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During the past few years, 1 have become increasingly COnc!~n’~ed by developments 

in the ffe]jl of &emlcal and bacteriolcgical (biological) weapons and have given 

cxpres$ion t:, this concern on several occasions. A year ago, I stated publicly 

that "th9 international community waS net sufficiently conscious of the dangers 

inherent in this new type of weapon Of mass mu.rder", and that "due attention had 

not been focused on this very serious problem". In the introduction to my annual 

report on the work of the Organization, in September 19613, 1 stated: 

"JJhile progress is being made in the field 0-f' nuclear disarmament, there 
is an.other aspect of the disarmament problem to which 1 feel to0 little 
attention has been devoted in recent years. The question of chemical. and 
biological weapons has 'been overshadowed by the qUeStiOn Of' nUCleaI? WeapCXlS, 
,which have a destructive power several orders of magnitude greater than that 
of chemical and biological weapons. Nevertheless, these too are weapons of 
mass destruction regarded with universal horr@r. In some respects, the,y may 
be even more dangerous than nuclear weapons because they do not require the 
enormous expenditure of financial and scientific resources that are required 
for nuclear weapons, Almost all countries, including small ones and developing 
ones, may have access to these weapons, which can be manufactured quite 
cheaply, quickly and secretly in small laboratories or factories. This fact 
in itself makes the problem of control and inspection much more difficult. 
Moreover, since the adoption, on 17 June 1925, of the Geneva Protocol for the 
Prohibition of the Use in War of Asphyxiating, Poisonous or Other Gases and of 
Eacteriological Methods of Warfare, there have been many scientific and 
technical developments and numerous improvements, if that is the right word, 
in chemicai and biological weapons, which have created new situations and new 
problems. On the one hand, there has been a great increase in the capability 
of these weapons to inflict unimaginable suffering, disease and death to ever 
larger numbers of human beings; on the other hand, there has been a growing 
tendency to use some chemical agents for civilian riot control and a dangerous 
trend to accept their use in some form in conventional warfare, 

"Two years ago, by resolution 2162 B (XXI), the General Assembly called 
for the strict observance by all States of the principles and objectives of 
the Geneva PrOtOCOl of 1925, condemned all actions contrary to those 
objectives and invited all States to accede to the Protocol. Once again, I 
would like to add my voice to those of others in urging the early and complete 
implementation of this resolution, 
needed...." 

However, in my opinion, much more is 

At its twenty-third session, by resolution 2454 A (XXIII), the General Assembly 
requested me to prepare, with the assistance of qualified COnSUltant experts, a 

report on chemical and bacteriological (biological) weapons in accordance with the 



proposal. contained in the int,roc:!u(: j:ic)n tn my annua.1 :repoX% C-Ii? the work of t'he 

nrganization (A/7201./Add.l.), and in- 1 accordance with the recommendation contained 

in the report nf the Conference of the Eighteen-Nation Committee on Disarmament 

of 4 September 1(?68 (A/71.S9)v 

112 pL%rsuance of this resol.u.tior, 1 izpp~:i~ted the fol.l.owing group of fnurt;?en 

ConSUl.tant experts to assist me in -the preparation of <he :rep%%: Dr. Tlbor Rakacs 

Professor of Hygiene, Director-General. of the l!Jational. Insti-tL?te of Public Health, 

Budapest; Dr. Hotse C. Bartlema, Head of the Mic~robiol.c~gical. Department of the 

Iv;edical.-.Eiological. Laboratory, Natiofial. Defence Research Organization TNO, 

Rijsrrijk, Netherlands; Dr. Ivan L. ZenrLett, Director of the ikw York :Jilversi.ty 

cledical Center and Vice-President 1.~2"Medica.L Affairs, IYew York 'Ciniversity, 

New York; Dr. S. Bhagavantam, Scientific Adviser tn Wt! Minister i:jf Defence, New 

Delhi; Dr. Jiri Franek, Director of t'he Mil.itary Institute fair Hygiene, 

Epidemiology and Microbiology, Prague; Dr. Yosio Xawakita, President of University 

of' Chiba, Professor of Bacteriology, Chi'ba City, Japan; il. '?ictor Li!Ioi?l.in, In&nieul -.....,* " ,--- 
en chef de l.'armement Chef clu. Bureau D&f?nse chil.nique et 'bir4ozi.qu.e Dire CticJn 
-- -- ,....-.“- w-y I A1-_,----- --.. , -- ..-,. -.L”L- ---._.__-. __.a . . ..-w nw+-..m.d..“,,.,, --.- 

tech.n.iqu.e des armements terrestres Saint Cloud, Prance; Dr. EI.3.. M&hail., Director -.-----CC- . . . . I ........."l__--,, .._"..., , .-, ..- 3 
of Chemical. and Piological. Defence, Defence Chemica.l., Biologizll. and Radiation 

~aboratnries, Defence l:ese~,~& r;(mcd., @ttSwS; Acadeinichr! 0. c:. Reukw, ProfeSSW 

of Chemistry at the Moscciw State University, Moscow; Dr. Gu.iI.l.ermo Snberon, 

Director, Institute de Investigaciones Bicmedicas, .I. ,_...--e I,.. -we _.1-A,a.., W"... .."_." -. U_n~~~~~~~W~;~,2d Haeional Autonoma . .T .IULI-.I.~.e--YII _, _.-_ 1-W." ..-..Ga"".C1*"s . ..I. .-...*.. 
de Me::ico, Mexico City; Dr. -"-- -..,_. C-., Lars-&Laiji: Ta,mmelin, Chief of Dqartment for Medicine 

and Chemistry, Research Institute i"or National. Eefence, Stock'holm; 

Dr. Berhane Teoume-Lessane, Medical. Co-Director and Head of Tlepartment of Viruses 

and Rickettsiae, Imperial Central. Laboratory and Research Institute, Addis A'baba; 

Col.c?l?el Z'bigniew Zoltowski, Professor of Medicine, Epidemiolo#st and Scientific 

Adviser to the Ministry of National Defence, Warsaw; Sir Sol.1.y ZucKerlnan, Chief 

Scientific Adviser to the Government of the United Kingdom, Professcr Emeri'tXS, 

University of Birmingham. 

P5r. Will.iam Epstein, Dire&& of the Disarmament Affairs j.)ivision, Department 

of Political and Security Council. Affairs, served as Chairman of the Group of 

C0nsul.tan-l; Experts. MI:. Alessandro Corradini, Chief of the Committee and Conference 

Service8 Section, acted as Secretary of the Group. He m.s assisted by members of 

the Disarmament Affairs Divi.sion, 

/ 0 .I 
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kf%e:c giving due consideration -to the terms of the xeSCd.u.tion and to the views 

expressed and the suggestions made during the discussion of the qUeStiOn at the 

twenty.-third session of the General. Assembly, I reached tlie conclu.sion that the 

aim of l;he report should be to provide a scientifically sound appraisal of the 

effects of c’hemical. and bacterinl.ogical. (biological) weapons and should. serve to 

inform Governments of the consequences of their possible Use. Within this 

0V~P~l.l. frameworB, the report wou1.d furnish accurate information in a concise 

and readily understandable form on the following matterS: ‘ihe basic characteristics 

of chemical. and bacteriological. (biological) means of warfare; the probable effects 

of chemical. and bacteriolo,$.cal. (biological) weapons on military and civil 

pers~lnnel., both protected and u.nprotected; the environmental. factors affecting 

the employment of chemical. and bacteriological (biologica17) means of warfare; 

the ~~ossil~1.c long-term effects on human health and ecology; and the economic and 

security implications of the devrl.opment, acquisition and possible u.se of chemical 

and ~I~acteriol.ogical. (biological.) weapons and of systems for their delivery. 

Yhe consultant experts to whc+l I conveyed these terms of reference accepted 

them as the basis for their study, 

It was my intention that the GXILI]! of Consultant Experts should survey the 

entire subject from the technical and scientific points of view, so that the 

report cou.1.d place these weapons in proper perspective. It was al-so my hope that 

an authoritative report cou1.d ‘become the basis for political. and legal. action ‘by 

the iIembers of the United Nations. 

As the report was to be made avai1.a.bl.e by 1. July 1.969, very concentrated efforts 

by the consul.tant experts were required in order to cover this extensive field. 

The memb&s of the Group, acting in their personal capacities, carried out this 

dema.nding tasli at three sessions between January and June 1.969. 

Tine Croup had the benefit of valuable su.bmissions from the World Health 

Organization, the Food and Agriculture Organization, the International. Committee 

of the Red Cross, the Pugwash Conference on Science and World A?ffairs (Pugwash) 

and. the International Institute for Peace and Conflict Research (SIPRI). I wish to 

express my grateful appreciation to all. the consultant experts for their dedicated 

worli and to the organizations and ‘bodies who co-operated in the preparation of the 

stLJ.dg. 
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The Group has submitted to me a unanimous report ?mbodying its findings and 

conclusions. I wish to avail myself of this opportunity .to express my gratification 

for the very high I-eve1 of competence with which the mnsu1:tan-t experts have 

discharged their mandate. In a very short period of time, tlley have produced a 

study, krhich? in spite of the many complex aspects of the subject matter, is both 

concise and authoritative. It is a document which, I believe provides valuable 

insights into the grave dangers that are posed by the production and possible use 

of these dreaded weapons. 

I am particu.1arl.y impressed 'by the conclusion of the consultant experts wherein 

they state: 

"The general conclusion of the report can thus be summed up in a few 
lines. Were these weapons ever to be used on a large scale in war, no one 
could predict how enduring the effects would be, and how they would affect 
the structure of society and the environment in which we I.ivere This overriding 
danger would apply as much to the country tihich initiated the use of these 
weapons as to the one which 'had been attacked, regardless of tihat protective 
measures it might 'have taken in parallel with its development of an offensive 
capability. A particular danger also derives from the fact that any country 
could develop or acquire, in one way or another, a capa'bility in this type 
of warfare, despite the fact that this could prove costly. The danger of 
the proliferation of this class of weapons applies as much to the developing 
as it does to developed countries. 

"The momentum of t'he arms race would clearly decrease if the production 
of -these weapons were effectively and unconditionally banned. Their use, 
which could cause an enormous loss of 'human life, has already been condemned 
and prohibited 'by international agreements, in particular the Geneva Protocol 
of 1.925, and, more recently, in resolutions of the General Assembly of the 
United Nations. The prospects for general and complete disarmament under 
effective international control, and hence for peace throughout the world, 
would brighten significantly if the development, production and stockpiling 
of chemical and bacteriological (biological) agents intended for purposes 
of war were to'end and if they were eliminated from all military arsenals. ,, 

"If this were to happen, 
I  

there would be a general lessening of 
international fear and tension. It is the hope of the authors that this ' 
report will contribute to public awareness of the profoundly dangerous 
results if these weapons were ever used, and that an aroused public will. 
demand and receive assurances i,hat Governments are working for the earliest 
effective elimination of chemical and bacteriological ('biological) weapons." 

1 have'given the study prepared by the Consultant experts my earnest 

consideration and I have decided to accept their unanimous report in its entirety, 

/ 00. 
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Dr. Berhane TEOUM?%LESSANE Medical Co-Director and Head Of Department 
of Viruses and Rickettsiae, Imperial Central 
Daboratory and Research Institute, 
Addis Ababa l 

Colonel Zbigniew ZOLTOWSKI Professor of Medicine, Epidemiologist and 
Scientific Adviser to the Ministry of 
National Defence, Warsaw. 

Sir Sally ZUCKERMAN Chief Scientific Adviser to the Government 
of the United Kingdom, Professor Emeritus, 
University of Birmingham. 

me report W&S drafted during sessions held in Geneva between 20 and 

24 January and between 1.6 and 29 April, and finalized at meetings held in 

New York between 2 and 14 June 199, 

The Group of Consultant Experts wish to acknowledge the assistance they 

received from the World Health Organization, the Food and Agriculture Organization, 

the International Committee of the Red Cross, the Pugwash Conference on Science 

and World Affairs (Pugwash) and the International Institute for Peace and 

Conflict Research (SIPRI), all of which submitted valuable information and material 

for the purposes of the study. 

The Group of Consultant Experts also wish to express their .gratitude for the 

valuable assistance they received from members of the United pations Secretariat, 

I have been requested by the Group of Consultant Experts, as their Chairman, 

to SUbmit their unanimous report to ‘you on their behalf. 

Yours sincerely, 

yfyIl/~f>il-~ 

William Epstein, Chairman 
Group of Consultant Experts on Chemical and 
Bacteriological (Biological) Weapons. 
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INTROEUCTION 

1. In accordance with the resolution of the General Assembly 2454 A (XXIII) 

the Secretary-General was asked to prepare, with the assistance of qualified 

consultant experts, a report on chemical and bacteriological (biological) weapons 

and on the effects of their possible use. Specifically the experts were asked to 

provide a scientific appraisal of the characteristics of the chemical and 

bacteriological (biological) weapons which could be used in warfare; of the 

effects they could have on military personnel and civilians; as well as of their 

long-term effects on health and our physical environment. They were also asked 

to provide a statement about the economic and security implications of the 

development, acquisition and possible use of such weapons and associated weapon 

systems. The report which follows is confined to these objectives. 

2. No form of warfare has been more condemned than has the use of this category 

of weapons. The poisoning of wells has been regarded from time immemorial as a 

crime incompatible with the rules of war. "War is waged with weapons, not with 

poison" ("Armis bella non venenis geri"), declared the Roman jurists. As the 

destructive power of arms increased over the years, and with it the potential . 

for the widespread use of chemicals, efforts were made to prohibit through 

international understandings and by legal means the use of chemical weapons. 

The Brussels Declaration of ~874 and the Hague Conventions of 1899 and 1907 
prohibited the use of poisons and poisoned bullets and a separate declaration 

of the Hague Convention of 1899 condemned "the use of -projectiles the sole object 

of which is the diffusion of asphyxiating or deleterious gases". 

3. The fear today is that the scientific and technological advances of the past 

few decades have increased the potential of chemical and bacteriological (biological) 

weapons to such an extent that one can conceive of their use causing casualties on 

a scale greater than one would associate with conventional warfare. At the moment 

most of our knowledge concerning the use of chemical weapons is ,based upon the 

experience of World War I. Gas was first used in 1914 and the first big attack in 

1915 claimed 5,000 human lives. It is estimated that from then until the end of 

the war in 193.8, at least 125,000 tons of toxic chemicals were used, and according 

to official reports gas casualties numbered about 1,300pOO0, of which about 100,000 

were fatal,. The agents which were used in this war were much less toxic than those, 

/ . . , 



I 

,1 

-2- ‘! 

in particular nerve agents, &ir;h could be LEied t0a.W~ and they were dispersed by 
1 

means of relatively primitive equipment as compared wlith what is now available, 
I’ I 1 ‘j and in accordance with battlefield concepts of a relatively unsophisticated kind. 
, ‘, Ii 

II.. 1.t is true t&i; a considerable effort has alSo been made to develop chemical 
‘,’ 

,/I: 
agents IThi& have as their purpose not -i;o ki.11 but t0 IiXdLlCt? El I?Ia1?‘S CapLCity -LO 

fight a Such agents are used by civil authorities of a number of countries in 

order to suppress disorders and to control riots, but when used in %trfare they 

w,-ula inevitably be employed as an adjunct to other fOrrflS Of attaCi<, and their 

over-all effect might be lethal, 

5. Since world b?ar II, bacteriological (biological) weapons have also become an 

increasing possibility. gut because there is no clear evidence tha-t these agents 

have ever been used as modern military weapons, discussions of’ their characteristics 

and potential threat have to draw heavily upon esperimental field and laboratory 

data, and on studies of naturally occurring outbreaks and epidemic:~ of infectious 

disease, rather than on direct battlefield experience. Their potential importance 

in warfare can be sensed when one remembers that infectious disease even as late 

as World War II caused numerous casualties. 

6. The greater threat posed by chemical weapons today derives from the discovery 

( 

g- 
i<‘d and manufacture of new, more toxic compounds. On the other hand, bacteriological 

,,! ~,’ !( 9 (biological) agents already exist in nature and can be selected for use in warfare. 

Some of these agents, notably bacteria, have been known for several decades, but 

.a there is a vast number of other possible agents, especially viruses, which ha,ve v!y+** ‘ur B been di-scovered only recently, and some of these also possess characteris$ics which 

I make their use possible in war. Increases in potency of these various types of 

agent have been made possible by scientific an.d technological advances in microbial 

genetics, experimental pathology and aerobio1og-y. 

As is Well known, the use of toxic gases in World \j/ar I generated so 

Powerful a sense of outrage that countries were encouraged to adopt measures 

prohibiting both chemical and bacteriological (biological). weapons ~ The result 

was the Geneva protocol of 17 June 1925, which prohibits the use in >Tar of 

asl?hyxiatiw, poisonous or other gases and of all analogous liquids, materials 

or devices, as well as bacteriological methods of warfare. This established a 

custom and hence a standard of international law, and in practice most states 

I a.* 
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have adhered to the principle that no one should resort to the use of such weapons. 

But despite the abhorrence in which they have always been held by civilized peoples, 

chemical weapons have none the less on occasion been used, For example, mustard 

gas was used in Ethiopia in 1935-36, causing numerous casualties amongst troops and 

a civilian population which was not only completely unprotected, but r?hich lacked 

even the most elementary medical services. It should also be noted that the 

existence of the Geneva Protocol of 1925 may have helped as a deterrent to the 

use of chemical ox bacteriological (biological) weapons in World War II, even 

though the belligerents in that conflict had developed, produced and stockpiled 

chemical agents for possible use. The International Tribunal at Nuremberg brought 

into the open the fact that amongst the new agents which had been produced and 

stockpiled during the course of the war were such highly lethal agents as Tabun 

and Sarin. Since then the validity and effectiveness of the Geneva Protocol have 

been reinforced by the approval, by the General Assembly of the United Nations, 

without a single-dissenting voice, of resolutions 2162 B ()cxT) of 5 December l-966 

and 21~54 A (XXIII) of 20 December 1968, calling for "strict observance by all 

States of the principles and objectives" of the Geneva Protocol, and inviting all 

States to accede to it. 

8, It is simple to appreciate the resurgence of interest in the problems of 

chemical and bacteriological (biological) warfare. Advances in chemical and 

biological science, while contributing to the good of mankind, have also opened 

up the possibility of exploiting the idea of chemical and bacteriological 

(biological) warfare weapons, some of which could endanger man's future, and the 

situation will remain threatening so long as a number of States proceed with their 

development, perfection, production and stockpiling. 

91 The report, as is noted in the General Assembly resolution, is designed to 

submit to peoples and governments, in a form easily understood by them, information 

on the effects of the possible use of chemical and bacteriological (biological) 

weapons, as well as to promote a further consideration of problems connected with 

chemical and bacteriological {biological) weapons. Information about the nature 

of chemical and bacteriological (biological) weapons, about their increase and 

diversification as technology has advanced, about their long-term effects on 

human beings, animals and vegetation, and about environmental factors >Jhich 

condition these effects,, is provided in Chapters I to IV of the Report. In 

Chapter V, which deals with the economic and security implications of chemical and 

/ . . . 
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bacteriological (biological) warfare, the experts have interpreted the word 

"security 'I to mean both security in the narrow military sense, and security in 

terms of the adverse and long-tern effects which these weapons, given they were 

ever used, could have on the framework of civilfzed existence. 

