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1. INTRODUCTION

On 29 January 1969, the Secretary-General of the United Nations
requested the Director-General of the World Health Organization to
co-operate with the United Nations Group of Consultant Experts on
Chemical and Bacteriological (Biological) Weapons in the preparation of a
report on this subject. WHO was asked to provide such information as
the Organization considered useful for the United Nations report, which
was to be transmitted to the Eighteen-Nation Committee on Disarmament,*
the Security Council and the General Assembly, if possible by 1 July 1969,
as requested in Resolution 2454 A (XXIII) adopted by the General Assembly
on 20 December 1968 (see Annex 7).

In order to help WHO in this task, the Director-General appointed a
number of consultants. In addition, liaison was maintained with the
Disarmament Affairs Division of the United Nations (which serviced the
Group of Consultant Experts appointed by the Secretary-General), the
Food and Agricultural Organization of the United Nations (FAO), the
Stockholm International Peace Research Institute (SIPRI), and the Pugwash
Organization, in order to avoid unnecessary overlap in their respective
contributions.

The possible development and use of chemical and bacteriological
weapons and their destructive potentialities have been matters of concern
to WHO for several years. In 1967, the Twentieth World Health Assembly,
on a recommendation of the WHO Executive Board, adopted a resolution
(see Annex 8) welcoming Resolution 2162 (XXI) of the United Nations
General Assembly and calling upon all Member States of WHO to exert
every effort to implement it. The Director-General was therefore glad to
meet the request to assist the United Nations in this matter, and in late
May 1969 an interim report was completed and forwarded to the Secretary-
General. Some of the information contained in the WHO submission was
incorporated into the final report of the United Nations Group of Consul-
tant Experts on Chemical and Bacteriological (Biological) Weapons (here-
after referred to as * the United Nations report '), which was released to
the public on 2 July 1969 and transmitted to the Eighteen-Nation Committee
on Disarmament for discussion during the summer of 1969 before being

1 Renamed on 26 August 1969 the ** Conference of the Committee on Disarmament *.

2 United Nations (1969) Chemical and bacreriological (biological) weapons and the
effects of their possible use. Report of the Secretary-General, New York (United Nations
Publication, Sales No : E.69.1.24).



considered at the Twenty-fourth session of the United Nations General
Assembly later in the year.

The relatively short period of time available for the preparation of the
WHO submission to the United Nations did not permit the health and
related scientific aspects of chemical and biological warfare to be covered
to the extent and in the depth merited by the importance of the subject.
For this reason and in pursuance of resolution WHA22.58 (Annex 9)
adopted by the Twenty-second World Health Assembly in July, 1969, a
further study of the problem was undertaken with a view to expanding
and revising certain sections of the interim report.

2. COMPARISON OF THE WHO
AND UNITED NATIONS REPORTS AND THEIR CONCLUSIONS

The United Nations report presents a comprehensive review of the
problem, and includes consideration of military aspects, plant and animal
diseases, ecology, and economic and security aspects, along with implica-
tions to human health. The report was intentionally written in a style that
would be easily understood by governments and by the lay non-specialist
reader, and it does not attempt to present highly technical information or
to provide a detailed analysis of public health considerations and medical
effects.

The present WHO report, on the other hand, attempts to deal with the
subject of chemical and biological warfare on a more technical level and to
make quantitative estimates ; it is addressed particularly to public health
and medical authorities. Thus the WHO report and the United Nations
report are complementary. Both arrive at essentially the same technical
conclusions, although inevitably there are some differences with respect to
the choice of emphasis and the assessment of possible effects on public
health, which reflect the differing approaches and technical orientations of
the groups that prepared the WHO and' United Nations reports. It is
hoped, therefore, that the present document will provide the Member
States of WHO with the technical information that will enable them to
appreciate more fully the public health 1mphcat1ons of the possible use of
chemical and biological weapons.

The following main conclusions emerge from the WHO analysis :

1. Chemical and biological weapons pose a special threat to civilians. This
is because of the often indiscriminate nature of such weapons, and because
the high concentrations in which they would be used in military operations
could lead to significant unintended involvement of the civilian population
within the target area and for considerable distances downwind.
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2. The large-scale or, with some agents, even limited use of chemical and
biological weapons could cause illness to a degree that would overwhelm
existing health resources and facilities.

3. Large-scale use of chemical and biological weapons could also cause
lasting changes of an unpredictable nature in man’s environment.

4. The possible effects of chemical and biological weapons are subject to a
high degree of uncertainty and unpredictability, owing to the involvement
of complex and extremely variable meteorological, physiological, epi-
demiological, ecological, and other factors.

5. Although advanced weapons systems would be required for the employ-
-ment of chemical and biological agents on a militarily significant scale
against large civilian targets, isolated and sabotage attacks not requiring
highly sophisticated weapons systems could be effective against such
targets in certain circumstances with some of these agents.

These conclusions are in harmony with the conclusions of the United
Nations Group of Consultant Experts on Chemical and Bacteriological
(Biological) Weapons and with the hope for further action to deal with
the threat posed by the existence of these weapons, as expressed by the
Secretary-General, U Thant, in the foreword to the United Nations’ report.

3. AIM AND SCOPE OF THE WHO REPORT

. The present report attempts to analyse the health effects of the possible
use of chemical and biological weapons on civilian population groups at
different levels of social and economic development, and the resulting im-
plications for WHO and its Member States. The assessment is confined to
civilian populations, and no attempt is made to consider the purely military
aspects of the problem, except insofar as they may relate to civilian popula-
tions as possible targets for attack. The military aspects of chemical and
biological warfare are considered in the United Nations report and in a
report being prepared by SIPRI. The report also makes qualitative and
quantitative estimates of the health effects of selected chemical and biolog-
ical agents employed under specified hypothetical conditions.
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4. WORKING DEFINITIONS OF CHEMICAL AND BIOLOGICAL
WEAPONS FOR THE PURPOSES OF THIS REI"ORTV

Chemical agents of warfare include all substances employed for their
toxic effects on man, animals, or plants.’

Biological agents include those that depend for their effects on multi-
plication within the target organlsm and are intended for use in war to
cause disease or death in man, animals or plants.?

A lethal agent is one intended to cause death when man is exposed to
concentrations well within the capability of delivery for military purposes.?

An incapacitating agent is one intended to cause temporary disease or to
induce temporary mental or physical disability, the duration of which
greatly exceeds the period of exposure.*

A harassing agent (or short term incapacitant) is one capable of causing
a rapid disablement that lasts for little longer than the period of exposure.?

Casualties are deaths or disabilities.

