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CORRESPONDENCE 

The arrow of 
time 
SIR- Huw Price's efforts to "demolish one of 
the main positive suggestions" in our book 
The Arrow of Time are flawed. In attempt
ing to refute our arguments about the exist
ence of entropy in chaotic systems, Price 
states that even if chaotic evolution destroys 
time-symmetric determinism, "what it leaves 
might well be time-symmetric indeter
minism". But for highly unstable dynamical 
systems (including K flows and Bernoulli 
automorphisms, which are of considerable 
theoretical importance), the temporal 
symmetry is broken2.3. 

It is precisely because of this time-asym
metric indeterminism that one can define an 
entropy-like quantity (or Liapounov vari
able) which has the property of monotonic 
increase with time. Moreover, the conditions 
under which such an entropy exists can be 
formulated rigorously in the language of 
ergodic theory in terms of intrinsic properties 
of a dynamical system2
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This approach avoids the problems associ
ated with coarse-graining and initial condi
tion arguments, which lead to 'entropies' that 
can decrease with time. 
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PRICE REPLIES: My original objection rests on 
the following logical point. 

Let T be any theory whose purpose is to 
describe the temporal evolution of physial 
systems of some kind. Thus when applied to 
a model comprising a physical system s, T 
takes as input the information that s is con
fined to a certain region of its phase space at a 
time t0• It generates as output information 
aboutthestateof sat anytime t1, where t1> t0 

in the assumed temporal coordinates of the 
theoretical model. 

The crucial question is whether, in order to 
yield a corresponding prediction about a real 
system, T needs to take into account whether 
t1 is actually later or earlier than t0 , in the or
dinary time sense of the real world. if not, 
then T yields the same result in either case, 
and hence does not give rise to any temporal 
asymmetry. If, on the other hand, T does de
pend on this further information, then this 
can only be because at some point it already 
treats the past and future orientations differ
ently - otherwise the extra information 
would be redundant. Hence in this case any 
resulting asymmetry will effectively have 
been built into the theory from the begin
ning. So in neither case do we have 'sym-
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metry-breaking'; that is, a temporal asym
metry which arises where there was none be
fore. 

The argument is independent of the math
ematical form of the theory concerned. 
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Humane killing 
SIR- In recent years, a better understanding 
of the animal, particularly in the physiologi
cal and ethological fields, has placed a 
greater emphasis on accountability and 
ethics with regard to the use of animals in 
experiments. The development of various 
methods of anaesthesia and humane killing 
which do not affect the data for an 
experimental study involving animals is 
therefore of the utmost importance. A 
number of effective methods existl.2, but 
some of these affect the parameters of a 
study, are costly, not readily obtainable or 
simple distasteful. 

I would like to draw attention to an alter
native method of killing mice and rats that in
volves the intraperitoneal injection of 70 per 
cent ethanoPA. The effects of 70 per cent 
ethanol on the central nervous system of 
mice and rats are similar to that of carbon 
dioxide. Upon injection, ethanol affects the 
acid-base balance by lowering blood pH and 
plasma bicarbonate concentration and 
increasing plasma lactate and ketone bodies. 
These changes result in respiratory and 
metabolic acidosis and cause depression of 
the central nervous system. This method is 
humane, inexpensive and very simple. In in
stances where barbiturate drugs would nor
mally be used, such as vaccine candidate 
evaluation, 70 per cent ethanol may be of im
mense value as an alternative, particularly in 
developing countries where barbiturate 
drugs have limited availability. Physical 
methods such as dislocation of the neck 
might be used but requires expertise and is 
often distasteful to the researcher. 

In the light of many recent articles pub
lished on animal experimentation5
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, a con
tinuing concern for accountability with ani
mal use will undoubtedly see the develop
ment of alternative and improve methods of 
anaesthesia and killing. Ethanol may be the 
first of many new techniques. 
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Gulf oil spill 
SIR - In his report on the Gulf oil spill caused 
by the Iraqi forces 1, Peter Aldhous discusses 
the suitability of recent techniques of biore
mediation for tackling this catastrophe. 
Bioremediation technology involves spray
ing beaches and floating oil with cocktails of 
oil-feeding bacteria and/ or nutrients that 
stimulate indigenous oil-feeders. The Texas 
company Alpha Environmental and its UK 
sister Alpha Biological Treatment Services 
are said to be standing by to move tonnes of 
bacterial cocktail to the Gulf. 

Our group has been involved in research 
on oil-degrading microorganisms in Kuwaiti 
soils and coastal waters. We have found that 
one bacterial genus, Rhodococcu:l-, pre
dominates in the Kuwaiti (probably in the 
entire Gulf) environment, counting up to 
tens of millions of cells per gram of soil. Ku
waiti strains, which are adapted to the ex
treme environmental conditions of the re
gion, proved much more active in oil degra
dation than strains isolated elsewhere. From 
the ecological point of view, the indigenous 
strains would severely compete with strains 
of the bacterial cocktail, and the oil-feeders 
could thus become antagonistic. 

During oil degradation, bacteria fre
quently excrete specific detergents that may 
dramatically inhibit other oil-feeding 
strains3

• One may thus conclude that the 
most suitable approach would be the spray
ing of nutrients to stimulate indigenous oil
feeding strains. Enhanced oil degradation 
would probably then follow, but there is rea
son to believe that new environmental ha
zards would also arise. Rhodococcus, like 
many other oil-feeding actinomycetes, ex
cretes large amounts of trehalose glycolipids 
as detergents. These compounds show a de
gree of toxicity4

, and in addition, frequently 
contain mycolic acids, whose relation to pa
thogenesis is known5• In this context, it 
should be remembered that the Gulf is the 
main source of drinking water in this region. 

With regard to the volume of oil released 
(about 1.5 million barrels), which turned out 
to be considerably less than at first assumed 
(about 10 million barrels), the concerned 
authorities might be better advised to tackle 
this catastrophe using the more tedious but 
safer physical means of oil removal from 
water. 
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