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technical advisers ' who will also attend the Confer-
ence. The Charter includes important recom-
mendations on living conditions, hygiene and
medical services. It points out that conditions in
British ships compare unfavourably with those of
the U.S.A. and a number of continental countries;
and that in 1938 the death rate for tuberculosis
among seamen was 47 per cent. above the national
average and the death rate for duodenal ulcer 32 per
cent. above. Wood for bunks, furniture and
floors should be replaced by metal or plastic
materials to safeguard against vermin. Beds and
bedding, including sheets, should be supplied by
the shipowners. Adequate heating and ventilation
should be provided by an air-conditioning system.
There is an urgent need for good lavatory accommo-
dation, a ship's laundry, and a drying room for the
men's use. All ranks should pass a medical
examination before going to sea. Finally, the
Charter recommends that there should be better
food and feeding arrangements; cooks should be
properly trained; and galleys in all new ships should
be provided with refrigerators and other modern
kitchen equipment.
The doctor in close daily contact with the

merchant seamen-the worker in this industry-is
the ship surgeon. He is an industrial medical
officer no less than his colleague in the factory.
The number of permanent ship surgeons in peace-
time is estimated at about 300. In addition perhaps
1000 ships employ temporary surgeons who sail for
one or two voyages. British ship surgeons, unlike
those in certain other countries, are not required to
attend courses in maritime hygiene. Whether such
courses should be compulsory or not is beside the
point: here is an immediate field for post-graduate
training. Courses in this branch of industrial
medicine must include the general principles of ship
construction, hygiene of crews' quarters, ventilation,
heating and lighting; dietetics and food storage;
knowledge of diseases such as cholera, plague,
yellow fever, typhus and smallpox, and the problems
of disinfection and disinfestation; modern treat-
ment of medical and surgical emergencies; and the
various legal requirements which concern the ship-
ping industry. Above all the ship surgeon must
be trained in the principles of preventive medicine,
and he must be selected as much for his personal
character and outlook in this direction as for his
technical skill. Properly organized courses of
instruction should be started at the Universities
of London, Liverpool and Glasgow, at the earliest
opportunity; these should be the responsibility of a
University Department of Industrial Medicine.
Thus as a profession we could make a contribution
now to a national problem of much urgency.

TRINITROTOLUENE
TNT is the symmetrical trinitro derivative of

toluene; it was first made in the laboratory by the
German chemist Hepp in 1860, and was first put to
use as an explosive by the German military autho-
rities in 1902. Present-day explosives- fall broadly

into three divisions: initiators, of which the prin-
cipal ones are mercury fulminate and lead azide;
intermediates, for which tetryl is almost exclusively
used; and the main explosive charge for which,.
until recently, a TNT mixture was always used. In
peace-time TNT is used in blasting operations.
At first TNT was thought to be a non-toxic sub-

stance and Prosser White 1 showed that dinitro-
benzene was more toxic to animals than TNT.
Koelsch 2 stated that pure, recrystallized TNT does
not possess the toxic properties observed with the
crude material. In his view serious toxic effects
from fairly pure material are exceptional, and the
degree of contamination is the decisive factor in its.
toxicological action. Yet in the last war the first
fatal case in England occurred as early as February
1915. It soon became evident that the substance
caused five definite clinical syndromes: dermatitis,
methaemoglobinaemia, gastritis, toxic jaundice, and
aplastic anaemia. The clinical picture has recently
been well described by von Oettingen.3 These dis--
eases affected so many workers that on January 1,
1916, toxic jaundice was made a notifiable disease,.
and as a result 181 cases with 52 deaths were notified
in 1916, 189 cases with 44 deaths in 1917, while the
greater knowledge of the danger and the intro-
duction of preventive measures reduced the notifi-
cations in 1918 to 34 cases with 10 deaths. In the
same period there were 15 cases of aplastic anaemia,
all of which were fatal. The situation in 1916 was
serious, and the Medical Research Council initiated
much research as a result of which Moore 4 was
able to show that the usual route of absorption of
TNT was through the skin, but von Oettingen and
his co-workers 5 have disproved this conception and
shown that absorption through the skin is insignifi-
cant compared to inhalation or ingestion from the
alimentary tract. Webster 6 devised a valuable
chemical test for demonstrating the presence of
TNT derivatives in the urine, and this test was
improved by Ingham,7 making it sensitive to 1 part
in 10,000. Von Oettingen developed spectro-
photometric methods for the determination of 2, 6
dinitro-4-aminotoluene and other derivatives of'
TNT in biological materials. Panton 8 showed that
toxic jaundice and anaemia appeared to be separate
pathological states. Anaemia might occur without
jaundice and only 17 per cent. of the jaundiced
patients became anaemic, while Turnbull 0 found at
necropsy a fatty marrow throughout the long bones.
in two fatal cases of aplastic anaemia, the liver
being rusty brown from an excess of iron pigment.
Minot 10 suggested that TNT caused both increased
destruction and increased formation of red blood

1 Lancet, 1901, 2, 582, 709.
2 Zbl. Gewerbehyg., 1918, 6, 15, 26, 53, 66, 88.
3 U.S. Publ.Hlth.Bull. No. 271,1941.
4 Spec. Rept. Ser. Med. Res. Com. Lond., 1917, No. 11.
5 U.S. Pub7. Hlih. Bull. No. 285, 1944.
6 Lancet, 1916, 2, 1029; Spec. Rept. Ser. Med. Res. Com. Lond.,