5. SELECTION OF CHEMICAL AND BIOLOGICAL‘ AGENTS
AS MODELS FOR QUALITATIVE AND QUANTITATIVE
ASSESSMENTS

There are many chemical and biological agents that are potentially
suitable for use in war. A selection of some of the more likely candidates
for possible use as lethal, incapacitating and harassing agents has been made

1 This definition is intended to exclude chemicals now employed in warfare such as
high explosives, smoke, and incendiary substances (e.g., napalm, magnesium, and white
phosphorus) that exert their primary effects through physical force, fire, air-deprivation
or reduced visibility.

% This definition therefore excludes toxins elaborated by some microbes (e g., botu-
linal toxin and staphylococcal enterotoxin) when they are preformed outside the target
organism. In some discussions of chemical and biological weapons, such toxins are
classified as biological agents because the technology of their production resembles
that of biological agents rather than that of chemical agents.

® In lower doses, such agents can cause severe and sustained d1sab111ty and certain
of them may act predominantly in this way when employed in combat.

4 No sharp line of demarcation can be drawn between lethal and incapacitating agents
used in chemical and biological warfare, because incapacitating agents can be lethal or
permanently disabling under certain circumstances (e.g., in the presence of malnutrition
or pre-existing disease ; in infants or the aged ; or when there is exposure to unusually
high doses, as in enclosed spaces or in close proximity to functioning chemical or biological
weapons). For similar reasons, no sharp demarcation line can be drawn between harass-
ing agents and other anti-personnel chemical agents; furthermore, harassing agents
may be used in war in conjunction with high-explosive, fragmentation or other weapons
to increase the lethal effectiveness of the latter—as distinct from their employment in
riot control in order to reduce injuries and to save lives.
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for the purposes of this report, based on published information as well as
on theoretical considerations.

The chemical and biological agents described in Annexes 1 and 2 have
been selected to illustrate possible varieties of usage and effects : aerosol
exposure ; sabotage of communal water supply ; quick or delayed action ;
essentially non-spreading and spreading types of infective disease ; vector
introduction. Qualitative descriptions are given for all of them, and a
number of representative types have been selected for quantitative assess-
ments of the effects of their possible use.

6. BASES OF THE ESTIMATES OF CASUALTIES

The actions and toxicities of the chemical warfare agents considered are
reasonably well known. For many, there are generally agreed estimates of
lethal doses, although it should be kept in mind that often these are based
on assumptions concerning the relative susceptibility of different animal
species, and that susceptibility varies between individuals. The clinical
symptoms, the prognosis, and the general methods of treatment and preven-
tion, if any, can be assessed from commonly available information.

The agents chosen for discussion as possible biological weapons are
those whose clinical effects are well known ; for some of them data on
approximate infective doses by inhalation or ingestion are also available,
either from published information about laboratory accidents or from
studies in human volunteers. However, little is known about the suscep-
tibility of man to artificial aerosols of infective agents and about the
consequences of exposure to very high doses. This report is confined to a
discussion of known agents with a wide range of infectivity and lethality.
Other agents could conceivably be developed. In spite of these uncertain-
ties, it has been considered useful to attempt to predict the range of imme-
diate effects of the agents dealt with in this report.

It is considered unlikely that the general conclusions reached in this
study would have been greatly modified if it had been possible to consult
classified information concerning chemical and biological agents, although
the assessments concerning the feasibility of their use in particular cir-
cumstances might have been made more realistic.

The estimates of casualties recorded in Tables 8 and 10, Annex 3, are
based on the number of individuals within a segment of a particular popula-
tion group exposed to a given chemical or biological agent. The assump-
tions made and the variables taken into account are stated in Annex 3.
These assumptions deal with delivery, dissemination, and persistence of the
agents ; meteorological conditions ; effective concentrations and doses ;
human infective doses, attack and case fatality rates ; and chemotherapy.
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In the detailed analysis of hypothetical attack with tularaemia, pneu-
monic plague, and VX, the effects of the availability and use of health
facilities on the outcome are considered (Annex 4). Annex 5 describes the
possible effects of sabotage of a communal water supply with botulinal
toxin, the typhoid bacillus and LSD.

The estimates of casualties that are given in Annex 3 are applicable to
a surprise attack on an urban area that possesses no specific protection
against attack with chemical and biological agents, and in which the build-
ings are freely ventilated. It will be seen that even where the target area
is not very densely populated the effects of attack by a single aircraft could
create health problems of unprecedented magnitude.

It is certain that the scale and effectiveness of an attack (and also the
cost and feasibility) would depend upon military technology. To discuss
this aspect in any depth is outside the terms of reference of this report. A
limited attack on a civilian population using a pattern favouring the effec-
tiveness of the weapons employed has therefore been chosen for considera-
tion. In this way, it is hoped to illustrate the scale of the danger that could
arise from the use of such weapons. Similar results could be produced by
attacks on a larger scale if the circumstances were unfavourable for the
pattern chosen. - ' ‘

7. LONG-TERM EFFECTS

A few general considerations regarding the possible long-term effects of
chemical and biological agents should be noted. First of all, insufficient
knowledge is available to allow reliable predictions to be made. In many
cases, not much more can be .done than to outline the various possibilities
needing further study. Beyond that, there are problems of evaluation that,
while still having a considerable technical component, also involve value
judgements that are clearly beyond the scope of this report. For example,
in comparison with the direct effects of a lethal chemical or biological
attack, a limited risk of long-term harmful effects to health may seem
relatively unimportant. On the other hand, the long-term effects of the
military use of agents that are not directly lethal may be considered more
important than their immediate effects. In the latter connexion it should
be kept in mind that non-military experience with disease-causing organisms
and chemicals present in the environment may not be a good guide to the
effects of those same agents under the quite different conditions and in the
generally higher doses involved in their military employment.

Possible long-term health effects of chemical and biological warfare
include (1) chronic illness caused by exposure to chemical and biological
agents (see specific descriptions‘in Annexes 1 and 2) ; (2) delayed effects in
persons directly exposed to chemical and biological agents ; (3) creation

14



of new foci of infective disease; and (4) effects mediated by ecological
changes.

Delayed effects of direct human exposure

There is wide concern at present regarding the possibility that exposure
to both infective and chemical agents already present in the human environ-
ment may cause harmful effects of a delayed nature. The effects of greatest
concern are :

(@) Carcinogenesis. Both viral and chemical agents have been strongly
implicated in the causation of cancer in man. Whether infection by any
of the viruses contemplated for possible military employment can be
carcinogenic in man is not at present known. A limited amount of informa-
tion is available on the ability of certain classes of chemicals to induce
cancer, mainly in experimental animals. For example, many alkylating
agents have been found to be carcinogenic. Some compounds of military
interest, such as mustard, CS, and others, are alkylating agents. As
discussed in Annex 1, there is evidence suggesting a significant increase in
respiratory tract cancer among veterans exposed to mustard gas in the
First World War, and a large increase in such cancers has been reported

among workers engaged in the manufacture of mustard gas in the Second
World War.

