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Introduction

When, in 1994, New Scientist began publishing The Last Word, the magazine’s weekly column of everyday science questions and answers provided by readers,
one of the journal’s editors asked how long we expected the column to run. Estimates ranged from twelve months to five years.
‘If,’ suggested one, ‘we reach ten years, I’d be amazed. That would be more than five hundred weeks of questions – there simply
aren’t that many out there.’

Eleven years later you are reading Does Anything Eat Wasps?, a witty and sometimes esoteric compilation of questions and answers from a column that shows no sign of running out of steam.
In the last five years alone, readers have told us how fat you have to be to become bulletproof, why dark alcoholic drinks
cause heavier hangovers than light ones, how to judge the amount of rain in a cloud and why eating green potatoes can be downright
dangerous. And The Last Word has even spawned a research project and scientific paper in the journal Physica A. So taken were a group of researchers in Spain and the USA by our question asking why Tia Maria and cream interact so dramatically
that they set about finding the answer. You can read what they discovered.

So why has the column thrived against all expectations? Well, as colleagues often tell me, I have the easiest job on the magazine.
The Last Word is driven entirely by the enthusiasm of New Scientist’s readers. Without their enduring input there would be no Last Word, and you would not be reading this book. Every week our
email system is inundated with readers’ new questions and, almost as rapidly, those questions are answered by their peers.
This book is a result of their efforts.

And, if you enjoy reading it, you can join them by buying the weekly magazine or logging on to http://www.newscientist.com/lastword,
where you can pose your own question or answer another. But remember, The Last Word is devoted to the small questions in life.
We can’t solve the mystery behind the meaning of human existence, but we can tell you why your tea changes colour when you
add lemon juice. We don’t know whether there is life in another galaxy, but we do know how to make bubbles in your chocolate
bar. We are devoted to the trivial.

Back in 1994 that same sceptical editor promised to throw a party if The Last Word was still in existence in 2004. As well
as waiting vainly for the column to show signs of flagging, I am still waiting for the party to which I should invite all
those who have made The Last Word the success it is.




Mick O’Hare





The editor would like to extend special thanks to Jeremy Webb, Lucy Middleton, Alun Anderson and the subediting and production
teams of New Scientist magazine for helping to make this book so much better than it would have been otherwise.








1 Our bodies 
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My mate Paul and I can both hold a tune, but when he sings he sounds like Bryn Terfel, while I’m more like a wounded hippo. What are the anatomical prerequisites for a naturally pleasant singing voice?

Chris Newton 

Moreton Valence, Gloucestershire, UK



Like all musical instruments, human voice quality is largely determined by resonance. A great Italian tenor gave permission
for his larynx to be studied after his death. Air blown through his isolated vocal cords produced the same noise (somewhere
between blowing a raspberry and the sound of a whoopee cushion) as other, musically uncelebrated corpses.

The fundamental vibration of the vocal cord becomes operatic splendour by the addition of desirable harmonics. Some of these
are imparted by immutable anatomy, such as the shape and density of the teeth, jaw and sinuses, and others arise by manipulating
the shape of the singer’s oropharynx, the part of the throat at the back of the mouth. Fortunately the latter can be trained
and refined. Presumably those with a ‘naturally pleasant singing voice’ have a lucky coincidence of skeleton and oropharyngeal
shape.

David Williams 

New Lambton Heights, New South Wales, Australia



Vocal sounds originate in the air stream that is forced through the larynx,
the front of which is visible as the Adam’s apple, often prominent in males. Near the bottom of the larynx are the vocal folds,
a pair of flaps that are essentially muscles whose thickness, area, shape and tension can be controlled. The folds are open
when you breathe, but when you produce a sound they come together and the air pressure builds up below them until they are
forced apart. After reducing the pressure in a puff of air, the folds close again. Repeating the process creates a pulsating
stream of air whose frequency determines the pitch of the sound.