10. As the present report shows, the outstanding characteristics of this class 

of weapons, and particularly of bacteriological (biological) weapons, is the 

variability, amounting under some circumstances to unpredictability, of their 

effects. Depending on environmental and meteorological conditions, and depending 

on the particular agent used, the effects might be devastating or negligible. 

They could be localized or widespread. They might bear not only on those attacked 

but also on the side which initiated their use, whether or not the attacked 

military forces retaliated in kind. Civilians would be even more vulnerable than 

the military, The development, acquisition and deployment of chemical and 

bacteriological (biological) weapons - quite apart from questions of protection - 

constitutes a real economic burden which varies in extent for different countries. 

Abpve all their acquisition could not possibly obviate the need for other weapons. 

11. As chapters I and V of the report indicate, it would be enormously costly in 

resources, and administratively all but impossible, to organize adequate protection 

for a civilian population against the range of possible chemical agents. Even 

military personnel, if locally engaged in a particular operation in which chemical 

and/or bacteriological (biological) weapons were used and where they had the 

advantage of protective measures, would be unlikely to escape the wider-spread and 

longer-term effects on their country at large. These might arise, for esample, 

from the impracticability of protecting soil, plants, animals and essential food 

crops against short and long-term effects. 

12. To appreciate the risks which bacteriological (biological) warfare could 

entail, one has only to remember how a natural epidemic may persist unpredictably> 

and spread far beyond the initial area of incidence, even when the most up-to-date 

medical resources are ,used to suppress the outbreak. The difficulties would be 

considerably increased were deliberate efforts made, for military reasons, to 

propagate pathogenic organisms. Mass disease, following an attack, especially of 

civilian populations, could be expected not only because of the lack of timely 

warning of the danger, but also because effective measures of protection or treai;l?& 

simply do not exist or cannot be provided on an adequate scale, 
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13* Once the doOr ~70,s O!el’Ed to 'this kind of warfare, escalation lrould in all 

li]plihood OCCW? WlCl 110 Oflf2 C0d.d SaY kel-e 'the process would end, Thus the 

rep~rt concludes th~~i; 'the existence of chemical and bacteriological (biological) 

.papons not Ollly C! O~l’bKi.bLl’i;f2!3 'to iITtPrIlatiOna~ tension, but that their fLIrther 

development spurS the al3lS XYlCB without cuntributing to the security of ally nation, 

14, The present repol~t l;rill, in accordance vith resolution 2454 A (ml:-), be 

submitted to the ~iGh'tcen-I\T:L,t;inll Comi~ittee on Disai-nlament to the Security Council 

and to ?;lle General AsSeUCLy ai; its twenty-fourth session, We hope that it vi11 

contribute to the ~.n!!7lein~I?tation Of ~ileasures which, in the final analysis, 1fj.11 

eliminate chemical and ba~~k~i~~~gical (biological) weapons frown al1 military 

arsenals, 
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CHAPTER I 

Tm BASIC CIamCTERI$TJCS OF CJ3EMICAL AND WXTERUXOG~CAL 
( RI~J,OGICAL~) I!DANS OF 1JARFAR% 

15. since world war I, &en. chealical warfare waS filqS-k resorted to On a large 

scale, the variety and pO-LencJ r of chemical and bat-LcriOlOgiCal (?JiOlOgiCnl) 

weapons has grown s tcadily, and there has been a corresponding increase ill the 

capacity to deliver them to a target area. The particular threat posed by ’ 

chemical weapons .today derives from the existence of new, and far more to::ic, 

chemical compounds than were known fifty years ago. Since bacteriological 

(biological) g t a en s e;:is-t naturally, their increased po-tency as weapons US 

resulted from a process Of selection rather than frOlT1 the production of 

entirely new agents e As is e::plained in later sections of this report, 

seleetj.on has been made possible by advances in our knowledge Of the geneticDs 

of microbes, and through advances in experimental acro~iology. 

16. The most significant result of these technical developments is the great 

varietg of injurious effect which these agents can induce, and the consequent 

increase in the number and types of situation in which there might be a 

temptation to use them for military purposes. 

' A. cHAmcTERrsTIcs 0F CHEfi4ICAL AND BACTERIOLOGICAL (BIOLOGICAL) T~WFONS 

17. For the purposes of this report, chemical agents of warfare are taken to 

be chemical substances, whether gaseous, liquid, or solid, which might be 

emplOyed. because of their direct toxic effects on man, animals and plan-bs, 

Bacteriological (biological) agents of warfare are living organisms, whatever 

the ir nature :, Or infective material derived from them, which are intended. to 

cause disease or death in man, animals or plants, and which depend for their 

ef;t?ects on their ability to multiply in the person, animal or plant attacked. 

19, Va+m living organisms (e .g. rickettsiae, viruses and fungi) 3 as \rell as 

bacteria, can be used as weapons. In the context of warfare all these are 

generally recognized as “bacteriological weap&ns”. But in order to eliminate 

any possible ambiguity, the phrase “bacteriological (biological) weapons” has 

bee11 used throughout t0 comprehend all forms of biological warfare, 
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19 ’ All biological processes depend upon chemical or physico-&em$,cal reaCTtiC"llHj 

and what may be regarded today as a biological agent could, tomorrow, as I~nCJplledG@ 

advances, be treated as chemical. Because they themselves do not multiPlY, z;ssix'r;~ 

which are produced by living organisms, are treated in this report as chemiczzl 

substances. we alsO recognize there is a dividing line between chemical agerl‘bs 

Of W~KCm?. in the sense we use the terms, and incendjary substances such as 

napalm and smoke, which exercise their effects through fire, temporary dePriYCctio*2 

air Or reduced visibility. IIe regard the latter as weapons which are 'Le%tex* 

classified with high explosives than with the substances with which we are 

concerned. They are therefore not dealt with further in this report. 

20. Finally, we recognize that both chemical and bacteriological (biologicaJ-) 

agents are designated either as Jethal agents, that is to say, agents; tlhfch aX'e+ 

intended to kill, or as incapacitating agents, that is to say, agents which ZQT? 

intended t0 cause disability. These terms are not absolute, but imply s-f;3tiS~~oal 

probabilities of response which are more uncertain with bacteriological (biOlo@o~~. 

than with chemical agents. Not all individuals will die from an attack with a 

given lethal agent, whereas some, for example infants and people weakened by 

malnutrition, disease or old agep as well as a high proportion of individuals 

in special circumstances, for example following irradiation, might succumb 

to an attack with incapacitating chemical or bacteriological (biological) agents. 

With a few chemical. agents, notably some tear gases (lachrymators), there is ~ri. 

negligible -probability of any fatal outcome, and these have been used by many 

Governments to quell riots and civil disorders. When used in this way -they al-e 

called riot control agents. Lachrymators have also been widely used in warfare 

as harassing agents, in order to enhance the effectivenes s of conventional westpo138, 

Or to facilitate the capture of enemy personnel. 

1. Differences etween Chemical and Aacteriological 3iOlOgical) Warfase --I--p.I--LIp- -___1 -- 

21. Although there are some similaritLes between chemical and bacteriolo@.cizl 

(biological) agents regarded as weapons of war, they differ in certain im~ortap~t 

respects. These differences are related to (1) potential toxicity; (2) speed of' 

action; (3) duration of effect; (4) specificity; (5) controllability; and 

(6) residual effects. 



Potential toxicity L- 

22. Although more toxic than most well-known industrial chemicals, chemical 

warfare agents are far less potent on a weight-for-weight basis than are 

bacteriological (biological) agents. The dose of a chemical agent required to 

produce untoward effects in man is measured in milligrams,* except for toxins 

which may be in the microgram* range. The corresponding dose for bacteriological 

(biological) agents is in the picogram* range. 

23, This difference reflects the fact that bacteriological (biological) agents, 

being alive, can multiply, and its significance is that, weight-for-weight, 

bacteriological (biological) weapons could be expected to inflict casualties over 

very much more extensive areas than could chemical weapons. 

24. Eeing living organisms, bacteriological (biological} agents are also very 

much more susceptible to sunlight, temperature, and other environmental factors 

than are chemical agents. A bacteriological (biological) agent disseminated into 

a given environment may retain its viability (ability to live and multiply) while 

losing its virulence (ability to produce disease and injury). 

Speed of action 

25. As a class, chemical agents produce their injurious effects in man, animals 

or plants more rapidly than do bacteriological (biological) agents. The time 
between exposure and significant effect may be minutes, or even seconds, for 

highly toxic gases or irritating vapours. Blister agents take a few hours to 
produce injury, Most chemicals used against crops elicit no noticeable effect 

until a few days have elapsed. On the other hand, a bacteriological (biological) 
agent must multiply in the body of the victim before disease (or %njury) 

supervenes; this is the familiar "incubation period" of a disease, the time which 

elapses between exposure to infection and the appearance of symptoms of illness. 

This period is rarely as short as one or two days, and may be as long as a few 
weeks ox even longer. For both chemical and bacteriological (biological) agents 

* Milligram - l/l,000 of a gram. 
I 

Microgram - l/1,000 of a milligram. 
Picogram - 1/1,000,000 Of a microgram, 1 



+-he speed of action is affected by the dose (i.e., the quantity absorbed) but this 

secondary factor does not obscure the basic difference between the two classes of 

agents in the time they take to manifest their effects. 

hrstizn of effec2 ,:, 
', 

26, the effects Of 1nOSt cheXi.cal agents which do not kill quickly do not la,& 
8' 

long,. except in the case 0f SOIMZ agents such as phosgene and mustard, where 

they might COntinUe for SOme Weeks, months Or longer. On the other hand, 

bs&riological (biological) agents which are not quickly lethal cause illness 

lasting days or even weeks and on occasion involve periods of prolonged 

convalescence + The effects Of agents which act against plants and trees would 

last for weeks or months and, del!ending on the agent and the species of 

vegetation attacked, could result in death. 

Specificity 

27, While both classes of agents can be used to attack man, animals or plants, 

individual biological agents have in general a much greater degree of host 

specificity, Influenza, for example, is essentially a disease of man; 

foot-and-mouth disease mainly affects cloven-hoofed animals; and rice blast is 

a disease confined to rice onl;y. On the other hand, some diseases (for example, 
' , 8,s 

', ,, ',' ! 
brucellosis and anthrax) occur both in man and animals, However, chemical agents 

are much less specific: nerve agents can affect mammals, birds and 

invertebrates (e.g., insects). 

CQstrollability ---.--"--~ 

28. Ey cOntrollability is meant the ability to predict the extent and nature Of the 

damage which chemical and bacteriological (biological) agents can cause. This 

is a most important consideration in their use as weapons. The most likely 

means of delivering chemical and bacteriological (biological) agents is by discharge 

intO the atmosphere 9 relying on turbulent diffusion and wind currents to dilute 

and spread the agent over the area being attacked, Control is thus possible only t0 

the extent that the meteorological situation can be predicted. 
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290 Because they infeclJ living organisms, SOlne bactt3~iOlo~~,ic:21. (biOl.ogic~~l) 

Oi” m:i.w.1.s2 t0 j..Or;alities agents can be carried by travellers, migratory birclsj 

far from the area originally attacked. 

309 The possibility Of this kind of spread does IlOt ap~lI.,y -to r:tlWLi.c.~i I ;igelyts. 

Eut con+-rol of contamination by persistent chemical a&entk; CiU.l.~i ‘i-e! Very difficult, 

should large quantities of chemical agents penetrate the soil Iln\l %‘t%cli LmdergrGund 

waters, or should they contaminate reservoirs, -they Mi.@t S],wiRc3 lli,l11i1r1;ds Of 

lcilometres from the area of attaclc, affecting people P?ll!Ot~~ Il2'01:l tlit! ZOllC of 

m.ilitary operations. Although l/e know Of no COlllpaI*abl~ r;lb:;-~Lmi!t? l.ikely -L;o 

be used as a chemical warfare agent, the spread of DDT ovc?.L the rT:i.obtT illuutrates, 

in an extreme form, how man-made chemicals can spread. !PtKi 5 ~~l;~~lr!iC!~~l. iIlSC?C.ticide is 

now fou,nd in the tissues of creatures j.11 all pKi?bS of’ -the h’(??‘.j.(i ,V t’Vel1 :i.il l.‘hCeS 

in which it has never been used. For example 9 as a. resu3.t IrKi’ it; 6 t:f’a~s:i’e~- thrcugh 

food chai.ns, it is even found in the tissues Of tht? p’?llt,Uj.ES iki:i.i:t! 2 :iLfZ iii 

Antarctica, 

Residual effects 

31.. In circumstances which favour their persistence, ’ herblcidt::: ) d~~!:f'o:l.iall.tJs 

and perhaps some otiier chemical agents, might linger for I!;vnt ti:s 7 st7,intin~ the 

growth Of surviving or subsequent plant life, and even r.ll;in[:i.r!~~; i;l;~? ~‘l.orul 

pattern through selection, Following repeated use, ceAr!,j.l, (:lir-:ll::i i’L!.:l. :.l(&f!imltS COUld 

even influence soil structure, The risk of residual effect:; ui”i,lh WZIJ.: 

bacteriological (biological) agents is potentially c;rexter, II::‘L~A:~~ l,t-~i~1:use they 

could lead to disease, which might become epidemic if li.;~l+,c l.-lil;~r. ~t;~.;;,~~~~~~;i.i:-;io~l 

occurred readily e Bacteriological (biological) agent r; 1 ii :j. ; :; ] t-t c 111. :.; ( : ,I ’ -L 1 l(;i 

unintended hosts in the animals and plants of an are~l, CQ~ ii,,: !:.~*:I.~I;;J tjl*i;t,d by 

infected individuals over great distances to ne>l cnviror~ll:L ,,:‘:L: ~ 

2. Technoloffv of chemical and bac~eri,oJ..oC:ica1. (l;:i~:l,~~~::~.~~-,,!!, ‘\ 71L1ri*Ltre mm- --..---__ _uI_“--l”-w _^_...___ .-.-’ ___w.“- ---- 

32 l The technological problems associated with chelilic~:L!. t.rrlc! j’lcXit I;, ,l~3.c,l.~,;riet.ll 

(biological) Warfare are of tW0 kinds; (1) those ass~~:.j.:i.i;i:.~~ ;r:itil zil,! proiluctioa 

Of the agents and the weapons needed for their di~sslai,ll~;I;icili CLrll;i (;,?j .+,iiose raThi 

I et* 
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concern the provision of the protective equipment and defences necessary to protect 

military forces and civilian populations. Any nation whose chemical, pharaaceutical 

and fermentation industries are well advanced could produce chemical and 

bacteriological (biological) agents on a scale commensurate with its other military 

capabilities. The assurance of safety in the production of bacteriological 

(biological) agents, Froblems associated with the synthesis of complex chemical 

agents, and deciding on the best weapons to disseminate them, are examples 

Of some Of the relevant technological difficulties. A special problem associated 

with the development and maintenance of an offensive capability in bacteriological 

(biological) warfare relates to the fact that some agents are viable for only a 

short time (a few days) after manufacture. This period can be extended by 

refrigeration of the agent or by freeze-drying it before storage. The drying 

processes, however, are very complex and difficult where large quantities of highly 

pathogenic agents are involved. The problems which relate to defence are far 

more difficult, for as with most weapons, effective defence calls for much more 

stringent training, and demands far more manpower and monetary resources than 

does the offence. For example, alarm systems against chemical attack are very 

co7nplex electro-mechanical devices whose production demands a highly 

technologically based industry. They cannot be maintained except by expert 

and highly trained personnel. 

3. - - c Im IL - - -  
Chemical and bacteriological (bLologica1) weapons systems 

339 The use in warfare,and the possible military effectiveness, of chemical 

and bacteriological (biological) agents cannot be appreciated if they are thought 

of simply as poisons and plagues, They need to be considered in the context of 

the weapon systems of which they would be part. 

34. A weapon system comprises all the equipment and ;personnel, as well as,the 

crganizational structure, required to maintain and operate a military device. 

By itself, for example, a cannon is not a weapon system. Only when it is 

integrated into an artillery battery, together with trained crew, ammunition, 

vehicles, supplies, spare parts, firing table, forward observer, communications 

and command organization does it constitute a weapon system. Correspondingly, 

artillery shells filled with mustard gas or nerve agents and guns to fire them, or 

an aircraft with a spray tank filled with a,bacteriological (biological) agent, are 

not by themselves weapon systems. 
/ .., 



35. Many complex technological problems have to be overcome in transforming 

a chemical or bacteriological (biological) 'agent" into a "weapon system". A 

"weapon" is of little military value if it is not dependable and if it cannot 

be delivered to a target with certainty. This means that in the development 

of a chemical and bacteriological (biological) Weapon System it iS not only 

necessary to consider matters such as mass production, Sf3Xr%e, transPortation, 

and means of delivery, but also the limitations on use set by terrain and weather 

prediction. 

36. In addition, considerations affecting defence need to be taken into account. 

Masks, protective clothing, detection alarms, special medical supplies, augmented 

logistic facilities and, above all, thoroughly trained military and civilian 

personnel, are necessary parts of chemical and bacteriological {biological) weapon 

systems. The concept of a fully developed chemical or bacteriological (biological) 

weapon system is thus exceedingly complex, and implies as much technical capability 

and as high a degree of training as does the operation of any other advanced 

weapon systems. While chemical and bacteriological (biological) weapon systems are 

cheaper and more readily attained than nuclear weapons, and while they may in some 

circumstances be more effective militarily than conventional weapons, they- are 

highly complex systems which for their development and operation call for sizeable 

resources and considerable expertise. But the possibility always exists that by 

choosing a single agent and a simple means of delivery, a nation could equip itself 

relatively cheaply to attack a limited area with a reasonable chance of success. 

B. CONCEPTS OF TBE USE c?F CHEMICAL AND BACTERIOLOGICAL 
(BIOLOGICAL) WEAPONS IN WAR 

1. Chemical weapons 

37, Chemical weapons could be used either within the zone of contact of opposing 

forces; or against military targets such as airhields, barracks, supply depots, 

and rail centres well behind the battle-area itself; or against targets which 

have no immediate connexion with military operations; for example, centres of 
population, farm land, and water supplies. The circumstances in which they could 
be used within a zone of contact are many and varied - for example, to achieve 
a rapid and surprise advantage against a poorly trained, ill-equipped military force 
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which lacked chemical protective equipment; to overcome troops in dug-outs, 

foxholes, or fortifications where they would be otherwise protected against 

fragmenting weapons and high-explosive; to remove foliage, by means of chemical 

herbicides so as to improve visibility and to open up lines of fire, and 

to prevent ambush; to create barriers of contaminated land on or in the rear 

Of the battlefield to impede or channel movement; or to slow an enemy advance 

by forcing them to use protective clothing and equipment. Such equipment 

undoubtedly restricts mobility and impedes nornal activities. It is thus 

highly probable that once one of two well-equipped sides had been attacked with 

chemical weapons, it would retaliate in kind, in order to force its opponent 

to Suffer the same penalties of restriction. In all such operations civilians 

who had not fled from the battle-area might become casualties, as they also WOuld 

if, while not in the battle-zone, vapours or aerosols drifted towards them with , 

the wind, or if they strayed at a latter date into areas contaminated with a 

persistent agent. The rick of civilian casualties would obviousl.y be greater 

if chemical attacks were made on military targets well in the rear of the zone 

of contact, and would be very serious in the case of attacks On centres of 
,' 

population. 