(b) Teratogenesis. Certain chemicals and infective agents can cause
severe damage to the developing human foetus. Thalidomide and the
rubella virus are particularly well known teratogens. It is not known
whether any agents likely to be used in chemical or biological warfare
would have teratogenic effects at the doses likely to be received by pregnant
women in civilian populations under direct attack with or unintentionally
exposed to such agents during wartime. In this regard, it may be noted
that the use of 2,4,5-trichlorophenoxyacetic acid, an anti-plant chemical
that has been extensively used for both military and non-military purposes,
has recently been restricted by the United States Government because
experiments have shown that relatively high oral doses of this compound
are teratogenic in mice and rats.

(¢) Mutagenesis. Until recent years little attention has been given to
the possibility that infectious diseases or chemicals in the environment
might cause detrimental alterations in the human genome. Several chem-
icals are known to induce such changes in experimental organisms and in
cultured human cells. Infection with certain viruses causes extensive
chromosome breakage in man, but it is not known whether any heritable
effect results. At least in the case of rubella it can be said that genetic
damage is not massive, although the induction of a lower but nevertheless
significant frequency of mutations cannot be excluded.

15



New foci of infective disease

As discussed in Annex 2, biological warfare would entail a risk that
new foci of infective disease might be established, either in human popula-
tions or in lower animals, including vector arthropods. This pos51b111ty has
been discussed in the Umted Nations report :

“ A bacteriological (biological) attack might lead to the creation of
multiple and densely distributed foci of infection from which, if ecological
conditions were favourable, natural foci might develop in regions where
they had previously never existed or in areas from which they had been
eliminated by effective public health measures.”

Effects mediated by ecological change

The possibility of the direct establishment of new foci of dlsease has
been referred to immediately above. New foci might also be established
as the result of ecological changes following the use of biological agents
infective for man and animals. This possibility has also been discussed in
the United Nations report :

13

the large scale use of bacterlologlcal (biological) weapons might
reduce populations of susceptible wild species below the level at which
they could continue to exist. The elimination of a species or group of
species from an area would create in the ecological community an empty
niche which might seriously disturb its equilibrium or which might be
filled by another species more dangerous to man because it carried a zoonosis
infection acquired either naturally or as a result of the attack. This would
result in the establishment of a new natural focus of disease.”

As for anti-personnel chemical warfare, it can at least be said that the
massive dissemination of several chemical agents during the First World
War has not apparentlv caused any ma]or long-term ecological damage in
Europe.

However, new foc1 of human disease may also be produced as a result
of the use of anti-plant agents. Bxtensive damage to the flora over large
areas may create conditions favouring the establishment of new vectors or
reservoirs of disease infective to man. One example of the way in which
damage to plant life can create new health hazards is cited in the United
Nations report :

““When a forest in a state of ecological equlhbrlum is. destroyed by
euttlng, .a secondary forest regenerates, which contains fewer species of
plants and animals than were there originally, but larger numbers of those
species which survive. If secondary forest is replaced by grassland, these
changes are even more marked. If one or more of the animal species which
increases in numbers is the host of anh .infection dangerous to man (a
zoonosis) then the risk of human infection is greatly increased. This is

16



exemplified by the history of scrub typhus in south-east Asia, where the
species of rat which maintains the infection and the vector mite are much
more numerous in secondary forest, and even more so in grassland, so
increasing the risk of the disease being transmitted to people as forest is
cleared.”

Finally a profound long-term adverse effect on human health could
result from any major reduction in the quality or quantity of the food
supply. This could occur directly from the use of anti-crop agents or
indirectly through ecological changes that might result from chemical or
biological warfare.

8. SUMMARY

A. Qualitative considerations

Chemical and biological agents that might be considered for possible
use in warfare are described in Annexes 1 and 2, and pertinent assumptions
and other background factors are considered earlier in this text and in
Annexes 3, 4, and 5. Also of importance, although more difficult to assess,
are the possible long-term effects referred to in section 7, and the psycho-
social consequences associated with the problem of chemical and biological
weapons (see Annex 6).

The rapid action of the lethal chemical agents (see Annex 1) would
preclude any large reduction of mortality by specific treatment. Possible
protection by gas masks or shelters requires a highly disciplined and pre-
pared population, a condition that is not fulfilled in most countries today,
and it would pose serious economic and psychosocial problems if such a
defence programme were to be implemented.

The outstanding characteristics of biological weapons (see Annex 2) for
potential use in warfare are the following :

(@) The large variety of biological agents and the possible combinations
available for such purposes.

(b) The possibilities for manipulating currently circulating strains of
micro-organisms for warfare purposes, by producing antigenically modified
or antibiotic-resistant types (tularaemia, plague, anthrax, influenza) that
would by-pass available prophylactic or therapeutic procedures.!

(¢) The unpredictability of the direct effects. A biological attack

intended to be highly lethal might prove relatively ineffective, whereas an
attack intended to be merely incapacitating might kill an unexpectedly

1 Mass immunizations would be of doubtful protective value because of the multi-
plicity of agents and strains that might be employed, quite apart from the adverse immuno-
logical side-reactions to be expected.
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large proportion of the target population. Also, certain agents (anthrax,
coccidioidomycosis) could persist for long periods in a resistant spore
form, which could be spread over very large distances by wind carriage in
the course of time.

(d) The unpredictability of secondary effects such as the likelihood of
contagion and the danger that epidemics might be initiated. There is the
additional danger that epidemics might occur unintentionally through
escape of virulent strains being purposely sought in laboratories.

(e) Although biological agents themselves are easy to produce, complex
production and delivery systems are needed if even minimal reliance is to be
placed on the outcome of an attack, except perhaps where the intention is
simply to produce social disruption by a limited sabotage effort (e.g.,
the introduction of smallpox).

Of the above characteristics, (a) and (b) would favour the attacker,
whereas (c) and (d) would reduce the value of biological weapons from a
military point of view.

B. Quantitative estimates (Tables 8, 9 and 10, Annex 3)

1. Assessments have been made of the primary effects of possible small-
scale airborne attacks on cities of 0.5-5 million population in industrially
developed and developing countries. The postulated mode of attack
consisted of one or a few bombers dispersing specific chemical or biological
agents along a 2-km line perpendicular to the direction of the wind. On
the basis of the particular assumptions employed, the following conclusions
have been reached :

(@) Of the known chemical warfare agents, only the nerve gases, and
possibly botulinal toxin, have a casualty-producing potential comparable
to that of biological agents.