Words, whether spoken or sung, are created by modifying this air stream. Most consonants chop it up into blocks whereas vowels
are the sustained sounds in those blocks. The letters w, y, l and r lie between these two extremes, constricting the air stream
to modify its acoustic properties. After leaving the larynx, the air stream passes through the oropharynx, the upper part
of the gullet, and into the mouth. Together, these structures can be likened to the tubing of a brass instrument between the
mouthpiece (the vocal folds) and the bell (the lips). Like the air in any tube, it has resonant frequencies, known as formants.
In an adult man, the lowest formant is about 500 hertz. Changing the shape of the tube by arching the tongue, opening the
jaws, modifying the shape of the lips or altering the position of the larynx will either raise or lower the frequency of each
formant. To a certain extent we do this unconsciously, but singers learn how to control these parts of their anatomy.

Singers also have another formant, which is thought to be caused by a standing wave set up in the short tube between the vocal
folds and the point where the relatively narrow larynx joins the wider oropharynx. In acoustical terms there is an impedance
mismatch at that junction so part of the sound energy is reflected back towards the vocal folds. The effect is weak in normal
speech because the tube is very short, and in untrained singers it can shorten still further because their larynx tends to
rise as they try to sing louder and at a higher pitch. But in trained singers the larynx descends, lengthening the tube, and
the effect becomes very significant. It adds clarity and projection to a voice and is responsible for its ‘ring’ or ‘bloom’,
which contributes to the voice’s timbre. For these reasons it is called the singer’s formant. In basses it is about 2400 hertz,
rising to 3200 hertz or more in sopranos.

The pulsating air stream has a fundamental frequency and a whole series of harmonics. Their strengths are modified by the
formants to create the vowels. The art of singing is to do everything any human does but while making a pleasing sound, and
using it to create a melodic line with carefully controlled variations in volume to convey feeling and expression. The technique
required to become a fine singer is on a par with that required to become, say, a concert pianist. However, a voice is a relatively
fragile instrument that sooner or later begins to deteriorate.

There are many reasons why people cannot sing well even if they can produce sounds that are in tune. The range of frequencies
produced by their vocal folds may not match their formants – a bass voice allied to baritone formants, for example. Some may
not be able to achieve sufficient control over their larynx or tongue to manipulate their formants. In other cases the vibrations
of the vocal folds might be irregular. Sometimes the vocal folds do not close correctly or they may be too dry to function
properly: alcohol and cigarette smoke can dry the mucosa that normally keeps them well lubricated.

Richard Holroyd 

Cambridge, UK
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Why do bruises go through a range of colours before they fade? I can see why they would be red or purple, but what accounts for the yellowish-green colour? And why do they often take a day or two to appear? Surely the damage and bleeding occurs at the time of injury.

Rick Rossi 

Birmingham, UK



A bruise occurs when small capillary blood vessels break under the skin. The haemoglobin in this leaked blood gives the bruise
its classic red-purplish hue. The body then ropes in white blood cells to repair the damage at the site of the injury, which
causes the red cells to break down. This produces the substances that are responsible for the colour changes.

The breakdown products of haemoglobin are biliverdin, which is green, and then bilirubin, which is yellow. Later, the debris
at the bruise site clears and the colour fades.

It is the same process that disposes of red cells past their use-by date. White cells called macrophages break down defunct
red cells in the spleen, liver, bone marrow and other tissues. Bilirubin is taken up by the liver, where it is converted to
bile and used in the digestion of food. It is bilirubin that helps to give faeces their characteristic colour.

Claire Adams 

Belmont, Western Australia



The breakdown product of haemoglobin, bilirubin, is yellowish in colour and is normally excreted from the body as a component
of bile. Bile itself is secreted to help digest fat. This is very efficient recycling.

An accumulation of excess bilirubin in our body can occur in medical conditions such as hepatitis, giving the skin a yellow
tinge also known as jaundice. One can sometimes observe this in some newborn babies.

Jaundiced skin will itch because bilirubin is an irritant, while bruises are tender to touch. Ultraviolet light helps in breaking
down bilirubin and is also the treatment for jaundiced babies.

