates of miscarriage, 

but critics said the results could be 

skewed by women with healthy 

pregnancies reducing their caffeine 

intake because of morning sickness. 

De-Kun Li at California-based 

health insurer Kaiser Permanente 

interviewed 1063 women early in 

their pregnancies about their caffeine 

consumption, looking at both those 

who changed their drinking patterns 

and those who didn’t. All women 

were followed to 20 weeks of 

pregnancy or until miscarriage. 

Consumption of 200 milligrams or 

more of caffeine per day – equivalent 

to just over one cup of   coffee  – was 

associated with a more than twofold 

increase in miscarriage. Caffeinated 

fizzy drinks, tea and hot chocolate all 

showed the same effect (American 

Journal of Obstetrics and Gynecology, 

DOI: 10.1016/j.ajog.2007.10.803).

Li believes that caffeine, which 

constricts blood vessels, may be 

restricting blood flow to the placenta. 

Alternatively, it may have a toxic 

effect on the fetus. He says women 

should try to forgo all caffeine during 

pregnancy. “It’s not a big sacrifice.”

Pregnancy and 
caffeine don’t mix
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Comment and analysis–

SCIENCE, more than any other area 

of business, needs people with higher 

qualifications and skills – a first degree 

is the virtual minimum for entry-level 

jobs. Any country’s prosperity is 

dependent on a robust supply of 

people with science, technology, 

engineering and maths qualifications.

Yet the UK, like the US, is failing 

dismally to train enough people in the 

science skills that businesses need. In 

bioscience, for example, the number of 

universities offering these subjects is 

in decline, as is the number of first 

degrees gained, and only a small 

minority of graduates enter industry 

or take their learning further.

  Semta – an industry-led group 

which I chair  – is working with key 

employers and industry bodies to 

tackle these issues. In late 2006, Semta 

surveyed 170 bioscience companies 

and found that nearly one-third of 

them do not have the science skills 

they need in their existing workforce 

and are having trouble finding new 

people with appropriate skills. These 

shortages mean that many companies 

are unable to expand. 

This matters. If the skills gap is not 

filled, businesses will not grow, some 

companies may fail and jobs could be 

lost. Science constitutes a substantial 

slice of the UK economy: the bioscience 

sector alone employs 55,000 people 

and is worth £3.3 billion per year. If it 

ails, the whole economy suffers.

On the global stage, science and 

technology companies are crucial to 

improving quality of life – from 

developing new medicines and faster 

computers to making natural resources 

stretch further – so we must get this 

right. China and India are already 

leaping to meet the challenge, with 

both countries producing increasing 

numbers of science and engineering 

graduates. In the UK and the US, 

however, we face the serious prospect 

of being left behind.

To ensure the growth of our science 

and technology-related industries, we 

must forecast which skills businesses 

will need in the future, then plan to 

deliver them. As a first step towards 

that in the UK, Semta recently brokered 

the   Bioscience Sector Skills Agreement 

(BSSA) ,  which will launch next month. 

This sector includes pharmaceutical 

companies, businesses in medical 

diagnostics and equipment, and 

agricultural feedstock and chemicals. 

It is particularly dependent on science 

skills and employs not only biologists 

and chemists, but also physicists, 

clinicians, pharmacologists, 

toxicologists, statisticians and 

mathematicians.

At the moment there is no coherent 

strategy for ensuring we have enough 

science graduates to meet the future 

needs of the bioscience industry. The 

new agreement maps out exactly what 

skills businesses will need to make 

their workforce more effective, so we 

have an accurate representation of the 

needs of the whole sector. This is about 

training the right number of graduates 

in different areas, but also making sure 

that students are taught the skills that 

businesses need them to have. 

The basic principles that underpin 

academic teaching and research 

remain crucial, but industry and 

academia must have a more effective 

dialogue about science teaching. There 

are many ways in which they could 

work together better: for example, 

Semta is working with the   Higher 

Education Funding Council for England  

to establish a forum in which 

employers can tell universities what 

skills they need, so that universities can 

develop degree courses that better 

prepare students for industry.

As maths is the language of science, 

Semta is also collaborating with the 

UK maths community to ensure that 

teaching of the subject is world class, 

and that the demands of employers 

are clearly understood. One of the key 

issues will be making sure that when 

maths is included as part of a science 

degree, students are taught applied 

maths according to their future 

discipline, rather than pure maths.

The science community is a 

complex organism, and it needs to 

function better now if it is to be healthy 

in the future. All of its parts need to 

work together. That means attracting 

more able students to study science, 

helping higher education to become 

more attuned to business, or putting 

in place specialised cutting-edge 

skills that go beyond those taught 

at university. 

As a key part of the BSSA, Semta is 

drawing up a detailed action plan with 

employers, trade and professional 

associations and universities. This will 

outline exactly how the skills needs 

identified by the agreement can be 

met. We will use the action plan to 

lobby government and other funding 

sources to pay for the needed 

university places. 

Please give us your views by posting 

your comments on New Scientist’s 

website (www.newscientist.com/

article/mg19726409.900) . The action 

plan needs to be the strongest case 

we can make to ensure that funding 

and qualification bodies, higher 

education, further education and the 

government understand exactly what 

skills our companies need, right now 

and in the future.  ●

Alan Jones is chair of Semta, the sector 

skills council for Science, Engineering 

and Manufacturing Technologies

Our future depends on them 

“In the UK and 
the US, we face 
the serious 
prospect of being 
left behind”

Industry can’t get the high-calibre science graduates it needs, 
but Alan Jones has a plan to change all that
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Letters–

Climate change genes

From David Powlson,   Rothamsted 

Research , and Zhang Fusuo, 

  China Agricultural University 

Perhaps genetic engineering 

could help to increase the 

efficiency with which crops 

absorb nitrate from soil (  5 

January, p 28 ). However, the claim 

by Arcadia Biosciences that this 

will substantially cut agricultural 

emissions of the greenhouse gas 

nitrous oxide appears Utopian 

rather than Arcadian. 

Measurement of nitrate 

uptake by roots shows that this 

step in the nitrogen cycle is 

already remarkably efficient. 

In farmers’ fields most nitrogen 

is lost when inorganic forms of 

nitrogen (nitrate or ammonium) 

are still in the soil, before crops 

have a chance to take nitrogen up: 

the “nitrogen uptake gene” will 

not mitigate these losses.

It is well established that 

nitrogen losses, whether as 

nitrous oxide or by other 

pathways, can be greatly 

decreased by changes in crop 

management. These include 

better timing of fertiliser 

application and using a range of 

techniques to estimate realistic 

nitrogen requirements in specific 

situations taking account of 

cropping practice, soil type and 

local weather. Such practices are 

often poorly communicated to 

farmers, especially in developing 

countries where an effective 

advisory system is lacking.

For example, research at China 

Agricultural University, Beijing, 

has shown that nitrogen fertiliser 

in the wheat-maize rotation in 

north China can be cut to a 

quarter, while maintaining crop 

yields, through better timing of 

fertiliser and irrigation.

Arcadia are testing their gene 

in China with the idea that more 

efficient nitrogen use will cut 

nitrous oxide emissions, thus 

qualifying the growers for 

payments under the Kyoto treaty’s 

clean development mechanism 

(CDM). If such cuts were achieved 

through better advice to farmers, 

could payments under the CDM 

be used to fund this? And might 

this reach more farmers than a 

GM approach?

Harpenden, Hertfordshire, UK 

and Beijing, China

Eric Rey of 

  Arcadia Biosciences  writes:

● A casual review of peer-

reviewed research would 

demonstrate that there is an 

inefficient relationship between 

nitrogen applied to agricultural 

soils and nitrogen absorbed by 

crops. We have demonstrated 

in numerous field trials that 

experimental crops incorporating 

our technology require 

substantially less nitrogen 

fertiliser to achieve the same yield 

as control crops: so the amount of 

nitrogen available to impact on 

the environment decreases. 

We believe that our approach is 

one of several that can help 

improve the efficiency of nitrogen 

use in agriculture. Utopian or 

Arcadian? Let farmers decide.

Stem cell prospects

From Chris Mason

Jennifer Swift assumes that the 

recent achievements by Shinya 

Yamanaka’s and Jamie Thomson’s 

teams in reprogramming adult 

skin cells into a state resembling 

embryonic stem cells represent 

a quick alternative to human 

embryos for regenerative 

medicine therapies (  8 December 

2007, p 22 ). Yamanaka and 

Thomson are at pains to point out 

that their present methods of 

inserting genes into adult cells 

produce induced pluripotent 

stem cells (IPS cells) that are not 

suitable for therapeutic use.

This is because using disabled 

viruses to insert genes can lead to 

cancer, as has happened in France 

when treating severe combined 

immunodeficiency disorder by 

modifying the patient’s own bone 

marrow cells.

Addressing this problem could 

take some years. In the meantime, 

embryonic-derived cell lines offer 

the prospect of treating several 

serious medical conditions. 

Alternative revolutionary 

scientific methods, such as 

producing IPS cells for clinical 

use, must proceed cautiously and 

with much care and checking. The 

proper approach to this dilemma 

is to explore embryo-derived 

treatments now for people with, 

for example, spinal cord injury, 

Parkinson’s disease, heart failure 

or severe diabetes – under very 

rigorously controlled conditions 

with transparent regulation.

It is likely that treatments with 

embryo-derived cells will set the 

standard for IPS-cell-derived 

treatments, brought in as soon as 

they are judged safe. I hope that 

there will be an interregnum 

during which stem cells can be 

produced from spare embryos left 

over from IVF, in spite of sensible 

developments to switch to 

stimulating release of fewer eggs.

London, UK

Evolution pressed 

From Richard Smithson

David Holzman says human 

evolution has accelerated over the 

past 40,000 years, evidently 

meaning an increase in the 

frequency of mutations 

(  15 December 2007, p 8 ). He claims 

that this “contradicts the widely 

held notion that our technological 

and medical advances have 

removed most of the selection 

pressures acting upon us”.

It does not. In fact, a reduction 

in selection pressures can lead to 

a large number of mutations, 

because more individuals with 

“non-optimal” genotypes succeed 

in breeding. When the greatest 

selection pressures are applied, 

most members of a species fail 

to reproduce, leading to a 

reduction in genetic variability. 

It could be argued that it is under 

these conditions (for example, 

following a major extinction) 

that evolution is most rapid.

It really depends on what we 

mean by evolution. It is probably 

true that selection pressures on 

humans have reduced, but only 

for some human populations and 

only recently. For example, 

improved perinatal care has 

resulted in very premature babies 

surviving. To the extent that a 

tendency to give birth 

prematurely can be inherited, 

this will lead to an increase in 

the numbers of premature babies 

born over time. In other 

populations – for example, 

displaced people in insanitary 

refugee camps, or groups of 

people exposed to HIV infection 

without access to medication – 

selection pressures are very high 

and evolution continues apace.

Cockermouth, Cumbria, UK

Dance of death

From G. J. Badley

Researchers are pondering why 

dinosaur fossils appear in a 

characteristic posture (  22/29 

December 2007, p 62 ). Scavengers 

scatter exposed bones, and a 

skeleton has a far better chance of 

being fossilised whole if its owner 

died by being buried alive.

Imagine a long-necked 

dinosaur running across deep 

estuary mud, then floundering. 

While the animal can still move, 

it will keep its head forward; 

but when it’s stuck and sinking 

it will need to raise it.

Unfortunately, a head is heavy 

and, in lifting it, the dinosaur will 

force its body down. To counteract 

this, it will raise its head further – 

and so on, until its neck is as 

perpendicular as it can make it (in 

practice an S-shape) and its body 

is tilted by as much as 180 degrees 

relative to the head.

So, for some fossils at least, I 

think the classic “dead dinosaur” 
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position is that of a creature 

trapped, in danger of suffocation 

and manoeuvring to stay alive 

for as long as it can.

Hedge End, Hampshire, UK

From David Loxley

Did no one consider a study of the 

human skeletal remains from 

Pompeii or Herculaneum?

Pickering, North Yorkshire, UK

He said, she said 

From Alison Kidd

The recent studies on men and 

women talking (  22/29 December 

2007, p 60 ) reminded me of a 

study I conducted at Hewlett-

Packard labs some years ago. 

The perception in the IT industry 

at the time was that men were 

much more interested in digital 

technology than women were, 

and therefore would have much 

more to say on the topic.

We happened (for some other 

purpose) to be running eight 

discussion groups, four male and 

four female, talking about the 

digital devices people owned or 

had in their homes. We analysed 

the discussions from all eight 

groups (90 participants) and 

categorised every comment.

We found that, contrary to 

expectation, the men and women 

talked about the technology in 

pretty much equal measure. 

But there was one big gender 

difference. The men talked almost 

exclusively about the technical 

devices themselves – the model 

numbers, capabilities, functions 

and features – but we struggled to 

get them to tell us what they 

actually used the devices for.

In contrast, the women talked 

enthusiastically and at length 

about all the different uses they 

had found for the devices and 

how their lives had been enriched 

by them. In their case, we 

struggled to get them to describe 

the actual model numbers they 

owned or the features these 

devices offered.

Brecon, Powys, UK

Heavy cars

From Chas Bazeley

 The nine-page advertisement 

feature in your 10 November 2007 

issue admits that making lighter 

vehicles is key to reducing fuel 

consumption and emissions – but 

perversely claims that this would 

make them less safe.

In any sane world, using a car 

weighing more than a tonne to 

transport four people or fewer 

would be considered as repugnant 

as drink-driving, as would using a 

car that uses more than 2.5 litres 

of fuel to travel 100 kilometres.

Colchester, Essex, UK

Yo! yo 

From Aidan Hancock

The researchers who discovered 

the use of “yo” as a gender-neutral 

pronoun (  5 January, p 7 ) could 

have saved themselves some 

time by turning on the TV. The 

critically acclaimed TV series 

The Wire, shot on the streets of 

Baltimore since 2002 and often 

using non-professional actors, 

has from the start had characters 

referring to each other in just 

this way. So it looks as though 

“yo” has been disseminated 

globally for five years. Has it 

caught on anywhere else yet?

London, UK

From Richard Burton

Singular “they” has been used 

since at least 1526. 

Glasgow, UK

From Ian Wright

The word “yo” would make sense 

as a personal pronoun if it were 

a derivation from one of two 

English words which are 

sometimes used in that context. 

The first is simply “you”; maybe 

the more probable is the Scottish 

or Yorkshire dialect word “yon”. 

It has the basic meaning “that one 

over there” but through common 

usage it has been transformed 

into a pronoun: “Yon’s a fine wee 

bairn” means “he/she is a nice 

looking baby”.