(b) Under atmospheric conditions favourable to the attacker, an
efficiently executed attack on a city with 4 tons of sarin (requiring some
15-20 tons of weapons) could cause tens of thousands of deaths in an area
of about 2 km?. Even in unfavourable conditions there could be thousands
of deaths. If 4 tons of VX were used in such an attack, the casualties would
not be appreciably greater in unfavourable meteorological conditions, but
in favourable conditions this small attack would affect an area of about
6 km? and could cause anywhere between 50 000 and 180 000 deaths.

(¢) If a suitably stabilized botulinal toxin or a fine aerosol of VX
(particles of 5¢ diameter) were developed and 4 tons were employed, several
hundreds of thousands of deaths could result because of the greater coverage
possible with such agents—12 km? for botulinal toxin and 40 km? for
monodispersed VX aerosol. A larger total weight of weapons, perhaps
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2-3 times that needed for the agents in (6) above, would have to be used to
deliver these forms of botulinal toxin and VX.

' (d) If a biological agent such as anthrax were used, an attack on a city
by even a single bomber disseminating 50 kg of the dried agent in a suitable
aerosol form would affect an area far in excess of 20 km?2, with tens to
hundreds of thousands of deaths. A similar attack with any one of a
number of other more labile biological agents could affect from 1 km? to
more than 20 km?, depending upon agent used, with tens to hundreds of
thousands of casualtics and many thousands of deaths.

2. Limited sabotage of a communal water supply with the typhoid fever
bacillus, L.SD, or a stable botulinal toxin, could cause considerable dis-
ruption and deaths in a large city (see Annex 5), affecting tens of
thousands of people.

3. Sabotage-induced or open attacks, causing the secondary spread of
epidemics of yellow fever, pneumonic plague, smalipox or influenza, might
under certain conditions ultimately result in many millions of illnesses and
deaths (see Annex 2).

4. The numbers of potential casualties and deaths recorded in this
report represent the possibilities arising out of a very small and limited
attack already well within the capabilities of a number of nations, with the
possibility that an ever-increasing number of countries will acquire similar
capabilities. With technologically advanced weapons and a larger scale of
attack, achievable without too much difficulty by militarily advanced
powers, the magnitude of destructiveness attendant upon the use of chemi-
cal and biological weapons would be considerably increased.

9. IMPLICATIONS FOR THE WORLD HEALTH ORGANIZATION
AND ITS MEMBER STATES

According to Art. 2 (¢) of WHO’s Constitution, WHO shall ““. . . furnish
appropriate technical assistance and, in emergencies, necessary aid upon
the request or acceptance of Governments . The use of chemical and
biological weapons would unquestionably result in extensive health and
medical emergencies, including mass illnesses, deaths and epidemics, that
WHO might be called upon to help overcome. An attempt to assess the
magnitude of public health problems with respect to a minimal attack with
selected examples of agents (tularaemia, plague, VX) is contained in
Annex 4. This limited assessment, supported by analyses made in other
parts of this report and in the United Nations report, reveals the very large
and essentially wasteful effort that would be involved in undertaking
elaborate measures for defence against specific agents. Also, as pointed out
in Annex 6, such measures could well add credibility to projected fears of
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annihilation in other countries.. The resultant reciprocal fears between
nations might contribute in turn to a proliferation of chemical and biologi-
cal weapons and an accelerated arms race, resulting in vastly increased
danger of accidental or deliberate release of chemical and biological agents.

Certain measures could, however, be taken within the framework of
existing needs and resources that would redound to the benefit of health
and preventive medical activities currently underway, and would not give
rise to fears of this kind. These measures include the improvement of
rapid detection and diagnostic facilities for air pollution and for com-
municable diseases, which would obviously be of value for health and
laboratory services in general ; improved medical management for natural
disasters, including decontamination procedures; and the wider use of
safety features in buildings (ventilation filters) and for communal water
supply systems (see Annex 5). While such measures might act as a partial
deterrent to irresponsible groups and might significantly reduce casualties
from a very small attack or from the spreading effects of an attack on a
neighbouring country, they cannot be relied upon to afford major protection
to a country subjected to a determined attack.

As long as chemical and biological research directed specifically to
military use is continued, it will be considered necessary by some countries
to continue research towards detection of and protection against such
agents. This research could in itself point to agents more destructive than
those now existing. In view of the power of existing agents in conditions
favourable to their use and the possibility of developing new and even more
dangerous weapons, it is imperative to find ways of abolishing any presumed
need for this militarily orientated research as soon as possible.

It is therefore clear that in the last analysis the best interests of all
Member States and mankind in general will be served by the rapid
implementation of the resolutions on chemical and biological warfare
adopted by the United Nations General Assembly and the World Health
Assembly (Annexes 7 and 8), and by any additional steps that would
help ensure outlawing the development and use in all circumstances of
chemical and biological agents as weapons of war.

Finally, there is the possibility that WHO might be called upon by the
United Nations to help deal with allegations of use of chemical and biologi-
cal weapons between nations and to assist in the limitation of chemical and
biological weapons, and disarmament. The technical resources of WHO *

1 An example of such technical resources is the collection of epidemiological informa-
tion on communicable diseases that has been made by WHO for many years, through its
serum banks and its surveillance programmes involving specific diseases. This information
provides an invaluable background and potential for determining changes in communi-
cable disease patterns, as well as for obtaining knowledge of diseases already existingina
community. Apart from its general epidemiological value, expansion in the accumulation
of such data could be very useful for investigating any possible future allegations of use
of biological weapons.
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could contribute greatly to the resolution of many of the difficulties that
are associated with these problems and are now being discussed within the
framework of the the United Nations.
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ANNEX 1

CHEMICAL AGENTS

Classification and definitions

The number of substances that have been examined as candidate chem-
ical warfare agents runs into hundreds of thousands. During the First
World War, virtually every known chemical was screened, and much of
the work done then was repeated during the Second World War ; in addi-
tion, a high proportion of the new compounds that had been synthesized
or isolated from natural materials during the interwar years were examined.
Since the Second World War, the major laboratories engaged in such work
have probably been carrying out a systematic check on all compounds
whose properties suggest any utility in chemical warfare, however remote.

The requirements that must be satisfied by candidate chemical warfare
agents in respect of production cost and physical, chemical and toxicological
properties are severe, and the number of chemicals that have actually been
used in chemical warfare or stockpiled in quantity for such use is small,
probably not more than sixty. Of these, about two-thirds were used during
the First World War, when the battlefield fulfilled many of the functions
of modern chemical warfare proving grounds. Less than a dozen were at
all efficacious.