Frankie Wong 

Sydney, Australia



Bruises sometimes take a long time to appear because the damage can occur deep in the body tissues. The body under the skin
is not of course an amorphous mass – it has discrete muscles and organs, separated by planes of fibrous tissue (these can
be seen clearly when looking at joints of meat from the butcher). When blood leaks from damaged vessels it is often prevented
from reaching the skin’s surface quickly by these planes of tissue, or it may simply take a while to diffuse through subcutaneous
tissue.

The fibrous tissue sheaths also explain why a bruise occasionally appears some distance from the original impact – the leaking
blood has tracked under the sheath and surfaces only where the fibrous tissue ends.

Stewart Lloyd 

Consultant occupational physician

Brigg, North Lincolnshire, UK
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I recently picked up a leaflet published by Health Scotland which said the darker the colour of my alcoholic drink, the worse my hangover would be. Whisky, red wine or brandy would lead to a worse morning after than would vodka or white wine, because the darker drinks contain something  called congeners. After experimenting, I have to say this seems to be the case. But is it the congeners? If so, what are they and what do they do?

Richard King 

Glasgow, UK



Most people consume alcoholic drinks for their ethanol content. However, many such drinks also contain amounts of other biologically
active compounds known as congeners. Congeners include complex organic molecules such as polyphenols, other alcohols such
as methanol, and histamine. They are produced along with ethanol during fermentation or the drink’s ageing process.

Congeners are believed to contribute to the intoxicating effects of a drink, and the subsequent hangover. People who drink
pure ethanol-based alcohols such as vodka have been shown to suffer fewer hangover symptoms than those who drink darker beverages
such as whisky, brandy and red wine, all of which have a much higher congener content.

The congener denounced as the main hangover culprit is methanol. Humans metabolise methanol in a similar way to ethanol, but
the end-product is different. Ethanol generates acetaldehyde, but when methanol is broken down, a major product is formaldehyde,
which is more toxic than acetaldehyde and can cause blindness or death in high concentrations. Ethanol inhibits the metabolism
of methanol, which may be why drinking ‘the hair of the dog’ can alleviate hangover symptoms.

Studies have found that the severity of different drinks’ hangover symptoms decline in this order: brandy, red wine, rum,
whisky, white wine, gin, vodka and pure ethanol.

Eric Albie 

Hull, East Yorkshire, UK
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I’ve been reading a book called Deadly Doses: A Writer’s Guide to Poisons and it has raised two questions. When I was at school, my biology teacher told the class it was possible to drink snake venom and survive, because the venom is a protein and would be broken down by the digestive process. Yet the book says snake venom is deadly if taken orally. Who is right? And is it possible to build up a tolerance to arsenic, as in Dorothy L. Sayers’s book Strong Poison, and so survive a lethal dose?

Darren Fowkes 

Ilkeston, Derbyshire, UK



Readers should be aware that there seems to be no consensus on what is safe. One thing is certain: these substances are dangerous and should be treated with extreme caution and not ingested in any form — Ed.



I have watched a Zambian snake expert, Major Alick Chanda, milk the venom from a live puff adder (Bitis arietans) into a wine glass and drink it, with no ill effects.

Snake venom is a complex mixture of proteins, the composition varying from species to species. It can be classified into three
major groups: cytotoxic, which attacks cells and tissues and is produced by vipers and adders; neurotoxic, which affects the
nerves and is produced by cobras and mambas; and haemotoxic, which affects the blood-clotting process and is produced by back-fanged
species such as the boomslang and bird snake. Whatever the type, the venom has to enter the bloodstream to have an effect.
That is why snakes bite with hypodermic-like fangs. If you swallow venom, provided you have no lesions in your gastrointestinal
tract, the proteins will be broken down into harmless amino acids and absorbed, like the products of all protein digestion.