2. Bacteriological (biological) weapons 

38. There is no military experience of the use of bacteriological (biological) 

agents as weapons of war and the feasibility of using them as such has often 

been questioned. One issue which has frequently been raised concerns the validity 

of extrapolations made from laboratory experience to military situations in the 

field. Some recent investigations under field conditions throw light on this 

point. 

39* Ln One field trial, zinc cadmium sulfide (a harmless pcjwder) was 

desseminated in particles two microns* in diameter, from a ship travelling 

16 kilometres offshore. About 200 kilograms were disseminated while the ship 

travelled a distance of 260 kilometres parallel to the coastline. The resulting 

aerosol travelled at least 750 kilometres, and covered an area of over 75,000 

square kilometres. 

- 

++ One micron is 1/1,000,000 of a metre 

\ 
/ e.. 
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40, This observation p;ovides an indication of the size Of.’ aYe::1 which might be 

covered by a windborne aerosol, but it does not tell b!hc%ilel: ‘tllG.? hCICtS~iologica~ 

(biological) agents which might be spread in an c\fZX’OSOl ~!OU1.d Skill. Yet,aill the 

ability to produce disease. All bacteriological (biolcl[;ic:il) :1[;~?nt:.: lose their 

virulence or die progressively while travelling ill 311 aC!rOSOl :?l\d ‘tll(! (jistance 

of effective travel of the cloud would depend o* the rate of Ilt?crly of the 

particular agent in the particular atlnospheric condi'bitiu:: ~mxLi!.in~;. 

41. Some idea of the relal;ivc size of ElreCiS Which C:;lll be COVC?YC!d by 

bacteriological (biological) and chemical aerosol:; ~1111 be ~~;:~:i.nrd ~‘r(el!rl tllis same 

experiment a Had the particles that weY'e Carl-ied heel1 ;_I b:.lCt~L.i.~ll 01' frj.ra.1 agent, 

they would not have caused casualties Over as large all Lire::i ‘1~ t.11~7 ON? covered, 

because of decay of the ageIl4; while in the i3erOSOl Sbte B ~Ic.IV~C?~TCY, depending 

on the organism and its degree of hardiness, :lreo~ of 5,000 to ;iO,OOO In?l 
2 

could 

have been effectively attacked, infecting a high proportion 01.’ \~t?~~i:~~i;c~(:t~!d people 

in the area. If the same means are applied to a hypothirlkic~~“l. chc~r!~li.ct~:l. :Atack 

using the ‘most toxic chemical nerve agent, then a trout 0 D ti i:,j! of ; I {;c! 1’1t WX.~I~ have 

been released per km. The. downwind hazard from ,this , in which ;:C;IIW c.1 r:ualties 

might be expected, would not have extended more than ant? i,~i.I.~~i;lt?l;i’i!, :1nc1 probably 

less 9 unless meteorological condition S were extremely f:ivowr:~h'l.c~ (Lji?P chapter III), 

The area covered by such a chemical. attack might ~thu:: lmvc: beLbn :;O to 150 k~‘~ 
2 

as compared with the 5,000 to 20,000 km for the? bactc-lriol.l?fc:ic:.!1. (].lio].oi;ica].) 

attack. 

42. For purposes of sabotage or covert (secret, as in r;;.ibol;:.il’;P :i ct ion:; behind 

eneiny lines) operations, mall aerosol. generators for l,;ic.l;~1,i1.?:].0:: ~c;AJ. (biological 

agents could be built, for example, into fountain pC?n:; (~1~ ~:i.;~;:il*fi: I, tf? ‘].:ip;lltet~s m 

It is also possible to conceive of the distribul;ion of b:,crt-c~*in Io~~;ir:ir:i (biological) 

agents by hand to poison *ither water supplies ‘or velltiJ.iltic>n ,:;/:;t:,c.,lli:;, e::peciallY 

in a situation of breakdown of sanitary facilities due, ::c1,y2 ‘I..0 ~iri.li~t;ary 

mobilization, or to a nuclear attack. In addition to pr’oduczin~r ~::1:;~.~~1tie:;, such 

an attack could produce severe panic. If half’ a kilo I.,:[,’ ix ~1~1 ti.ir[y oi’ 8’~aliKInella” 

* Salmonella a group of bacteria 
infections p 

) many species of which pr~rlii.c:~: :,;c‘rictrp intestinal 
including gastro-enteritis, 

paratyphoid fever and typhoid fever. 
food (“ptOrl,:lillr.!” ) J7f~i.::mli.rlji;, 



1. Chw~!ical c?wnts ---.-..--- 

I. 

which, when breathed as gases 1 

death from choking q They vere 

potency than the nerve agents. 
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Toxins are biologically produced chemical substances which are very highly 

toxic and may act by ingestion or inhalation. 

Tear and harassing gases are sensory irritants which cause a temporary flow -- 

of tears, irritation of the skin and respiratory tract, and occasionally nausea 

and vomiting. They have been widely used as riot control agents, and also in war, 

Psycho- chemica Is are drug- like chemicals intended to cause temporary mental 

disturbances. 

Agents affecting planks -- 

Herbicides (defoliants) are agricultural chemicals which poison or dessicate 

the leaves of plants, causing them to lose their leaves or die. The effectiveness 

of different chemical warfare agents against man, animals and plants is shown in 

‘cable 1. The various specific chemical agents are listed and described in 

chapter 2. 

Methods of delivery - 

45. Chemical munitions are designed to fulfil three objectives: ( 1) to provide 

a container for the agent so that the agent/munition combination can be delivered 

to its target; (2) to attain an effective distribution of agent over the target 

area; and (3) to release the agent in active form. In the case of incapacitating 

and. riot control agents, it is necessary that the munition itself should not 

cause injury or death, and that it should not start fires. This is particularly 

important for devices used in the control of riots. 

46. The munitions to be used. would depend on the method of delivery, the shape 

and size of the target area, and other variables. Ground-to-ground munitions 

include grenades, shells, rockets, and missile warheads; air-to-ground munitions 

include large bombs, dispensers 3 spray tanks, and rockets; emplaced munitions 

include generators and mines B 

4.7 . Ground-to-around munitions. Small ground-to-ground muniticn s (grenades, she i_ls 

and small rockets) function much like their conventional counterparts LI Upon iq::: :; t 

in the target area, they would either explode or burn, and so expel the agent to 

form a cloud which would diffuse and drift downwind, resulting in an elongated 

elliptical area within which casualties would occur. This represents a point 

source of dissetnination (chapter II) m 

I l .  I  
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anothe:r. For example, when measles was first introduced into the Hawaiian Isl:tr&, 

it caused far more deaths than in the relatively resistant populations of Europe. 

A ba&,eriological (biological) weapon which might be intended only to incapacitate 

could be highly lethal against a population where resistance had been lowered 

as a result or' malnutrition. Conversely, a weapon %7hir.h was intended to spread 

a lethal disease might only cause occasional mild illness in pe0pl.e who had been 

given a protective vaccine or who hacL -7 become immune as a result of natural 

infection* The history of epidemiology is rich with surprises. 

61 a viruses are the smallest forms of life. Most of them can be seen only with -- 
the electron microscope, and must be grown on Iivin,, CT tissue (tissue cultures, 

fertile eggs, etc.). Genetic manipulation of the whole virus or chemical. 

manipulation of its nucleic acid, might be used to acqu5re strains of 1aighe.r 

virulence or greater stability to environmental stresses. 

62. Rickettsiae are intermedia-t 2 between the viruses and bacteria. Like the -...-- 
viruses ) they zrow only in living tissue. Judging by the scientific Literature, 

research into the genetks of rickettsiae has been Less intense than into that 

of viruses and bacteria. 

63’ -r---- Bacteria are larger than viruses, ranging in size from 0.3 micron to 

several microns. They can be easily grown on a large scale employing equ.ipment 

and processes similar to those used in the fermentation industry, but special 

skills and experience would be needed to grow them in 'quantity in the particulni 

state in which they readily cause disease. Although many pathogenic (disease- 

producing) bacteria are susceptible to antibiotic drugs, antibiotic-resistant 

strains-occur naturally, and can be selected or obtained through the use of 

suitable methods of genetic manipulation. Similarly, it is possible to select 

strains with increased resistance to inactivation 'by sunlight snd drying. 

61~. Fungi also produce a number of dise:!ses in man, but very few species appcaf -"-e-L, 
to have aily potential in bacteYiologi&al (biological) warfare. 

65. Protozoa are one-celled microscopic organisms which cause several important 

human discclses, including malaria. Because of their, complex lik cycles, theg 

too appear to have little significan,ce in the present context. 

66. Parasitic worms such as hook-worm, and the filarial worm:; have very II-- 
complicated life cycles. They cause illness and disability only i3ftP,r long 

/ .** 



cxp0w.r.Y~ Eild repeat.Gcl. iiIfCCtiOi1, and would be extremely difficult to produce iu 

quantity, to store > -i;o tr;71n:.: ]:JCKi’t ) or disseminate in a weapon. Insects are also 

difficult to conceive of as ‘breapons a Some, such as the mosquito and the tick are 

transmitters of disease> and as “V~C~OI?S~ 9 have to be looked upon as having 

potential. military significance. Higher forms of life, such as rodents and 

reptiles can be dismissed in the co~~~tcr'xt of' the present discussion. 

Agents affecting animals Il-YI-- 

i3[& Bacteriological (biological) anti-animal agents, such as foot-and-mouth 

disease and anthrax would be used primarily to destroy dGmeStiC animals, thereby 

indirectly affecting man by reducing his food supply. 

68. Outbreaks Gf contagious disease in animal populations, known as epizootics, 

may spread much more readily than do epidemics among human beings. Viral 

infecti:jns are probably more serious for animals than those caused by other 

ClasSes of micro-organisms, 

69. Most of the bacterial diseases of animals which could probably be used in 

warfare are also transmissible to man. Human beings would be expected to ge,t the 

disease if ,they were affected by the attacking aerosol cloud, and occasional 

individuals might contract the disease from infected animals. 

Alrents affecting ,plants ,-.2-- -- 

70. The natural occurrence of devastat.i!,lg plant diseases such as the blight of 

potatoes in Ireland in 1845, the coffee rust of ,the lo(Os i.n Ceylon,9 the chestnut 

blight of 19OLt in the United States of America, and the widespread autlJr@aks today‘ 

of cereal (especially wheat) rusts has suggested that plan's pathogens might be 

used for military purposes. There are four major requirements for the deliberate 

development of a plant disease into epidemic (epiphytotic) proportions: large 

amounts of the host plant must be present in the region; the agent should be 

capable of attacking the particular varieties of host plant that are grown; 

adequate quantities of the agent must be present; and the environmental conditions 

within the region should be favourable for the spread of the disease. An 

epiphytctic cannot develop if any one of the above requirements is not satisfied!. 
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Methods of deliver!? _.y-*.--.-.-..-- 

7l.q Baclt,~riological (biol.o~iCt.ll.) acent’: can, in principle 3 be loaded into the 

same type of munitions as can cl~efl~j.cwl tlg?tltS - Ot he% tli311 foY co7Jel-t 0~ 

“special-purpose missions , ” bacterioJ4:~gical (biOlO@C ‘I) WieEt~~:3YlS 3 if d.evelopfa~~ for 

alilitary purposes 1 \qould in al.1 probab.i.litY be iicli.v~:wcl lay ai~cruf'l; or by laree 

balliStiC riiissiks I) 
Aircraft; ( includ.j.11~; CIII iSe illl~~. f - c i1.e 3 3 lld drone 2 ) ifo~i 111 drop 

a large number of bomblets from high altit,ude, * 01 L:pl”Cii;\~ fl!?Olil El IO$,J a~iijy&c, 

Becau,se a small amount of agent wi1.l c:over reScl;iveSy lmge areas J bohl~s ~p.-xyjj 

probably be small (1 l:ilo 01: I.esS) ill’ld dispersed Over 3s wide an area as possible. 