Sheffield, South Yorkshire, UK

In character

From Dan Lufk in

 Feedback’s note on the 

Geoclimatic Studies hoax 

mentions the use of Thai and 

Serbian characters in equations 

(  8 December 2007 ). This is, to 

meteorologists, a delightfully sly 

dig in the ribs. In his 1922 classic 

Weather Prediction by Numerical 

Process, Lewis Fry Richardson 

used so many symbols in its 

formidable mathematics that he 

exhausted the Latin, Greek and 

Hebrew alphabets, many printers’ 

dingbats and got well into the 

Coptic alphabet before he had 

all the variables nailed down. 

Artistic verisimilitude, indeed.

Frederick, Maryland, US

For the record 

● As several readers have pointed out, 

the correct answer to the puzzle 

“which box has been opened up?” on 

the cover of 12 January issue is “none 

of them”: a symbol was rotated 

through 30 degrees.

● The article “The D’oh! of tech” (  22/29 

December 2007, p 54 ) claimed that the 

BLAST telescope weighed 180 kilograms 

when in fact it weighs 1800 kg; and 

Autosub 2’s missions in 2003 were to 

take physical oceanography 

measurements, not to survey 

biodiversity. They were its first under a 

permanent ice shelf, following trips 

under seasonal sea ice in 2001 and 2002.
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Enigma
Yours squarely
No. 1478 Adrian Somerfield

I ASKED some friends to see whether they 

could find four perfect squares each greater 

than zero with not more than four digits 

which between them contained all 

10 digits just once. Peter and Quentin found 

sets that had just two squares in common, 

but Rose had a set with no square in 

common with either of these. Stanley found 

yet another set.

What four squares did Stanley find?

£15 will be awarded to the sender of the first 

correct answer opened on Wednesday 

27 February. The Editor’s decision is final. 

Please send entries to Enigma 1478, New 

Scientist, Lacon House, 84 Theobald’s Road, 

London WC1X 8NS, or to enigma@

newscientist.com (please include your 

postal address). The winner of Enigma 1472 

is Gary Gerken of Colorado Springs, US.

Answer to 1472  Wrong calls 

(a) 0-2  (b) 6-5



Technology

IF YOUR next computer hums 

quietly to itself, don’t panic. It 

could just be trying to stay cool.

With more transistors 

squeezed into a smaller space, 

the next generation of computer 

chips will require new cooling 

methods. One suggestion is to 

place a layer of liquid next to the 

chip. As the chip heats up, the 

liquid boils, producing vapour 

that whisks away the heat. The 

problem is that gas bubbles 

produced at the hot surface 

can form an insulating film.

Ari Glezer and colleagues at 

the Georgia Institute of 

Technology in Atlanta found that 

exposing the fluid to sound waves 

at kilohertz frequencies dislodged 

the bubbles  (www.arxiv.org/

abs/0801.0785). The technique 

works at low energy, saving 

battery power and keeping 

the sound volume down.

DNA could help police to sniff out 

explosives. An artificial “nose” 

made of a single strand of DNA 

can detect a range of chemicals at 

very low concentrations. 

Joel White and colleagues 

at Tufts University in Boston 

and CogniScent, a company in 

nearby North Grafton, attached 

a fluorescent dye to a short 

strand of DNA. They wafted a 

5
of the top 10 books sold 
in Japan in 2007 began 
life as cellphone novels – 
books typed in text-speak 
and then posted online 

If your youth was misspent dodging 

“ghosts” in the   Ms Pac-Man  video 

game – in which the player controls a 

munching blob around a grid – you may 

be bemused to learn that a computer 

program has learned to play just as 

well, but using different tactics.

In the popular 80s arcade game, the 

unofficial sequel to Pac-Man, the blob 

avoids killer ghosts while earning 

points for eating dots and fruit. If the 

blob has eaten a special “power” dot, 

it can eat the ghosts for more points. 

András Lõrincz and István Szita at 

Eötvös University in Budapest, Hungary, 

started by giving their Ms Pac-Man 

program a selection of possible 

scenarios, such as “if ghost nearby”, 

and possible actions, such as “move 

away”. The program randomly 

combined scenarios with actions 

to produce rules, and then played 

games using random combinations of 

those rules to deduce which ones work 

(  Journal of Artificial Intelligence 

Research, vol 30, p 659 ). 

The program also set priorities, 

important for situations in which two 

rules conflict. The most important rule, 

it decided, was to avoid being eaten by 

ghosts, followed by pursuing any edible 

ghost. The next rule says that if all 

moves seem equally good, don’t turn 

back as you have already eaten the dots 

in that direction. 

The resulting program narrowly 

outperformed average human players, 

but failed to evolve certain tactics that 

humans find useful, such as waiting for 

ghosts to approach before eating a 

power dot to minimise the time taken 

to eat it.

SAME GAME, NEW STRATEGY

number of vapours over it, 

including toluene, an ingredient 

for making TNT. The vapours 

interacted with the unpaired 

DNA bases, influencing the dye’s 

fluorescence. The degree of 

change depended on the vapour, 

allowing the “nose” to distinguish 

at least eight different chemicals 

(PloS Biology, DOI: 10.1371/journal.

pbio.0060009). 

The researchers are now 

looking for other applications, 

such as analysing breath to 

diagnose lung cancer.

Researchers at the Fraunhofer Institute for Biomedical Engineering in Munich, 

Germany, have built a drug-delivering   prosthetic tooth . The device has a duct that 

allows saliva into a cavity in the tooth, dissolving the drug, and a sensor to measure 

the drug’s concentration in the mouth. A wireless handset can periodically correct the 

dosage by adjusting a valve in the duct, and warns when the drug is running out.

Soft tissue and bone differ more in how they scatter X-rays than in how they absorb 

them. An X-ray system which used only scattered rays would form a sharper image 

than typical hospital X-rays, but the scattered rays are very difficult to separate out. 

Now a team at the Paul Scherrer Institute in Villigen, Switzerland, has created silicon 

filters that capture only the scattered light (Nature Materials, DOI: 1038/nmat2096).
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Microsoft

Sony

Number of games consoles sold in US, 2007

CONSOLE WARS

Nintendo sold the most hardware, but Halo 3 

for the Xbox 360 was the top-selling game

In an interim report, the UK’s Air Accidents Investigation Branch says that both engines on the Boeing 777 that crash-landed at Heathrow airport, London, 

on 17 January failed to deliver increased power as demanded by the flight computer and the co-pilot (AAIB statement, 18 January)

“The engines did not respond”

–Who needs the human touch?–
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Cool sounds for 

cooler chips

DNA noses out 

a hint of TNT
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Technology

THE cluster of beige corrugated-

iron sheds and silos don’t look 

like much, but this unassuming 

factory in a suburb of Melbourne, 

Australia, represents a potential 

revolution in greenhouse 

gas emissions. It’s the first 

commercial enterprise in the 

world dedicated to transforming 

waste from power stations and 

blast furnaces into geopolymer 

concrete, a particularly promising 

green concrete.

The factory, owned by the 

company Zeobond, is due to start 

operations in February.  Unlike 

with regular concrete the 

chemical reactions that form this 

polymer-based alternative don’t 

give off carbon dioxide or require 

high temperatures, which also 

lead to CO2 emissions. So it 

releases just 10 to 20 per cent of 

the greenhouse gases associated 

with making the standard stuff.  

The first customers for 

Zeobond’s   E-Crete  will be 

individuals and local councils, 

who will use it in small, non-

safety-critical projects, such as 

building patios and walls on 

motorways that block sound, says 

company founder Jannie van 

Deventer, a chemical engineer at 

the University of Melbourne. If 

geopolymers like E-Crete prove to 

be durable, there is no reason why 

they shouldn’t replace regular 

concrete in a variety of 

applications, from high-rise 

buildings to bridges. So says Mark 

Drechsler  of engineering 

consultancy Parsons Brinckerhoff, 

who are hoping to use E-Crete to 

build low-cost housing. “If you 

replaced just half the new 

concrete that will be needed over 

the next 10 years with 

geopolymers, it would be a 

reduction of almost a billion 

tonnes of extra CO2 each year at a 

time of global demand for 

reducing emissions,” he says. 

How bad can concrete be for 

the environment? The main 

culprit is the ingredient   Portland 

cement , a fine powder containing 

calcium, oxygen and silicon, 

which forms concrete when 

mixed with water, sand and rocks. 

To make Portland cement, 

calcium carbonate, in the form of 

limestone, and other raw 

materials such as clay, must be 

roasted at over 1400 °C. The 

It eats power station waste for breakfast – has E-Crete 
got what it takes to replace ordinary concrete?

resulting chemical reaction 

produces half a tonne of CO2 per 

tonne of cement. Over a third of a 

tonne of additional emissions 

come from burning the fuel to 

heat the cement kilns  and 

transporting raw materials. 

Between 5 and 8 per cent of global 

CO2 emissions are the result of 

cement production. With demand 

for concrete set to double in 

the next decade, the figures will 

only get more dismal.

“There is a need to change 

the product, change production 

methods, to innovate. The major 

cement producers are scrabbling 

to increase and refocus their 

research capabilities on energy 

use and the environment,” says 

Fredrik Glasser, a cement scientist 

at the University of Aberdeen, UK.

Cement manufacturers have 

reduced net emissions to some 

extent by building more efficient 

kilns and using greener 

alternatives to fossil fuels. Also 

helpful is the use of additives 

such as fly ash or slag, the waste-

products of power stations and 

blast furnaces respectively. They 

either replace some of the cement 

or make its production more 

efficient. But those tweaks have 

reached their limits, and don’t 

nearly compensate for the 

increase in cement production. 

Build ’em high, 
and make 
them green

RACHEL NOWAK, MELBOURNE
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Making concrete the green way

CONCRETE CHEMISTRY

Fly ash and slag removed from 

power stations and steelworks

Aluminates and silicates 

extracted from waste

Alkali, gravel and 

sand added to make 

geopolymer concrete



technology. Forty years ago, 

in the Soviet Union, apartment 

buildings, water channels and 

roads were constructed using a 

concrete containing slag and 

high levels of alkali, which is 

only used in small amounts in 

regular concrete.

 Van Deventer joined forces 

with Pavel Krivenko, a cement 

engineer from the National 

University of Civil Engineering 

and Architecture in Kiev, Ukraine. 

When they took samples from 

the structures and analysed their 

microscopic structure, they 

found that the material contained 

bonds between aluminates 

and silicates that resembled a 

geopolymer. Since the structures 

are still standing, Van Deventer 

says modern geopolymers are 

likely to be as durable as ordinary 

concrete. The analysis will appear 

in an upcoming issue of ACI 

Materials Journal . 

Joseph Davidovits of the 

Geopolymer Institute in Saint-

Quentin, France, also claims that 

the   Egyptian pyramids  were 

mainly constructed from 

geopolymer concrete rather than 

from hewn rock, although his 

view is controversial.

Uptake of geopolymer 

concrete  is likely to be slow, due to 

a lack of testing in the field – a 

perennial problem for any novel 

construction material.  

Nonetheless, the timing couldn’t 

be better. Demand for green 

building materials in wealthy 

nations is expanding under the 

weight of environmental 

concerns, as well as in expanding 

economies with housing booms, 

such as India. 

Geopolymer concretes also 

have some unique advantages. 

Made from waste materials, they 

are potentially cheap ; they 

strengthen in a matter of hours 

rather than days, and they are 

more resistant to acid, fire and 

microbial attack than standard 

concrete. “I’m optimistic,” says 

Palomo. “Attitudes to the 

environment are changing and 

governments are pressing the 

industrial community to reduce 

their emissions.”  ●

Enter geopolymer concretes, 

whose different chemistry could 

reduce CO2 emissions far more 

radically (see Diagram). The 

starting materials are silicon- and 

oxygen-containing compounds 

called silicates, and aluminium- 

and oxygen-containing 

aluminates, both of which are 

present in fly ash and slag waste. 

When alkali is added to silicates 

and aluminates, a polymerisation 

reaction occurs that binds them 

into a long chain-like molecule 

known as a geopolymer. Add 

in rocks and sand at the same 

time, and you have a geopolymer 

concrete. No CO2 is produced 

during polymerisation and no 

heating is required. 

An analysis  of E-Crete’s 

production process by 

independent consultants showed 

that CO2 emissions are reduced by 

at least 80 per cent compared to 

producing Portland cement.

Over the past decade, 

geopolymers have been used 

for niche applications such as 

catalytic converters, fire-resistant 

components in Formula 1 racing 

cars, and fire insulation for 

passenger ships . But Zeobond 

is the first company to start 

making them commercially for 

construction projects. 

One concern in the past was 

that geopolymers set too rapidly, 

which would make the concrete 

difficult to handle. Another was 

that they are more porous than 

regular concrete, making them 

vulnerable to decay. Although he 

won’t go into details for 

proprietary reasons, van 

Deventer, whose team has studied 

geopolymer chemistry for over 

15 years, claims to have solved 

those problems with subtle 

changes to the production 

process, for example, by carefully 

controlling the rate at which 

reagents are added to the fly ash. 

What’s more, unlike regular 

concrete, geopolymer bonds 

directly to internal steel 

reinforcements, which may 

provide an additional protective 

barrier, he says.

Geopolymer concretes have 

also been tested under some 

extreme circumstances, leading 

Van Deventer to believe they are 

just as strong as ordinary 

concrete. CSIC, Spain’s largest 

public research organisation, has 

tested them as railway sleepers or 

crossties, the cross braces that 

support the rails on a railway 

track. They passed “with high 

marks”, says materials scientist 

Angel Palomo of the   Eduardo 

Torroja Institute  in Madrid, part 

of the CSIC. “From an engineering 

point of view a sleeper is a very 

complex element, which is also 

subjected to very aggressive 

mechanical conditions and 

weather extremes,” he says. “The 

material is good enough for 

sleepers, so it will be good enough 

for many building parts.”

Whether they are as durable as 

standard concrete is less clear but 

there are encouraging signs. 

Zeobond has tested geopolymers 

including E-Crete, at very high 

temperatures and pressures, and 

for resistance to acids, for short 

periods of time. Although 

geopolymer concretes perform 

well, the tests don’t exactly mimic 

what happens when concrete is 

put under strain for decades, 

says van Deventer.

However, his hopes were raised 

by older versions of a similar 
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FEED IT TO THE ALGAE
Innovative concretes that emit less 

carbon dioxide during production are 

going on sale. But another approach is 

to turn the CO2 from vice into virtue.

Researchers at ASIRC, the   Australian 

Sustainable Industry Research Centre , 

near Melbourne, and the   Energy 

Resources Institute  in New Delhi, India, 

plan to capture the CO2 released from 

roasted limestone during cement 

making, and from the fuel combustion 

that heats the cement kilns, and use it 

to feed microalgae. 