Arsenic is an entirely different matter. Being an element it is not affected by the digestive process. It is poisonous in
doses of as little as 65 milligrams, and the poisoning can arise from a single large dose or from repeated small doses as,
for example, by inhaling arsenical gases or dust, or drinking contaminated water.

There have been various accounts of people acquiring tolerance to poison by repeated small doses. In the 2nd century BC, King
Mithridates IV was reputed to have used this method so successfully that, when he tried to commit suicide by swallowing poison
after defeat in the Battle of Pompey he failed – and had to be stabbed to death. And Rasputin reportedly swallowed the stuff
regularly to protect himself from being bumped off.

However, the physiological basis for such a tolerance has never been ascertained, and arsenic is known to be carcinogenic
in small quantities. One has only to look at the effect of small repeated doses on the unfortunate inhabitants of Bangladesh,
whose wells are contaminated with it, to see this is harmful and ultimately fatal.

Alistair Scott 

Gland, Switzerland



Here in the US, roadside and entertainment park exhibitions where snake handlers would handle venomous reptiles were once
commonplace. In one of the most notorious, Ross Allen of Florida milked rattlesnakes into a glass and afterwards drank it.
He never exhibited any obvious ill effects, although he did say the venom made it ‘hard to whistle’ for some time afterwards.

Very high concentrations of venom given to animals orally, however, can have lethal consequences. The amount of venom administered
for this experimental purpose is almost as much as the stomach can hold. If administered intravenously, these doses would
be tens of thousands of times the LD50 – that is, the amount of venom that kills 50 per cent of a group of lab animals. When
given orally, death is the result of the venom itself and not a by-product of its digestion – administering antiserum saves
the animal.

Professor Joseph F. Gennaro, Jr (retired) 

University of Florida College of Medicine, Gainesville, US



It is possible to build up a tolerance to arsenic and survive a dose that would normally be lethal.

Arsenic is toxic because it binds to, and thus inactivates, proteins that are essential to metabolism. However, it can be
inactivated in the body by enzymes called metallothionines, and the presence of arsenic can induce liver cells to produce
more of these. If small quantities of arsenic are consumed over a period of time, then enzyme production will be induced more
often and background levels will increase.

This is the same sort of mechanism that allows alcoholics to consume quantities that would kill a teetotaller.

Craig Fitzpatrick 

Estcourt, Western Australia



Only a fool would drink venom, because dangerous doses can get into the circulation through minor injuries to the mucous membrane
of the digestive tract.

Many venoms contain enzymes that damage tissues and let poison in, and though toxic proteins certainly are deadlier when injected,
some do pass through the gut wall. This factor is more important in infants, but even adults can die of swallowing small doses
of very poisonous proteins, such as ricin. Gut enzymes break down some of the most dangerous venoms too slowly to give much
protection, and many venoms resist or inhibit some of our digestive proteases.

As for inorganic arsenic, claims of tolerance are confused by travellers’ tales, quackery, ill-defined preparations and personal
variation. Chemistry affects toxicity (arsenites are more poisonous than, say, arsenates or sulphur compounds) and the gut
absorbs coarse-textured, poorly soluble material less easily. Soluble arsenic, far from inducing tolerance in small doses,
is dangerously cumulative.

Dorothy L. Sayers’s jam omelette story was cute, but before a would-be murderer had managed to kill anyone by this method,
he would probably have expired.

Jon Richfield 

Somerset West, South Africa
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Why do people have eyebrows?

Ben Holmes 

Edmonton, Canada



My father has alopecia so he doesn’t have eyebrows. In warm weather, sweat runs into his eyes and makes them sore; in wet
weather he has to keep wiping the rain out of his eyes. So your eyebrows divert sweat droplets and raindrops from running
directly into your eyes. You would be very uncomfortable without them.

Valerie Higgins 

Telford, Shropshire, UK



We use our exceptionally mobile eyebrows to communicate our emotions. The position of the eyebrows emphasises expressions
on the human face thus giving others an accurate picture of the individual’s mood. This gives a good indication of whether
a person is friendly or whether they might be dangerous to approach.