From a military point of view, chemical warfare agents have been
developed with three quite different tactical functions in mind :

(1) ““ lethal agents ”, used either to kill an enemy or to injure him so severely
as to necessitate his evacuation and medical treatment ;

(2) “incapacitating agents ”*, used to put an enemy completely out of action
for several hours or days, but with a disablement from which recovery
is possible without medical aid ; and

(3) ““ harassing agents ”, used to disable an enemy for as long as he remains
exposed.

The above classifications are not toxicological categories, for the effects
of a chemical warfare agent depend as much on the way it is used as on
its toxicological properties. If too much of an agent intended for harass-
ment is used, it may kill or severely injure. Likewise, if a low concentration
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TABLE 1. SOME PROPERTIES OF SELECTED CHEMICAL WARFARE AGENTS
1 Sarin VX Hydrogen Cyanogen Phosgene Mustard gas Botulinal BZ CN CS DM
cyanide chloride toxin A
2 Lethal agent Lethal agent Lethal agent Lethal agent Lethal agent Lethal and Lethal agent Incapacitating | Harassing Harassing Harassing
(nerve gas) (nerve gas) (blood gas) (blood gas) (lung irritant) | incapacitating agent agent agent agent
agent {psycho-
{vesicant) chemical)
3 Vapour, Aerosol Vapour Vapour Vapour Spray Acerosol Acrosol Acerosol Aerosol Aerosol
aerosol or spray or dust or dust or dust or dust or dust
or spray
Large bombs | Large bombs | Mortars, All types of Bomblets, Bomblets,
4 All types of chemical weapon large bombs | chemical spray-tank spray-tank All types of chemical weapon
weapon
5 1 000 kg 1000 kg 1000 kg 1000 kg 1500 kg 1500 kg 400 kg 500 kg 750 kg 750 kg 750 kg
6 100% 1-5% 100% 6-7% Hydrolysed 0.05% Soluble ? Slightly Insoluble Insoluble
soluble
7 12100 mg/m® | 3-18 mg/m? 873 000 3300 000 6 370 000 630 mg/m?® Negligible Negligible 105 mg/m3 Negligible 0.02 mg/m?
mg/m? mg/m?3 mg/m?
8 (a) | Liquid Liquid Liquid Solid Liquid Solid Solid Solid Solid Solid Solid
(b) | Liquid Liquid Liguid Vapour Vapour Liquid Solid Solid Solid Solid Solid
@| %1h 1-12 h Few minutes | Few minutes | Few minutes | 12-48 h —
9(b)| 44 h 3-21 days Few minutes | Few minutes | Few minutes | 2-7 days — — — 2 weeks for —
13
longer for CS2
(c) | 1-2 days 1-16 weeks 14 h -4 h Vit h 2-8 weeks -
10 > 5 mg- > 0.5 mg- > 2000 mg- > 7000 mg- > 1600 mg- > 100 mg- 0.001 mg 100 mg- 5-15 mg/m? 1-5 mg/m?3 2-5 mg/m?®
min/m3 min/m3 min/m3 min/m?3 min/m?3 min/m3 (oral) min/m? concentration | concentration | concentration
11 100 mg- 10 mg- 5000 mg- 11 000 mg- 3 200 mg- 1500 mg- 0.02 mg- ? 10 000 mg- 25 000-150 000 | 15 000 mg-
minfm3 min/m3 min/m3 min/m? min/m? min/m? min/m? min/m3 mg-min/m® min/m3
12 1500 mg/man | 6 mg/man — — — 4 500 mg/man — — — — —
KEY: 1. Common name . 9. Approximate duration of hazard (contact, or airborne following
2. Military classification evaporation) to be expected from ground contamination:
3. Form in which the agent is most likely to be disseminated (a) 10°C, rainy, moderate wind
4. Types of weapon suitable for disseminating the agent (b) 15°C, sunny, light breeze
5. Approximate maximum weight of agent that can be delivered (c) —10°C, sunny, no wind, settled snow
effectively by a single light bomber (4-ton bomb load) 10. Casualty-producing dosages (for militarily significant injuries or
6. Approximate solubility in water at 20°C incapacitation)
7. Volatility at 20°C 11. Estimated human respiratory LCso (for mild activity : breathing rate
8. Physical state (a) at —10°C _ approx. 15 litres/min)
(b) at 20°C 12. Estimated human lethal percutaneous dosages



of a lethal agent is disseminated, its effects may be only incapacitating or
harassing.

The properties of some of the most important agents are summarized
in Table 1.

A. LETHAL AGENTS

A variety of tissue irritants and systemic poisons have been developed
into lethal chemical warfare agents. The former group includes the lung
irritants (asphyxiants) and the vesicants (blister agents) ; the latter includes
the blood gases and the nerve gases.

Historical introduction

Asphyxiants were first used during the First World War in the spring
of 1915 when a series of massive surprise attacks with chlorine caused many
thousands of casualties. As respirators became available, the trend was at
first towards finding agents more toxic than chlorine. This soon led to the
widespread use of phosgene, trichloromethyl chloroformate, and hydrogen
cyanide. The physical properties of hydrogen cyanide could not be brought
under sufficient control for practical use during the First World War, but
phosgene proved highly effective. Another trend was towards the develop-
ment of substances such as chloropicrin whose physical and chemical
properties made their retention by respirators difficult. The third trend,
and certainly the most important one for the future development of chem-
ical warfare, was towards the development of agents like mustard gas and
the arsenical vesicants that damage the skin, thereby circumventing the
protection of the respirator.

During the 1920s and 1930s, many new candidate chemical agents were
given serious consideration. These included such congeners of phosgene
and chloropicrin as bis(trichloromethyl) oxalate and the .tetrachlorodi-
nitroethanes ; disulfur decafluoride; a variety of arsenical vesicants, the
nitrogen mustards and the higher sulfur mustards; metallic carbonyls ;
cadmium, selenium and tellurium compounds ; fluoroacetates ; carbamates ;
and many others. Although a few of these appeared to have some advan-
tages over existing chemical warfare agents in certain tactical situations, and
were eventually manufactured for possible war use, none exceeded phosgene
or mustard gas in general utility, and these two agents formed the bulk
of the stockpiles at the start of the Second World War, just as they had
at the end of the First.

A significant development in lethal agents came during the Second
World War with the secret manufacture by one of the belligerent nations
of the first series of nerve gases, the G-agents. These included tabun, sarin
and soman. Tabun had been discovered at the end of 1936, and pilot plant
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production facilities were working when the war broke out. By 1945, mas-
sive quantities were available. It is much more poisonous than phosgene
and is quicker acting. In addition, it can produce casualties by penetration
of the eyes or skin, albeit at much higher dosages, as well as by inhalation.