The algae will   produce biodiesel , 

which will power the cement kilns in 

a “closed loop” system, or be turned 

into transport fuel. The researchers 

say that this allows them to reduce 

CO2 emissions without fundamentally 

changing the way concrete is made. 

Microalgae farming technology 

developed by   GreenFuels Technology  

in Cambridge, Massachusetts, and 

licensed to   BioMax  in Melbourne will 

be used to grow the plants. The 

technology is to be tested in Australia’s 

brown-coal-fired power stations first 

and then in cement kilns. “The science 

will be in making sure that traces of 

metals or sulphur dioxide in the kiln 

flue fuel gas don’t kill the microalgae,” 

says Gillian Sparkes, CEO of ASIRC.

“Geopolymer concretes produce a fifth of 

the carbon dioxide of the standard stuff”



Technology

DOGS that moo, lawn mowers that 

sound like fax modems and red 

fluffy clouds in a clear blue sky are 

all components of a virtual reality 

(VR) game that could be used to 

explore the cognitive problems 

of people with schizophrenia.  

At the   Medicine Meets Virtual 

Reality conference  in Long Beach, 

California, next week, computer 

scientist Daphna Weinshall of the 

Hebrew University of Jerusalem 

in Israel will describe a   VR 

experiment  in which volunteers 

wearing a head-mounted display 

navigated through simulated 

streets, shopping malls and a 

market. They were asked to flag 

up “incoherencies” such as objects 

that were the wrong colour or in 

the wrong position – a street sign 

at ground level, for instance – or 

making the wrong noise. While 

all the healthy volunteers spotted 

at least 87 per cent of the 

incoherencies, only six of the 

43 volunteers with schizophrenia 

scored in this normal range. 

As yet, the differences are not 

clear-cut enough for VR to replace 

established diagnostic methods, 

in which psychiatrists interview 

and observe patients to determine 

which of a checklist of symptoms 

they have. But the results suggest 

that VR simulations could be 

refined to produce diagnostic 

tests that provide a more detailed 

assessment of brain function , 

says Avi Peled, a psychiatrist 

at the Technion-Israel Institute 

of Technology in Haifa who 

co-developed the simulation. 

Peled is also interested in 

using VR to study the details 

of what goes wrong in the brains 

of people with schizophrenia. 

For example, while it is already 

possible to probe cognitive ability 

using pen-and-paper tests, in 

VR more information can be 

presented using several senses 

simultaneously. “Why do we need 

this fancy technology? Because 

we can control vision and hearing 

in parallel,” says Peled. 

Peter Yellowlees, a psychiatrist 

at the University of California at 

Davis who developed a   simulation 

of schizophrenia symptoms  in 

the virtual world Second Life, 

suggests imaging patients’ brains 

while they play a VR game. That 

might reveal abnormalities in 

neural activity that underpin 

cognitive difficulties. “That is the 

winning combination,” says 

Peled. “It is surely the next step.”

Simulations could also allow 

doctors to test for cognitive 

problems that may affect 

treatment. Matthew Kurtz 

of Wesleyan University in 

Middletown, Connecticut, found 

that people with schizophrenia 

who were asked to take pills at a 

certain time in a VR apartment 

often took the wrong number at 

the wrong time (Schizophrenia 

Bulletin, DOI: 10.1093/schbul/

sbl039).  Peter Aldhous  ● 

HERE’S something residents of cloudy 

northern Europe should appreciate: a 

way of using rain to generate power.

Jean-Jacques Chaillout and 

colleagues at the Atomic Energy 

Commission (CEA) in Grenoble, 

France, have shown that   piezoelectric 

materials , which generate voltage in 

response to mechanical force, can be 

made to produce useful amounts of 

electrical power when hit by falling 

rain. “We thought of raindrops 

because they are one of the still- 

unexploited energy sources in 

nature,” Chaillout says. 

His team started by looking up 

data on different types of rainfall. 

Drizzle, they found, produces 

droplets of about 1 millimetre in 

diameter which have an impact 

energy of around 2 microjoules, 

while droplets from a downpour 

were typically 5 millimetres 

across and gave 1 millijoule 

of impact energy. 

The team then used computer 

simulations to see how different-

sized drops hit surfaces and 

concluded that a 25-micrometre-

thick  piezoelectric material would 

be the most efficient at harvesting 

energy from a range of raindrop 

sizes. To put this to the test, they 

mounted a 10-centimetre-long strip 

of polyvinylidene fluoride, a piezo 

plastic, on a rig and suspended a 

pipette above it that could be 

adjusted to create different size 

water droplets that fell at realistic 

rainfall speeds. When the drops 

pounded the piezo plastic, they 

found that it produced between 

1 nanojoule  and 25 microjoules  of 

energy per drop, depending on the 

size of the drop (Smart Materials and 
Structures, DOI: 10.1088/0964-

1726/17/01/015039). That translates to 

about one microwatt of power for 

the smallest drops, which is enough 

to transmit a digital bit of 

information 10 metres of air.

Although the output is puny 

compared with that of solar panels, 

rain power has the advantage of 

working in the dark and could be 

used to supplement solar- 

powered devices.

The first application, the 

researchers say, could be inside the 

cooling towers of nuclear power 

stations, where a build-up of 

limescale reduces their efficiency. 

The team plans to create a wireless 

limescale sensor that will be powered 

by the falling droplets that form 

when the steam vented up the 

chimney condenses. Other 

applications might include a self-

powered rain detector for a car’s 

windshield wipers or wireless air-

quality sensors that beam back 

readings to a pollution data centre. 

Environmental sensors that 

“scavenge” their own energy make 

good sense, says Peter Tavner, head 

of engineering at Durham University 

in the UK. “We use far too much 

energy in simply exchanging 

information between devices. I think 

self-powering them is the future.” 

However, Stephen Roberts of 

Perpetuum, a company in 

Southampton, UK, that builds devices 

which capture energy   from vibrating 

machinery and bridges , points out 

that rain-powered piezoelectric 

sensors provide only intermittent 

power and fears that they may wear 

out quickly.  Paul Marks  ●

“VR combined with brain 
imaging could reveal 
neural abnormalities” 

–Feel the power–

Schizophrenia 
explored with 
virtual reality

Making every 
shower an 
electric storm
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 ●
FORMER US Defense Secretary Donald 

Rumsfeld famously distinguished 

between “known knowns”, “known 

unknowns” and “unknown unknowns”. It’s 

a distinction that should ring clear bells with 

Harvard physicist Howard Georgi, because 

he’s choosing to make the same distinction 

between different types of matter.

Most of us are familiar with the “known 

knowns” of matter – ordinary stuff, such as 

tables, chairs, quarks and electrons. Many 

physicists spend their days hunting for 

“known unknowns”, like the Higgs boson and 

the particles that make up dark matter. But 

Georgi has gone a step further. He is dabbling 

in the world of the “unknown unknowns” by 

proposing the existence of an entirely new 

type of matter unlike anything we have 

encountered before. He calls it the unparticle. 

Unparticles are slippery customers. 

Breaking all the rules that constrain normal 

particles, they can shift identity and 

masquerade as fractions of particles. “It’s very 

difficult to even find the words to describe 

what unparticles are, because they are so 

unlike anything we are familiar with,” says 

Georgi. If his ideas are correct, unparticles 

exist all around us. They could even exude 

their own “ungravity” force, which could 

replace dark matter as a way of explaining 

some of the universe’s mysteries.

Unparticles challenge our sensibilities, 

yet Georgi is worth taking seriously. He was 

among the first theorists to suggest that 

three of the four forces in nature might be 

united in a single super-force described by 

a “grand unified theory”. He pioneered 

supersymmetry, a theory he proposed in 1981 

with Savas Dimopoulos at Stanford University, 

California, in which every known particle has 

a heavier, as-yet-unseen “superpartner”. He 

was also among the architects of quantum SE
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chromodynamics, the theory that describes 

the strong force that acts inside nuclei. 

Other physicists certainly listen to him. 

When Georgi made his   idea  public last 

March, he provoked a flood of research 

activity. More than 95 papers have now been 

written investigating the peculiar facets of 

unparticles – a level of research on a subject 

that has not been seen since 1998, when 

theorists including Dimopoulos proposed 

that extra dimensions could be large enough 

to be detected (  Physics Letters B, vol 429, p 623 ). 

“Unparticles are such a novel idea,” says Pran 

Nath at Northeastern University in Boston, 

Massachusetts. “They excite people because 

they are completely different from anything 

anyone has seen before.”

We might even spot unparticles soon. 

According to Georgi, they could make a 

surprise appearance in collisions at the   Large 

Hadron Collider  (LHC) particle accelerator, 

due to turn on later this year at the CERN 

laboratory near Geneva, Switzerland. “To my 

mind, unparticles would be a much more 

striking discovery than supersymmetry or 

extra dimensions,” says Georgi. “Unparticle 

stuff would astonish us immediately.”

Unforeseen
Georgi certainly did not intend to come 

up with a new form of matter. He was 

wondering whether anything might show 

up at the LHC that would be dramatically 

different from what has been predicted so 

far. One of the great hopes for the LHC is 

that it might come up with some discoveries 

that will help us update or replace our 

best description of the particles that make 

up matter and the forces that glue them 

together. Known as the standard model, 

the theory has worked very well, yet it has 

The Un-universe

Have we been missing an entirely 
different kind of matter? Zeeya Merali 
joins the hunt for unparticles
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Yet who says we’re stuck with just the 

standard model? Physicists have shown that 

in modified versions of the standard model, 

including some supersymmetric theories, 

forces might have the same strength at 

different scales, at least over some distance 

ranges. When Georgi looked at the properties 

of the fields in these theories, he was taken 

aback. He discovered that the fields described 

entities that looked nothing like normal 

particles. In fact, they behaved in ways he 

had never seen before, so he christened 

them unparticles. 

At first, Georgi didn’t believe his own 

findings. “I did think I was crazy,” he recalls. 

“It was such an interesting result. I thought 

I was either wrong or that everyone had seen it 

before.” Other physicists, however, confirmed 

that he wasn’t having delusions: unparticles 

were indeed something entirely new. 

plenty of shortcomings too, and this has 

led researchers to concoct a number of 

theoretical frameworks, including 

supersymmetry, as possible replacements. 

Georgi wanted to know what discoveries 

each theory would be likely to produce 

at the LHC. “Many theories have been 

studied for a long time in terms of their 

mathematics,” says Georgi, “but no one had 

looked at the consequences.”

Georgi was inspired by work carried out 

by Cornell University physicist Kenneth 

Wilson, who is an expert on describing the 

multitude of atoms inside solids and their 

interactions using quantum mechanical 

fields. Wilson showed that certain phenomena 

in magnetic materials can be explained by 

a particular type of quantum field theory 

where the interactions between atoms have 

the same strength at all scales. This insight 

won him the 1982 Nobel prize for physics. 

Quarks, electrons and the like are all 

described by quantum fields too. So, asked 

Georgi, could the same trick Wilson used 

be turned on its head to predict something 

new in particle physics?

Unmistakable
 At first sight, the answer is no. According to 

the standard model, the forces that govern 

particle interactions are different at different 

scales. For example, zoom inside an atomic 

nucleus, and your world will be governed by 

the strong nuclear force that binds quarks 

together. Gravity will be irrelevant. Zoom out 

again, though, and the strong nuclear force 

pales in comparison to the force of gravity 

holding you to the floor. This is one of the 

main stumbling blocks with the standard 

model, because it means that it cannot unify 

the four main forces into a single field. 
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 “Unparticles could even 
exude their own ‘ungravity’ 
force, replacing dark matter”
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So what makes unparticles a new kind of 

matter? For one thing, they have no definite 

mass. We know where we are with ordinary 

particles because we know how heavy they 

should be. Einstein dented our feelings of 

security about this with his special theory of 

relativity, which showed that the mass of an 

object depends on its motion and becomes 

greater the nearer its velocity gets to the speed 

of light. But by and large we still know how to 

tell electrons apart from protons and quarks 

thanks to the fact that they have a definite mass 

when they are standing still. Even the advent of 

quantum mechanics, which told us particles 

can sometimes impersonate waves, wasn’t 

enough to shake the conviction that particles 

can ultimately be recognised by their mass. 

Unparticles are something entirely 

different. An unparticle does not have one 

particular mass, but can take on any possible 

mass or have all possible masses at the 

same time, depending on how you look at 

it. That sounds weird, but anyone who has 

ever tried to measure the length of a 

coastline has seen a similar effect. If you are 

trying to find out how long a coastline is, you 

will get a different answer depending on how 

closely you look at it and the size of the 

measuring stick you use. Zooming in on a 

jagged coastline reveals finer and finer 

detail, first the bays and harbours, and then 

smaller coves, nooks and crannies. Each time 

you try and take all this extra detail into 

account, the coastline’s overall length 

appears to increase.

The reason that coastlines, with their 

jagged edges, don’t have a definite length is 

because they are examples of fractals. It 

doesn’t matter how much you magnify a 

fractal, you always see pretty much the same 

pattern – in the case of a coastline, another 

jagged edge. The pattern is the same whatever 

the scale – fractals are “scale invariant”. 

Under scale invariance, matter loses all 

sense of perspective, and distance is no longer 

important, says Francesco Sannino of the 

Niels Bohr Institute in Copenhagen, Denmark, 

who has also studied unparticles.

This has a remarkable effect on the strength 

of the force holding unparticles together. 

Sannino likens it to being able to hear a quiet 

whisper as easily as a loud yell. “In the normal 

world, if two people are sitting in different 

countries and they want to have a conversation, 

they must use a phone,” he says. “But in a scale-

invariant world, even if they were separated 

by 2000 kilometres they could speak to each 

other as if separated by just 2 metres.” 

There may be different types of unparticle 

species, just as there are protons and 

electrons. However, within each species all 

unparticles are inextricably tied together 

because of their undiminishing interaction. 

Think of an unparticle as an infinite chain or 

ever-growing tower of particles with different 

masses, says Georgi. “But you can never pull 

one of these particles out of the tower.”

That wreaks havoc with the standard 

model and Einstein’s special theory of 

relativity, encapsulated in his famous equation 

E = mc2, which says a particle’s speed is limited 

by the amount of energy it has. Unparticles do 

not have to obey this rule. For every mass you 

can think of, there is a piece of the unparticle 

tower that looks like a normal particle with 

any energy that you want, Georgi says. This 

bizarre property means that unparticles could 

manifest in odd ways at the LHC.

How will we know? Unparticles interact 

very weakly with ordinary matter, so they 

would leave no trace in a detector. Yet particle 

physicists already have ways to spot signs 

of invisible particles produced in particle 

collisions at accelerators. For example, they 

can pick out the presence of other ghostly 

particles called neutrinos because they 

carry away energy and momentum. When 

researchers tally up the energy and 

momentum measured in their detectors and 

find some has gone missing, they usually 

attribute it to the presence of neutrinos. 