Smiles come in many forms, from expressions of merriment or contentment to leers, smirks and even anger. The position of the
brow, emphasised by the eyebrows, is what gives us a visual cue to what an individual is really feeling.

The importance of eyebrow position as a guide to mood was brought home to me when a friend had Botox injections in the lines
on her forehead and couldn’t raise or lower her eyebrows. Talking to her became a disconcerting experience – the bottom half
of her face remained mobile but her eyebrows did not move. I couldn’t deduce her mood accurately by looking at her expression,
and needed to use other cues such as her actions and speech.

Alison Venugoban 

Ngunnawal, ACT, Australia



Eyebrows are important in expressing emotions. Perhaps most important is the ‘eyebrow flash’, a rapid up-and-down flick of the eyebrows that conveys recognition and approval. The ability to telegraph friendly intentions from a safe distance would have had obvious survival value for our ancestors.

Eyebrow signalling of various kinds is widespread among primates, although only in humans are the eyebrows highlighted by setting them against bare skin — Ed.
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How long can a human being live for if their sole source of food or drink is beer? And do different beers – ale, lager, stout, mild – confer a better chance of survival?

John Eden 

Narara, New South Wales, Australia



Beer has had a reputation since antiquity as being a staple in the diet, often called ‘liquid bread’. In ancient Egypt, workers
received beer as part of their salary, as did the ladies-in-waiting of Queen Elizabeth I of England. In 1492, one gallon of
beer per day was the standard allocation for sailors in the navy of Henry VII.

This high reputation for beer came about because it was made from malted barley, which is rich in vitamins. This is still
true today. A quick check using nutritional tables shows that a pint can provide more than 5 per cent of the daily recommended
intake of several vitamins, such as B9, B6 and B2, although other vitamins such as A, C and D are lacking.

It is of course unethical to conduct an experiment to see whether one can live on beer alone. However, during the Seven Years
War of 1756–63, John Clephane, physician to the English fleet, conducted a clinical trial. Three ships were sent from England
to America. One – the Grampus – was supplied with plenty of beer, while the two control ships – the Daedalus and the Tortoise – had only the common allowance of spirits. After an unusually long voyage due to bad weather, Clephane reported that the
Daedalus and Tortoise had 112 and 62 men respectively requiring hospitalisation. The Grampus, on the other hand, had only 13, arguably a clear-cut result.

Needless to say, the sailors’ allowance of eight pints of beer per day is no longer within the accepted confines of current
moderate alcohol consumption. One can only speculate on the state of their livers. Living on beer alone may be a fantasy for
some, but it is not a good health strategy.



C. Walker 

Brewing Research International, Nutfield, Surrey, UK



I do not know how long a human could survive on beer alone, although I suspect the critical factors would be cirrhosis of
the liver and vitamin deficiencies. Nonetheless, monks would be the ones to ask. Bavarian-style bock beers (or dark lagers)
have been closely associated with monasteries for centuries, where they were brewed for times of fast and Lent. They are commonly
known as liquid breads.

Possibly the most famous beer of this style is Paulaner Salvator, and at 7.5 per cent alcohol by volume it should keep your
mind from food.

Neil Watt 

Knighton, Powys, UK



I offer the following answer: I’m 39 and still alive.

Chris Jack 

St Albans, Hertfordshire, UK



I once put myself on a beer and cabbage diet. I can vouch that I lost weight, friends and control of my lower bowel, often
simultaneously.

Bill Coppock 

Edinburgh, UK
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How fat would you have to be to be bulletproof, so that your fat layer would prevent a bullet fired from an ordinary handgun from reaching your vital organs? I recently read it was about 500 kilograms, but find this hard to believe.

Ward van Nostrom 

By email, no address supplied



The damage a bullet does to its target is measured in two ways: the depth of penetration and the amount of tissue damage per
centimetre of penetration. These two figures are normally found by firing live rounds into blocks of a thick, viscous gel
that is formulated to have the same physical properties, such as viscosity and density, as human flesh.