1921, No. 58.
7 Lancet, 1941, 2, 554.
8 Ibid., 1916, 2, 77.
9 Proc. roy. Soc. Med., 1917, 10, 47.
10 J. industr. Hyg., 1919, 1, 301
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cells. Voegtlin, Hooper and Johnson 1 and
Teisinger 2 noted a marked leucocytosis in about
20 per cent. of the workers examined, but Teisinger
found leucopenia in 17 out of 54 workers, whereas
Voegtlin and his colleagues noted it in only 4 per

cent. of workers. In the field of experimental
pathology Voegtlin and his co-workers observed
that guinea-pigs and rabbits appear to be less
sensitive to TNT than cats and dogs.
During the present war only 99 cases of toxic

jaundice, of which 23 were fatal, had been notified
up to the end of 1943, while 9 cases of toxic anaemia
had occurred before February, 1942. It seems

certain that this smaller incidence is not entirely
due to preventive measures. The unsymmetrical
isomers ofTNT are more toxic than the symmetrical
material, and the improved manufacturing methods
of to-day produce oc-TNT practically free from the
isomers, whereas in the last war these were present
in considerable quantity. Our relative freedom
from serious trouble in this war may be due to this
fact, though it is possible that diet may also play
a part. Himsworth and Glynn 3showed that rats
treated with cx-TNT and on a high fat diet developed
necrosis of the liver, while in animals taking a high
carbohydrate or a high protein diet the ill-effects
were slight or absent. Himsworth 4 has suggested
that TNT combines with amino-acids forming a
combination which is not metabolized by the body;
in this way a state of conditioned amino-acid
deficiency may arise and in such a state liver damage
may occur. Von Oettingen was unable to produce
injury to the liver in experimental animals. Dif-
ferent animals metabolize TNT through different
chemical derivatives, and he suggests that some of
these amino derivatives produced in the organism
may have a more injurious effect on the liver than
others. In this case, the observation of toxic
hepatitis in TNT workers might be explained on

the basis of a greater production of these metabo-
lites in the body. It must be remembered, however,
that in this war there has been an organized medical
service in Royal Ordnance Factories which, in
collaboration with the Factory Department, has
certainly contributed to the comparatively low
incidence of TNT poisoning. Since there has been
little trouble in filling factories, however, little work
has been done in England on TNT during the
present war, but Noro 5 made observations on

TNT workers in Finland during the first Russo-
Finnish war. She showed that reticulocytosis was

not very great during the period of actual exposure,
but that it became more evident when the worker
left contact with TNT, suggesting that reticulo-
cytosis is a reparative phenomenon which is to some
extent inhibited by TNT.

1 Publ. Hlth. Rep., 1919, 34, 1307 ; Hyg. Lab. Bull., 1920, 126;
J. industr. Hyg., 1921, 3, 239, 280.

2 Arch. Gewerbehyg., 1933, 4, 491.
3 Clin. Sci., 1942, 4, 421.
4 Proc. roy. Soc. Med., 1945, 36, 101.
5 Acta med. scand., 1941, Supp. 120.

In this issue Alice Stewart, Witts, Higgins and
O'Brien report their findings in a number of students
who had volunteered to fill shells with TNT
during the vacation. Their chief subjective com-
plaints were nausea with variable loss of appetite,
diffuse abdominal pain, vomiting and diarrhoea,
fatigue, and nasal and throat irritation. The
symptoms came on after an initial period when
there was an increased sense of well-being, accom-
panied by a voracious appetite. There was evidence
of haemolysis in over 85 per cent. of the students,
with a fall in haemoglobin, red cell and haematocrit
readings. There was also an increase in reticulo-
cytes, bilirubinaemia with urobilinuria and a marked
erythroblastic response in the marrow. The reticu-
locyte response was not maximal until a few days
after exposure had ceased. This suggests that TNT,
in addition to a destructive action on the circulating
red cells, also affects the bone marrow. Cases of
serious TNT poisoning have also been reported by
Evans,f Hilton and Swanston,7 Lane,8 and
Davie.9 The last named described a necropsy on
a woman TNT worker who showed acute toxic
purpura. As a contrast to Turnbull's case in the
last war her marrow was markedly hyperplastic, the
femur contained red marrow throughout the upper
three-quarters of its length, and microscopically all
the elements of the marrow were represented.
Rimington and Goldblatt 10 showed that workers
exposed to aromatic nitro and amido compounds
had their urinary coproporphyrin excretion in-
creased up to 50 times and there is good evidence
that it is also increased in TNT workers. Channon,
Mills and Williams 11 have investigated the meta-
bolism ofTNT and have shown that hydroxylamine,
which is formed in this process, is a powerful pro-
ducer of methaemoglobin in vitrc. In describing
the TNT health hazard Roberts 12 gives a schedule
for its control. There should be selection of workers
and a record kept of the physical condition on entry:
no person under 19, no woman weighing under 105
lb., no one with sweaty hands or a history of jaundice
or yellow sclerotics, should be allowed to do the
work. Sick absence should be carefully recorded,
and for the first five months absences certified as
anaemia, gastritis, or general debility, should be the
subject of investigation by the factory medical officer.
In addition Roberts advocates periodic examination
for signs of TNT absorption, a record of TNT stains
on the body or clothing, and arrangements for fore-
men and supervisors to draw attention to workers
looking off colour or complaining of fatigue or
breathlessness; scrupulous attention must be paid to
the provision of protective clothing, personal cleanli-
ness, and to control of dust by adequate ventilation.

'> Lancet, 1941, 2, 552.
7 Brit. med. J., 1941, 2, 509.
8 Proc. roy. Soc. Med., 1942, 35, 556.
9Ibid., 1942, 35, 558.
10 Lancet, 1940, 1, 73.
11Riochem. J., 1944, 38, 70.
12 Brit. med. J., 1941, 2, 647.
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