Unorthodox
Things will look even stranger if unparticles 

are produced. When researchers sit down and 

do their sums, says Georgi, their calculations 

will reveal a momentum and energy 

imbalance that comes from something 

disguised as a fractional number of particles. 

This will be a sure sign that the normal 

relationship between energy, mass and 

velocity doesn’t hold. 

Georgi knew he had stumbled on a type of 

matter with extremely peculiar properties, 

but he was not sure exactly what the existence 

of unparticles meant for the universe. “I didn’t 

know all that they could imply,” he says. “I just 

knew they should be investigated further.”

Other physicists have done this in spades, 

checking to see how unparticles might affect 

everything from the orbit of Mercury to the 

production of black holes at the LHC (see 

Diagram). Among the most intriguing 

suggestions is work carried out by Nath and 

his colleague Haim Goldberg. They have 

turned their attention to the force that 

unparticles exert on normal particles. 

In standard physics, forces are carried by 

particles. For instance, the electromagnetic 

force arises when particles exchange 
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photons between them. In an upcoming 

paper in Physical Review Letters, Nath and 

Goldberg say another force arises when 

ordinary particles start playing catch with 

unparticles (  www.arxiv.org/abs/0706.3898 ). 

“It’s an oddball thing, but the mathematics 

is surprisingly simple to work out,” says 

Goldberg. The new force acts as an extra 

attractive force, making gravity appear a 

little bit stronger than you would expect for 

standard physics . Effects of the new force, 

which Nath and Goldberg have dubbed 

ungravity, would be too small for us to 

perceive in everyday life, but precise tests of 

gravity that will be carried out in space by 

the French and European space agencies’ 

MICROSCOPE mission, the Italian Galileo 

Galilei probe and Stanford’s STEP satellite 

could pick up signs of it. 

We may already have encountered 

ungravity in another guise: dark matter. This 

invisible form of matter was introduced to 

account for the fact that stars orbiting the 

centres of spiral galaxies like our own, and 

galaxies orbiting within galaxy clusters, 

appear to be moving too fast, as if in the grip 

of stronger-than-expected gravity. However, 

no one has ever detected dark-matter particles, 

which has led to the suspicion that something 

could be amiss with Newton’s law of gravity. 

Modifying Newton’s law, making it 

stronger in places to mimic the effects of dark 

matter, is an old trick first proposed in the 

1980s by Mordehai Milgrom of the Weizmann 

Institute in Rehovot, Israel. Still, no one could 

explain why gravity should be tweaked in this 

way. Ungravity might be the answer. 

Things aren’t that simple, though. Before 

explaining away dark matter, physicists have 

to be sure that the existence of unparticles 

does not have other knock-on effects in 

cosmology that would have shown up already, 

says Hooman Davoudiasl at the Brookhaven 

National Laboratory in Upton, New York. 

“Unparticles have so much potential, but we 

must be careful not to let our imaginations 

run wild without checking the ramifications 

for the rest of cosmology,” he says. 

For example, in a recent paper, Davoudiasl 

shows that if too many unparticles were 

 “Unparticles wreak havoc 
with Einstein’s special theory 
of relativity”

created in the early universe, they would have 

disrupted the delicate energy balance that 

allowed helium, lithium and other light 

elements to be forged minutes after the big 

bang  ( Physical Review Letters, vol 99, p 141301) . 

That puts a limit on how many unparticles 

could have existed back then, he says. 

If unparticles behaved like normal 

particles, the story could end there. The limit 

on early unparticle numbers could scupper 

its hopes for mimicking dark matter today, 

since the current unparticle concentration 

would be too small to produce the effects 

that we see. But Georgi has shown that 

unparticles are far from normal, with no 

set relationship between the amount of 

energy they have, their mass and the speed 

they can move at. Because of this, even a 

small number of unparticles in the early 

universe could have a surprisingly large 

effect today, says Shao-Long Chen at the 

National Taiwan University in Taipei.

Chen and his colleagues examined 

what happens to the energy of unparticles as 

their temperature is ramped up and down. 

They assumed that the universe started out 

with a small number of unparticles compared 

to the number of photons – the requirement 

needed so that the early unparticles would 

not affect the production of light elements. 

As the universe expanded and cooled, 

they found that things became interesting. 

While the photons, particles and unparticles 

all slowed down, unparticles did not lose 

energy as quickly as their more conventional 

counterparts. “In an expanding universe, the 

behaviour of unparticle energy is dramatically 

different than that for photons,” says Chen. 

Today, even relatively few unparticles 

could make up a significant part of the energy 

budget in the universe – enough to act as 

dark matter, says Chen (  www.arxiv.org/

abs/0710.5129 ). “If this really happened, it 

would impact significantly on our standard 

picture of cosmology,” he says. 

Georgi reserves judgement on whether 

his unparticles really could be the key to 

solving the dark matter problem until more 

work is done, but he’s pleased that people are 

investigating the possibility. “All I knew was 

that I had found something cool and I wanted 

other people to take a look and see what kinds 

of weird things they might be capable of 

doing – what mysteries they might solve,” he 

says. “I’m happy because that’s exactly what 

people are now doing.”  ●

Further reading: “Unparticle physics” by Howard Georgi, 
  Physical Review Letters, vol 98, p 221601 
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 ●
A-YEAR-and-a-half ago, a vaccines 

expert in the eastern US received 

a phone call at home. The man on 

the line did not identify himself; he simply 

stated the names and ages of the researcher’s 

two children and the schools they attended, 

then hung up. The threat was shocking, but not 

a surprise. “I get hate mail every day,” says the 

researcher, who asked not to be named.

Many vaccine scientists in the US have 

received similar threats in recent years. They 

are thought to come from a hard core of 

parents who, in the face of overwhelming 

evidence to the contrary, are convinced that 

small amounts of mercury in vaccines have 

made their children autistic. What’s more, 

they believe that researchers are complicit 

in the scandal.

Threatening phone calls are extreme, 

but vaccine controversies are not. In the UK, 

confidence in the measles-mumps-rubella 

vaccine (MMR) has only recently recovered 

from the damage done by claims, now 

recognised as groundless, that it was linked to 

autism. Global attempts to eradicate polio hit 

the buffers in Nigeria in 2003 after rumours 

circulated that the vaccine had been 

deliberately contaminated with anti-fertility 

drugs and HIV. 

These are just the latest in a line of vaccine 

scares which date back to the very first 

vaccines in the 1800s. Then, campaigners 

protested against the widespread smallpox 

vaccination which targeted low-income areas, 

believing it to be an establishment plot to 

harm the poor.

So what is it about one of the greatest 

innovations in medicine that generates such 

fears, and how can governments prevent 

anxieties turning into large-scale boycotts? 

Nigeria is a case in point. It is one of 

just a handful of countries where polio is 

undefeated and is one target of a project run 

by the World Health Organization and others 

that aims to eliminate the disease. By 2003, 

vaccination teams from the Global Polio 

Eradication Initiative had fanned out across 

Nigeria. Then Muslim leaders in the north of 

the country began to attack the project.

To outsiders, the rhetoric sounded absurd. 

“We believe that modern-day Hitlers have 

deliberately adulterated the oral polio 

vaccines with anti-fertility drugs and 

contaminated it with certain viruses which 

are known to cause HIV and AIDS,” said Datti 

Ahmed, a medical doctor and chairman of the 

Supreme Council for Sharia in Nigeria.

Yet it struck a chord with many Nigerians. 

Less than a decade earlier, the Nigerian 

government had accused US pharmaceutical 

giant Pfizer of testing drugs in the country 

without fully informing patients of the risks. 

The case is ongoing, yet the allegations, 

Hard to swallow
Vaccination is one of medicine’s greatest achievements, 
so why do so many people fear it? Jim Giles investigates
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The polio vaccination 
programme in Nigeria 
fell victim to propaganda
and scare-mongering



which the company denies, attracted national 

attention, arousing suspicion against foreign 

medical organisations and also fuelling wider 

anger among Muslims over US foreign policy. 

In the north of the country, where Ahmed is 

based, there are many dilapidated health 

clinics in dire need of an upgrade. Against 

this background, many local people saw the 

vaccine teams as outsiders who were setting 

health priorities without stopping to ask local 

people what they needed – and as strangers 

not to be trusted.

As a result, four states in northern Nigeria – 

which are home to over 20 million people – 

pulled out of the project. One state refused 

to resume immunisation for over a year. The 

polio vaccination project is now back on track, 

but distrust of the vaccine remains widespread 

in the region.

At first sight, the fears that gripped 

Nigeria seem to be quite different from those 

in the UK or the US, but closer inspection 

reveals remarkably similar underlying 

issues. Take the UK’s MMR controversy. 

It started in 1998, after medical doctor Andrew 

Wakefield warned that it might be causing 

some children to develop autism. His 

evidence was scant: a study of just 12 children 

who had lost communication and other 

skills soon after being given the vaccination 

(  The Lancet, vol 351, p 637 ). As in Nigeria, the 

speculation reached the ears of parents 

through widespread and often sensationalised 

media reports. 

But the deeper issue, says medical 

anthropologist Rachel Casiday at Durham 

University, UK, is that vaccines were perceived 

as being forced on parents by outsiders they 

did not trust – in this case, the government. In 

a 2005 survey of attitudes to the MMR vaccine, 

Casiday found that parents were wary of 

claims that the vaccine was safe because of the 

way their government had underplayed the 

risks during a previous health scare – the 

controversy in the early 1990s over mad cow 

disease and the possibility that tainted beef 

was putting human health at risk. As the 

MMR scare continued, the UK government’s 

mishandling of intelligence reports on 

weapons of mass destruction in Iraq cut 

parents’ confidence still further (  Vaccine, 

vol 24, p 177 ). “A lot of people said: why should 

I trust what this government says about my 

children’s safety?” says Casiday.

Immunisation is one of the rare occasions 

when governments attempt to force a medical 
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 “Vaccines were perceived 
as being forced on parents by 
untrustworthy outsiders”

Nobody enjoys 
injections, but what 

turns anxieties 
about vaccines into 

serious boycotts? 
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solution on citizens, regardless of their 

personal desires or beliefs, and this may be 

part of the problem. In Nigeria, for example, 

on top of the scare stories about HIV, the 

policy conflicted with local people’s reliance 

on traditional medicine, which views polio as 

being caused by a malicious spirit. In the UK, 

government-mandated vaccinations run 

counter to recent attempts to give patients 

more choice, says social anthropologist 

Melissa Leach at the University of Sussex. And 

in the US it clashes with the nation’s “rugged 

individualism”, says paediatrician Robert 

Jacobson at the Mayo Clinic in Rochester, 

Minnesota. “Vaccines represent social health 

without regard to individuals,” he says.

Deadly consequences
Not only that, immunisation has become a 

victim of its own success: the diseases it 

protects against are now so rare in many 

countries that fears about them have faded. 

The fact that vaccines are given to healthy 

children who do not appear to need treatment 

does not help either. With these factors in play 

it’s no wonder that fears about vaccine safety 

catch on, no matter how ill-founded. And 

when anxieties spiral into boycotts, the 

consequences are serious. 

At the very least, the drop in immunisation 

rates that followed the MMR scare, from over 

90 per cent to around 80 per cent, contributed 

to hundreds of extra cases of measles in the 

UK. Polio spread to all of Nigeria’s neighbours 

in 2004 – countries that had previously been 

free of the disease. And when a series of anti-

vaccine campaigns criticised the safety of the 

whooping cough vaccine during the 1970s, 

incidence of whooping cough spiked. One 

analysis found it to be 10 to 100 times more 

common in countries where anti-vaccine 

campaigns had been most effective (  The 

Lancet, vol 351, p 356 ).

So how can a fear of vaccination 

be countered once it has taken root? 

Unfortunately, attempts to educate people 

about its benefits often fail. In Nigeria, the 

WHO and its partners tried to counter 

religious rhetoric by reassuring local people 

about the vaccine’s safety record. This 

attempt, according to Leach, underlined a 

general assumption that the villagers were 

simply ignorant and in need of education in 

scientific ways of thinking. Some believe this 

paternalistic approach, with few concessions 

to local beliefs, may even have strengthened 

the boycott.

Public health officials in the UK made 

similar mistakes, attempting to fight fears 

with facts. They issued leaflets comparing the 

relative risks of the MMR vaccine’s extremely 

rare side effects with the risks associated with 

forgoing vaccination. “Little tables showing 

relative risks of measles and the vaccination 

didn’t fit into the frame of reference that the 

parents used,” Casiday says. Instead, officials 

should focus on the welfare of individual 

children by emphasising the risk that a child 

faces by not receiving the vaccine, for example.

This approach is far from perfect, and 

responding directly to parents’ concerns can 

create problems of its own, as the story of 

mercury in vaccines shows. The current fears 

about childhood vaccinations in the US date 

from 1997, when Congress asked the Food and 

Drug Administration to measure the levels of 

thimerosal, a mercury-containing preservative 

found in many vaccines. The analysis showed 

that by six months of age, children could have 

been exposed to 187.5 micrograms of mercury. 

Safety standards for thimerosal did not exist, 

but that quantity was more than 80 micrograms 

above the recommended limit for 

methylmercury, a related compound. That 

prompted safety fears about thimerosal, even 

though studies into the mercury consumed 

by eating tainted fish suggested that the levels 

in the vaccines were not dangerous.

Public health officials dealt with this by 

insisting that vaccines were safe, but said they 

would make them even safer by removing 

thimerosal from all vaccines. This, says 

paediatrician Paul Offit at the University of 

Pennsylvania in Philadelphia, led parents to 

reason that they could protect their children 

by avoiding thimerosal. At the time this 

meant avoiding vaccines in general. “We put a 

scarlet letter on that product,” says Offit. “We 

dug a hole for ourselves from which we 

haven’t escaped.”

Confronted with a similar dilemma, the UK 

authorities did the opposite. When Wakefield 

aired his concerns in 1998, he suggested that it 

might be safer to deliver the three components 

separately and at different times to avoid 

straining infants’ immune systems. That 

would have reassured many worried parents, 

but public health officials feared that some 

parents would miss at least one appointment, 

leaving their children under-vaccinated. At 

the height of the MMR scare, that decision 

earned the government some harsh criticism. 

Almost a decade later, with confidence in the 

vaccine now slowly returning, its position has 

been vindicated.