They cou,ld be released from (:hlSte%S 01’ f%or!l dispensers in the wnner of chemicsl 

~~~apons 9 but; probably from a higher al.titudeq 

72. f\n aircraft c~&Ld establish a line of’ agent lih.ich, 23 i't tI'aVel.led downwind, 

would reach l;& ground a,~ a ~7as-i~ elon@ted inf(?C’biVe ClOUd (See chapter II). 

The effectiveness of such a procedure would be highly dependent on weather 

wndit ioi-i.s 9 but the l.argey the area, the larger the Tleather fronl; involved, the 

greater the chances that the predicted results !JOUld be achieved. A small relative 

error might, however7 involve a country not in the conflict I 

73 m It is conceivable that bacteriolog~i.c.al. (bi.clogicaL) weapons) probably 

bomblets, could be packaged in a ballistic missileI The bombl.el;s could ‘be released 

at a predetermined altitude to burst rt ground level, The effwt; ~ouI.d be the 

same as bomblet deliverY by aircraft except that it ~culd be mow costlY, 

74. Unless transmitted by insects, bacteriological (bio:!.ogical) :‘gekn have Little 

power to penetrate the intact skin. Infections through the respiratory tract by 

means of aerosols is by far the most likely rou:Le which cou.l.d be ur;ed. in warfare, 

750 Iqany naturally-.occurring diseases (e *g. influenza, tuberculosis > are spread 

by the aerosol route, and some of them, notably influenza, can generate into large 

epidemics a When an infected person sneezes, coughs, or even speak::, an aerosol 

is formed which contains particles ran@q widely in size. The larger particles 

are usually Of little importance because they fall to the ground. But small 

Particles (3 microns or less in diameter) dry out rapidly in the air, and are the 

most infectious a They may remain suspencled in the atmosphere for a long time. 

Animal experimentls ha-ve shown that a ;;reat many infectious agents (includ.ing many 

which are transmitted otherwise in na.[;urc) can be transmitted to anima1.s by aerosols 
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of small particle size. Laboratory accidents and experiments on volunteers have 

confirmed the effectiveness of the aerosol route of infection for man. 

76. If bacteriological (biological) warfare ever occurred, the aerosol technique 

would thus be the one most li!:ely to be used,, simply because the respiratory tract 

is normally susceptible to infection by many ~~licro-organisms; because of the wide 

target area which could be covered in a single attack; and because ordinary 

hygienic measures are ineffective in preventing the airborne route of attack, 

Since the particle size of an aerosol is cruc:ial to its ;3bili-Ly to peiIietrate into 

the lung (see chapter Iii for detailed discussion) 9 the method for aerosolizing 

a bacteriological (biological) agent would have to be controllable so as to assure 

the dissemination of a large proportion of particles le:+s than 5 microns in 

diameter, 

77. Aeaoso.l.s of bacteriological (biologica :L> agents could be formed by t8hree 

general methods. Agents could be disseminated by explosive means in much the 

same way as chemical agents. However, the size of the resulting p:<rticle i:: hard 

to control by this method, and much of the agent may be destroyed by the heat and 

shock of the exploding munition, Particles could also be formed ‘by using pressure 

to force a suspension of the organisms through a nozzle, J?articlr size is 

determined by the amount of pressure, th.e size of the discharge orifices, the 

physical characteristics of the agent, and atmospheric conditions e Size control 

of solid particles (dry form of agent) can be achieved by “pre-sizing” before 

dissemination. Aerosol particles could. also be produced as a spray by releasing 

the agent in liquid suspension into a high velocity air stream. This principle 

can be applied to spray devices for use on high performance aircraft. 

D, DEFENCE OF MAN AGAINST CHEMICAL AUJD EACTEHIOLOGICAL 
(BIOLOGICAL) AGEIST 

‘18. A comprehensive defensive system against attacks by chemicnl or 

bacteriological- (biological) agents would have to provide for detection and 

warning9 rapid identification of agents :, protection of the respiratory track and 

skin, decontamination, and medical prophylaxis and treatiiient * Some aspects of 

such a system could be dealt with by fairly simple equipment. Others would 

necessitate highly sophis.ti’cated apparatus. But the whole complex would 

/ . * . 



-24- 

necessitate a very effective organization manned by well-trained personnel. While 

military units and small groups of people could be equipped and trained to protect 

themselves to a significant extent, it would be impracticable for most (if not 

all) countries to provide comprehensive protection for their entire civil 

population o 

1. Medical. protection ---.--WY-.-- -“- 

Chemical attacks --.--.-- 

7’3* No general prophylactic treatment exists which could protect against 

chemical attacks e Antidotes (atropine and oximes) to nerve agents of value if 

administered within half an hour before or within a very short time after exp~svi~e. 

Atropine is itself to:;i.c, however, and might incapacitate unexposed individuals 

gi5.c: 11 3. :irg2 do s 1-3 s Y Slcin can be protected from the vapours of ‘blister agents 

by vnrious ointments 9 but they are nr~t efPective against liquid contamination. 

Bactc~riolof4cal (biolo&.cal) attacks -'-.-,2.-----~----- 

80. Vaccination is one of the most useful means of protecting people from nature: 

infective disease 2 and the only useful. means available for prophylaxis against 

bacteriological (biological) attacks. The protective value of vaccines against 

small-pox, yellow fever, diphtheria, and other diseases is fully established, 

although the protection they afford can be overcome if an immunized individual 

is exposed to a large dose of the infectious agent concerned. It is probable, 

hOWC?VC?iY 1 that even those existing vaccines which are effective in preventing 

natural infectious diseases might afford only limited, protection against 

respiratory infection by an agent disseminated into the air in large amounts by 

a bacteriological (biological) weapon, Moreover, whole pOpUlatiOliS CrJIdd not b17 

vaccinated against all possible diseases. The development .1 ,prod.uction, and 

administration of so many vaccines would be enormously expensive, and some 

vaccines might produce undesirable or dangerous reactions in the recipients. 

81, This picture is not significantly altered by certain new developments in t;:.. 

field, of vaccination: eSg. the use of living baci;esial vaccines against hiL.a~~:..i~:~ 

‘bruccllosis and pbgUe; or aeiY<jsol vaccination, which is pa~tf~cularly relevant% 
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to vaccination of large hu.rflbers of people. There have been recent advance:: :i.~ 

the control of virus diseases, but at present none of these is practiccablc for 

the protection of large populations against bacteriological (biological) wari’:~e (j 

82, Prophylaxis agairrst some diseases can also be provid.ed by the administration 

of specific anti-,.sera from the blood of people or animals previously .iiXlOCtll.~~t~d. 

with micro-organisms :, or produ.cts derived from them, to increase the anti.~~bOdJ~ 

levels (immunity) in their blood e Tetanus anti-toxin is used in ‘this manner, and 

until more effective methods ‘i~placed them, such anti..-sera were used for many 

diseases O It wou~!d.~ however, be impti;sible to prepare specific anti-sera against 

all. possible bacteriologi ~1 (biological) agents and to make them available for 

large populations e 

83 0 Other possibi%itic:FiJ for example the ase of tkrapeutic materials before 

symptoms appear :, are f3~qually’ ~eiild~ from practical realization e They inc1ud.e 

i.mnli.lne s C! I:‘UlTl > ga~llizFlglo’lnul9.n 9 or drnqs su.~;h as antibiotics or ~:ulfon,amide drugs O 

The use of ga~rlmagl,~,2>ulill to prevent > or mitigate ‘the severity of) dise:2!se illa?,r i:e 

useful for individuals known to have been exposed. But since gammaglobulin is made 

by separation from human blood, stocks could never be available except for 

isolated cases. In theory, chemoprophylaxis (the use of drugs and ariti.biotics 

to prevent infection) might alsa be useful in the sh,ort term for sma.Ll grou.ps 

which were resista.nt to such drugs s 

2, Detection and. warninp Cs-.-c-.--,-----: 

84. T’ne requirement is to detect a cloud of a chemical or a bacteriological 

(biological) agent in the air sufficiently quickly for masks and protective 

el.~khi.ng ,i;o be donned before the attack can be effective. Usually the objective 

would be to try and detect the cloud upward of the target SO that all those 

d.ownwind could be warned. There are also requirements for the detection of 

ground contamination with chemical agents and for detection equipment to enable 

those under attack to decide when it would be safe -to remove their proteCti.v’e 



means of alerting personnel $-,ha% a chemical ai;%ac!: had been launchecj 

more toxic chemical agents cannot be detected ill this k!aY. On the c+ 

presun@ive evidence that suc'l weapons had been used ~!ould none the . 

be of value as warning. Once an enemy had used chemical W~!UFO~IS, eg t 
at-ta& would necessarily have to be presumed to be a pos:;ible chemi+ 

and protective measures would have to be instituted immediately. 1~ 

would have to mask not only in the air attack in Vhich spra’y WEIS use, 

there was smolce or mist from an UnkncMl source, Or a SLlSpicioU~~ smeJ,: 

suffered unexpected symptoms such as a runny nose, choking and tight, 

chest, or disturbed vision, but whenever any bombardment occurred. 

of the uncertainty, it would be clearly desirable to devise and prok, 

of instruments which can detect the presence of toxic chemicals ut Q, 

below those having physiological effects, and which would give time1; 

accurate warning of a chemical attack. It would also be odvantageob 

test. devices, collectors and analytical laboratory facilities in ord 

whether the environment was safe, as well as to identify accurately 

chemical agent used in an attack, 

86. The first and essential component of a defensive system would b 

which could detect low concentrations of a chemical agent. Howver 

concentration, a person could inhale a toxic amount in a short time 

breathes LO-20 litres of air per minute. Since the human body can e 

or detoxify very small amounts of many toxic materials, there is no 

consider very long periods of exposure - the concern is with the exS 

only a few hours. This is often referred to technically as the Ct ( 

time) factor. Essential requirements of a method. of detection suit; 

by military or civil defence personnel are that it be simple, specii 

and reliable D Typical detector kits contain sampling tubes and/or r 

buttons, papers 1 etc, After being exposed to purticul.ar chemical ai 

detectors change colour or exhibit some okher change easily obaerval 

special instruments. Chemical detection kits could also be used t0 

it is safe to remove protective masks or other items OS protective ’ 



Obviously, laboratories, whethex mobile ox fixed, can perform more eTaborate 

chemical analyses than can detection kits t 

8’7 * Warning devices whj.ch have been devised incorporate sensitive detectors 

that actuate an automatic alaxm Tihich alerts inclividu3Is to ta!re protective i~~ti.01.l. 

before a harmful dose of agent is received. They are of two trends: poitd 

sampling devices J which sample, ,the air at one location by means of an six pump, 

and axea scanning devices, which probe a specific area fox chemical ae:ents 0 Thk 

disadvantage of point source alarms is that they rwst 'be placed upwind of' %he mea 

that has ,to be protected, and a xatbe x large numbex may be needed. If tkw wind 

shi.l%s 9 they have to be repositioned. Successful ares scanning al3ims have not 

ye't ken developed, 

&3 L 11; must be xecog;mj.zed that j-n spite of instrumental waxning systems, perSOlll?el. 

neax the point of dissemination of a chemical agent might still not have suffic.ient 

time to ti.ke px~otective i2ctiOn, 

BacterioLoaical (biological) attack0 ..-*-“-1_ .-..A” -_____. .*,,-22 

89. Unlike chemical weapons 9 bact.exiologj.cal (biological) weapons cannot xeadj.1~ 

be distingu:i.shed. from the biologj.cal “background” of the environment by specific 

chemical or physical xeact,ions, and much 10~7ex aerosol concentrations of 

bacteriological (bio1ogica.l.) agencts axe dangerous than of chemical agents y {The 

problem of early detection and waxaing is ,thus even moxe difficult than for 

chemical weapons + A paxtial solution ,to the problem has been achieved with certain 

non-specific but; very sensitive physical, devices such as pa.xticlc-counters and 

protein detectors (protein is 8. typical constituent of micxo-organisms ) . 

Presumptive evidence of a bacteriological (biological) attack might be obtained 

if thexe is an unusual deviation from the noxmal pattern of matexial ill the Xix 

recorded by the instruments I The e].evation of such a deviation, however, would 

necesa itate intensive and prolonged study of the normal. pattexrl ill a given 

lOc3tion. This Su'bject is discussed further in annex A. 

/  
.Y. 



30 Physical prOteCtiOn 

30. 1;1le primary objective j.s to establish a physical barrier between the body and 

.I;?]~ chemical and ba&$l.??klgiCal (biological) agents 9 and especially to protect 

Inc]iilj.L.~lJ3 1 protection 
-II-----C--LII-- 

31.. 
protective masks are the first line of defence against all chemical and 

bacteriological (biological) agents 0 Although pL’ot,e ctive masks differ in 

appeayancF: and design, they have certain features in common: a fitted facepiece, 

mnd,e 0: an impermeable material soft enough to achieve an effective seal against 

the foe: ) and some means of hS:)lSding it in pl.aCe, such as a head Sti'3p, and a 

fj,ltey. arld absorption system, il.1 canister or othe CL form, .wh:ich will remove 

Dar’t-jcu]-ate (aerosol) agents by mechanical filtration. The canister also contains 

acti.vat,ed. charcoal, sometimes impregnated to react, with agents in the vapour 

stat,e, but lqhicll in any case will.. absorb toxic VapOUrS o Some inaskn are made so 

as to permit the drinking of water while the individual is masked, or attempts 

at resuscitation measures on casualties without unmasking them. Civil defence 

masks are often less elaborate versions of the militar;y mask. Gas proof 

protectors can be provided for infants. 

gs . A j;rotective mask, properly Pitted and in Good working dondition, will provide 

complete respiixtory protecti.on against all known chemical and. bacteriological 

(biolagical) agents. HorYever , a certain percentage of masked personnel can be 

expected to become casualties because of lack of training, failure to keep the 

m:lSk in good condition, growth of beard, or because facial injuries prevent a 

good fit: etr:. The amount of leakage that can be tolerated with bacteriological 

(bio%‘iCal) agents is much less because of their greater potency. 

3’: ” S in22 mustard gases and the nerve agents of low or intermediate volatility 

can ]XnetYate the urlbroken skin, even through no.rmaI. clothing, the whole body 

Swface musk be protected by some form of special clr~l;llin~, of Tqhich the.re are 

tW0 kiiicl p o:, one which is impermeable to 1iqu.i.d ae;ents 9 and the other which, though 

PermLable to air and moislture, has been treated SO as to prevent chemical_ agents 

.’ 
-ir 
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from getting througn. Rubber coated fabrics, made in-to protective suits, 

constii;u'Le the first, while normal cl.othing, treated with. chlorimides or 

ElbSOl!bf?lltS 9 is an example of the second. In addition, SCX!le form of impermeable 

cover, gl'O'Lll'i:l sheei; o:r cape > can be used to protect against i;ross liquid 

contamination e Feet and hands are ilSLElll,JJ protected by specia:!. glove::, and 

either by boot covers or treated hoots. 

944 Together with a mask, protective clothing, properly worn and in gcod 

condition, will afford el:c!ellent protcc-tion against li-nown chemical and 

bacteriological (biolo&.cal) agents O The greatest degree of protection is provided 

by the impermeable type but when worn continuously it becomes very burdensome 

because of heat, stress (i particularly in warm environments O Permeable clothing 

a I.lov s somc:\ihot gl’ea-~L;i:’ ac-tivity, but even so, physicr!:L activity is impaired. 

Collective or corr1niuria1 protection ---- ..-P----P..---..--...-- 

35* Collective protection takes the form of fixed or mobi-Le shelters capable of 

accommodating groups of people, and has been devised not only for civilians but 

also fcn~ special groups of military personnel (e.g. command posts, field hospitals). 

Collective protection is the most effective physical means of protection against 

al.1 forms of attack. Sealing or insulating the shelte.r~-V~ill provide protection 

only for a limited time, 'because of :La.ck of ventilation. Sealing plus a, supply 

of oxygen and a means of eliminating carbon dioxide is better, but once again 

the time of occupancy is limited. The shelter could be none the less safe even 

thou,gl? surrounded by fire or high concentrations of carbon monoxide. 'The best 

kind of shelter provides ventilation with filtered air ,to maintain a positive 

pressure relative to that outside. This positive internal pressure prevt:inks the 

penetration of airborne agents, and permits entry or exit of perr:orine:I. and 

equipment without contamination of the interior of the shelter. Extended &:erio& 

of occupancy are possible, 

96. These principles of collective protection are applicable to all enclosures 

arranGed for human or animal occupancy. They have been used to provide pro'tec~tion 

by: hastily constructed or improvised field shelters, mobile vans and armoured 

vehicles, and permanent or fixed shelters designated for housing civilian OL 

military personnel. 
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Y 18 Once a bacteriological (biological) att~clr had been suspected or detected, 

it ~~OL~ld be necessary to identify the specific agents involved so that proper 

protective measures could be taken and chemo-prophylaxis and treatment planned. 

Identi.ricai;ion :vould a].::0 hel.p t-,o predict, ihe incubaltion period and hence the 

time available for rwiedial measures i;o be 'ix&en. kt present the only means of 

identifyin,. specific micro-organisms is by normal laboratory prnocedures. Many 

routine I.ab~r~.~%ory n&hods of identification require as long as two to five days, 

but; some recent developments have reduced this tiae apprecizlbly. It is possible 

to ~:~lle~t the particles from lar*ge volumes of air and concentrate them in a stnall 

amount of fluid. Bacteria can then be krapped on special filters and transferred to 

nutrient media, where sufficient grow-i;h may take place to permit identifi.cation of 

some ];inds of bacteria within fiif,teen hours. Anol.ktr:r rnt:thOd., IAle fluorescent 

antibody technique3 can be highly specific, apd is applicable to hnctesL3 and 

scme ~Jii.uses. In some cases, it allows 01 specific identli.fication within a f'ebl 

hours. Ijut despite all -these recent developments, laboratory ideni;ifics i:i.r~n of 

biological s~enix is skill a complica-ked and unsatisfactory process. 

4 . DecontmiinatiOn -.I_-.,_- 
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10. De~ontl'fi1inoti.n~ SOhltiOllS, potrdcrs, applicators and techniques have been 

develope(l for decmtfaminating skin, clothing, p ersonal equipment and water. 
Tllese ~0Lll.d need to be used immediately after an attack a 

101. U,-&ss food llild ken Sbl'ed in rrlek31 cans or other containers which were 

i~flperrm2alllC to chemic:1Il. agents , it would have to be destroyed. Decontamination 
of compl.ex equipment and vehicles is a difficult and time-consuming procedure. 

Special ~ressurized. S~~~~a~F?It~S t0 diSSelKht3e powdered and liquid &contaminants 

&ve 'bperl f.lC!viilOpiiCl TOY i;hiS pUr~30Se:, 1S have paints or coatings to provide a 

snio0-i;~~ irnpertueCt I.3 1.C: surface t0 preclwk the penetration of ctemical agents (I 

102. Decoi~l;a~,i.inat:ion might even need to be extended to roads and selected areas. 

This wou.Ld rii~volve the removal of contaminated soil by bulldozing, or covering 

it +~j.tll earth, usin;; explosives to spread a podered decontaminant over a wide 

area, 

Ba :l;eyj..plogicc~l. ('l:,:iol.o,.l,icnl) ape:l'ks _-----.-&-A- 

103. D~co~l:;lmiilu,~iorl procedures for 'biological agents are similar to those used 

for toxic cliernicul agents . Aeration and exposure to strong sunlight will destroy 

most uiic.:~o-.or,~ur:istris 3 :I:; will also exposure to high temperatures. Thoroughly 

cooking e::posed food 3 and l.;oil.inll; water %or at least fifteen ininuteS will kill 

almost all rclev:~nt micro-organisms . Calcium hypochlorite and chlorine can also 

be used to pu15i'y wtr~lrcl* . Certain chemical' compounds, such as formaldehyde, 