After the war, when details of this nerve gas work were published, the
G-agents were developed further. Sarin emerged as the most attractive of
these for military purposes, and production methods were elaborated in a
number of countries to overcome the difficulties that had prevented its
manufacture on a large scale during the war.

In 1955, a further class of nerve gases was discovered in a commercial
insecticide laboratory. These new substances are now known as the
V-agents and their development has produced what appear to be exception-
ally powerful chemical weapons.

Estimates of the respiratory lethal dose of phosgene in man are generally
around 50 mg, while that of sarin is around 1 mg, so that in terms of agent
toxicity the potentialities of chemical weapons increased by more than an
order of magnitude with the discovery of the G-agents. With the V-agents
there came another sharp increase, for the respiratory lethal dose of these
substances in man is thought to be of the order of 0.1 mg. But more impor-
tant is their increased percutaneous toxicity : something like 5000 mg of
mustard gas or 1 000-2 000 mg of sarin are probably needed to kill a man
through his skin, whereas with a V-agent such as VX perhaps only 5 mg are
needed. A person’s skin had thus become nearly as vulnerable a target as
his lungs. As it is harder to protect a man fully against a contact hazard
than a respiratory one, and as the V-agents are persistent and so call for
elaborate decontamination measures (which need to be a great deal more
efficient than those for mustard gas) the V-agents represented not only an
increase in effectiveness in a given situation, but also an increase in the
number of military situations where chemical weapons might be effective.
It is since 1955 that it has come to be recognized that chemical weapons
are not historical leftovers but could be useful components of a modern
military arsenal.

At the present time, it is unlikely that any substance appreciably more
toxic than the V-agents has been developed into a practical chemical
warfare agent, even though a large number of such substances exist. They
include a variety of animal, vegetable and bacterial toxins, notably saxi-
toxin, tetrodotoxin, bobatrachotoxin, ricin, abrin and the toxins of Clostri-
dium botulinum and Cl. tetani. Most of these are proteins of high molecular
weight that are expensive to extract and difficult to disseminate undetoxified.
Special circumstances might conceivably permit their use as chemical
warfare agents, but it is unlikely that they would ever be stockpiled in
preference to the V-agents. When their toxicology is better understood, it
is possible that their toxic principles may be incorporated into more tractable
substances, but this seems unlikely to happen in the near future.
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Specification of toxicity of chemical agents

The precise specification of toxicity in terms of LD;, and LCt,, is
explained in Annex 3.

It is important to understand that there is no sharp demarcation between
lethal and non-lethal doses : there is a gradual increase in the probability
of causing death as the dose increases. Precise specification of the relation
between this probability and the dose calls for experiments on large numbers
of animals. The necessary data are not always available for lower animals,
and are never available for man.

In consequence, often the only published information available is that
a particular dose may kill or incapacitate. This dose may be described as
the ““lethal dose ” or the * incapacitating dose ”’, but it is often impossible
to determine with any precision what proportion of those receiving this
dose would be killed or incapacitated. Since this report relies on published
information it can only be correspondingly imprecise.

1. Lung irritants

The lung irritants, sometimes also referred to as asphyxiants or choking
gases, are substances that cause physical injury to the tissues of the respi-
ratory tract. The protective membranes lining the air passages may be
damaged, thus increasing susceptibility to microbial infection and possibly
leading to bronchopneumonia or similar diseases. In addition, the lung
capillaries through which oxygen is taken up into the circulation may be
damaged, and the resultant oedema may eventually prevent uptake alto-
gether.

The majority of the lethal chemical agents employed during the First
World War were lung irritants, and it is estimated that they were responsible
for more than 80% of the deaths due to gas during the war. Since the
discovery of the nerve gases, the importance of lung irritants has greatly
declined. None the less, some of them are widely available commercial
chemicals and may still remain attractive as chemical warfare agents in
cases where nerve gases are not obtainable. This applies especially to
phosgene, the properties of which are reviewed below.

(i) Phosgene (carbonyl chloride, COCly)

Except in cold weather, phosgene is a colourless gas. In low concentra-
tions, it has a rather sweet, not unpleasant odour resembling that of new-
mown hay, but it becomes more pungent and irritating in higher concentra-
tions. Its vapour is three times as dense as air. It is rather rapidly decom-
posed into carbon dioxide and hydrogen chloride when dissolved in water,
and more slowly in moist air. It has many industrial applications, and in
some countries it is produced at a rate of more than 100 000 tons per year.
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Toxicology

On inhalation, the initial effect of a dangerous quantity of phosgene is
a transient irritation of the mucous membranes, especially of the eyes and
respiratory tract. This may be too mild to warn the exposed person against
further inhalation, even though attack on lung tissue will already have
begun. Depending on the dosage, this may lead successively to bronchiolar
constriction, acute pulmonary inflammation, pulmonary oedema, emphy-
sema, destruction of the alveolar epithelium, occlusion of the pulmonary
circulation by intravascular clotting and haemolysis, and bronchiolar and
bronchial necrosis (Tobias et al., 1949 ; American Industrial Hygiene
Association, 1968 ; Everett & Overholt, 1968). Symptoms are not generally
experienced for some hours after inhalation. Typically they begin with
increasing breathlessness, progressing through cough, dyspnoea, sense of
suffocation, thirst, vomiting, and pain in the chest. As the oedema builds
up in cases of severe poisoning, the symptoms culminate in cyanosis,
frothing at the mouth, extreme weakness, mental disorientation, coma,
convulsions, and death from acute cardiac failure (Wirth et al., 1967 ;
Everett & Overholt, 1968 ; von Oettingen, 1958).

Sublethal dosages will generally give rise to chromic sequelae. The
damaged lung tissue may take some time to heal : even a quite small dose
can produce a pneumonitis that is identifiable for several weeks or months
after exposure. The probability of microbial infection will be greatly
increased and the overall clinical picture may be complicated by chronic
bronchitis and bronchiectasis.

Exposure of the eye to high phosgene concentrations causes severe
conjunctivitis and, although at first the cornea appears to be unaffected,
corneal turbidity and visual disturbances may develop later (von Oettingen,
1958).

The respiratory LCts;, in man (see Annex 3 for explanation) is
estimated to be about 3 200 mg-min/m?3. Dosages of about 1 600 mg-min/m3
produce what is described as a “ militarily significant incapacitation ”
(US Department of the Army, 1963). In animal experiments, it has been
shown that repeated exposure to sublethal concentrations of phosgene is
not cumulative (Box & Cullumbine, 1947).

Therapy

It has been suggested that the initial biochemical lesion in phosgene
poisoning might be the acylation of certain essential lung constituents
(Tobias et al., 1949). It has also been suggested that the pulmonary oedema
may be of the neuroparalytic type, mediated by reflex action with resultant
sympathetic paralysis and severe pulmonary vasoconstriction (Ivanhoe &
Myers, 1964). These considerations, however, have not yet led to an

28



effective antidote for the poisoning, and the treatment of phosgene victims
remains essentially palliative and supportive.