Each vaccine controversy is different, but 

the British experience suggests that gentle 

persuasion is only part of the solution. The 

ideal way to discuss vaccines is often a subtle 

mix of talking less and listening more. And 

sometimes having the courage to make a 

tough call.  ●
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diligently pulsing throughout life. He found 

the brain to be still, and erroneously described 

it as “bloodless, devoid of veins, and naturally 

cold to the touch”. This coldness, as well as its 

corrugated surface, led Aristotle to suggest 

that the brain was merely a radiator, 

dissipating the heat generated by the heart.

It was Galen, a second-century Greek 

physician, who finally established the crucial 

role of the brain in controlling the body. 

Much of his evidence came from detailed 

anatomical study of animal brains. Galen 

was impressed by the brain’s complexity – 

its anatomy is far more complicated than that 

of any other organ – which suggested to him 

that it must be doing something important. 

He thought its purpose was to interact with 

the sense organs in the head .

Galen was a practical man, and he 

confirmed his ideas about brain function 

with public experiments on live animals. 

He describes with great relish how, having 

tracked the nerves from a pig’s brain to its 

voice box, he could expose them in the neck 

of a living, squealing animal, only to silence 

it with a cut. These ghoulish experiments 

showed that the brain controls the body, and 

Galen went on to argue that the brain and its 

nerves are also responsible for sensation, 

perception, emotion, planning and action.

Galen’s work on brain function remained 

the state of the art right up to the 20th 

century. In the absence of new experimental 

techniques there was little more that could be 

done to study its inner workings. Yet the brain 

remained of great interest to anatomists, 

and over the course of the intervening 

17 centuries they methodically mapped and 

catalogued its structure in ever finer detail. 

 ●
HUMAN curiosity about the workings 

of the brain dates back at least 

46 centuries. The first appearance of 

the word “brain” is on the   Edwin Smith Surgical 

Papyrus , an Egyptian manuscript dating from 

around 1600 BC but thought to have been 

copied from the writings of Imhotep, an 

engineer, architect and physician who lived 

1000 years earlier. The papyrus is the earliest 

known work on trauma medicine, and among 

other things it describes head injuries. 

We do not know whether those injuries 

were suffered during the carnage of war or in 

the chaos of an ancient building site, but they 

make sobering reading: men who are 

paralysed, men who can only crouch and 

mumble, and men whose skulls are split open 

to reveal the “skull offal” inside, convoluted 

like “the corrugations… in molten copper”. 

The author marvels at the opportunity to 

study this most mysterious of organs, and 

describes how his patients start to shudder 

when he thrusts his fingers into their wounds. 

Today we know so much about the brain 

it is easy to forget that for much of human 

history its workings were entirely hidden 

from view. For centuries it was the preserve 

of anatomists who catalogued and mapped 

its internal structure in exquisite detail even 

though they had little idea what any of the 

structures actually did. Only now, as we finally 

gain access to the brain’s inner workings, have 

those brain maps from the past started to 

make real sense.

Two millennia after Imhotep, the ancient 

Greeks were less enamoured of skull offal. 

Aristotle placed the control centre of the body 

at the heart, not the brain, presumably 

because it is demonstrably physically active, 
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cockerel’s spur
Behind the bizarre and archaic names, brain anatomy has 
acquired a profound new significance, says David Bainbridge
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is made up of the same three major regions 

as a human brain, and many of its parts have 

similar functions to their human equivalents. 

These structural similarities are reassuring to 

evolutionary biologists because they imply 

that the human brain evolved by the same 

processes that generated all other animals’ 

brains. Yet confusingly, they leave us with no 

obvious location for the abilities we think of 

as distinctively human.

Vertebrates probably share a common 

brain architecture for two reasons. First, 

once an ancient ancestral vertebrate had a 

brain, it seems unlikely that evolution would 

have any reason to dismantle it and start 

afresh. Little surprise, therefore, that human 

brains conform to a standard vertebrate 

plan. The other reason is that, despite our 

brain which explained our intelligence, 

language, wisdom and culture. But that did 

not stop anatomists searching for it. In 1858, 

a year before On the Origin of Species, a small 

protrusion into one of the brain’s inner 

cavities – called either the hippocampus 

minor (little sea horse) or calcar avis 

(cockerel’s spur) – was hailed as the definitive 

distinguishing feature of the human brain. 

Yet almost immediately supporters of the 

theory of evolution demonstrated that this 

little structure is also present in many other 

primates, and the uniqueness of the human 

brain vanished once more.

As it turns out, all parts of the human 

brain are also present in other primates, 

and we share the general plan of our brain 

with all backboned animals. A trout’s brain 

The impressive complexity of all those parts 

must have screamed out the idea that the 

brain was doing something very complicated, 

but what exactly? There was no way to find out.

This mapping and cataloguing of the 

brain’s many structures has left a legacy of 

wonderfully descriptive and evocative 

names – almonds, sea horses, hillocks, girdles, 

breasts and “black stuff” – all the more so for 

being expressed in Latin and Greek. There are 

mysterious regions bearing the names of their 

otherwise-forgotten discoverers, such as the 

tract of Goll, the fields of Forel, Monro’s holes 

and the radiations of Zuckerkandl. Others 

seem inexplicable (brain sand), starkly 

functional (the bridge) or ludicrously florid 

(nucleus motorius dissipatus formationis 

reticularis, which translates as “the dispersed 

motor nucleus of the net-like formation”). 

Some are just plain defeatist (substantia 

innominata or “unnamed stuff”).

Fanciful as many of these names are, once 

they had been chosen they tended to stick, 

and many have survived into the exacting 

world of modern neuroscience. Memory 

researchers now probe the molecular 

machinery of the sea horse (hippocampus); 

scientists studying emotion scan the almonds 

(amygdalae) for flickers of fear. The modern 

geography of the brain has a deliciously 

antiquated feel to it – rather like a medieval 

map with the known world encircled by terra 

incognita where monsters roam. 

Antiquated feel
 The old names bear little relation to our 

understanding of brain function, so navigating 

around the brain can be an arcane pursuit. 

Yet the quaintly outdated nomenclature has 

scarcely held science back, and in some 

respects this detailed mapping of the brain 

has helped clinicians, evolutionary biologists, 

philosophers and others make sense of it. 

The structure of the brain has always formed 

the core of what we know about the mind – 

after all, its anatomy remains the only thing 

about it that we do know for sure. 

Take evolutionary biology: the structure of 

the brain is excellent evidence for evolution, 

and of our unexceptional place in the scheme 

of things. Before Darwin, it must have seemed 

inexplicable that humans, the divinely chosen 

overseers of the Earth, should have brains 

almost indistinguishable from those of dumb 

beasts. No one had been able to find an 

obvious structural difference in the human 
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different environments and ways of life, 

all animals have to process the same types 

of information. No matter how bizarre a 

vertebrate is, it receives only three types of 

incoming sensory data: chemical (smell and 

taste), electromagnetic (light, and electric 

and magnetic fields) and movement (touch 

and sound). This restricted sensory palette 

may have been what gave rise to the three-

part vertebrate brain, with the front part 

processing smell information, the middle 

dealing with vision and the back interpreting 

sound. The laws of physics have never 

changed, so no new senses ever appeared and 

no new segments were added to our brains.

This still leaves us with the problem of 

how humans can be so intelligent when their 

brain has the same arrangement as a trout’s. 

At this point all those centuries of anatomical 

cataloguing come in handy, because they 

tell us how heavy different animals’ brains 

are. We like to think that human brains, at 

1300 grams, are unusually large; indeed, 

comparison with the 500-gram chimp brain 

bears this out. However, bottlenose dolphin 

brains weigh in at around 1600 grams, 

while sperm whales are cerebral giants at 

8000 grams, so sheer size is not the only thing 

that matters. However, in most mammals 

there is a strong mathematical relationship 

between body size and brain size: the weight 

of an animal’s brain can usually be predicted 

with a high degree of accuracy from the 

weight of its body. This is why whales, for 

example, have such big brains. But not so 

with humans: our brains are at least three 

times as large as would be expected from the 

calculations, suggesting that we have evolved 

tremendous cerebral overcapacity.

This huge expansion of the human brain, 

most of which occurred within the last 

10 million years, suggests that the differences 

between the mental abilities of humans 

and those of other animals are down to brain 

size: quantity, not quality. Perhaps we have 

passed a “critical mass” at which language, 

abstraction and all our other cognitive 

abilities can start to develop. 

An additional trend in human brain 

evolution has been the way in which many 

functions have been shunted to novel 

locations. For example, sensory processing 

and control of movement have been squashed 

ever higher into the upper regions of our 

brain – the cerebral cortex. The huge human 

cortex may look like a larger version of any 

other animal’s, but it is stuffed full of so many 

different functions that it may have come to 

work in a fundamentally different way.

Anatomy returns
Somewhat ironically, the one discipline where 

brain anatomy has not always held centre 

stage is brain science itself. Once the 

anatomists had completed their work in the 

early 20th century, neuroscientists promptly 

turned their backs on it as function superseded 

structure at the cutting edge of research. In the 

past few years, however, we have come to the 

realisation that to understand the function of 

the brain we must also understand its complex 

structure. Brain anatomy is in the ascendant 

again, and here are two reasons why.

The first is a practical, clinical one. Medical 

and veterinary students of my generation 

were often perplexed by the amount of time 

we spent studying brain anatomy, especially 

stained cross sections cut from the brains of 

dead people and animals. After all, the brain is 

invisible on radiographs and for most clinical 

purposes it was treated as a black box hiding 

inside the impenetrable skull. What use could 

all that anatomy possibly have?

However, an invention that has come along 

since I finished my clinical training has 

changed all that. Magnetic resonance imaging 

(MRI) scanners detect the radio pulses released 

by spinning protons as they realign in a 

magnetic field after they are knocked about by 

a pulse of radio waves. This phenomenon can 

be used to map the anatomy of the living 

brain, giving access to its workings for the first 

time. The information yielded by MRI comes 

in the form of computer-generated cross 

sections through the brain: suddenly, the old 

brain slices have taken on a new importance as 

part of the everyday process of diagnosing and 

treating disease .

The other reason why brain anatomy is 

important once again is a more philosophical 

one. Looking back over a century of studying 

brain function, one lesson is clear: we cannot 

truly understand a mental process until we 

know where it occurs. We now understand 

many complex brain processes – something 

that would have seemed incredible a few 

decades ago – and in every case that 

understanding followed our discovery of 

where the activity takes place. Memories are 

manipulated in the sea horse, fear in the 

almonds, vision is processed near the 

cockerel’s spur, and hearing in the hillocks 

(colliculi). Once neuroscientists know where a 

process occurs, they can start to pick it apart 

and find out how it occurs.

The importance of place is also illustrated 

by a counter-example – consciousness. 

We are pretty sure that consciousness takes 

place in the brain and that it must have 

evolved by the same mechanisms as every 

other cerebral process. Beyond that we are 

stumped. There are many theories of the 

nature of consciousness, but they are often 

difficult to test. A major reason for this is 

that we do not know where consciousness 

happens, so we cannot study the brain regions 

which generate it. Of course, there may be 

no single area of the brain that produces 

consciousness – it may be widely distributed 

across many regions – but again we do 

not know what those regions are. Until we 

do, consciousness will remain stubbornly 

resistant to our investigations.

Brain anatomy is in vogue again. For 

much of the time humans have pondered 

the nature of the brain, its anatomy was all 

we knew. In the 20th century it looked as if 

function had overtaken structure as the best 

way to understand the brain, but we can now 

see that the two are inextricably linked. More 

than anywhere else in the body, in the brain a 

sense of geography is crucial. There are many 

fantastic journeys ahead.  ●

David Bainbridge is the Clinical Veterinary Anatomist 
at the University of Cambridge. His new book is 
Beyond the Zonules of Zinn: A fantastic journey 
through your brain (Harvard University Press)
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Looks like rain



 ●
CONTRARY to what it says in the song, 

the rain in Spain does not stay mainly 

in the plain. It falls mostly in the 

mountainous regions of Cantabria and Asturias. 

Ask meteorologists why, and they will explain 

that the prevailing winds pick up moisture over 

the Atlantic, and that when this moist air hits 

Spain’s northern mountain ranges it is forced 

up to higher altitudes, where the moisture 

condenses to form clouds, and then rain. 

So far so good – except that it’s only half 

an answer. Not all clouds produce rain, and 

if you ask those same meteorologists why, 

after a few hand-waving explanations they 

will probably confess that they don’t really 

know. While the mechanisms of cloud 

formation are well understood, no one 

knows for certain what makes some clouds 

produce rain and others not. Models of 

what happens inside a cloud take into 

account general data like wind speed and 

the air’s humidity, but fudge the inner 

mechanics of clouds. There is a lot of room 

for improvement, and solving the mystery 

will not only help improve climate models, 

but could improve the reliability of cloud 

seeding as a way to induce rain (  New Scientist, 

16 April 2005, p 40 ).

To estimate the chances of rain, 

meteorologists and climate modellers have 

to fall back on observations of which types of 

clouds tend to produce rain and which do not, 

says Steve Derbyshire, a weather modeller 

at the UK’s Meteorological Office in Exeter. 

What modellers like Derbyshire would love 

is a clear model that explains the precise 

physics of raindrop formation. There is no 

shortage of ideas: at least four competing 

alternatives have been put forward, but until 

now we have not had the data to conclusively 

rule any of them in or out. That may be about 

to change, thanks to the most comprehensive 

study of cloud formation so far, which has 

just been completed.

The conditions nec essary for clouds to 

form are well understood. Air temperature 

drops with altitude, so as warm damp air rises 

and cools, the moisture it carries condenses 

onto specks of dust or soot, tiny salt crystals 

and other microscopic particles floating 

about – called cloud condensation nuclei 

(CCNs) – just as moisture in your breath 

condenses on a cold day. The droplets 

created when water molecules condense 

spontaneously onto CCNs can grow to 

around 10 micrometres in diameter in under 

5 minutes. And that’s where the mystery 

begins. For some reason, these tiny droplets 

sometimes – but not always – continue 

growing, swelling up to a million times their 

original volume in around 30 minutes. 

Droplets that grow this big, typically 1 to 

2 millimetres in diameter, become too 

heavy to be held suspended in the cloud by 

updraughts and so fall to the ground as rain. 

But what causes this sudden and rapid growth 

of droplets in some clouds, and why is the 

process absent in others?

Crucial stage
The answer may lie in a crucial early stage in 

droplet growth. At first, the droplets that 

condense onto CCNs can easily gather more 

water molecules as they condense out of the 

cooling cloud. But once the droplets reach a 

diameter of around 10 micrometres, even 

a small increase in size means adding many 

millions of water molecules. Relying purely on 

condensation to grow the droplets becomes 

like filling an Olympic swimming pool one cup 

at a time – a very slow process. It can take days 

for condensation alone to produce raindrops, 

says Sonia Lasher-Trapp, an atmospheric 

physicist at Purdue University in Indiana.