ethylcnc o:~iCle J c:~l~:i.um ;lnd sodium hypochlorites, sod.ium hydroxide and 

bct~ap~~o~,.;.olac~l.Gr!c ,' (.';.!n. be used t-71 derzontaminnte materials and work areas. A hot, 

Soapy :;hoxwu.. i.i:; .i;lli: id:;<, tray to decontaminate IlumEln beings . 

1; a L'lKYfIK!l'IUN O$' DOiWXTIC ANIMALS .AND PIANTS AGAINST CHEMICAL AND 
E4C!TI!XIOLOGICAL (BIOLOGICAL) ATTACKS 

1, Chemical attacks 

104. The ~7.' 1; r.(.~>spread protection of domestic animals and plants from chemical 

attack WOUld be imrpa~l;j.~able, Once a crop had been attacked with herbidides 

there is no effecti-ile remedial action. The damage could be made good only by a 

second. planting of either the same or another Crop, depending on the season. 
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2. Bacteriological (biological) attacks - --- 

$nimals 

105, .Ani1nal.s or i'loclrs could be protected by collective shelters, ai.. 

cost would be great and, in tl-a absence of automatic warning device8 

inlpossible to Eissure that the creatures would be sheltered. at the ttr 

106. The ideal means of protection fog animals would be vaccination, 

have been dew loped, md many are routinely produced, for foot-and-b, 

rinderpost, anth.~ax, Rift Valley fever, hog cholera, Newcastle diseq; 

Veccina~ti.ori 0P unimal herds by aerosols is a promising alyea of irives. 

Plants ----.I 

lo'i a The oilly hopefhl appr'oach WGUld be to byeed disease resistant p 

is a 2:eg:v.L~ part of most national agricultural programmes, and has 

I;he increase of crop JnxLds. But unless the exact identity of the b 

(biological) agent which might be used were known well in advance ( 

years ) 9 it would not be feasible to apply this principle to provide 

to ckops against this kind of attack. 

lO8. Efforts devoted to sprayin, 0‘ fungicides and similar prepasations 

loss after attack do noit appear to be economically effective. In mo 

best procedure is to utilize available manpower and machines in plan 

se cc-m! crops . 
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Annex A 

EARLY WARNING :2YSTEIdS FOR AIR-00RlE E~~CTERIOLOGICAL 
(BIOLOGICAL) AGENTS 

An ideal t3U'tOlllLl~~C S~S~;cX',l fOi' CZEti'& w~lriling sgaijgs.i; ~~11 att;a& with 

bacteriolo~i.cu 1 (bioI.o@c~l) a&Ilts TJoCLd comprise t;he followirg components : 

(1) a device to cO~.l(?Ct kr’gc vol.UInes oi' air a& cocccn.tyate the 

partict&te tnatte~~ Obt~ill~cl, i.r~ 21 ~~a11 VOlLIille of fluid or on a small surface; 

(2) a device to quantify ~lnd identify ,the collected material; 

(3) 3 mccharrism to 2sses1: the results and to initiate an alarm i.f necessary. 

To coll(-2c.k and iCk?tltii';y bclCteY'iO~cIg&.!~ (bio~o#,cal) aE;ents and to initiate 

an alarm so that prOteCtiVc! measures can be taken in sufficient time to be useful 

is extremly diff.‘icuIlt e Tllis is so ~~ccuuse, firstly, identification of agents is 

generally tiliie-consunii.n~.l; :lIld, secondly, large and fluctuating quantities of 

bacteria and other organic makeria1.s exist in the atmosphere at all titnes. Thus 

if pathogens from 3 cloud rc:l.eased by an agf;ress or were collected, the device 

would need, not only to determine whether the quantity collected was significantly 

above the norrrltll. amounts that might occur, but also what the agent was, or at 

least that) in the :lmouriC co:l.lected, it was highly dangerous to man. 

At present, wa.miIl~~ device:; ;Lre available which Clre sensitive but 

non-specific ~lnd i.;hese J nn.l’orttulza’i;(!Ly, would give an unacceptably high proportion 

of false alarms. 0thXT ;trc! being developed which attempt to incorporate both 

rapid response with h:i@r specificity, but none ,to date is in the production stage. 

Research on this imFortant; problem i:; being continued and some of the approaches 

and techniques thpt XIX being used in 1.2~i.s study are listed below. 

C~assifi~~~~~ti~:~~l oi’.’ auI;omuted biodctection approaches* PC__., .- --..- 

General cat;e~‘;o~~ .Suge;ested approach VW. -I___ 

PhySiC!il:l. portic:l.e detection kliagnif ica-t ion 

Light scattering 

Volume displacement 

’ Adapted from tieene, V.W. “Biod,etectinG and Monitoring Instruments Open New 
Doors for Environmental Underst~ndinE;” > Enviromental Science Technoloau, 
February 1368 ) pp. lo& 1.12. 

- 

/ I * e 



General category 

I<?;; biochemical components 

Biological activity 

Suggested approach 

Antigen detection by fluorescent 
labelLi.ng 

Dyes and staining 

Bioluminescence and fluorescence 

Optical activity 

Pyrolysis products C!ctection 

ATl? detection 

Proteins, nucleic acids, or others 

Growth (incl*case in cell mass 02 
numbers > 

CO2 evolution 

Phosphalxse activity 

Substrate change (pH, Eh, O2 
interchange) 



CHAPTER II 

THE PRGBABLE EFFECTS OF CHEMICAL AND BACTERIOLOGICAL (BIOLCGICAL) 
WEAPONS ON MILITARY AND CIVILIAN PERSONNEL, BOTH PRGTECTED AND 

UNPRGTECTED ' 

A. THE EFFECTS OF CHEMICAL AGENTS ON INDIVIDUALS AND POFULATIONS 

109. The effects of chemical warfare agents on humans, animals and plants depend 

on the toxic properties of the Agent, the dose absorbed, the rate of absorption 

and the route by which the agent enters the organism, Toxic agents may enter 

the body through the skin, the eyes, the lungs, or through the gastro-intestinal 
tract (as a result of eating contaminated food or drinking contaminated liquids). 

110. For a given agent absorbed under the same conditions, the effect will be 

proportional to the dose absorbed, This is why it is possible to define for each 

agent certnin characteristic doses, such as the dose which, under given conditions, 

will on average cause death in 50 per cent of .the individuals exposed (the 

50 per cent lethal dose, or "LD 50"), or the dose which will cause 50 per cent 
non-fatal casualties, or the dose 

These are expressed in milligrams 

of average weight. They may else 

of body weight. 

which will have no appreciable military effect. 

of agent, with reference to a healthy adult 

be given in terms of milligrams per kilogrnm 

111. For purposes of evaluation it is convenient to express the same idea, 

somewhat differently in the case of gases 9 vapours and aerosols absorbed through 

the respiratory passages. Here the absorbed dose depends on the concentration 

of' the agent in the air, on the respiration rate of the subject, and on the 

duration of the exposure. If, for the sake of illustration, it is assumed that 

the average respiration rate for groups of individuals engaged in various 

activities remains relatively constant, it follows that the dose, and therefore 

the effect produced, will 'be directly proportional to the product of the 

concentration of the agent in the air (C in milligrams/cubic metre) and the 

exposure time (t in minutes). This is called the dosage (or Ct factor), certain 

characteristic values of which (for example the LD 50) are used in particular 

situations for quantitative ,estimates of the effects produced. 

/ . . . 
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112, Ear toxic agents acting on or through the skin, the dose absorbed by contact 

will often be related to the "contamination rate", expressed in grams/square metre, 

which indicates to what extent surfaces are contnminated by the liquid. 

113. The consequences of sn attack on a population are a combination of the 

effects on the individuals in it, with both the concentration of agent and the 

susceptibility of individuals varying over the whole area exposed to risk. 

Different individuals would respond differently to an attack, and might have 

different degrees of ,protection. Possible long-term contamination of personnel 

from chemical warfare agents persisting on the ground and vegetation may add to 

the immediate, direct effects. 

114. Protective masks, protective clothing and shelters and, to a certain extent, 

decontamination when applicable, g ive substantial protection against all chemical 

TJarfare agents. But, as already emphasised, the mere possession of x means of 

protection by no means constitutes an absolute safeguard against contamination 

by poisons. Alarm and detection equipment is important, sometimes vital3 because 

without it timely warning, which is essential to the proper use of pro&active 

equipment, would be lacking. Since protective measures are most effective when 

performed by trained personnel working effectively in units, military personnel 

sre more likely to be provided with adequate protection than a civilian population. 

In any event, the civilian population in most countries is simply not provided 

with protection against chemical warfare. 

115. Several chemical wnrfnre agents which were known during World War I, and 

others developed since, have been reported on in the scientific literature. However; 

the effects of the more lethal modern chemical weapons have not been studied under 

conditions of actusl warfare. Furthermore, no complete and systematic field 

studies of the use of defoliants, herbicides and riot control agents are available. 

The following descriptions of the probable effects of chemical weapons, based 

both upon evidence and on technical judgement, must therefore be regarded ;:s 

somewhat conjectural. 

1. Effects of lethal chemical agents on individuals -- 

11~6. Table 1 provides a classification of the most important lethal chemical agents, 

and notes some of their charzcteris-tics in terms of the effects they produce. More 

details are given in annex A, 

/ a.. 
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117. Lethal chemical agents kill in relatively small doses, and, as a rule the 

amount that causes death is only slightly greater than that which causes 

incapacitation. Death may occasionally be caused by high doses of presumed 

incapacitating agents and, conversely, minor effects could be caused by low doses 

of lethal agents. Blister agents are considered with the lethal agents, since 

a small but significant fraction of the personnel attacked with such agents mny 

die or suffer serious injury. 

Nerve apents __--2--- 

118. These lethal compounds are readily absorbed through the lungs., eyes, skin 

and intestinal tract without producing local irritation, and they interfere with 

the action of an enzyme (choline&erase) essential to the functioning of the 

r~ervous system. The nerve-apent casualty who has been exposed to a lethal dose .? 
Fyi11 die of asphyxiation within a few minutes if he is not treated swiftly by L 
menns of artificial respiration and drugs such as atropine or oximes. Otherwise 

recovery is generally rapid and complete, Occasionally, it may take several 

weeks, butwill be complete unless nnoxia or convulsions at the time of exposure 

were so prolonged as to cause irreversible brain damage. 

113* The route of entry of the agent into the body has some influence on the 

appearence of symptoms, These develop more slowly when the agent is absorbed 

through the skin than when it is inhaled. Low dosages cause a running nose, 

contraction of the pupil of the eye and difficulty in visual accommodation. 

Constriction of the bronchi causes fl feeling of pressure in the chest. At higher 

dosages, the skeletal. muscles are affected - weakness, fibrillation, and eventually 

paralysis of the respiratory muscles occurring. Death is usually caused by 

respiratory failure, but heart,failure may occur. It is estimated that the most 

toxic nerve gases ma.y cause death at a dosage of about ten mg min/m'.* Less toxic 

onea are lethal at dosages of up to 400 mg min/m3. 

3 * A dosage of one mg min/m eonsists of an exposure for one minute to gas r,t a 
concenti~ation of one milligram -$sr cubic metre 0 

/ . 1 * 
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Blister agents or vesicants --I- 

120. Mustard is a typical blister agent which, like other members of this cl~.ss, 

also has general toxic effects. Exposure to concentrations of e few mg/m' in 

the air for several hours results at least in irritation and reddening of the 

skin, a.nd especially irritation of the eyes, but may even lend to temporary 

blindness. Exposure to higher concentrations in the air causes blisters and 

swollen eyes. Severe effects of this kind also occur when liquid falls on the 

skin or into the eyes. Blistering with mustnrd is comparable to second degree 

burns. More severe lesions,, comparable to third degree burns, may least for rl. 

couple of mogths. Blindness may be caused, especiallyifliquid agent has 

entered the eyes. Inhalation of vapour or aerosol causes irritation and pain in 

the upper respira,tory tract, and pneumonia m2.y superverie. High doses of blister 

agents cause a general intoxication, similar to radiation sickness, which may 

prove lethal. 

121. The first step in treating a person who has been exposed to a vesicant or 

blister agent, is to wash it out of the eyes and decontaminnte the skin. Mild 

lesions of the eyes require little treatment. The blisters are treated in the 

s?,n.lre way as any kind of second-degree 'burn. 

Other lethal agents 

122. Fhosgene and compounds with similar physiological effects were used in World 

War I. Ceath results from damage to the lungs. The only treatment is inhalction 

of oxygen and rest. Sedation is used sparingly, 

123. Hydrogen cyanide in lethal doses causes almost immediate death by inhibiting -_I- 
cell respiration. Lower doses have little or no effect. 

124. Most of the so-called blood agents contain cyanide, :%nd all act rapidly. The 

casualty would either die before therapy could begin, or r?cover soon after 

breathing fresh air. 

125, Bo-t;u;linurn t,oxg is one of the most powerful natural poisons known, and could --.. 
be used as a chemical warfare agent. There are at 1e::st six distinct types, of 

which four are known to be toxic to man. Fozrr,ed by the 'bacterium Clostridium --CI--- 
kgulinum, the toxin is on occasion accidentally transmitted by contaminated food. 

The bacteria do not grow or reproduce in the body, and poisoning is due entirely 

/*.. 
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to the toxin ingested. It is possible that it c’ould be introduced into the body 

by inhalation. 

126. Botulism is a highly fatal poisoning characteri’zed hy general weakness, 

headache, dizziness, doubl.e vision, dilation of the pupils, paralysis of the muscles 

concerned in swallowing, and difficulty of speech. Respiratory paralysis is the 

usual cause of death. After consumption of contaminated food, symptoms usually 

appear within twelve to seventy-two hours. All persons are susceptible to botulinwn 

poisoning . The few who recover from the disease develop an active immunity of 

uncertain duration and degree. Active immunization with botulinurn toxoid has been 

shown to have some protective value, but antitoxin therapy is of limited value, 

particularly where large doses of the toxin have been consumed. Treatment is mainly 

supportive. 

2. Effects of lethal agents on populations 

12’7. As already indicated, the possible effects of an attack on populations with 

lethal chemical. warfare agents would depend upon the agent used, upon the intensity 

of the attack, whether the population was mainly under cover or in the open, on 

the availability of protective facilities, on the physiological state of the 

individuals affected, and upon the meteorological conditions, which might differ 

from what had been predicted, and alter during &he course of an attack. 

128, The importance of meteorological conditions on the spread of agent from its 

point or area of release is illustrated by Figures 1 (a), 1 (b) and 1 (c) which 

show in an idealized diagramatic form the type of dosage contours to be expected 

from a point source, from multiple sources and from a linear aerial source 

respectively when e-qosed to the effects of wind. 

Figure 1 (a). Shape of the zone covered by a wind-blown cloud 
in the case of a point source on the ground 

Wind 

/ . *. 
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129. Figure 1 (a) shows the shape of the zone travelled by the chemical cloud 

produced by a point source (for example, one isolated munition), at the far left of 

the innermost cigar-shaped figure under conditions of a strong wind (say, 5-20 km/h) 

in the direction indicated. 

130. The number on each line indicates the dosage (Ct = concentration times time) on 

the line. The dosage at any point inside the area delimited by the curve is greater 

than the number indicated. On the basis of these data, it is possible to estimate 

the casualties when the characteristic dosages of the agent used are known. For 

example, if the LD 50 value of the agent were 30 milligram-minutes/cubic metre, 

there would be more than 50 per cent fatalities in the area inside the contour 

ma.rked 30. 

131. This figure applies to a volatile agent such as Sarin, which is usually 

released in the form of a vapour or an aerosol cloud. In the case of a non-volatile 

liquid released in the form of droplets which fall onto the ground and contaminate 

it, a corresponding map could be drawn for the level of contamination of the soil 

(expressed in milligrams/square metre), 

Figure 1 (b). Shape of the zone covered in the case of multiple 
sources (area source) 

Impact area 

132. Figure 1 (b) shows the same phenomenon in relation to an area source such as 

would result, for example, from attack by a missile warhead filled with small 

bombs or by an artillery salvo. 

-133. In the case of a volatile agent released in the form of a vapour or aerosol, 

the resulting cloud, carried downwind, covers a zone whose general shape is the same 

as in the case of a point source (Figure 1 (a)), but its dimensions are obviously 

much larger and the dosage values are also larger. 

/ l .  .  

t 
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134. If a non-volatile agent were released in the form of droplets, the hazard 

would be very great in the impact area because 
all surf aces (skin, clothing, 

vehicles, equipment, vegetation, etc. ) would be contaminated. The downwind hazard 

caused by the drift of the most minute Particles would extend over a much smaller 

area than in the previous case because only a relatively small nynber of minute 

,‘: 
> 

particles would be carried by the wind. 

Figure 1 (c). Shape of’ the zone covered in the case of a 

i , 

linear aerial source 

Line of 
Flight 

Wind 

135. Figure 1 (c) shows the zone covered by a linear aerial source, as in the case 

of dissemination of a non-volatile agent from an aircraft. 

136. the emitted cloud is carried by the wind and does not touch the ground until 

it has travelled some distance away from the line of flight of the disseminating 

aircraft; this depends on the altitude of the aircraft and on the wind velocity. 

Since the cloud has already been subjected to the influence of turbulent diffusion 

before reaching the ground, the dosage values or contamination rates will be 

highest some distance alray from the zone boundary nearer the source. 

137. Because of meteorological and other variables, it is impossible to make 

general statements about the quantitative effects of chemical weapons on populations* 

The following hypothetical examples, therefore, are intended merely to illustrate 

what might happen and the degree to which protective measures could reduce 

casualties. To provide representative illustrations, the examples chosen include 

the different hazards created by nerve agents used in a battle zone, on military 

targets in the rear and on civilians in a tmn. 



This ~oul_d produce cnsual.t,ies even if there were n;> liquid hazard. 

1.39” T:l counter U1i.s type of at:tack, pr2tecti ve measures ~,f a ver’y high :jrder of 

Efficiency- incl.ud’Lnt:, prst.ective masks, light protective clothing:, mea~!s for 

~.ec~ntal~Lnati~~n, detection systems :, antidotes and medi.cal ca.i-e, woilld have to .be 

ava i lab 1.e * P;~otec:tive clothing and rapid utilisation 3f gas masks I,ijul..;3 ,Ti Je a 

celmtain mecisure z:C protccti:jn I But in ~tl1i.s case ,, subsequent deo~ntamina.1, ian NIP 

medical care wu1.d be necessary t:.) avail heavy lethal Izsses rj 

Effects 3f nerve (?;a3 3n a military tarpet, in the rear ----..-- -.-” --___- ----...---L-.2~~-.--..----, 

I-40. An attack from the air with a volatile nerve agent against a military 

installation in a rear area would cause an intense lig,uid an!? vapour hazard in the 

installation itself, and a vapou7‘ hazard downr>Tind in .tl?e surrouiiding zrea.. As 

suggested in .figure 1 (b), the impact area would be very heavily contaminated; gas 

&sages .inside and close ts .the impact -area would be very hl.gh W Furtf!-!er d,,wnwind 

the gas concentration would decrease gradual:Ly, and finalIVy bec?c:e inn:>cuJus L A 

general pic~lxre of the way casualties would :sccur in a downwind area is indicated 

in figure 1 (a). 

lblIS After an attack in which t,lns of Sai:in were use6 against ati area of one square 

I ki 1231~ tre ~ t;he impact area and the a.rea immediately downwind from it would be highI-y 

lethal tz al.1 unprsteeted perssnnel. Lethal casualties would occur at dosages 