A 9-millimetre handgun round – the most common type – is quoted in the Compendium of Modern Firearms by K. Dockery and R. Talsorian (Games, 1991) as being able to penetrate approximately 60 centimetres of human flesh before
it stops, doing an average of 1 cubic centimetre of damage per centimetre of penetration. In reality the distance penetrated
is often much less, because rounds frequently hit bones or simply pass through the target. This data is also based on a general
body tissue average. Because fat is approximately 10 per cent softer and less dense than muscle, the figure of 60 cm may be
too little.

Although being bullet-proof may sound advantageous, carrying a 60-cm-thick layer of body fat obviously comes with its own
health hazards.

Thomas Lambert 

Baslow, Derbyshire, UK



A human body would never be entirely bulletproof when you take into consideration tissues and appendages such as the hands,
feet, eyes, ears and male genitals. Even if the skin was sufficiently thick to stop a bullet, the shock wave could seriously
harm internal organs and the network of nerves below the skin, an effect which shot pellets exploit. Pellets from a shotgun
can kill a human without penetrating the skin.

A bullet’s depth of penetration in a body depends on a number of factors, such as the bullet’s energy, diameter, mass, shape
and material. Bullets from rifles and handguns may range from approximately 5 to 15 mm in diameter and from 70 to 7000 joules
in energy. A typical police handgun bullet has a diameter of 9 mm and an initial energy of 500 joules. Penetration depth is
measured in a gelatine block, and the police handgun bullet typically penetrates about 30 cm of gelatine at a distance of
5 metres from the barrel.

To estimate how much such a fat layer would weigh, start with the surface area of the person ‘underneath’. There are several
formulae to calculate the body surface area; I will use the Mosteller formula, which gives an individual’s body surface area
in square metres as the square root of the product of their height in centimetres and their weight in kilograms, all divided
by 60. For a man 175 cm tall and weighing 75 kg, this yields a body surface area of 1.91 m2. So in order to cover this area
with a 30-cm-thick layer of fat with a density of 1 gram per cm3, we would need at least 573 kilograms. When you add this
to the weight of the body, you find that a typical bulletproof person would weigh about 650 kilograms.

Hans-Ulrich Mast 

Erding, Germany
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After my death I would like to become a fossil. Is there anything I could have done to my remains that would improve my chances, and where would be a good place to have them interred? How quickly could I turn into a fossil?

D. J. Thompson 

Holywell, Flintshire, UK



So you want to become a fossil? This is admirable, but you have made a bad start. A hard, mineralised exoskeleton and a marine
lifestyle would have given you a better chance. But let’s start with what you have got: an internal skeleton and some soft
outer bits.

You can usually forget the soft bits. If you take up mountaineering or skiing and end up in a glacier crevasse you could become
a wizened mummy, but that’s not real fossilisation, just putting things on hold for a while. If you really want to survive
the ravages of geological time then you need to concentrate on teeth and bones. Fossilisation of these involves additional
mineralisation, so you might want to get a head start and think about your diet: cheese and milk would build up your bone
calcium. And look after your teeth, as these really are your best bet for a long-term future. So get a good dentist and keep
those appointments.

After that it comes down to three things: location, location, location. You must find a place to die where you won’t be disturbed
for a long time. Caves have worked well for some people, so you might want to take up potholing to scout out locations close
to home, but get the proper training.

Alternatively, you need a rapid burial. I don’t mean a speedy funeral service picked out of the telephone directory, but something
natural and dramatic – the sort of thing that is preceded by a distant volcanic rumble and an unfinished query along the lines
of ‘What was...?’

You might want to travel to find the right natural opportunity. Camping in a desert wadi in the flash-flood season would be
good. And long walks across tropical river flood plains during heavy rain could get you where you want to be: buried in fine,
anoxic mud. Or how about an imprudent picnic on the flanks of an active volcano? But take geological advice because you are
looking for a nice ash-fall burial, not cremation by lava.

Talking of
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