In many patients who recover, there appears to be no permanent
residual disability (Sax, 1963). Recovery requires weeks to months (Thienes
& Haley, 1964).

Use as a chemical warfare agent

Since phosgene can be easily liquefied under pressure, it can be used
conveniently to set up rapidly lethal concentrations of heavy gas over large
areas without the need for a large weight of weapons. In addition, quite
low field concentrations may produce effects that, although not fatal, are
nevertheless severely incapaciting. Its disadvantages lie in the delay before
it produces its toxic effects and its rather low toxicity compared with the
nerve gases. Its toxicity is almost certainly too low to suggest its use in
preference to explosives or incendiaries in attacks on civilian targets
when the object of such attacks is anything other than terrorization. As
it has no percutaneous action, respirators provide complete protection
against its effects.

2. Blood gases

>

The designation ““ blood gas ”* is used to denote those lethal chemical
warfare agents that interfere with cell respiration ; it is an allusion to the
supposed mechanism of action of these substances, which is thought to
involve either a blockage of oxygen uptake from the blood, or a blockage
of the exchange of carbon dioxide between the blood and the tissues, and
between the blood and the air in the lungs.

The important members of the class are hydrogen cyanide and cyanogen
chloride, and their properties are reviewed below.

() Hydrogen cyanide (hydrocyanic acid, HCN)

Hydrogen cyanide, like phosgene, is a widely available commercial
product used in the manufacture of a variety of organic chemicals.

At room temperature, it is a highly volatile, almost colourless liguid.
It is completely soluble in water. Its vapour is less dense than air.

Toxicology

Although massive doses of hydrogen cyanide can produce percutaneous
intoxication, in warfare it would be used for respiratory effect ; it is readily
absorbed into the circulation through the lungs.

At high respiratory doses, hydrogen cyanide may produce, without
warning, sudden loss of consciousness and prompt death from respiratory
arrest. With smaller but still lethal doses, the illness may be prolonged for
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one or more hours. In these cases an immediate and progressive sensation
of warmth over the entire body, due to vasodilatation, with visible flushing,
is the first symptom ; this is followed by prostration, then nausea and
vomiting, often with headache, and then by difficulty in breathing, with a
sensation of tight bands around the chest; and finally unconsciousness
supervenes, swiftly succeeded by asphyxial convulsions (Sollman, 1957 ;
Gleason et al., 1957).

The lethal effect of inhaled hydrogen cyanide varies greatly with its
concentration in the air, because the body rapidly destroys this poison.
When the concentration is 60 mg/m?, a 60-minute exposure may cause no
serious symptoms. When the concentration is 200 mg/m? death may follow
exposure for 10 minutes. When the concentration is 5000 mg/m® death
may follow exposure for 1 minute (Paulet, 1960 ; Manufacturing Chemists’
Association Inc., 1961).

Therapy

Two types of therapy for hydrogen cyanide poisoning are available :
the administration of nitrites, such as amyl nitrite, and the use of substances
that can destroy absorbed hydrogen cyanide in the very short time before
its effects have run their course. The latter compounds include thiosulfates,
which convert hydrogen cyanide to thiocyanate, a reaction that is catalyzed
by an enzyme present in the blood.

If therapy is begun in time, recovery from hydrogen cyanide poisoning
may be very swift.

Use as a chemical warfare agent

The attractions of hydrogen cyanide as a chemical warfare agent lie in
the extreme rapidity of its toxic effects if it can be disseminated in suffi-
ciently high field concentrations. However, this is more difficult to achieve
than with phosgene owing to the low vapour and liquid densities of
hydrogen cyanide and its tendency to inflame when disseminated by explo-
sive burst. As with phosgene, its low toxicity as compared with G and V
agents (see below) does not make it an obvious choice for attacks on
large civilian targets. Respirators can provide virtually complete protection
against it, although it is easier to saturate charcoal filters with hydrogen
cyanide than with most chemical warfare agents.

(ii) Cyanogen chloride (CICN)

Like hydrogen cyanide, cyanogen chloride is a widely available com-
mercial product, having applications as a fumigant and as an industrial
intermediate. It was in limited use as a war gas during the First World
War. When inhaled at a sufficiently high concentration it kills rapidly,
with a toxic action similar to that of hydrogen cyanide.
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At room temperature it is either a gas or a highly volatile colourless
liquid. Unlike hydrogen cyanide, its vapour is strongly irritating to the
eyes and respiratory passages at low concentrations. It is readily decom-
‘posed by moisture into hydrogen cyanide and hydrochloric acid. Its liquid
and vapour densities are greater than those of hydrogen cyanide and it is
much less inflammable.

Toxicology

The signs and symptoms of its toxic effects are a combination of those
produced by hydrogen cyanide and a lung irritant. Its systematic action
first stimulates the respiratory centre and then rapidly paralyses it.

All concentrations of cyanogen chloride, from about 10 mg/m? onwards,
produce immediate eye irritation and lachrymation. When it is inhaled,
cyanogen chloride causes in addition irritation of the nose and throat,
coughing, and tightness in the chest. Dizziness, increasing dyspnoea, con-
vulsions, retching, and involuntary urination and defecation may then
occur. Uanconsciousness is followed by respiratory failure and death
within a few minutes.

If these effects do not result in death, signs and symptoms of pulmonary
oedema may develop (persistent cough with much frothy sputum, pulmonary
rales, severe dyspnoea, and marked cyanosis (US Department of the Army,
1968).

The respiratory lethal dosage in man has been estimated to be about
11 000 mg-min/m?; on this basis, therefore, it is less than half as toxic as
hydrogen cyanide.

Therapy

Treatment of cyanogen chloride poisoning is palliative and supportive.
In severe cases the same methods may be used as for hydrogen cyanide
intoxication. In addition, it may be necessary to treat the eyes and respi-
ratory airways as in the case of phosgene poisoning.

Use as a chemical warfare agent

In chemical warfare, cyanogen chloride would be used in the same way as
hydrogen cyanide, over which it has the advantage that its tendency to
ignite is much lower. Its lower toxicity is counterbalanced to a large extent
by its higher volatility, and the greater densities of its liquid and vapour.

3. Vesicants

The vesicants, or blister agents, are general tissue irritants with an
additional systemic action. Contact with skin tissues provokes blistering
in the affected region after some delay. Contact with the eyes causes more
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rapid injury and leads to inflammation and possible temporary loss of
sight. Injury to the respiratory tract is similar to that caused by the lung
irritants described above.