abosre ei@ty rng” min/m’ 
7 

and severe casualties down to thirty mg. min/m”). S3me verj7 

Ii&t casualties wou1.d result at dosages around five trig. min/m 
3 

. The distance 

between the impact area and the area of lawest effective dosage would depend on the 

I 1.2cal tsp.lgraphy and 3n weather c.Jnditinrrs 3 but w3ul.d rai:el;y exceed a few term zf 

k .i 13tile tre 9 s 

Ill-Z’. Personnel provided only with gas masks, but not wearing them at .the moment af 

-t;!le attack, would suffer subs.tantial losses in and clase to the impact area, bath. 
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because of the effects of the liquid and becau, ce of the high gas concentration 

inhaled before they could don their masks. kurther downwind, masks Would give 

essentially complete protection if warning were provided reasonably quickly. 

Effects of a nerve gas attack on a town --v-.-v. _-“- ---- 

143. The population density in a mOdf33 city may be 5,000 people per square 

kilometre. A heavy surprise attack with non-volatile nerve gas by ‘bombs exploding 

on impact in a wholly unprepared town would, especially at rush haurs, cause heavy 

losses. Half of the population might bec.ome CaSUalties, half Jf them fatal, if 

about one ton of agent were disseminated per square kilometre. 

144. If such a city were prepared for attack., and if the Prepara'tianS included a 

civil defence organization with adequately equipped shelters and protective masks 

for the population, the losses might be reduced to one half 3f those which would be 

an,ticipated in conditions of total surprise. 

145. Although it would be very difficult to achieve) if there were a high level of 

preparedness) comprising adequate warning and effective civil defence procedures 1 

it is conceivable that most of the population would be sheltered at the time of the 

attack, and that very few would be in the streets. 

146. Given a town with a total population of 80,000, a surprise attack with nerve 

gas could thus cause 40,000 casualties, half of them fatal, whereas under ideal 

circumstances for the defence 3 fatalities might number no more than 2,COO. It is 

inconceivable, however, that the ideal would ever be attained ~ 

3. Effects of incapacitating chemical agents --- L---- _--.-----L-..- 

147 e Incapacitating chemicals 4 like tear gases and certain psychochemicals 3 produce 

in normal health people a temporary, reversible disability with few if any permanent 

effects. In young children, old people and those with impaired health, the effects 

may some times be aggravated q They are called incapacitating because the ratio 

between the lethal and incapacitating doses is ver-y high. The types which could 

have a possible military use are limited by requirements of safety, controlled 

military effectiveness and. economic availability. 
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Tear and harassing gases -.-- _-_-.--- ~ me..- 

148. Many chemical compounds 'fall into .this category? 3f which (!i-chloracetophenone 

, (CN), ortha-chlorobenzylidenetnal~n~nitrile (CS), and adamsite (DM) are probably the 

m3st important. They are solids when pure, and are disseminated as aerosols. 

149. Either as vapour or in aerosol, tear and harassing gases rapidly produce 

irritation B smarting and tears. These symptoms disappear quickly after expoenre 

ceases. The entire respiratory tract may also be irritated, resulting in a running 

n3se and pain in the nose and thr3at. More severe exposures can produce a burning 

sensation in the trachea. As a result, exposed persons experience difficulty in 

breathing, attacks of coughing and occasionally, nausea and headaches. 

150. Extremely high dosages of tear and harassing gases can give riee,to pulmonary 

edema (fluid in the lungs). Deaths have been reported in three cases after 

extraordinary exposure ta (t1-chloracetophen3ne (CN) in a confined space. 

151. The effects of adamsite (DM) are more persistent. Nausea is m3re severe and 

vomiting may occur. 

152. Results of experiments on various species of animals (see annex B) and some 

observations of human responses lead to the following tentative conclusions. First, 

CS is the most irritating of these gases, followed by adamsite (DM) and 

W-chlaracetophenDne (CN). Second, the tolerance limits (highest concentration 

which a test subject can tolerate for one mi.n\:te) of DM and CS are about the same. 

Third, the lea$t toxic of the tear gases is CS, followed by DM and then CN. 

Fourth, human beings vary in their sensitivity to, and tolerance of, tear and 

harassing gases. And finally, the toxicity of these gases varies in different 

animal species and in different environmental conditions. 

153. The symptom s caused by tear gases disappear, as tears wash the agent frnm the 

eyes3 and if the victim gets out of the tear gas atmosphere. Some, however, cause 

reddening or xareLy even blistering of the skin when the weather is hot and wet. 

154. Staphylococcus toxin occurs naturally in outbreaks of food poisoning - which 

is the only medical experience with this toxin. The s,ymptoms have a sudden, 

sDmetinies violent, onset with severe nausea, vomiting and diarrhea. The time from 

ingestion of .the toxin to the onset of symptoms is usually two to four hours, 
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althouk,ll it may lye as sbri; 3s a half hJur* Most pfaple recover in 2?4...48 hours and 

death is rare 11 Treatment is supportive and itnmurlit;y, f(l~~OWint; an attack, is 

short-.lived. The t2;:in is resietant to freezing, t:~ boilir,g foxa thirty minutes, 

and to concentrations of chlorine used ill the treatment of water U Staphy%~coccup 

toxin could be considered as an incapacitatik n chemical warfare agent. Qnpt3ms 

can be produced in animals by intraven3ue injectign, a1ld the toxin may also be 

active by the respiratory route. 

Pe,ychochemicals - L..--... .-..- - 

155. These substances have been suggested for LlEe in war 88 af:e~ltE which could 

cause teaiporary disability by disrupting normal patterns of behaviour D The idea 

cannot be accepted in its simple form, since these substances may lead tr, more 

permanent changes 9 particularly in individuals who are mentaLly &balanced or whJ 

ay’e in the early stages of a nervous and mental disease. Moreove y’ , very high dopeg, 

which would be difficult to exclude dllring use in Wax’, can cause im?E:versible 

damage to the central nervous system or even death. Pe~ychocliemi.cals could also 

have particularly severe effects on children e 

156. Campounds such as LSD, mescaline I p,:ilocybin, and a series of benzjlates which 
1) 

cause mental disturbance ._ either stimulation, depression ol hallucination ... could 

be used as incapacitating agenti 1) Mental disturbance is, of course 1 a very complex 

phenomenon, and the psychological state of the person exposed to a’ ps,ych~chemical, 

as vrell as the properties of the agent, would profoundly inT’l.ucnce its 

manifee-kationc L_Q But, despite the variation in reepDnaes ‘between individuals, a,11 

those affected could neither be expected to act rai;ionall,y, nor t,::, take the 

initiative I nor make j.ogical decisions 1) 

157 L) Psychochemicals d3 more than cause mental dis l;ulcbanc;e. F:,T, examp].e ) the 

general symptms from the benzilates are interference with ordinary activity; dry, 

flushed skin; irregular heartbeat; urinary re,tentinn; const,.ipat.i.on. 3 sl.owin~~ 3f 

mental and psychical activit,y; headache, gicldilless ; dis3rientatigli; hallucinations; 

draws ines s ; occasional maniacal behaviour; and increase in body temperature p Nhile 

these fffeC'k have not been fully studied, there would ‘bo 2 sicr,nificant risk of 
affecti;d individuals 3 Particularly military personnel, l:,eCai!iinj:!: secntC!ary caEualti@ 

due ire unto-.ordinated behavisur ~ A sing1.e dose of 0.1 ttz CJ.;~ mp; I,XQ~ wil.l- pr3duCf 



__ 

profound mental disturbance within half an hour; the condition persisting far- 

about ten hours U This dose is about a thousandth of the let!ial dose a 

158, Treatment or the aympkms of psychochemicals is mainly supportive. Permanent 

psychotic effects may occur in a very small proportion of individuals exposed to 

LSD 1 

15(Jq It is ekeemely difficult to predict the effect,s which an attack with 

ps-ychochemical agents would produce in a Large population. Apart from the 

complication of the Varying reaction af exposed individuals, there Could be strange 

interacti3ns within graups 0 A few affected individuals might stimulate their 

fellows ‘to behave irrationally, in the same way as unaffected persons might to 

same extent offset the reactions of thase affected. Since the probability 2% fatal 

casualties resulting directly from e.xposure is law, some normal gr3up activity 

might be sus ta.iried 0 Protective masks would probably pr:jvide complete protection, 

since practi<ca,lly all.. potential psychochemical agents, if used as offensive 

weapons b wouLd be disseminated as aerosols. 

4. . Other effects of chemical apents _.-_ l_.L._,.l.,_. -__ ---- -__. __ -I--.-.F .L-- 

Effects on animals --- -- __.-- . . - --- .-..- 

160. The effects of lethal chemical agents on higher animals are, in general, 

similar to those on man. ‘The nerve agents also kill insects. 

Effects on plants -- - - _--.- .---- --.“--- 

161a A variety of chemicals kill plants) but as already indicated, little is known 

a'b:>ut, their long-term effects s The effective dose ranges of defoliants vary 

according to the particular species of plant at-tacked, its age 5 the meteorological 

conditions and the desired effect: e-g., plant death or defoliation. The duration 

of effect usIral.ly lasts weeks or months. Some chemicals kill all plants 

indiscriminate Lyrs while others are selective o M:jet defoliants produce their 

effects within a few weeks, although a few species of plant are so sensitive that 

defoliation would occur in a period of dqys. 
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162. An applicatkJn of defoliating herbicide ++ of approximately 3 r;allons (32 pounds) 
-- 

per acre (roughly 36 kg per hectare) can Produce 65 per cent defoliation for six 

to nine months in very densely forested areas, but in some circumstances same 

species of trees will die. Significantly lower doses suffice for most 

agricultural and industrial uses throughout the world- Defoliation is, of course > 

a natural process - more common in trees in tempera.te zones than in l;he t,ropicso 

Essentially what defoliants do is trigger defoliation prematurely. 

163. Desiccation (the drying out) of leaves results in some defoliation, although 

usually the leaf-drop is delayed 9 and the plant would not be killed without 

repea,ted application of t,he chemical. Chemical desiccants cause a rapid challge in 

colour, usually within a few hours. 

B. THE EFFECTS OF BACTERIOLOGICAL (BIOLOGICAL) AGENTS ON 
I?X)IVIDUALS AND POPULATIONS 

164. Manlrind has been spared any experience of moderll baCtel.'+iO1O~iCZl (biO~O&kal) 

warfare 1 so that any discussion of its possible nature has to l.Je based on 

extrapolation from epidemiological knowledge and labora.tory expfri.met.i.l: m The number 

of agents which potentially could be used. in warfare is lim.ited 1~ ‘the constraints 

detailed in chapter I. On the other hand, the varial~ilil;y which characterizes all 

living matter makes it conceivable that the a,pplication of modern lcnowled.:l;e of 

genetic processes and of selection could remove some of these limitati:>ne. Some 

species of micro-organisms 4 consist of a number of strains characl;erized by 

different degrees of virulence, antigenie constitution, suscept,il~i,lity to 

chemotherapeutic agents and so on. For example 9 strains of tularaemia bacilli 

isolated in the United States are generally much more virulent; in human beings than 

those found in Europe or Japan. Foot-and-,mouth disea.se virus is another well-kni?wn 

example of an organism with various degrees of virul.ence D The sitilation with 

bacteriological (biological) weapons is thus quite different Tram that of chemical 

we apo ns 3 where the characteristics of a given compound are r(:ore specific. 

* For example, the commonly used “2,4-D” and “2,4,5-r” which are ,the butyl esters 
of (2,4-dichlorophenoxy) acetic acid and (2,4,5.,.trichloroptlenox,y) acetic acid. 



I_, EfTocLs on individaa1.s _” .--- ..- --I -,._ ----..-..--^- .._. - 

165. Bacte-ri.oLogical (ti~slc,!:ica.l.) agents co~l.d be used with the intention of’ kiSli.nE 

people or of incapaci.l;ating them either for a short or a Inn? period. The agents) 

however y cannot be rigi.dly defined as either Lethal or incapacitating:, since f;!ieir 

effeCts are depfndcnt upon many factors relatin,: ~KII; c1t-11~ l;o themselves I)I.J.~J also to 

the individuals they attack. Any dikease -producing agent; intended to incapacitate 

may, under certain conditions :1 bring about a .l.‘at~a,l tlisease. Similarly, attacks 

which might be intended to provoke Lethal effects ttlight fail to rlj so * Examples 

of naturally occurrlrt[; lethal. disease are shown in table 2 and representative 

incapacitating diseases in l-able 3 D A detaiLed list of possible agents ) with a 

brief description of their salient characteristics is given in annex C. 

166. A number of natural diseases of tnan and ilomestic animals are caused by mixed 

infections (e.g. 9 swine influenza, hog cholera), The pasaib1.e use of two or more 

different organisms in combinati.on .in bacteriological (bioLogical) warfare needs to 

be ,trea,ted seriously because the resulting diseases might be aggravated or prolonged. 

In some instances 9 however, two agents might interfere with one another and reduce 

the severity of the .i Llnese they m.ight; cause separately. 

167. The effects of some forms of bact,erioLogical (biological-) warfare can ‘be 
rr 

mitiga’ted by chcmotheraneutic 1 chercoprophylactic and immunization measures (for 

protection see chapter I and annex C of this chapter) e Specific chemotherapeutic 

measures are effective against certain diseases 5 but not against those caused by 

viruses O But it may not aLways be possible to apply such mea,sures, and they might 

not always be successful. l?or example, with some diseases earLy .thera.p;y with 

antibiotics is usuaLly successful, lnut relapses may occur. More0 ver :, resistance 

against antibiotjcs may develop in almost aL.1 grnups of micro--or.-r;anisms 9 and 

resistant3 strains may retain full virulence for man as well as for animals O 

/ . . . 
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Table 2 ---- 
Examples of agents that might be used to cause death _. . . ..------ I,I_c__l_l 7 ---, - -___ r___ . . . . ..-_. -.-I_--- - 

-  ---ml_- - - . . - e I I  -.______-- ~ I - - - . . . . - 1 - . - - - - - . - - - - - - . - -  -  ---- .-- ._--__-l_ __-.___ _- 

Incubation Effect of Likelihood of 
Agents Diseases period specific spread f'rorn 

( days > therapy man to man 
---_________ _______II__X,,_I.._____ _ l...._l-..-^...- ---_-.--. .I... .-... ?..I --__-.. ----- -. .- ._._ --. _.__ ~___ 

Eastern equine 5 -  l-5 
encephalitis Nil Nil++ 

Tick-borne 7 - 14 
encephalitis Nil Nil* 

Yellow fever 3 .- 6 Nil Nil* 
-__..--_ ----- ----..- ___I _-____-. ~-_-__----- .___.I ----me-- 

Rocky Mountain 
spotted fever 3 - 

Rickettsiae 
10 Good Ni 1* 

Epidemic typhus 6 .- 15 Good Nil* 
- --_.- -_---- ----- _----.-- _I--. - --.----I.-m-.-- -..-1.1_"_- 

5 Moderate Low 

Bacteria 

Anthrax 

Cholera 

Plague ) pneumonic 

Tularaemis 

1 I' 

l- 

2- 

1 -" 

5 

5 

Good 

Moderate 

High 

High 

10 Good Low 

Ty-pho id 7 "' 21 Good High 
_. I. -.--. -.- ____-_____ -.- - ..-. -- ---. --- ----__ _-_. --- 

++ Unless vector present. 

Table 3 ---- 
Exafiiples of apent? that mifrht be used to cause incapacitation --v---M- .-L __._ L---J-..--.y- _._____-_-. -._.-.- __-- - .--- -- --- 

-~ -____- ___-_I_--L_-. - - . . . . - .  - . - - - - - . - . , - - -  -  _.__ ____-___-_ _-- _ - - . . - . - . - -  

Incubation Effect of Likelihood of 
Agents Diseases period specific spread from 

( days > therapy man to man 

Chikungunya fever 2- G Nil Nil* 

Viruses Dengue fever 5- El Nil Nil* 

Venezuelan equine 
encephalitis 2- 5 Nil Nils 

Rickettsiae Q-fever 10 -. 21 Good LOW 
---.------ .-.-- __L__--_I_ -______ --. _-- ---- _  ̂-_... ---- .-I- __. __,.-. -- . - 
Bacteria Brucellosis 7 .+ 21 Moderate Nil 
-. _.__I-.__ _-- _____ __ .-_._---,..- .__-__. -.-.- I.___.__I _ --.- "__C_._ .--.-.---_ ._- .-._ ..-. - -.. 
Fungi Coccidioidomycosis 7 - 21 Poor Nil 
-. --- L I. ----.--- _-._____l_l._ ---__--._. -.. ---. -- . ..-.-- --...----...I- ,-_---- 

-X- Unless mosquito vector present. 

/  
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168, Victims of an attad I:)&' 'tJ~~~ki?iJlOg.iCal (biological) weapons would, in effect, 

have COntracted an infectious disease II The diseases would probably be known, but 

their s;ymptoms oti@lt l.le clinically modified. For example :, apart from the deliberate 

gnetic modification or the cr~~ani~l~l, the pOrt,Els of infection might be different 

from the natural r'@ll't~S, atld kii6.f disease nlight be foreign to the geographical area 

in which it 1qa.s delii1eratel.y spread. Possible bacteriological (biological) agents 

representing diseases CaLJ.SeCl b,V i:!le mai!i groups of relevant micro-organj.snjs are: 

169. Anthrax : -- ut.ideY tlS~~Uk’a~. conc~it;ions, anthrax js a disease of animals, the main 

source of infection .L’or man being;; cattle and sheep. Its vernacular synonym “woo 1 

sorter’s disease” ittdicate:s ottf way men used to contract the diseases Depending on 

the tnechanism of transmi~siott !, a cutaneous (skin) form (contact infection), an 

intestinal form (alitiletltary infection) ) or pulmonary form (airborne infection) may 

develop. The 1uq; or resp.irator,y form is most severe 3 and unless early treatment 

with antibiotics is .t.t?aorted to 1 deal;h ensues within two-three days in nearly 

every case s 

170. Antibiotic! propltylaxis is ~;ossil.)le 3 but would have to be prolonged for weeks, 

since it has been shown that monkeys exposed to a.nt,hrax aerosol die if antibiotic 

treatment is discotii;:inuecl after ten days. In certain countries, several types of 

vaccines are employed :, but 1;lle.i.r value ha:: not been fully evaluated. 

1710 The anthrax t~aci.ll.u,s forms very resistant spores,9 which live for many years in 

contaminated areas _( and wll.ich constitute the most dangerous risk the disease 

presents. From ePi,c~enlioI.o/:ic:aL observations 9 the inhalation infectious dose for 

man is eotitnatctl at 20,000 spores . Experiments on anitnals show that anthrax can be 

cclrnbined with influenza infection or with some noxious chemical agent, and that the 

SUeceptibility of I;he animal to airborne anthrax infection is then ma.rkedly enhanced. 

172. With suitable expertise and ecluipment large masses of anthrax bacilli can be 

easily ~TOWL~, and heavy concentration, c of resistant anthrax spore aerosols can be 

made v Such aerosols ~ot.tld rest.tlt i.n a high proportion of deaths in a heavily 

exposed populati.on, Lmtnut.ti.za’t,.ion could not be expected to protect agains’t a heavy 

aer0sd attaclc. The soil wou.Ld remain contaminated for a very long time, and so 

threaten :L~w -stoclc fa~i~jj~~l;. 

/  
.  r s 
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iy3- Coccidi;~idor~ycosis: This disease) Wlii,Ch 1~ ‘Q also called desert. fevcy, is 
__ _.-_.- -e------- 

caused by a fungus foulld in the soil Of desdd il1 thti United Sta.tes !, Sol..Ith America 

and the USSR. ~~~ sFores of the fungus are very stab].‘? 7 a.nd can ea:rily be 

disseminated as an aerosol. ~:f t,lley are inhaled, pneumonia with fever, (:ough, ague 

and I-, ight-sweating, and muscle pains fol~Opf after n.n j.nc:ul.~~tion per+~cl of? orle-threc 

Treeks . In most cases 1 recovery from the disease OCI’III’P CtfteT SOlTIe WeC?ks of illness. 

An al.-Lergic rash 8 omel-,imes breaks out dlJri.Ilg the i’iI?st or se co nC1 wi’ic~ ls 0 f‘ -i.he 

illness > and car1 be si@;nificant for pr0peY d iwmsis 0 TLtTat!Wl:~t presents ,great 

diff’icull ies 0 

174. Plague : Under natural conditions y small r:~?lcnts :, fro111 WhiCll tI1P disease is 
-- 

tmnsmitted by fleas 1 are the main Source of hUll!Et~r infeC~.,iOl’l Witll pl.Sf’;Lit:, This is 

how “bubonic” plague develops e If the plague micyo’bes are itlhaled 1 prteumonic 

plague develops after a three-.to-.five-day iIlCUl)atiOn period. The patient suffers 

from severe general symptoms and if untreated, normally dies within two to three 

days I) A patient with pneumonic plague is extremely contagious to contacts. 

3-75a preventive vaccination is aoderately effective a::ainst, bubonic, hut not 

pneumonic, plague m If administered earl;y, streptomycin treatmelnl; ma;y be successful. 

176. In a study of experimental pulmonary plague in rr.onke*ys, it was found that an 

average dose of only 100 bacteria caused fatal disease i.n half the animals tested, 

Animal experiments have also show that particles of 1 micrometre diameter (1.25,OOO 