However, once droplets reach 

approximately 40 micrometres, the problem 

disappears as they now have a significant 

chance of colliding and amalgamating with 

one another. “We call that stage collision and 

coalescence, and once that process gets going, 

you get rain very quickly,” says Lasher-Trapp. 

So the crux of the mystery is this: what makes 

some droplets bridge the gap and grow from 

10 to 40 micrometres? 

Four main hypotheses have been proposed 

to explain this. The first of these was 

developed in 1973 by Hendrik Tennekes of 
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What makes some clouds rain while 
others merely drift serenely overhead? 
Mark Anderson sticks his head in a cloud



several micrometres in diameter, are known 

to exist in the atmosphere. Droplets formed 

by condensation on these oversized CCNs 

have a headstart, and so can reach the 

40-micrometre threshold more quickly. “It’s 

a nice, simple idea. If you’ve got big particles, 

you make raindrops quickly,” says Lasher-

Trapp. But she points out there’s a flaw in this 

model. When it rains, larger particles drop 

out of the clouds faster, so the amount of rain 

they can be responsible for creating is small.

In 2000, Alexei Korolev and George Isaac 

of the Meteorological Service of Canada in 

Toronto revived an older model, nicknamed 

the entrainment model. They calculated 

that the tops of some clouds sweep up 

Pennsylvania State University and 

John Woods, then at the University of 

Southampton in the UK. They calculated that 

turbulence inside a cloud might crash 

droplets together faster and more efficiently 

than simple cloud models, and their 

successors now suggest that turbulence 

lowers the bar for collision and coalescence 

closer to 10 micrometres, eliminating the 10 to 

40-micrometre gap altogether.

Yet turbulence may only be part of the 

story. In 1982, David Johnson of the Illinois 

State Institute of Natural Resources suggested 

that just a few 40-micrometre droplets could 

be enough to trigger a rainstorm. His idea 

relies on the fact that large aerosol particles, 
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Once things get going, 
a cloud can rain down 
torrents, but what tips 
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 “Cracking the puzzle of how raindrops form 
will help us understand climate change”

parcels of cold, dry air so abruptly that they 

create turbulence and thus the conditions 

for extra condensation and coalescence. 

Korolev and Isaac calculated that this can 

produce enough 40-micrometre cloud 

droplets to start the runaway formation of 

rain. But this still fails to explain how rain is 

produced in large cumulus clouds. 

Another model was put forward in 2005, 

when Raymond Shaw and Alex Kostinski of 

Michigan Technological University suggested 

a new twist on Johnson’s giant aerosol idea. 

Although there’s only a tiny chance of two 

10-micrometre droplets colliding, Shaw and 

Kostinski calculated that it only takes a few 

such droplets to collide and merge for larger 



droplets to form that will, in turn, start the 

runaway train of collision and coalescence. 

“To form rain, you don’t need all the droplets 

to collide with each other. Only a few are 

needed to get this process going,” says Shaw.

To help determine which model, or 

combination of them, is right, Bjorn Stevens 

of the University of California, Los Angeles, 

has launched the   Rain In Cumulus over the 

Ocean  (RICO) project, which aims to be the 

most exhaustive empirical study of warm 

rain to date. He plans to analyse the 

movement of water droplets in clouds in 

minute detail, and from that work out what is 

really going on in rain clouds.

Between November 2004 and January 

2005, RICO researchers studied clouds 

forming over a 20,000-square-kilometre 

patch of the Caribbean sea around Antigua 

and Barbuda. Three research aircraft were 

flown through the study region, which 

measured the variation in droplet size within 

the clouds and also dropped hundreds of 

lightweight GPS-enabled beacons to study air 

currents within them. Members of the team 

operating from ships used radar to build up 

accurate profiles of water density in the 

clouds, and the movement of droplets in 

them. On land, there were more radar stations 

and aerosol measurement sites. Finally, RICO 

tapped into visual and infrared spectroscopic 

measurements made from NASA’s Terra 

satellite (see Diagram, above).

These measurements should at last allow 

researchers to distinguish between the 

various models of rain formation. “RICO 

will allow us to advance the art of cloud 

simulation to the point where we can begin 

to quantitatively evaluate these ideas,” 

says Stevens. If, for example, the giant aerosol 

model is valid, there will be more rain on days 

when a lot of large aerosols are present in the 

atmosphere. Things are not looking good for 

it, as preliminary analysis of the RICO data 

shows no evidence for such a link. Ruling out 

the others will be less straightforward, 

though, and will require more sophisticated 

analysis of the data. 

Observations from RICO have even 

suggested a new twist on existing models. “We 

saw clouds forming in the debris or wake of 

old clouds, and that was new to us,” says 

Stevens, describing how particles from 

evaporating clouds were observed being 

consumed and turned into a new cloud as a 

pulse of warm, moist air rose from the sea. 

It is possible that can initiate rain-making, 

he suggests, as this recycling is likely to cause 

droplets from the parent clouds to combine 

and grow. So far, though, it has yet 

to be borne out by observation.

Whichever theory wins out will have to 

explain both how raindrops form and why 

they sometimes fail to form. “You’d like a 

theory that can form rain relatively quickly, 

but on the other hand can still allow for all 

those clouds we know and love that don’t 

form rain,” says Stevens. 

Understanding the behaviour of water 

droplets at the micrometre scale, crucial as it 

is, will never provide the whole story, however. 

A complete theory of rain formation will have 

to take into account everything from sub-

micrometre aerosols to wind and convection 

currents within and around clouds, right up to 

the interaction of weather fronts hundreds of 

kilometres wide. The mass of data collected by 

RICO will be relevant to all these factors, but 

at the same time its sheer volume will pose a 

problem for researchers. There will be far too 

many measurements for the computational 

model to cope with, Lasher-Trapp says, so 

modellers will have to select representative 

phenomena at each significant size scale.

If the puzzle of raindrop formation can 

be solved, the conclusions will reach beyond 

meteorology. The cooling effect of small, puffy 

cumulus clouds as they reflect sunlight is 

linked to the sizes of the droplets they contain. 

So understanding how raindrops form should 

help answer crucial questions about how the 

climate might change in the years ahead. “In 

a future climate that might be warmer, can 

we expect clouds to help us out?” asks Lasher-

Trapp. “Or might it go the other way, and help 

warm Earth even more?”  ●

Mark Anderson is a science writer based in 
Northampton, Massachusetts
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Interview

The iceman 
cometh, year 
after year

How did you and other scientists feel about 

Antarctic tourism when it began in the late 1950s? 

Every scientist I knew, including myself, was 

very much against it. We thought tourists 

would almost certainly get in the way and 

interfere with the scientific programme. We 

were down there doing things the hard way, 

basking in the glory of the heroic age of polar 

exploration, and resented the idea that people 

could simply pay to visit the continent. A lot 

of scientists still feel that the presence of 

tourists affects them adversely. 

Do you still resent tourists?

My views changed in the early 1960s when 

I met an 80-year-old passenger who had just 

returned from a trip on one of the first cruise 

ships to Antarctica. She knew all about my 

research into the decline of a population of 

  Adélie penguins . I realised that we needed 

people like her to protect the continent. 

Allowing people to visit Antarctica encourages 

a public interest in polar conservation. I have 

always found Antarctica a very interesting and 

moving place, and I now wouldn’t dream of 

trying to prevent other people from sharing 

that experience, just so long as it can be done 

in a controlled manner.

How well controlled is the tourist industry?

The model for ship-borne Antarctic tourism, 

which carries well over 95 per cent of tourists 

to the continent, was created by   Lars-Eric 

Lindblad , a Swedish-American tour operator 

who had a strong conservation mindset and 

took great care to ensure his operations 

caused no damage. It was genuine 

environmental concern, and it also helped 

to sell tickets to his very discerning clients. 

Lindblad took Antarctic experts aboard as 

lecturers and guides. All Antarctic cruise 

operators use this model, and newcomers 

are strongly encouraged to adopt it.

The Arctic operators could learn from this 

approach. I’ve visited Arctic cruise liners that 

were more like holiday camps, with little 

effort made to stimulate interest in the place. 

We had visitors coming ashore with no idea 

where they were. They were missing much 

and damaging the environment because no 

one had briefed them.

Since 1992, your research has focused on the 

impact of Antarctic tourism. What have you found? 

There is no strong evidence that tourism has 

had a significant impact on the plants, wildlife 

or landscape of Antarctica. On the whole, the 

tourists have done far less damage than some 

of the scientists who have had the run of the 

place since the 1950s. They left an awful mess. 

They scattered bases all over the place and 

didn’t bother to tidy up. Thankfully, they are 

doing so now, but they can still get away with 

things tourists wouldn’t dream of doing.

Profile
Bernard Stonehouse began his love affair with Antarctica 

in 1946 at the age of 20, working for the Falkland Islands 

Dependency Survey (now the British Antarctic Survey). In 

1949, he endured a winter under canvas there studying 

the   emperor penguin . Later he became editor of the Polar 

Record. With a background in zoology and biology, he 

currently leads the Scott Polar Research Institute’s group 

on polar ecology management in Cambridge. He recently 

co-edited a book,   Prospects for Polar Tourism  (CABI, 2007).

Antarctica is the most unspoiled continent on Earth – and fast 
becoming a tourist hotspot. It has been 50 years since the first 
cruise ship visited with 200 passengers, but now 30,000 
tourists go each year. Veteran polar researcher and zoologist  
Bernard Stonehouse has seen for himself how Antarctica has 
changed: he first set foot there in 1946 and since the early 1990s 
has been back every year to study the impact of tourism. He tells 
Henry Nicholls why tourists are important to Antarctica, and 
why scientists may pose a greater threat to its environment

 Photography: Pål Hansen
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How have scientists damaged the environment?

The US Antarctic Program recently created a 

1600-kilometre   snow road  from McMurdo 

station on the Antarctic Coast to the 

Amundsen-Scott South Pole station. 

This allows them to resupply the station by 

tractor rather than aircraft. It’s unthinkable 

that tourists could have this kind of impact. 

Similarly, scientists can put up hotels for the 

workers at their bases, but if a tour operator 

said it was going to put up a hotel there 

would be hell to pay. What would be strongly 

opposed for a tourist group is accepted almost 

without question for a scientific group.

What controls are scientists subject to?

The   Antarctic Treaty System (ATS)  is designed 

to control the scientific activities of the 

governments that subscribe to it. It’s this 

protocol that is forcing the scientists to tidy 

up the mess they’ve already made, and rightly 

so. It’s important to think about the impact of 

scientific activity. If the intention is to protect 

the Antarctic, scientists and tourists should 

be subject to the same controls.

What problems might tourism cause in the future?

Within a generation, tourism has become the 

largest human activity on the continent. It 

remains virtually uncontrolled except by 

the industry itself. This is fine so long as the 

industry is small, but it is growing all the time 

and it has the potential to get out of hand. 

Nowadays you can find as many as 40 ships 

operating around Antarctica in the summer. 

Climate change is likely to open up more sites 

to more people for more of the year.

How can this expansion be contained?

The ATS was not designed to control non-

governmental activities but it has created 

a commission to control fishing so it should 

be able to do the same for tourism. The 

controlling commission could, for example, 

check that a ship is properly run before 

allowing it to go to the Antarctic. The ATS 

needs to get to grips with this growth very 

quickly, particularly in the big-ship sector – 

cruise ships that do not land. The first 1000-

passenger liner travelled to Antarctica in 

2000. Four of them went there in the 

2004/2005 season, and as many will go  

this year. Last year, for the first time, a 

3000-passenger cruise ship visited, and this 

year its sister ship has two visits scheduled.

How dangerous is the Antarctic for such large ships?

No ship is immune to dangers at sea, but in 

many ways a big, well-equipped modern liner 

is safer for its passengers than a small one. 

Whether it is ice-strengthened is neither here 

nor there: dozens of ships that are not ice-

strengthened operate every year in ice-strewn 

waters. What matters is how the ship is 

handled, and I would trust the master of a big 

cruise liner – backed by an experienced ice 

captain – to know his job very thoroughly.

What if a ship does get into trouble?

If a small vessel gets into difficulty in 

Antarctic waters, it can be a relatively easy 

business to get its hundred or so passengers 

into the lifeboats, and with several other ships 

likely to be in the area they can be picked up 

fairly quickly. We saw this after the loss of the 

cruise ship   MS Explorer  in November last 

year . If a big ship were to founder in similar 

circumstances, getting well over 1000 

passengers and crew off quickly would be 

the biggest problem, and even half-a-dozen 

smaller ships would have difficulty 

transporting them to safety. There seems 

to be little provision for such an eventuality. 

Without it, the loss of a big ship could become 

a disaster on a scale never seen in Antarctica. 

Paradoxically to some, the more liners there 

are in Antarctic waters, the safer the situation 

becomes, because they can help each other if 

they get into difficulty. The problem for the 

ATS is not how to be rid of the ships, but how 

to encourage the creation of a safety network 

strong enough to contain them all.  ●

“Tourists have done far 
less damage than some 
of the scientists”
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Bernard Stonehouse’s Antarctic adventures began with 
penguins, but moved onto alien invaders – the tourists



Review

■RETURNING to school 

for a refresher course in 

biotechnology,   Janet Hope  

becomes alarmed when each 

concept is presented along with 

a corporate logo and ownership 

claim. Here’s a technique, her 

professor tells her: expression 

of proinsulin in E. coli – “owned” 

by Hoechst and Eli Lilly. And 

here’s another: expression of 

mini-proinsulin in S. cerevisae – 

“owned” by Novo Nordisk. 

Hope’s fellow students are 

focused on careers in the 

corporate world, a focus that 

seems to overshadow any wonder 

about science itself. She contrasts 

this state of affairs to that of free 

software development, an area 

that earlier caught her fancy when 

she heard a talk by free software 

guru   Richard Stallman . In the 

world of free software, freedom 

and openness are defining 

principles of a new model of 

social organisation involving 

collaboration between peers and 

a “bazaar”-style production model 

without formal hierarchies.

In   Biobazaar , Hope attempts 

to apply the principles of free 

software to biotechnology. The 

book is centred on what she refers 

to as the “irresistible analogy” 

between the two fields. But while 

the analogy works some of the 

time, at other times it is strained. It 

works best in asking how a research 

community can use licensing 

strategies to protect scientific 

knowledge from enclosure by 

corporate interests. It is least 

persuasive in providing a business 

model for new drug development.

The open source software 

movement is built on innovative 

intellectual property licences. 

The most influential is the Free 

Software Foundation’s   GNU 

General Public License . GPL grants 

a “copyleft” licence that allows 

people to take freely shared 

software code and modify it, so 

long as they make their modified 

version freely available under 

the same GPL terms. 

