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tensor is completely anisotropic. J. S. Griffith 
had been able to determine from this tensor the order 
and spacing of the 3d orbitals on the iron atom; this 
order indicates very strongly that the histidine 
group attached to the iron atom is in a plane parallel 
to one of the diagonals of the hrem plane. 

Information can also be obtained from the hyper
fine splittings produced by protons or other magnetic 
nuclei. These splittings can be correlated with the 
types of group that are present and the angles which 
they make with one another. In order to extract 
such information from the data, one must, however, 
make use of molecular orbital theory, and the same 
applies to the sort of information which can be 
obtained from measurements of zero-field splittings. 

In the second section of the symposium, four papers 
were presented. 

The first paper, by J. R. Bolton and A. Carrington, 
was concerned with two topics. The first was the 
measurement and interpretation of the electron spin 
resonance spectra. of the negative ions of toluene, 
p-xylene and m-xylene. These a.re of special interest 
because of the degeneracy of the lowest a.ntibonding 
orbitals of benzene. This degeneracy is removed by 
introducing methyl groups, and one can predict 
from the molecular orbital theory which of the two 
orbitals is likely to be occupied in the ground-state 
of each ion. The spectra. of these xylenes, and of their 
partially deuterated isotopes, completely confirm 
the theoretical predictions, and in particular the 
hypothesis that the methyl groups repel the additional 
electron. 

The other topic discussed by Dr. Carrington was 
certain remarkable line-width a.lternstion effect.a 
which occur in the electron spin resonance spectra 
of the durosemiquinone positive ion and in the 
positive ion of 5,8-dihydroxy-1,4-na.phtha.semiquin
one. This effect is almost certainly due to cis-trans 
isomeriza.tion proceeding at a rate comparable with 
the separation (in cycles/sec.) between the hyperfine 
lines in the resonance spectra.. Dr. Carrington also 
directed attention to the possibility of determining 
the signs of hyperfine interaction constants by study
ing the variation of line width as one proceeds from 
one end of a spectrum to the other. 

In the next paper Dr. E. A. C. Lucken described 
experiments on various substituted p-benzosemi
quinones and polynuclear aromatic quinones. He 
used these measurements in attempting to evaluate 
coulomb integrals and resonance integrals for 
the various types of atoms and bonds. These 

attempts were not altogether successful, but Dr. 
Lucken claimed that his experiments could be inter
preted by supposing that the methyl group produced 
an inductive effect, but did not enter into hypercon
juga.tion. In the subsequent discussion, Dr. Carring
ton said that he, J. R. Bolton and A. D. McLachlan 
had obtained strong evidence for hyperconjuga.tion
a.t least in hydrocarbon cations-from experiments 
on the positive and negative ions of anthracene and 
its 9-methyl and 9,10-dimethyl derivatives. 

Prof. M. C. R. Symons then gave a lecture on the 
use of electron resonance in identifying the products 
of radiation damage in some inorganic oxy-sa.lts. As 
Prof. Symons pointed out, such work can provide 
interesting information a.bout the closed-shell species 
from which the para.magnetic radicals or radical ions 
are derived. He illustrated this remark with reference 
to the manganate and hypomanga.na.te ions which 
result from the addition of one or two electrons to 
MnO,-. Work on damaged crystals is, however, 
often complicated by the difficulty of identifying the 
products, especially if the common isotopes of the 
nuclei have no magnetic moment. Nevertheless, 
in some cases it may be possible to argue by analogy, 
a.s in the series ClO3 .SO8-, Po,--. Prof. Symons 
described some preliminary work on the oxyions of 
chlorine, nitrogen and sulphur, and offered an explana
tion for some apparent discrepancies between the 
results of various authors who had studied the 
NO 3 molecule in different environments. 

The final paper in the symposium was given by 
J. R. Morton. When a crystal of L-ala.nine is irradi
ated with y-ra.ys the radical CH8CHCO,H is produced. 
The electron spin resonance spectrum of this radical 
shows hyperfine structure which varies with the 
orientation of the crystal and also changes markedly 
when the crystal is cooled to 77° K. It is possible to 
analyse this spectrum fully and to obtain the hyper
fine coupling tensors for the CH proton and the 
three protons of the CH, group. The radical is found 
to be planar, with a CH8-C-H angle of 121 ± 3°. 
The spectra. at 77° K. indicate that the methyl group 
has ceased to rotate at that temperature, and an 
estimate of the height of the rotation barrier can be 
obtained from the spectra at intermediate tempera
tures. 

At the end of the meeting Dr. D. H. Whiffen 
proposed a vote of thanks to Prof. K. W. Sykes for 
arranging the symposium and to Queen Mary College, 
London. for generous hospitality. 

H. C. LONGUET-HIGGINS 

THE HEALTH OF SEAFARERS 

T HE total number of seafarers on ships other than 
those engaged in coastal trading is in the region 

of 750,000. They form a definite community the 
members of which are linked together by mutual 
interest-and health hazards-at least as closely 
linked as they are to their parent countries. Although 
much has already been done to improve their working 
conditions and health standards, much remains to be 
done. In 1959 the World Health Organization 
undertook a study of the whole problem of the health 
of seafarers. As a preliminary fact-finding step, the 
World Health Organization Regional Office for 
Europe convened a conference at which it became 

clear that not enough was known of the health 
problems of seafarers or of the health services avail
able to them. Following this conference, a que-stion
na.ire was drawn up by the Organization in consulta
tion with the International Labour Organization and 
circulated to member States. The next step was to 
appoint a consultant to visit some of the major 
ports to analyse the problem in those ports where 
services were already in being and to supplement, 
where necessary, the information given in replies to 
the questionnaire. The ports visited were Liverpool, 
London, Marseilles, Athens, Alexandria, Bombay, 
Singapore, Manila, Hong Kong, Tokyo, San Fran-
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cisco, Montreal, Helsinki, Gothenburg and Hamburg. 
The findings of this investigation were reported to a 
Joint Committee on the Hygiene of Seafarers, set 
up by the two Organizations, that met in Geneva 
during May 1-4, and are reported in a recent issue 
of the WHO Chronicle (15, No. IO; October 1961). 