of an inch), containing single microbial cells) can cause primary pneumonia, wi-Lh 

a rapid and fatal outcome. If the aerosol is formed by larger part;icles (5-10 

micrometres diameter), microbial cells are deposited in the nose and other regions 

of the upper respiratory tract, and primary foci of the disease tle~vclop in ttle 

corresponding lymphatic nodes. A fatal generalized infection ma,y then :L’ollow. 

Y77. A large mas s of plague bacteria could be grown, and probab 1.y lyophi.lized 

( freeze-dried) and kept in storage ~ The agent is highly infectious by the aerosol 

route and most Fopulations are completeky sueceptil;le u An effective vaccine 

against this type of disease is not known. InfectZon x~.i;$~ t ~1s~ t)e t,1~ansmi’tted to 

urban and/or field rodents and natural foci of plague may be crested0 

178. Q.-:fever : iTnder natural conditions 3 Q.,fevcp is B dic*~;9se of anilllals, the main . .1 . c L 
sources of infection to man being sheep, go,oats and CRttle,, 

The i.n:rectio~i iS 

transmitted most frequently by the air rout,e. 

/ * * I 



179. An incubation perliod of two to three weeks fol.lows the inhalation of the 

infectious material. A severe attack of an influenza-like illness follows, with 

high fever :, malaise 3 joint and muscle pains, which may be followed in five to six 

days by pneumonia 0 Tn untreated cases, the illness lasts two to three weeks; the 

patient feels exhausted and is unable to do nol’mal work for several weeks Ir BLIP; the 

disease can be successfully treated with broad spectrum siltibiotice (tetracyclines > II 

Prophylactic vaccines have been prepared .i.n some countries, but have riot yet been 

proved suitable for large-.scal.e use. 

180. The agent causing the disease is a rickettsia, and is extremely infec.tious for 

man * An epidemic of Q-fe,ver once occurred due to contaminated dust ,which was 

carried by the wind from a rendering plant come ten k.i.lometrea away” Q-fever is 

also a common and significant laboratory hazard, even though it is only rarely 

transmitted from man to man. The high susceptibiI.ity of humans IX this agent has 

been demonstrated in volunteers s 

181. &,-fever rickettsiae are extraordinarily resistant to envi.ronmeat,al factors 

such as temperature and humidity, Very large amounts can be produced in embryonsted 

chicken eggs (20,000 million micro-organisms per millilitre) arid can be stored for 

a long period of time. A Q-fever aerosol could produce an incapaci.tating effect in 

a ,large proportion of the populati.on nf an attacked area. The infecI;i.ve agent 

could persist in the environment for months and infect animals, possibly creating 

natural foci of infection. 

182. Tularaemia : Under natural conditions 1 tularaemia is a disease of wild animals, 

the source of human infection being rodents, especially rabbits and hares u When it 

OCCUTS naturally in human beings 9 who are very susceptible to the disease :, skin 

lesions with swelling of the lymph nodes are its usual manifestation (infection by 

contact with sick or dead animals, ox by way of ticks and other vectors). Infection 

can also occur through the e,ye and the gastro-intestinal tract I The pulmonary form 

(airborne infection) is the more serious. Pulmonary tularsemia is associated with 

general pain, irritant cough, general malaise, etc. 9 but in Europe and Japan 

Ir!ori;ality due to this form of the disease was never higher than 1 per cent even 

before antibiotics becatne available. American tularaetnia strains, on the other 

hand 5 are much more dangerous : some epidemics have been associated with a mortality 

rate as high as 20 per cent,, despite an’ii’bioi;ic treatment. Usually treatment wii;h 

streptomycin or tetracycLines is highly effective. A tulara,emi.a vaccine developed 

in the Soviet Union is also highl.,y effective, 

/  
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183 0 The agent, ca..uFinp; the disease is a microbe which is very sensitive to common 

disinfectants, but which is able to survive for as long as a few weeks in 

contaminated dust, water, etc, 

184. Aerosols of tularaemia have been tested on volunteers. The inhalation 

infectious dose for man is about ten to twenty-five microbes, and the incubation 

period five days. By increasing the inhaled dose a hundred times, the incubation 

period shortens to two to three days e Owing to its easy aerosol transmission, 

tularaemia has often infected laboratory workers. 

185. The microbiological characteristics are similar to those of the plague bacillis 

(although antibiotic treatment and vaccination prophylaxis are effective). Both 

Lethal and incapacitating effects are to be expected. The disease is not 

transferred from man to man, but long-lasting natural foci might be created. 

186. Venezuelan equine encephalitis virus (VEE) : ---.--- In nature, VEE is an infection of 

animals (equines 3 rodents 3 birds) transmitted to man through mosquitos which have 

fed on infected animals 0 

187. The disease has sudden onset, with headache 9 chills and fever) nausea and 

vomiting, muscle and bone pains) with encephalitis occurring in a very small 

proportion of cases. The mortality rate is very low and recovery is usually rapid 

after a week, with residual weakness often persisting for three weeks. No specific 

therapy is available, The vaccine is still in the experimental stage 0 

188. Numerous laboratory infections in humans have been reported, most of them 

airborne. In laboratory experiments, monke,ys were infected with aerosolized virus 

at re Lative l;y low concentrations (about 1,000 guinea pig infectious doses). 

189. Since the virus can be produced in large amounts in tissue culture or 

embryonated eggs z and since airborne infection readily occurs in laboratory 

workers p concentrated aerosols could be expected to incapacitate a very high 

percentage of the population exposed. In some areas 3 persistent endemic infection 

in wild animals would be established. 

190, Yellow fever: In nature -- :, yellow fever is primarily a virus disease of monkeys: 

transmitted to man by a variety of mosquitos (Aedes aegypti, Aedes simpsoni, -. -~. 
Hemago:oaus species, etc e ) . After an incubation period of three-six days, influenza- 

like symptoms appear with high fever, restlessness and nausea. Later the liver 

and the kidneys may be seriously affected, with jaundice and diminished urinar,y 

excretion supervening. The very severe forms end in black vomitus and death. In a 

non-immune population, mortality rates for yellow fever may be as high as 

/.,. 
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30-40 per cent. There is no specific treatment, but prophylactic vaccination, 

being highly effective, is widely used in yellow fever endemic areas. 

2. Effects on populations -__---- --- ..- 

191. Other than for sabotage, the use of aerosol clouds of an agent is the most 

likely form of attack in bacteriological (biological) warfare. For example, 

material can be produced containing infective micro-organisms at a concentration of 

10,000 million per gram. Let us suppose that an aircraft were to spray such 

material so as to produce an aerosol line source 100 kilometres in length across a 

10 kilometre per hour wind. Then, assuming that 10 per cent of organisms survived 

aerosolization, and that subsequent environmental stresses caused them to die at a 

rate of 5 per cent per minute, about 5,000 square kilometres would be covered at a 

concentration such that 50 per cent of the unprotected people in the area would have 

inhaled a dose sufficient to infect them, assuming that the infective dose is about 

100 micro-organisms per person. This particular calculation is valid for agents 

such as those which cause tularaemia, plague, as well as for some viruses,, The 

decay rate of the causative agents of Q-fever, anthrax and some other infections is 

much lower and the expected effect would be still greater. 

192. The effects of bacteriological (biological attacks would obviously vary 

according to circumstances. Military personnel equipped with adequate protective 

measures, well trained in their use and provided with good medical services could, 

if warned of an attack, be able to protect themselves 'to a considerable degree, 

But effective early warning and detection systems do not .yet exist. On the other 

hand, attacks on civil populations are likely to be covert and b,:r surprise and, at 

present no civilian populations are protected. Unprotected military or civilian 

personnel would be at complete risk, and panic and irrational hehaviour would 

complicate the effects of the attack. The heavy burden which would be imposed on 

the medical services of the attacked region .would compound disorganization, and 

there would be a major risk of the total disruption of all administrative services. 

1.93. In view of the extensive anti-personnel effects associated with agents of the 

kind with which this report is concerned, it is useful to view them against the area 

of effect of a one-megaton nuclear explosion, which as is well recognized, would be 

sufficient to destro,y utterly a town with a population of a million. It should of 

/  
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c:o~~r,~e be emphasjzed that direct COmpariS~r1s of the effects of’ dif’l‘erent classes of 

weagmx~ are 3 at best, hypothetical exercises - Frotrt the tt1i.j.i twy po j.nl; :J f view, 

effectiveness of a weapon cannot be measurecl jUgi; in teZf*iflS (Ii’ LLYCZI?LS (JP devaptation 

or numbers of casualties. The fins]. cyiterioll Will 3lWYP k.1~’ Wlli? tJhC?r’ a specific 

rniljt,q,yy objective can be achieved better tJit,h one .thal! atlc?illeY sk:i, uf weapons. 

The basic hypotheses chosen for the cW?ari~on are ra~LklC?l.~ 8lYtil”icr:ial.; alid iri 

particular 9 environmental factors are ignored q But> dePpite ! l!ie I.itiii (;a,l;ior~ 1 

table 4 gives data that hel.p to place chemica:l, bacter’ic>lWogical. (bioloeical) and 

nuclear weapons in some perspective as to size of tal:p;et al’raj li~unt..)t~~~:_: of 

casualties inflicted, and cost estilllates for developolent; EUld ];~I3dlJ.ct,j.oti of eac)l 

type of weapon. The figures speak for thermelves. 



Table 4 

Comparative estil'lates of disabling effects cf hypothetical --- _I- -- 
attacks on totally unprotected populations usinff a nuclear, ---- --- 
chemical or bacter-io~gical-~biolo~i~-~~~~~~~~-~ould be ---- _____--_-- -. -.-- 

carried by a single strategic bomber. 
- 

--- ~-..-..-LL.--~.--..--- 

. - - -  - -  -  - - - -  _-- __-_.- -  . - . . -  - .  - .  _I_- - - . - -  _,_.._____ - - - - - .  

\  

Type of weapon 
-_, .- __ _-._ _.--- -_. __-. -_.-.---..I- 

Criterion for Nuclear Chemical B a.c &i--i-~&$~~- 
estimate (One megaton) (15 tons of (biological) 

nerve agent) (10 tons*) 
-____-___. ---.-P-P _____,__.-___- _____ - .-----_ -_..-_- -------- 
Area affected Up to 300 km2 up to 60 km2 up to 100,000 km* 
____-_I____-_-- _..____ --_-- _._I. --_--- I __-. _ ,-______ --_---..-.?l-l.---- 
Time delay before 
onset of effect Seconds Minutes Days 

.-_- ___I__.-- -__- -- - - .--, --_ -.- 
Damage -to 
structures 

Destruction ov$r an 
area of 100 km None None 

----._------ ---- ____--. . . . . ..w..---_-_A ___ .____ -I_I_.-_--- ---- 
Other effects Radioactive contaminatpn Contamination by Possible epidemic 

in an area of 2,500 km persistence of or establishment of 
for 3-6 months agent from a few new endemic foci of 

days to weeks disease 
--"----_----- -----. --__ __--- -__-l-.ll--- -I- ~_. ___ .l.._lll___._ - -... __.- 
Possibility of 3-6 months after Limited during After end of 
later normal attack period of incubation period 
use.of affected contamination or subsidence of 
area after epidemic 
attack 
-_ _---- -.- ..--..-- I--.---.II -__ ____- --_--.-.--.- --- -.--- __---. -- - -- 
Maximum effect 90 per cent deaths 50 per cent ' 50 per cent 
on man deaths morbidity; 

25 per cent deaths 
if no medical 
intervention 

I.. .._-_..-__I-____-CI____I -_______ -._-_..-.--.-.---. -_-_______-_"--.----- 
Multi-gear $5,000-10,000 million $l,OOO-5,000 $l,OOO-5,000 
investment in million million 
substantial 
research and 
development 
production 
capa~bility** 

_.----~ ------ r. --..__-.-- __--__- __--' - --.-..-I_ .-_I___-- -.__ __ p-DLil__-_-il_-- ----- - 
-* It is assumed that mortality from the disease caused by the agent would be 

50 per cent if no medical treatment were available. 

** It is assumed that indicated cumulative investments in research and development 
and production plants have been made to achieve a substantial independent 
capability. Individual weapons could be fabricated without making this total 
investment. 

/  
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3' -,----22 Effects on animals 

191~~ The way bacteriological (biological) weapons might be used against stocks of 

domestic animals would probably be the same as tha.t used in attacks against man. 

Representative diseases anti 4 their characteristics are shown in table 5. 

1-95. Viral infections probably Cause the most important diseases of domestic 

animals and could have more devastating effect, Q than diseases produced by other 

types of pathogens. Since many of the organisms which cause infectious diseases in 

domestic animals are also pathogenic for man, and since some of them may also be 

readily transmitted from animals to man, either directly or by vectors, such 

attacks might also affect the human population directly. Attacks upon livestock 

would not only result in the immediate death of animals, but also might call for 

compulsory slaughter as a means of preventing the spread of infection. 

196. Covert bacteria logical (biological) attack during peacetime directed against 

domestic animals could give rise to serious political and economic repercussions if 

large numbers of stock were affected. For example, African swine fever occurs 

endemically on the African continent as a subclinical disease of warthogs. In 1957 
it, was accidentally brought from Angola to Portugal, and then in 1960 to Spain. 

Despite. strict and extensive veterinary measures that were enforced, losses in pig 

breeds were estimated to amount within a single year to more than $9,000,000. 

197. Isolated attacks against stocks of domestic animals during wartime would have 

only a nuisance value. However) if a highly infectious agent (e.g. ) foot--and,-mouth 

disease) were used, even a local attack could have very widespread effects because 

of spread by the normal commercial movement of animals, particularly in highly 

developed countries. Extensive attacks with travelling clouds could, however, lead 

to a disastrous state of affairs. The history of myxamatosis (a rabbit disease) in 

Europe provides a parallel. Not only did it drastically reduce the rabbit population 

in France, into which it was first introduced; it immediately spread to other 

countries of Europe, including the United, Kingdom- The risk of the uncontrolled 

spread of infection to a number of countries is an important consideration in the 

use of some bacteriological (biological) weapons. 

198. The possibilities of protecting domestic animal stocks against bacteriological 

(biological) attacks are so remote that they are not worth discussing. 

/  
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EXE:Illplxa 0.T iliL~~~~S tlb2t m!:.:liC t#e ij __- _.-- .-.-. ..--_ -.-.. I.. . ---.--_. ._ Sfd t0 Z,tt.ack don1C.s tic ailirria '1.~ .---- _ .___._ -__. _ ,, _ ---.-- ---.. ,-___--.*... - ._..- ._,_. ,.__ 

_,__ -___- -_..-._-.- -I.- - - .- -.--. ..- . .._._I .- .._... _.--_. .___.__ _ ,, _.,(, --- _ --._ -.- . . --.-. - I -.-.--. . . _ _ ,_, _ .._ ..____, _._._ 
:I2 .i ,T e ii : T An ima Is a. t 2, ac k 5 d 

_C______._._ ------.. --. - - . ..I -.. _-.. .--- . ..- - --.- .-_ ._____ __, ,-, . . . . ..--...-. -I--., ._.. _ . . - .-... -. _ ,- ,..” ̂.__. 
Virixscs : -- 

Af’ricwi sbKillc? fever ho~;s 

Equi~:c encepha1.iti.s hOl?Sf?S 

Foot.-:!1111..1!:out,ll disease cattle .* sheep, hogs 

Fowl p 1 a;;~ Chi c!iens , turi,:eys 

H: , ri, d-m le I-;% hi) tj;‘;s 

NC WC i3 s t lc ::I j. 5: ti as e chickens 1 turkeys 

Rift ‘$3 1.ky fever catstle ,, go?,ciat,s ~ sheep 

RindeM’pes 1, catt1.c ., sheep, oxen, goats 9 
water ‘buffaloes 

Vesicr~‘I.~Y st~~matitis cattle 4 horses, mules) hogs 
-,_ -__- _ -.._. _---.-. -. .--.-- --__. .-.. - _._-_ --.. _ - . ._. .- . -.“... . ..-. _.. ._ ,.. _.__-. -_ ..- .- .,I._. I_. .-.-..-- e-m--. 

Ricke tts i.;:le : .-.. .-.. .._ -_ ---. 

VeLd,l disease cattle 4 sheep, goats 

Q .- f‘c l,rcf r cattle !, sheep, goats 
- . ..-.-.. ,--_-___ _--. -....-. -.- -...I-- _---__. . . - . ..I... _.___I_____I__._._” -_-_- .--. _.I._.-.. .,-.,__,, .---. _... ,. .-.I vs..- 

l3acte:ri.a : - -.--_. -_ 

Ant11 rax cattle > cheep, horses) mbles 

Brucelloais cattle ~ sl!eepr goats ~ hogs 3 hi:):-ses 

Glandel’s horses) mules 
---....-.--.--... - .- ..-. ._-.. ““_. .- ._._. ,_ _ __ __.___ . . . ._._. .-_ ..-- ..- ._I._ --..- . .-... --. ,___,_ ___-_ _ _.__,___- . . .--._.. - -.....-. _ I.-,.. --. . . . -- 

Funpi. : -J-- 

Lun~py ,jm cattle :, horses 9 ilags 

Asper’gi.5.loais Foultry, cattle 
---I. _______. -.- -.-..-- ._ -... - _.., -___ __ ____ _ ,“,_ _-_ . . “..-- . . ..--.---. .-.--.-- --..” -.._._- ~_,_ I . .._ -.- __--.- 

1% . 
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4. Effects on plants _,-- ---- 

are economically important either as -food 01’ as 1’aW m$lterial (t’ I [;. ~ cotton and 

rubber). significant food CrOpE in this l*eapect include botatoes, su;;alA-beet, 

garden vcg;etables, scjya beans, sorghum, rice, corn, Whui:t. FAtId c?theTC’ Cereals and 

fruits aI ~hviously the se1 ection of the target fobr EI hiOh@;iCal EibtaCk would be 

determined by the relative imyrtance Of the crop in .the nation51 diet and economy. 

Deliberately induced epiphytotice (plant disease epidem.iCs) Could in theory have 

serious national and international consequences s 

200. The fungal, ‘bacterial, or viral agents which Could bt’ USed against plants 

are shown in table 6. 

201. With a. few minor exceptions, the plant Viruses could be cultured only in 

living plant systems) the causal agent ‘being found only in the planI: tissues and 

juices 0 Virus diseases are transmitted principally by inset! t, vect,orz and to some 

extent by mechanical means q 

202. Bacterial agents which attack plants can persist for rronths on or in the 

plants S All of them can be cultured on artificial media. NormaI.ly, plant bacteria 

are not disseminated to any great extent by winds; the principal melhods for 

spread in nature are insects, animals (including man) and watc+r I Rain can spread 

bacteria locally, while insect s and animals are responsible for their Kore 

extensive spread. It is conceivable that bacterial plant patho(l:en:: could be 

adapted for de liberate aerial dissemination o 

203, Plaflt fungi, which cause some of the most dcvasta.%in,l; diseases of important 

agriculture1 crops) are disseminated mainly by winds, but also by i.r!sects, animals, 

water and man. Many fungal pathogens produce and I.iberate into ‘tJ)e air countless 

numbers of small, hardy spores which are able to withstand ariveise climatic XIX~[ 

conditions. The epidemic potential of a number of fungal patllogens is c!onsiderable* 

204. In theory there are measures which could protect crops agai.rl,t bac,teriological 

(biological) attacks; but at present their potential cost ruler: them out in 

practice L) There is no essential difference between the Cou112;er-nlei~sul~e~ which 

would have to be introduced to counter bacteriological (bj.olLj;;i<:al) weapons and 

those employed normally to control plant diseases in peacetilllc. ~l.lt the use of 

bacteriological (biological) weapons to dest;roy crops on a lart;e scale would .imPlY 
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Ih:amples of diseases that mi,:h"c be used to attack pl~ntq --.------.-v-1--- ..-- .-.-. - _.---.. .-.....-.I": ..-- . . ___  ̂.-_.-. ., __,- _i -G..." 

/- 

. ..--- -.-- - .--.- .._. -.- -.--.-- _.. . - .._ I_.~.--.- 

I 

.--- -. ..-.-.- --.. _, . .I..- _.._. _.. ..- _ .II_ 

Likelihood I I Diseases 1 of spread 
1--11---..-- -,.I _ --I__-- ..-- - .I---.-. -_.---..---._ .-.- ._..-..__ -_, _,______ --_-_ . .._._._- - _-.. - / 

! Corn stunt I hi&l 1 
I 

Vimscc: L 

Bacteria 

, 
I Hcja, bLmca (rice) h :i 41 1 i ‘.’ 

Fiji disease (e!~,;ar cane) I high i 
4 

Sugar-beet curly top hich I 
Potato ;yellow dwarf high 

-.--..- -.__-.- ..-. _--- --._-_.._ .I..- _____-__-____.._-. - / 
Leaf bliight (rice) 

Blight of corn j 
high ; 
high 

Gurfmosis of sugau' cane i 
i 

! low 
_c- .-- --- --.- -.-_.,- .--..-_______ -_._ _../__. _ __. . - .-..".. c__- 1 

Late blight (potato) Very high E 
Cerea 'I P'US ts Very high I 

-I- 

Rice blast "Very high / 

Cor"n rust high 
I 

Coffee rust Very high 
--.----- . . . .-I--.--.. - .---.. -II- .-- -----__ / _- 

Fungi 
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that i,he at,t;a&er would choose agent’f5 capable of overcomix ar$ known, economical 