The two main groups of vesicants are the dichloroarsine derivatives and
the so-called “ mustards . The latter are militarily more important as they
lack the initial irritant effect of the former group and have much less readily
detected odours, so that they are well adapted to insidious attack. All the
mustards contain at least two 2-chloroethyl groups, attached either to
thioether residues (the * sulfur mustards ””) or to amine residues (the
“nitrogen mustards ”’).

Mustard gas was employed on a massive scale during the First World
War and was the most extensively stockpiled chemical agent of the Second
World War. Its properties are reviewed below.

() Mustard gas (Yperite, Lost : bis(2-chloroethyl) sulfide)
CH,CH,CI
s/ ’
\CH,CH,CI

Mustard gas is a colourless to amber oily liquid of neutral reaction,
freezing at 14°C when pure and boiling at 217°C with slow decomposition. At
high concentrations, it has a pungent odour resembling that of horseradish,
onions or garlic, much of which may be due to contamination with ethyl
sulfide and similar by-products of its synthesis. Toxic concentrations of
mustard gas can generally be smelt in the air, but may often not be sensed
by untrained persons (Dickel et al., 1952). It is only slightly soluble in
water, but may dissolve in organic solvents and fats. Chemically and
physically, it is a relatively stable substance. It gradually hydrolyses in
water and is quickly oxidized to its sulfoxide, a less toxic compound, by
chlorinated lime. These reactions may be incomplete under some circum-
stances : a mustard gas accident in Germany in 1950 showed that soil that
had become contaminated by mustard gas, although thoroughly and repeat-
edly treated with water and chlorinated lime, still contained traces of
mustard gas 2 weeks after contamination (Dickel et al., 1952).

Toxicology

Mustard gas produces acute toxic effects only at supralethal dosages :
central nervous excitation leads to convulsions and rapid death. Under
field conditions without protection, the development of symptoms is usually
in the following order : no effects are felt immediately on exposure, except
to high concentrations, when there may be a tendency to sneeze, with or
without smarting of the eyes. Haemorrhage, especially from the nose, is a
common early symptom. The first definite symptoms generally occur in the
eyes between a half and three hours after exposure, starting with a feeling
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of grittiness, progressive soreness and a bloodshot appearance, and pro-
ceeding to oedema and all the phenomena of acute conjunctivitis. There is
increased nasal secretion, sneezing, sore throat, coughing and hoarseness.
Within 4-16 hours after exposure, these symptoms become much more
marked and distressing : the eyes begin discharging and are very painful,
the nasal discharge is more purulent, and the voice is husky or suppressed.
Nausea, retching and vomiting, associated with epigastric pains, occur in a
large proportion of subjects and may recur at frequent intervals for several
hours. In severe cases, they may become intense and prolonged. Diarrhoea
may set in, but is rather exceptional. The skin may begin to itch during
this period and skin rashes may show as a dusky erythema of the exposed
parts of the body and in the axilla and genitals, with blisters beginning to
appear. At the end of 24 hours all these symptoms may have increased
in severity, but death almost never occurs during the first day. During the
second day, the inflammation of the respiratory tract becomes conspicuous
in severe cases. The expectoration becomes abundant, mucopurulent,
sometimes with large sloughs of tracheal mucosa. This is complicated by
secondary infection of the necrotic respiratory membranes. Fever sets in,
with rapid pulse and respiration. The infection may terminate in broncho-
pneumonia, with death at any time between the second day and the fourth
week.

Mustard gas produces militarily significant effects over a wide range of
dosages. Incapacitating eye injury may be sustained at about 100 mg-
min/m3, Slgnlﬁcant skin burns may begin at 200 mg-min/m?3. The respira-
tory lethal dose is estimated at 1 500 mg-min/m3. 4-5 g of liquid mustard
gas on the bare skin may constitute a lethal percutaneous dosage while
droplets of a few milligrams may cause incapacitation. r

Blisters caused by mustard gas may heal in 2 or 3 weeks, and ulcerations
after 6 or 8§ weeks. The blisters are often followed by a crop of furuncles
or pustules, generally on and around the burned area. The site of healed
mustard burns is hypersensitive to other trauma. Moreover, there seems to
be a general lowering of resistance after mustard gas poisoning, and therefore
iricreased susceptibility to infections such as influenza, bronchitis, pneu-
monia and tuberculosis (Sollman, 1957). It is not uncommon for chronic
bronchitis and emphysema to outlast the acute poisoning (erth et al.,
1967).

Several instances of delayed keratms of the eye have been ascrlbed to
mustard gas exposures some forty years earlier (Amalric et al., 1965).

The demonstration- of mutagenic, carcinogenic and teratogenlc actions
of the mustards has recéntly aroused considerable interest. Both sulfur and
nitrogen mustards have been shown to be strongly mutagenic when tested
on Drosophila and other lower organisms (Auerbach, 1949). A teratogenic
action has been demonstrated in chickens and rats (Szirmai, 1966 ; Salz-
geber, 1968). A carcinogenic action has been demonstrated with both sulfur
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and nitrogen mustards after parenteral administration as well as after
inhalation in mice (Heston, 1953a, 1953b). In man, chronic exposure of
factory workers to mustard gas has also produced a marked excess of
pulmonary tumours within the lung at the same site as in mice and of the
same histologic type (Yamada, 1963). A tenfold increase (30 cases against
about 3 expected) in respiratory tract cancer (mainly lung) was observed in
such workers employed in Japanese factories during the Second World War
(Wada et al., 1968). An examination of the mortality data on 1 267 British
war pensioners who suffered from mustard gas poisoning in the 1914-18
war, and who were still alive on 1 January 1930, showed that almost all
(over 80%) had chronic bronchitis at that date. In subsequent years an
excess of ‘deaths attributed to cancer of the lung and pleura was observed
amongst them (29 deaths found compared with 14 expected) (Case & Lea,
1955.) Furthermore, observations on American veterans of the First
World War suggest that the incidence of lung cancer was slightly increased
in men who had been subjected to mustard gas poisoning (Beebe, 1960).

Therapy

Treatment is palliative and supportive. The vesication may be treated
in much the same way as skin burns.

Use as a chemical warfare agent

In chemical warfare, mustard gas would probably be used to create
long-lasting contact hazards. For this purpose it would be disseminated
as a liquid spray to contaminate the ground, vegetation, and equipment.
During the travel of the spray, it would create a short-term air-borne skin
hazard as well. In warm weather there would be appreciable evaporation
of the spray fallout, and as the vapour has little smell and its vesicant action
is delayed, it would be possible for anyone in the area to absorb a casualty-
producing dose without being aware of any exposure. This would rarely
be lethal, but as mustard gas can produc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>