Can a GPL-style licensing 

strategy protect biotechnology 

research from proprietary 

controls? Hope reports on 

efforts to do just that, and the 

frustrations that accompany 

them. The   Human Genome 

Project , for example, rejected 

a restrictive licensing strategy 

and made important genomic 

information publicly available, 

but now faces increasing threats 

from an explosion of patents that 

limit the rights of researchers 

to use that information. The 

International   HapMap project  

cataloguing common human 

genetic variants  employed 

a copyleft-type clause that 

prohibited users from patenting 

their data, but ultimately 

abandoned this approach because 

it led to difficulties when trying to 

incorporate the project’s data into 

other genomic databases.

Among the core difficulties 

in adopting the software model 

to biotechnology is the nature 

of the rights themselves. Unlike 

lines of software code, data 

doesn’t qualify for copyright 

protection so, at least in the US, it 

can’t be both public and protected. 

Inventions can be patented and 

licensed, but that is costly.

Even if one could design 

legal strategies to “copyleft” 

biotechnology, would it, or should 

it, catch on? There is a tension 

between a researcher’s desire 

for freedom to operate and his 

or her need to ensure financial 

returns for investors, and this 

has to be resolved before the 

principles of free software can be 

applied to biotechnology. As long 

as proprietary control ensures 

investors’ returns, it will be 

difficult to stop researchers and 

companies from legally enclosing 

medical knowledge. Wishing it 

were not so isn’t enough. One has 

to explain where the money will 

come from, and Hope only hints 

at some solutions. 

More government grants, for 

instance, might help, but there 

has to be space for competition 

and private-sector decision-

making. Hope cites a proposal 

by Tim Hubbard and myself for 

the creation of “competitive 

intermediaries”, privately 

managed R&D outfits that 

invest in open source projects. 

They would be financed by 

contributions from individuals 

and companies, who would be 

required by law to pay into the 

fund of their choice. Separately, 

many are calling for a vastly 

  expanded role for prizes  to 

replace marketing monopolies 

as the source of income for 

drug developers. 

So can the lessons of open 

source software be applied to 

biotechnology? The answer is 

a qualified yes. There is much to 

be learned and replicated from 

the free software field, but the 

differences are also important. 

Are we on the verge of an open 

source revolution? If not a 

revolution, surely a growing 

rebellion. Hope gives us food for 

thought on the possibilities.  ●

  James Love  is director of   Knowledge 
Ecology International  in Washington DC
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BIOTECH WANTS 
TO BE FREE 
The lessons of open source software could benefit 
biotechnology, but it’s important to recognise their 
differences, says James Love

How many biological processes are 
“owned” by private companies?
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Biobazaar: The open source revolution and biotechnology by Janet Hope, Harvard University Press, $27.95, ISBN 9780674026353

“There’s a tension 
between researchers 
and private investors”



Grave Secrets of Dinosaurs, 

Manning tells the story of their 

unearthing of the virtually 

complete mummy that Lyson 

named “Dakota”, and their 

attempts to unravel the scientific 

secrets it held.

Finding the fossil had been 

the easy part – moving it would 

be harder. Dinosaur bones are big, 

and bones with meat are even 

more massive. A four-tonne block 

containing Dakota’s tail was 

removed first, then Lyson and 

Manning hauled the   even larger 

block  containing the rest of the 

mummy out of the badlands. 

Eventually, Manning was able 

to take rock samples back to 

Manchester for examination. 

Twenty-first century 

technology has opened up new 

ways to study such a unique fossil. 

An environmental scanning 

electron microscope revealed that 

what they had in their hands were 

not only skin impressions but 

actual fossilised skin, and that 

traces of organic compounds 

remained in the rock. 

Eventually, Manning arranged 

to peer inside the blocks encasing 

the tail and body using a giant 

CT scanner that a Boeing facility 

in California had used to examine 

space shuttle components. 

  Imaging the tail  went 

smoothly – the spacing of the 

bones revealed that soft tissue 

had remained in place during 

fossilisation and so the team would 

be able to calculate the tail’s 

muscle volume. But scanning the 

larger block containing the body 

was problematic. Manning 

received an email from Boeing: 

“It’s scanning again, but the 

bloody thing caught fire last 

night!” The fossil survived, but 

the scanner then went out of 

commission with the book’s 

deadline just days away, leaving 

the scans incomplete and the 

inside of the fossil a mystery. 

Rough edges are inevitable 

when publishers’ deadlines force 

an author’s hand. With the book 

hitting the shops before his first 

research papers are published, 

and with the body scans 

incomplete, Manning has to 

pull his punches. The conclusion, 

essentially, is “stay tuned”. That’s 

disappointing, but Manning is too 

rigorous a scientist to jump to 

conclusions. It’s not fatal, though, 

as the science is solid and well 

explained, the people are vivid 

and real, the adventures are well 

chosen and the story is well told. 

Read and enjoy.  ●

same time, in 1999, a sharp-eyed 

teenager named Tyler Lyson 

spotted a promising-looking 

fossil while on his way home from 

fossil-hunting on his uncle’s land 

in North Dakota. Lyson recognised 

it to be a hadrosaur tail and 

wondered if the rest of the 

dinosaur might be inside the rock. 

It was too late in the season to 

start a new excavation, so he 

simply noted that the site was 

worthy of further investigation.

Five years passed before Lyson 

found time to return for a closer 

look, and it was then that he 

discovered the   skin impressions  . 

When word of the discovery 

reached   Phil Manning , head of the 

vertebrate palaeontology research 

group at the University of 

Manchester in the UK, he quickly 

got in touch with Lyson and soon 

the two were scurrying to secure 

funding to excavate the fossil. In 
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GETTING INTO A 
DINOSAUR’S SKIN
A sharp-eyed teenager’s discovery of a mummified dinosaur 
sparked a fascinating scientific adventure, even if we don’t get 
to see how it ends, says Jeff Hecht

■VERTEBRATE palaeontology 

is a science built on bones. 

Well-preserved bones can be 

richly informative – the massive 

skull and teeth of Tyrannosaurus 

rex, for instance, have “deadly” 

written all over them. Yet bones 

reveal precious little about the 

“meat” of dinosaurs, leaving a 

host of questions unanswered 

about dinosaur metabolism, 

internal organs, and even how 

much weight the bones supported 

in life. That’s why it’s so exciting 

when, once in a rare while, a 

dinosaur is discovered whose 

fossils preserve more than 

just bones.

Explore the dinosaur exhibit at 

the American Museum of Natural 

History in New York and you’ll 

find the   dinosaur “mummy”  

discovered in Wyoming a century 

ago by the Sternberg family of 

fossil hunters. It preserves not 

only the skeleton of a duck-billed 

dinosaur, but also impressions of 

skin, flesh and tendons, giving 

scientists their first view of those 

parts of the animal.

Skin impressions are easy to 

miss, and some early dinosaur 

diggers didn’t realise their 

significance. In 1884, for example, 

J. L. Wortman found a more 

complete dinosaur mummy of 

the same species, but dug right 

through the skin impressions to 

recover the skeleton. 

The   discovery several years 

ago  of a well-preserved mummy 

in Montana – also a plant-eating, 

duck-billed dinosaur – reignited 

interest in exceptionally well-

preserved fossils. At about the 
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Grave Secrets of Dinosaurs: Soft tissues and hard science by Phillip Manning, National Geographic Press, $28, ISBN 9781426202193

“Bones tell precious 
little about the ‘meat’ 
of a dinosaur”

“Dakota’s” fossil is encased in two chunks 
of rock, but she may have looked like this



Histories

IT BEGAN with a king, Mithridates VI, ruthless 

ruler of the ancient kingdom of Pontus on the 

southern shores of the Black Sea. In the 1st 

century BC, Mithridates took on the Roman 

Empire and won – for a while. The king’s epic 

struggle with Rome is legendary, and so too is 

the medicine he is said to have invented. 

Like many powerful people of the time, 

Mithridates was afraid of being poisoned, and 

with good reason. Poisoning was a popular 

way to dispatch enemies, remove rivals or 

hurry along an inheritance. Assassins could 

choose from any number of deadly plants, 

with henbanes, hellebores and hemlocks firm 

favourites, or take their pick of venoms from 

local snakes, scorpions or spiders. The king’s 

answer was to create an antidote that would 

protect him against them all. 

According to some accounts, Mithridates 

systematically tested every known antidote 

on condemned prisoners. He soon learned 

that while one particular remedy worked best 

against snakebite, another was more effective 

against scorpion stings. As for plant poisons, 

it seemed something different was needed to 

counter each of them. Once he had established 

those that worked best, he combined them 

into a single universal antidote. Other 

accounts suggest the Persian physician 

Zopyrus sent Mithridates the recipe and a 

prisoner to test it on. Either way, the ultimate 

antidote included extracts from around 

50 plants, a legless lizard and musk from 

a beaver’s scent glands, all mixed into a 

palatable paste with honey. Mithridates, the 

story continues, took his medicine daily in 

an attempt to build up immunity to poison. 

Apparently it worked, for not only did 

Mithridates reach old age, when he was finally 

defeated in 63 BC by the Roman general 

Pompey and tried to poison himself, he found 

he couldn’t. “The poison, although deadly, 

did not prevail over him, since he had inured 

his constitution to it, taking precautionary 

antidotes in large doses every day,” wrote 

Roman historian Cassius Dio.

Whatever the truth of the story, it was good 

for sales of the stuff in Rome. Rumour had it 

that Pompey found the recipe among the 

vanquished king’s possessions and took it 

home. Soon Rome’s pharmacists were making 

it, which was good news for the inhabitants 

of a city that harboured some of the most 

notorious poisoners of the ancient world. 

There were other antidotes – known as 

In 1745, London doctor 
William Heberden wrote a 
scathing essay debunking what 
others considered the most 
marvellous of medicines – 
a peculiar concoction called 
mithridatum. For almost two 
millennia, mithridatum had 
been considered a cure for 
every illness imaginable, from 
indigestion and insomnia to 
boils and bubonic plague. 
The most that could be said for 
it, wrote Heberden, was that it 
would make the sick sweat, 
“which is commonly the virtue 
of a medicine which has none”. 
Yet such was its reputation – 
and cost – that apothecaries 
were required to prepare it in 
elaborate public ceremonies lest 
they be tempted to leave out a 
vital ingredient or skip a step 
in the laborious manufacturing 
process. If mithridatum was 
useless, why was it revered 
for so long? 
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theriacs – but Mithridates’s theriac, or 

mithridatum, clearly outclassed all others. 

By the time the Emperor Nero came to 

power in AD 54, Rome’s pharmacists had 

tinkered with the formula, adding yet more 

components. Nero himself took a keen 

interest in the subject: poison was his 

preferred method of assassination but he 

feared it too, and exhorted his physician 

Andromachus to develop a still better theriac.

Andromachus added extra herbs, upped 

the opium content and dropped the lizard, 

opting instead for viper flesh – assuming that 

it must contain something that protected the 

snake from its own venom. Andromachus’s 

mithridatum contained 64 ingredients and 

was much more than an antidote, he claimed. 

Not only did it “counteract all poisons and 

bites of venomous animals”, it would also 

“relieve all pain, weakness of the stomach, 

asthma, difficulty of breathing, phthisis 

[tuberculosis], colic, jaundice, dropsy, 

weakness of sight, inflammation of the 

bladder and kidneys and the plague”. 

A century after Nero, Andromachus’s 

theriac received the ultimate seal of 

approval – an endorsement by the most 

influential man in the history of medicine. 

Claudius Galenus, physician to Emperor 

Marcus Aurelius, is credited with inventing 

the science of pharmacy, and his writings 

remained the last word on the subject for the 

next 1500 years. In his book on theriacs, 

Galenus, or Galen as we know him, declared 

Andromachus’s formula the best: “Whoever 

took a proper dose in the morning was 

ensured against poison throughout that day.” 

Word of the amazing remedy spread across 

Europe. Soon it was regarded not just as proof 

against poison but as a panacea, an effective 

remedy for all manner of illnesses, including 

the most feared disease of all, bubonic plague. 

Its popularity soared whenever there was 

an outbreak of poisoning: in France, the 

installation of the murderous Catherine de 

Medici as queen in 1547 saw sales rocket; 

while the rise of the Borgias in 16th-century 

Italy prompted many to lay in supplies. 

“Soon it was regarded 
not just as proof against 
poison but as a panacea”

Marvellous mithridatum
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Business was brisk when the Black Death 

swept across Europe in the mid-14th century, 

and again with each new wave of plague. In 

England, theriac, or “treacle” as the English 

called it, was the best the plague doctors had 

to offer, unrivalled as both preventive and 

treatment, they maintained. 

To begin with, most mithridatum was 

made in Italy, and Venice soon dominated 

the trade. “Venice treacle” was reputed to 

be the finest, because Venetian vipers were 

best. That prompted the city to establish 

viper gardens to guarantee the supply of 

snakes. The authorities also took steps to 

oversee production, mindful that any drop 

in quality or allegation of adulteration could 

see rival producers move in on its markets. 

Other cities followed suit, introducing 

regulations and inspections to prevent 

greedy apothecaries taking short cuts or 

leaving out the more expensive ingredients. 

From Byzantium to Bologna and Padua 

to Paris, the manufacture of theriac became 

a public spectacle, with elaborate procedures 

and ceremonies designed to reassure the 

public that the carefully selected apothecaries 

who made it never deviated from the rules 

or the recipe. First, the ingredients were laid 

out for public inspection and then, when 

the apothecaries were allowed at last to grind 
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and mix the materials, they did so under 

the watchful eyes of official scrutineers and 

crowds of townspeople. Authenticity was 

crucial and suspicion rife. In Holland, one 

doctor accused apothecaries of plying 

inspectors with wine so their attention 

wandered while the apothecaries switched 

ingredients that had already been checked 

for something cheaper.

In England, doctors grumbled that 

theriac was always in short supply and 

that foreign rogues often sold them sub-

standard stuff. The answer was for English 

apothecaries to make English treacle. 

Business flourished, although local 

apothecaries sometimes had to substitute 

local herbs for Mithridates’s Mediterranean 

species. Foreign suppliers responded by 

reducing their prices, undercutting English 

producers and triggering accusations of 

fraud. “Strangers do daily send into England 

a false and naughty kind of mithridatum 

and treacle in great barreles,” grumbled 

Elizabeth I’s apothecary in 1585. In 1612, 

there were complaints about the rubbish 

being passed off as “Tryacle of Genoa”, 

and the College of Physicians was persuaded 

to supervise production and so guarantee 

the quality of English treacle. 