There seems to be general agreement that certain 
complaints occur more often than others, such as 
diseases of the gastro-intestinal tract, cardiovascular 
diseases, skin diseases, mental disorders, venereal 
diseases, tuberculosis and dental complaints. The 
accident-rate is high. Owing to the lack of com
parative morbidity statistics it is difficult to ascertain 
whether accidents and these diseases occur more 
frequently among seamen than among male groups 
with the same age distribution in the general popula
tion. There is also some national bias in disease 
incidence. Venereal disease and tuberculosis remain 
common causes of incapacity in some of the develop
ing countries, whereas mental disorders are more 
common in some of the developed countries. There 
is little information about the number of deaths 
occurring among seafarers, but accidents seem to be 
the commonest cause, accounting for more than 50 
per cent of all deaths in the merchant service in some 
countries. 

In certain countries there are no special hospital 
or clinic facilities at all for seafarers ashore. In these 
countries seafarers are referred to the general hospital 
or private medical care facilities avuilable to the 
public. In the United Kingdom, Norway and Sweden, 
there are a few special clinics and hospitals based on 
some major ports and organized by the shipping 
companies and local authorities acting separately 
or in conjunction. Finally, there are a few countries 
which provide free medical care for seafarers as a 
special class; in the United States and Canada through 
the public health service, in Israel by a private 
compa.ny, in Japan by the Seamen's Insurance 
Association. In all cases, continuity of treatment 
from port to port or port to ship is poor. 

Some Govenunents have no definite regulations 
regarding the provision of a ship's doctor. Most 
stipulate a physician if there are more than 100 
persons aboard, and many a nurse or nurses also if 
passengers and crew exceed a given number. A few 
countries require a doctor for less than 100 persons. 
When, for any reason, no physician is availab!e, 
medical care is provided by the master or chief 
officer, occasionally by another designated officer 
or by a nurse; in many countries the responsible 

individual is given special training for the work, 
though such tra,ining is not always of a high standard. 
The ships of most countries must carry a medical 
guide and a medical chest, but the standards of 
equipment and inspection are sometimes inadequate. 
Some States have no form of health insurance, either 
for the general public or the sea.fa.rer; in others, health 
insurance is included in a comprehensive scheme. In 
some cases there are special compulsory arrangements 
for seafarers. 

Despite the defects reported and the apparent 
chaos of national regulations and facilities, much 
has been done to ensure certain minimum standards. 
A great deal of useful work is done by the Red Cross 
and other voluntary bodies and by the shipping 
industry itself. 

Several conventions and recommendations con
cerning the health of seafarers have been established 
by the International Labour Organization. These 
deal with medical examinations, medicine chests, 
medical advice by radio at sea, social security and 
sickness insurance, and can be extremely helpful to 
countries developing their health services for sea
farers. Not all these conventions and recommenda
tions have been universally adopted, or fully imple
mented where they have been adopted. 

A good deal can be done towards the prevention of 
injuries and disease on board ship. Attention to 
design and to lighting at strategic points will help to 
limit accidents; instruction in the composition and 
preparation of food is important to prevent gastro
intestinal disease; and periodic medical reviews have 
their place in the prophylaxis of mental illness, dental 
disease, venereal disease and tuberculosis. The 
development of a system to produce reliable statistical 
data to fill existing gaps in the morbidity and mor
tality statistics on seafarers would be helpful in 
deciding what type of medical organization should 
be set up for them on an international basis. 

There is also the question of hazards on nuclear
powered ships. Few of these vessels are in commission 
at present, but there will be many more. The point 
at issue is not the danger to the public from a major 
accident, but the specific risks to the crew. It is essen
tial to have a skilled man acting as radioactivity 
monitor, and protective clothing should be available 
for all crews. Periodic examinations for signs of 
radiation sickness are as necessary as at nuclear 
plants ashore. All nuclear-powered ships should be 
clearly marked so as to be easily identifiable in case of 
collision or other accident. 

EFFECT OF MECHANICAL STRESS ON SOME SOLID-STATE 
POLYMERIZATIONS 

By DR. C. H. BAMFORD, DR. G. C. EASTMOND and DR. J. C. WARD 

Research Laboratory, Courtaulds, Ltd., Maidenhead, Berks. 

FOR some time workers in the field of free-radical 
reactions in the solid state have suspected that 

an important part of any mechanism will involve 
crystal imperfections and annealing processes1

-•. 

In this case it might be expected that mechanical 
stresses would exert a noticeable effect on the course 
of the reaction. According to Adler's views1

•2 , 

based on different considerations, a compressive 

stress would lead to an increase in the rate of reaction, 
since it would tend to reduce the strain-energy at the 
monomer-polymer interface1 , polymerization usually 
being associated with a decrease in volume. 

We have been examining the polymerization of 
crystalline acrylic and methacrylic acids (m.p. 
12·5° C. and 16° C. respectively), initiated by ultra
violet light, and hope t,o report on recent work 
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