So much trouble, and for what? In 1745 

William Heberden, a London doctor, wrote An 

Essay on Mithridatium and Theriaca ridiculing 

the remedy. It did little more than make a 

patient sweat, he argued. By the end of the 

century, theriac had been dropped from the 

London Pharmacopoeia, although versions 

remained in some European pharmacopoeias 

until the late 19th century. But was theriac 

really so useless, or was Galen right? 

The most famous ingredient, the vipers, 

contain no antidote to snake venom and it’s 

doubtful any other ingredient protected 

against poison. The opium, though, would have 

eased pain, reduced anxiety and encouraged 

restful sleep.  It would have helped those with 

plague too , soothing their cough, reducing 

fever and drying up diarrhoea, says Christiane 

Nockels Fabbri, an expert on medieval 

medicine at Yale University (Early Science and 

Medicine, vol 12, p 247).   Modern analysis of 

some of the herbs that went into mithridatum  

also indicates that it had powerful anti-

inflammatory action, useful for wounds, 

bruising and some intestinal disorders. It may 

have had other benefits too, but until someone 

makes a fresh batch of mithridatum and puts 

it to the test, who knows?  Stephanie Pain  ●

In late-18th-century Bologna, the manufacture of 
mithridatum was a colourful public spectacle
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Bookends

IN 1875, three decades before genes 

officially arrived on the scientific 

scene,   Francis Galton observed : 

“Twins have a special claim on 

our attention… their history 

affords means of distinguishing 

between the effects of tendencies 

received at birth, and those that 

were imposed by the special 

circumstances of their after lives.” 

With today’s flood of information 

from genetics, and with results 

from many studies of 

monozygotic (identical) twins 

raised together and apart, the 

promise implicit in Galton’s 

observation should be close to 

fulfilment. Are we on the brink 

of knowing conclusively which of 

nature and nurture is dominant 

in making us what we are?

Whereas we know that some 

things (eye colour, Huntington’s 

disease) are definitely genetic, 

and others (the language we 

speak or the religion we adhere to) 

are environmental, we wish to 

know the degree of heritability 

of such traits as intelligence, 

schizophrenia and aggression. 

To date, the evidence from 

studies of separately raised 

monozygotic twins favours the 

nature side of the argument, 

which in turn suggests that we 

have to accept a significant degree 

of biological determinism in our 

picture of humanity.

The main reason for 

resistance to this is, of course, 

the importance we attach to 

individual autonomy, moral 

choice and responsibility, 

and the possibility of making 

ourselves better people through 

education and experience. This 

has led some to challenge key 

concepts in behavioural genetics, 

including “trait”, “intelligence” 

and “aggression”, along with the 

assumption that twins brought 

up in the same house really do 

share the same environment.

Another response has been 

to argue that nature and nurture 

operate jointly to produce the wide 

palette of traits that constitutes 

an individual. This is plausible: 

environmental cues switch 

on genes in a number of cases 

(diet can diminish or exacerbate 

the symptoms of certain 

inherited disorders), and similar 

interactions might be found for 

many environment-gene 

relationships. In this vein, the New 

Zealand IQ expert James Flynn 

argues that   intelligence enhances 

itself by choosing a suitable 

environment , suggesting that 

twin studies might overestimate 

the role of genes in this case.

But there is one source of 

evidence that has been under-

used. This is the case of certain 

genetic syndromes which make 

unrelated individuals seem 

like twins, or at least exhibit 

extremely similar repertoires of 

physical and mental traits. Such 

cases add weight to the nature 

case, and merit study accordingly.

Examples are syndromes that 

result from small deletions or 

additions of DNA in chromosomes. 

Some are too rare or too recently 

observed to have acquired names, 

and are known by their DNA 

coordinates. The six children so far 

identified with deletions of DNA in 

chromosome 16 (  bands 16p11.2-12.2 ) 

all look alike, with flat faces, deep-

set eyes and small chins, and 

experience similar developmental 

and behavioural difficulties. 

The 370 individuals worldwide 

diagnosed with deletions in 

chromosome 22 (  band 22q13.3 ) 

tend to share the syndrome’s 

characteristic flaky toenails, 

puffed cheeks and poor muscle 

tone, and manifest symptoms 

similar to those of autism. 

In these and similar cases 

nature is producing otherwise 

unrelated “twins” – with a specific 

genetic difference from the 

norm. They all need attentive 

care and therapy, so might it be 

that among the gifts they could 

bring is added insight into the 

difference made by environmental 

inputs targeted to their specific 

genetic syndrome? For here we 

have clear cases in which the 

relative outcomes of a specific 

genetic endowment and responses 

to it from the environment can be 

significantly compared.  ●

“Nature is producing 
unrelated ‘twins’ 
with similar physical 
and mental traits”

Just how much 
do genes tell us?
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Commentary

Mindfi elds  A. C. Grayling Body beautiful
The Naked Man
by Desmond Morris, Jonathan Cape, 
£18.99, ISBN 9780224080422 
Reviewed by Lucy Middleton 

FORTY years on 

from The Naked 

Ape, but just a few 

since The Naked 

Female, Desmond 

Morris now takes 

us on a zoological 

safari of the 

naked human male. From the 

hair on his head right down to 

his feet, Morris gives the 

evolutionary explanations for 

the anatomy of the male body, 

making sure we never forget our 

ape origins. He also describes 

how various bodily features 

have been modified by a variety 

of cultures and trends. While 

some scientists are asking if 

men have a future – in light of 

the   fragile Y-chromosome  – this 

is a refreshing celebration of the 

wonder that is the human male.

Mapping the moon
International Atlas of Lunar Exploration
by Philip J. Stooke, Cambridge University 
Press, £95/$190, ISBN 9780521819305
Reviewed by Ken MacTaggart

LUNA 9 made the 

first soft landing 

on the moon in 

1966 and beamed 

back the first 

close-up images of 

the lunar surface. 

Yet we still don’t know exactly 

where it touched down. Award-

winning planetary cartographer 

Philip Stooke tackles this and 

other mysteries with the help 

of NASA and Russian archives, 

along with his own mapping 

and digital-imaging skills. He 

also maps the better-known 

landing sites, crash sites and 

experiments of human and 

automatic explorers. The book 

is a tour de force account of the 

human race’s exploration of its 

nearest celestial neighbour. 

Bookends
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Feedback–

HERE are three interesting-sounding 

scientific papers. Martin Gardiner 

was perusing the programme for 

the Acoustical Society of America 

conference, due to take place in June, 

when he came across   “A vowel 

identification procedure for gerbils”  by 

Joan Sinnott and Kelly Mosteller in the 

Journal of the Acoustical Society of 

America (vol 122, p 2947). According to 

the abstract, gerbils are rather good at 

vowel identification. For example, 

Mongolian gerbils can tell the 

difference between “u” and “i”, and 

even between “a” and “ae”. Not many 

people know this.

Also of interest is a paper discovered 

by our colleague Jeff Hecht.   “On the 

existence and structure of a mush at 

the inner core boundary of the Earth”  

is by R. Deguen, T. Alboussière and 

D. Brito. It appears in Physics of The 

Earth and Planetary Interiors (vol 164, 

p 1) and doubtless repays close study.

Lastly, Lucy Robinson was 

intrigued when a colleague drew her 

attention to a paper by Patrick Rabbit 

and colleagues entitled   “Effects of 

death within 11 years on cognitive 

performance in old age”  in Psychology 

and Aging (vol 17, p 468). “Probably 

pretty dramatic, we thought,” is 

Robinson’s comment.

WHAT has the   Catalogue of Life  got against 

Chinese people? A correspondent, who 

insists their name really is Grimble 

Gromble, was checking out Homo sapiens 
on the catalogue’s website. It reports that 

the worldwide distribution of H. sapiens is: 
“Southern Asia, South America, Oceania, 

North America, Middle America, Europe & 

Northern Asia (excluding China), Caribbean, 

Australia, Africa.”

DOGS are humans’ best friends, their 

owners often believe. But how far does 

canine loyalty go? Emanuela Prato-

Previde and colleagues at the 

University of Milan’s Institute of 

Psychology throw some light on 

this question in the journal   Animal 

Cognition (vol 11, p 167) .

They took 54 dogs and tested them 

on their ability to choose between a 

large and a small quantity of food when 

their owner showed no encouragement 

towards either. No problem: the dogs 

knew what was best for them, and 

picked the fuller bowl. 

Then some owner encouragement 

was added. When offered two equally 

small bowls, the dogs were strongly 

biased towards the one their owner 

picked up and enthused over. Not so 

surprising, perhaps. However, when a 

big bowl and a small bowl went head-

to-head and the owner enthused over 

the skimpy portion, some of the dogs 

eschewed the big feed and went for the 

smaller snack instead. 

Does this prove that loyal Fido 

really is our best friend, or just that 

Fido is extremely stupid? Prato-

Previde suggests that millennia of 

domestication and human-dog 

co-evolution have produced dogs bred 

for unthinking obedience. So yes, they 

may well be our best friends, but only 

because we made them that way.

THE Braun electric toothbrush that Geoff 

Burn bought from Sainsbury’s supermarket 

had some strange advice on the packaging. 

It said: “Warning! This product is fitted 

with a security device which is NOT 

MICROWAVABLE.”

Burn wonders if there is an eccentric 

group of Sainsbury customers who buy 

electric toothbrushes in order to microwave 

the security devices that come with them 

and who must at all costs be put off doing 

so. Or perhaps they simply like microwaving 

the toothbrushes, and the warning is there 

to ensure they detach the security devices 

before indulging in their hobby.

To make the matter more puzzling, 

there was no security device with the 

toothbrush that Burn bought. Since he had 

not seen any such device being removed or 

deactivated at the check-out, and nor had 

any alarms gone off when he left the shop, 

he could only assume that the non-

microwavable security device had been 

removed before the toothbrush reached 

the point of sale, leaving the warning 

somewhat redundant.

Then again, perhaps the whole thing is 

Sainsbury’s idea of an obscure practical joke.

THE first lines of text on the 

website of the   Proof Reading Service  

state that “Proof-Reading-Service.net 

provides professional proofreading 

services exclusively for professors, 

lecturers, post-doc’s and research 

students and businesses.” 

Ian Short suggests this may not 

be the best way to introduce such a 

service, and wonders what the 

  Apostrophe Protection Society  would 

have to say about it.

FINALLY, according to “Quelling evolutionary 

controversy”, a paper in the University of 

British Columbia journal Synergy, 
“Controversy about the role of 

interbreeding among and between 

species has led to conflicting views 

about hybridisation among botanists 

and zoologists.” Jeff Thompson wants to 

know if botanists and zoologists are now 

recognised as distinct species, and if so, 

is such hybridisation possible?

You can send stories to Feedback by email 

at feedback@newscientist.com. Please 

include your home address. This week’s and 

past Feedbacks can be seen on our website.

This week’s “most ingenious misquote” award 
goes to a camping shop in Beverley, East Yorkshire, UK, 
where Chris Finn saw a sign announcing: “Now is the 
Winter of our Discount Tents”
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The last word–

NO USE CRYING…
While making a cup of coffee 

I spilled some milk, and it made 

an interesting pattern. There were 

approximately 18 small droplets 

surrounding a larger central droplet 

(see left-hand Photo). It reminded 

me of a photograph I saw in a 

textbook during my childhood, where 

a drop had just fallen into a glass 

of milk, resulting in a splash like 

a king’s crown. Why did my pattern 

and the one from the book form? 

Presumably they are related. Do 

other liquids make similar patterns?

● The pattern of droplets surrounding 
the larger drop of spilt milk is the 
result of corona splashing. The study 
of splashes has a long and 
distinguished history, dating back 
to the late 19th century. Arthur 
Worthington, who was one of the 
first people to systematically study 
drop impacts, made it his life’s work, 
and his book A Study of Splashes 
(Longman, 1908) contains many 
fascinating photographs of splashes. 
Perhaps the best-known   photographs  
of a corona splash are those captured 
by   Harold Edgerton  starting in 1936. 

When a drop hits a surface, it can 
either spread, splash or rebound. The 
outcome depends on a number of 
factors, including impact speed, size, 
density, viscosity and whether the 
surface is initially dry or damp. For dry 
surfaces, impact drop morphologies 
are also influenced by the roughness 
and “wetability” of the surface.

On a typical dry, flat and relatively 
smooth bench, such as the type 
often found in kitchens, the moment 
the falling drop strikes the surface, 

portions of the liquid moving 
downwards are pushed outwards 
from beneath the collapsing drop and 
immediately begin to spread along 
the bench top. A narrow and highly 
curved neck therefore develops 
between the thin liquid layer and the 
largely uncollapsed spherical drop 
above it. Provided the impact speed is 
above a critical value and the surface 

is not too smooth, surface tension in 
the necked region gives rise to a force 
directed at an angle to the horizontal. 

In corona splashing, the 
upward component in the surface 
tension at the neck causes the leading 
edge of the radially spreading liquid 
film to bend upwards, giving rise to 
the formation of a “corona”, or crown, 
of the type mentioned in the 
question. Excess pressure caused by 

the collapsing drop continues to 
push liquid into the walls of the crown 
as the impact unfolds, extending it 
outwards and upwards.

As the crown rises and increases 
in size the rim slows and thickens, 
taking on a roughly toroidal shape. 
The underlying mechanism leading 
to the rim of the crown breaking up 
into many smaller droplets is not yet 
entirely understood. It is thought, 
however, that at the moment 
when liquid begins to feed into the 
walls of the crown, rough anomalies 
on the bench’s surface initiate small 
ripples which rapidly grow and 
inevitably cause the rim of the 
crown to form cusps, which break up 
into thin jets directed upwards and 
away from the crown. Instabilities in 
the ejected jets from the rim of the 
crown cause a droplet to pinch off 
at each end, giving rise to the 
distinctive coronet (see Photo, above 
right ) that is responsible for the 
observed splash pattern. 

Shortly afterwards, the walls of 
the crown start to thicken as it slows 

before falling back onto the bench 
under gravity, together with what 
remains of the protruding jets, to form 
the larger central drop. The effects 
of surface tension are responsible 
for holding the collapsing coronet 
together during its final dénouement. 

Besides milk, corona splashing is 
found in many other liquids including 
water, various alcohols and some 
paints. However, the opaqueness of 
milk makes it easier to see the droplet 
ring resulting from a corona splash.
Seán Stewart
The Petroleum Institute
Abu Dhabi, United Arab Emirates

THIS WEEK’S QUESTION
Chill factor

Is it possible for it to be too cold to light 
a fire? In the same vein, is it possible 
for it to be so cold that a fire, with 
enough fuel to keep it going under 
normal circumstances, goes out?
Ian Tilly
Ashford, Kent, UK

“The study of splashes and 

droplet patterns has a long and 

distinguished history, dating 

back to the late 19th century”
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