method of protection. Advanced cotlntrieS might, as a precautionary measure 

exchange susceptible plants 1;;; Illclre resistant Strains- This would be difficult 

fiTr countries whose agricultural standards were not high, and which would be the 

most vulnerable to bacteriological (biological) attacks on their crops d 

5 O Factors influencing the effects, of. ba~:.i;er$&Rical es.--. -.-“.- _ _. -.......2--w-.--..-- 
(&Lological) attacks I-.,.“.p-.-m .I 

Zxotic diseases - -__-,_.- .--.-- 

205 j Any country which resorted to bacteriological (biological) Warfare would 

presumably try tc infect., with a single blow, a large proport ion of an enemy 

pc,pui dion wib at: , fkL)t;ic agent t3 which they had noi; b~c!ome immunt? through 

pre via us expos (i r*e Such exotic a:;,ents would lead to the appearance 0% diseases 

which normally had not occurred before in a i:iven {W:eo~raphical 3rca :, either because 

of ti.,e absence of the organism involved (e *g. 3 foo~~-ar~d-r~‘o~l~~,l? diee,c,,i!e in North 

America or Japan), and/or of natural vectors (e egU ,, Japanese or Vetlc+z\lclan 

encephalitis in Europe, Rocky Mountain sptted fever in many collntries ) ,, In 

addi.tinn, a disease which had been controlled or eradicated from an area (e.g. 1 

ur?.:an or classical ,yellow fever from many tropi.cal and sub...tropical. countries, 

epidemic typh i.!S from developed countri.es) might be reintroduced as a result of 

bat! I;er*Fol~~~;icaL (bit logical) warfare ~ 

Zjb. Deliberate genetic steps might also be taken to chanr:e the proper-ties of 

ii~~fI’e~t.i.a lls agents 3 especially i-n antigenic composition, and drug resistance. Apart 

from genetic changes that could be induced in knowl: organisms ~ it is to be expected 

t.hat new infectious diseases will. appear naturally from time to time and that their 

causative agents might be used in war. However I it could li:Jt therel'ore be assumd 

that every outbreak of an exotic or new disease >Tould ne(;essarily be a consequence 

of a bacterioLgica1 (biolo ;ical) attack. The Marbur~; diecase 3 which broke Out 

sl!ddenly in 1$X5’; in ;,vIarbur~~~ Frankfurt and Del!;rade) was a c;ood example. It was 

acquired 12 lab-story workers who had handled b100cl. 0~' otklerL tissues of vervet 

nlonke,ys which had been recently caught in the wild, and by others who came into 

contact l!ith them, Recause the outbreak occurred in medical. l.al)orat;orjee it was 

Very Skilfully han.dl.ed. II1 other circumstances 
> it mii;ht. have spread wide 1:y 

before Ft was cs;-:t.rolled. 
I .I. 



Epidemic spread 

207. As already emphasized, a wide variety of agents can infect by the inhalation 

route y so that in a bacteriological (biological) at-tack a large number (~2 persons 

could be infected. within a short time y From the epidemiological point oi? view, the 

consequences would difi'er depending on whether the resultant disease was or 17&s not 

-transmissible from 'man to man, In the latter case the result would be a once,.-for.- 

all disaster, varying in scale and lethality according to the nature of the organism 

rlsed and the numbers of people affected. The attack would undoubtedly have a 

strong demoralizing effect on 'the unaffected as well as the affected population, 

and it ~7ould be in -Lhe nature of things that there would be a breakdown of medical 

services. 

202. If the induced disease were easily transmissilsle from man to man, and if i-t was 

One against which the population had not been effectively immunized, it is possible 

i;o imagine what could happen by recalling, say, the periodical appearance of l?ew 

ValYiCi;ie~ of ilrfluenza virus, e.g. the 1957 influenza pandemic. In Czechoslovakia 

(population about 14 million), 1,,500,000 influenza patients were aCtlJ.a~b,i !X?,pOrted; 

-tile probable total number was 2,500,COO. About 50 per cent of the sick TT;-?re people 

in employnewt and their average -period away from work was six days D Complications 

necese:itati.ng further treatment developed in 5-6 per thousand of the caBsesp and 

about 0.2 per thousand died. Those who are old enough to remember the 1913 

i_.nfluenea pandemic) which swept over most of the world, will judge the 1957 

ouU2reak as a mild affair. 

Suscep5ibility of population 

209. A very important factor in the effectiveness of ai aerosol attack is the state 

of immunity of the target population V Where the population is completel;i lackine 

in specific immunity to the agent which is disseminated, the incidence and. severity 

of disease are likely to ‘1~ e::ceptionally high. Naturally occurring e::arqles of 

ver;r severe epidemjcs in virgin populations are well known (e.g, measles in Fiji, 

poliotq~elitis and influenza in the Arctic) ‘ A similar result follo57s tl~ 

introduction of a susceptible population (often a inil-itary force) into ;:n a-read:;- 1 

infected area. Thus there was a high prevalence 02 dengue fever in military; forces 

operating in the Pacific in World War II -. sometimes al'-fectlng as many as 25 per cent 

/ I)** 



of the operational strength of a unit, The local popul.ation suffered 

little from the disease because the;y had usually been infected early 

were sCbsequentLy immune. 

Populations of increased vulnerability 

210. fi!Ialnutrition: Recent statistical studies 

malnutrition and the incidcncc of infectious d 

reveal.. a clear association between 

.iseases. FAO, WHO and UNICEF have 

pointed out that in developing countries, 8 sllo~-t2.?.@c :3f’ nL32yi-i; :ious fOO!? is R 

rllajor factor in the hi@ mortality rate due to infectious diseases, particularl;~ 

in children.. 

211. Housing and clothing: Primitive housing and inadequate clothing would lead 

to an increased vulnerability to bacteriological (biological) and more par-i;icularl~J 

chemical weapons. Millions of people live in houses which are permeable to any 

sort of airborne infection or poison, and millions arc inadequately clol;hed and 

\,?al.k barefooted. 

212. Other conditions which characterize poor populations have a d~;finite i,nfluence 

on the spread of infections. Large families inkrease the opportunities for 

contagious contact. Inadequate housing, lack of potable water and, in general, 

bad sanitation, a low educational level, numerous vee-tors of ini'ectious disease 

(FL& insects), and, of course, a lack of medical services are factors :!hich alsn 

favour the spread of disease. The agents used might also persist in tl:e soil, on 

crops, grasses, etc., so that delayed action might need to be taken i.il-b0 account. 

Social effects and publ-ic health measures 

213. A basic f~~Ctor which influences .i;he risk of' epideia-ic situation during every 

war is a rapid impairment of standards of hygiene. Widespread destruc~i;ion OP 

housing and of sanitary TaciLities (water works, water piping, waste disposal, 

&XL), the inevitable decline in personal hygiene, and 0 iher d iffieulties 9 CXZ~(-: 

exceptionally favourable conditions '%or the spread o'l" intesti.nal i.ni't'?c,ikk?! !s 3 01' 

louse-transmitted disease, e-lx. 

21k. The importance of adequate public health services is bre3_1 ~Il~~stro:i;ed by an 

explosive water-borne epidemic of infectious hepal;i'Gis in I)ellli j-n li-,$5y1-c)s6, dIi.cil 

al"fected some 30,OOO persons, and which occurred because routine water 4real;ment 
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was ineffective. This epidemic was caused by the penetration into the water 

supply of waste waters heavily contaminated with hepatitis virus. However, there 

was no concurrent increase in the incidence of bacillary dysentery and typhoid 

fever, showing that the routine treatment of the water had been adequate to prevent 

bacterial but not viral infections. 

215. Air streams, migrating animals and running water may transport agents from 

one country to the other. Refugees with contagious diseases pose legal and 

epidemiological problems. In areas with multinational economies, losses in 

livestock and crops may occur in neighbouring countries by- the spread of the 

disease through regional commerce. 

216, The experiences from fairly recent smallpox epidemics can also be used to 

illustrate the social effects of an accidentally intrcduced, highly dangerous 

airborne infection. In New York (1947) one patient started an epidemic, in which 

twelve persons became ill and two died. Within a month more than 5 million persons 

were revaccinated. Similarly in Moscow, in January 1960, a smallpox epidemic Or 

forty-six cases (of whom three died) developed, caused by a single patient. At 

that time 5,500 vaccination teams were set up and vaccinated 6,372,376 persons 

within a week. Several hundreds of other health workem searched a large area 

of the country for contacts (9,000 persons were kept under medical supervision, 

of these 662 had to be hospitalized as smallpox suspects). 

/!.. 
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Three parameters will be used ta qualify the Cf’fcCt2-3 Of teZi:l" gases, These 

are Ge-Pined as follow: 

Threshold of irritation is the atmospheric concen'ikra-tion of the substance .-- 
(in 1118 per m3), which, in One minute of expOSUY’eI Cc-\USfZS ‘iXTitXb?-Oil. 

Tolerance limit is the highest atmospheric COnC~n~~ratiOIl (in mg per m') 

whicll i3, 'Lest subject can tolerate during one minu-te Of eJ:pOSUI’e. 

@thal Index is a dosage, and thus the product Of the concentration in the 

air (in mg per m3) and the time of exposure (in minutes), which causes mortality, 

data for various tear gases are given in the followiilg table. 

The data given under "Lethal index" are from animal experiments with 

various species. 

, 

,': 
Tear gas 

Threshold of Tolerance 
irritation limit 

(w/m3 ) (mg/m;l, ) 

Lethal index 
(mg .niin/rJ) 

Adamsidc (EM) 0.1 2- 5 lT,KO - 30,cco 

Ethyl Bromacetate 5 5 - 50 25,coo 
Bromac,e-i;one 1.5 10 30, cc0 

Omega-Chloracetophenone (CN) 0.3 - 1.5 5 - 15 830 - 25,cco 
0-Chlorbenzylidene 

malononitrile (CS) 0.05- 0.1 1." 5 40,coo - 75,000 
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CHAFTEH III 
!I, 

EP\ITIROIWE:T;~TAL FACTORS AFFECTIJSG THE USE OF CHEMICAL AI\JD :' i j j,, i ‘* 
!' 

22ACTERIOLCGICAL (RIOLCGICAL) WAPon's ! I' ; ,a, 
: % ,_,I ', 1' 

A . 
ii 

GENERAL CONSIDERATIONS 
8'; ,' 
i / /, I :' 1 II 

217. Extraneous factors influence the behaviour of chemical and bacteriological 

(biologj.Cal) WMlpOI'lS t0 EL far sfpqWi'tCT extent than they do any other ]<ind of 

armament. some , such as wind and rain, relate Lo the state of the physical 

environment7 ELlld f;O 3 :edai.n t~'ien-1; can be evaluated yuanti-tatively, Others, 
which reflect the general ecolo&cal situation, and the living conditions and 

physiological state oi' the populations exposed to the effects of the weapons, are 

more difficult to define; tll~il? influence - though they could be considerable - 

cannot be quantified. 

218. This limi-i;ation applies particularly to bacLeriologica1 (biological) weapons. 

The natural course of in:CecLious diseases - for example in influenza epidemics ~- 

shows that they are Governed by so many uncon-trollable factors that the way they 

k.relop cannot as a ru:Le .bc foreseen. This would also be probably true of 

pathogenic agents which were deliberately dispersed. On the other hand, the 

knowledge gained .throujI;h the study of epidemiology, and in the study of artificial 

dispersions 0.f bacteriological (biological) agents, both in the laboratory and the 

field, has shed solne li@t on some of' the factors concerned. 

219. The ecological problem is ,l;he main theme of chapter IV. The factors >lhich 

czlcern the ,variabili.-t;;y oi' , , i-he human target 9 e.g, physiological and living 

conditions, and levels 02 prckcction, have already been described in chapters I 

and II, This cha.yter is conccj.rned wit;h the physical environment (climate, terrain). 

1. Phenomena a~s(.~iated with the dispersal of chemical and 
buc~teriolo~ical (biological) agents 

220. It has already been pointed out that chemical substances and living Organisms 

capable of being used as we21pons are e2:tremeI.y varied in their nature and in their 

effects. On the oq-,llc!r hand, regarded solely from the standpoint of their physica,]. 

state after dispersion in the atmosphere, they can clearly be placed in one OX Otll?r 

of the following ca;tetl;ories: 

/ (I (I . 



- liquid drops and droplets of varying side; (diameters greater thaJl about 

10 Microns} 

- more or less finely divided liquid and solid aerosols; (diameters less 

than about 10 microns) 

- vapours. 

221. Atnost always, moreover, especially in the case of liquid chemical agents, 

the result of dispersion is a mixture of these different phases; thus, a liqtid 

dispersed by an explosive charge gives rise to a mixture of aerosol and vapour, 

while aerial spraying may produce a mixture of droplets and aerosols. Solid 

chemical substances will be in aerosol form, and this will also be true, as has 

already been pointed out, o,f bacteriological (biological) agents * 

222, Thus, chemical attacks would usually take effect simultaneously in two 

forms (fig. 1): 

- contamination of the ground at, and in the immediate vicinity of, the target 

by direct deposition of the agent at the time of dispersion, and by 

subsequent settling of large particles; 

- formation of a toxic cloud consisting of fine ‘particles ox droplets, of 

aerosol, and possibly of vapour. 

Fig. 1. Effect of the aerial explosion 
of a chemicall projectile 

aerosol + vwour 
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223, Most bacbt?X'iGlO~iCal (biological) attacks \~ould be designed primarily $0 

create an Inf'wtious ClCTOSGl &S all ilh3lation hazard. Some ground contamination 

might, however, also LTSU~~ uhc?n infectious particles settled on the ground. 

224, Both grolllld COllh3~l~llEbtiOll alld tO::iC Or infectious clouds would be immediately 

subject .t;o .the Phy'~iCal tlCtiOl1 of the atmosphere. 

225, If the Soil COnt~~li~xmtS were liquid chemical agents, they would either 

evaporate, producing a sustained secondary cloud, or be absorbed by the ground, or 
diluted or destroyed by ~~~~itlOSpk?l~iC precipitation. If they were so&id agents, 

whether clzemical. Or‘ bi010~ic8.1, ,they might be returned to a state of suspension by 

air currents, Wld p.XPlElpS caYr*ied out of the initially contaminated zone. 

226, As it becomes formed, the toxic or infectious cloud is immediately exposed to 

atmospheric ~SJZ~OL'S, and is straightaway carried along by air currents, At' q-la 
same time, the particle:; within it are deposited at different rates according to 

their mass, and reach the @-ound at vary$ng distances from the point of emission, 

depending on wind velocity (up to several kilometres in the case of particles less 

than a few tens of microns in diameter), The mechanically stable fraction of the 

aerosol (particles under 5 microns in diameter) remains in suspension, and may be 

carried along for considerable distances. 

13, THE INli'LUENCE OF ATMOSPHERIC FACTORS ON CLOUDS 
OF AEROSOLS OR VAPOURS 

227, The movement oi' a toxic, or infectious cloud after its formation depends chiefly 

on the combined effects of wind and atmospheric conditions. The cloud is carried 

a hger or shorter dista~we by the wind; at the same time it is dispersed and 

diluted at a faSter> Or r;l.o~er rate by turbulence of the atmosphere and by local 

disturbances of mechanic:21 origin resulting from the roughness of the ground. 

228. The cloud may rise rapidly in the atmosphere or remain in the immediate 

vicinity of the ground, l;hus retaining its destructive power for a, greater or 

lesser time depending on l/he,ther the air layer in which it iS released is in a 



-74- 

1. State of the atmosphere 

229, The state of the atmosphere plays such an important role in the behaviour of 

aerosol clouds that one might almost say that it is the predominant factor in 

determining the outcome 0% an attack, the effect of which could be considerably 

reduced-, or almost nullified, were -the atmosphere very unstable, or very serious 

if it was in a state of pronounced and prolonged stability. For this reason the 

mechanisms governing the turbulent movements of air, caused by differences in 

temperature between superimposed air layers require some explanation (see fig. 2). 

230. Disregarding the frictional layer of air close to the ground, where mechanical 

turbulence resulting from friction between the air and the rough ground over which 

it moves creates special conditions, air temperature in the troposphere decreases 

on average at the rate of 0.64'~ for every 100 metres of altitude. Very frequently, 

however, as a result of thermal exchange between the air and the ground, a cooler 

air layer may be formed beneath a mass of hot light air; in such conditions, the 

lower air layer, with its greater density, does not tend to rise and the atmosphere 

is said to be in "stable equilibrium". 

231. The situation, in which the vertical temperature gradient becomes inverted, 

is known as "temperature inversion", while the air layer affected by the phenomenon 

is termed as "inversion layer". When present it is eminently favourable to the 

persistence of toxic clouds. 

232. After a day of sunshine, the surface of the ground cools rapidly, with the 

result that the layer of air close to the ground cools more rapidly than those 

above it, Both the intensity of the inversion and the thickness of the air layer 

involved increase to a maximum towards 4 a.m., and then decrease again, finally 

disappearing shortly after sunrise. This variation is very marked when the sky is 

clear, and in favourable conditions the inversion may last from fourteen to eighteen 

hours a day, depending on the season. 

233. Very often, however, especially in winter or in overcast weather, when the rays 

of the sun are not sufficiently intense to heat the surface of the ground, the 

temperature inversion may last for several days. This condition has characterized 

all the disasters caused by industrial pollution; for example, the smog which 

claimed 11-,000 victims in London in 195'2 took its toll during a period of atmospheric 

stability which lasted for seven days. 

234. Figure 2 shows the evolution of a toxic cloud depending on the state of the 

atmosphere. 
/ . * . 
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Figure 2, Effect of inversion layers on aerosol and vapour clouds 

Atmosphere unstable close to the ground) 

Inversion layer at altitude 
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235. Apart from this kind of low-altitude inversion, which is most important in 

the context of this report since it governs the behaviour Of t0Xi.C Clouds released 

close to the ground, a similar process may take place on a large Scale at higher 

altitudes (hundreds or thousands of metres) whenever a cool air layer is formed 

beneath a hot air mass. This may take place over large, cold expanses (i.e. large 

Fxpanses of land or sea, cloud or fog masses, etc.). Because of the high altitude 

at lqhi& they form, these inversion layers have little effect on toxic ClOUdS 

released at ground level; but in the case of the long-distance transfer Of Spores 

they may act as a screen or reflector. 

236. The configuration of the surface of the earth in a Particular area, which 

alters the thermal exchange pattern, may also be conducive 'to the formation of an 

inversion. For example, inversions are a customary phenomenon in winter in deep 

valleys surrounded by high peaks, and occur more frequently in the neighbourhood 

of sLopes facing the north than on southern slopes. This also occurs wherever 

hills of any size enclose a plain or basin, interrupting the general flow of air 

and preventing mixing from taking place. It is interesting to note that apart from 

the periodic appearance of smog in London, all the other major accidents resulti% 

from air pollution have occurred in regions where the land configuration fits this 

description. For example, the small town of Donora,, in the United States, lies in 

a rela;i;ively narrow plain bordered by high hills. In 1948 air pollution in the 

course of an inversion lasting f5ve days led to twenty deaths and 6,000 cases of 

illness among the town's 14,000 inhabitants. 

2. Urban areas 

237, The case of urban built-up areas is more complex, and it may even be said that 

each one possesses its own micro-climate, depending on its gecgraphical situation, 

its topography and the layout and nature of its buildings, 

238. Beca.use the materials fxom which they are constructed are better conductors, 

and because their surfaces face in very varied directions, buildings usually 

capture and reflect solar radiation better than does the natural ground. Urban 

comphces therefore heat up more quickly than does the surrounding countryside, 

and the higher temperature is still fur-ther augmented by domestic and industrial 

heating plants. The result is a flow of cool air from the neighbouring countrYSide 
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towards the hot centre of the town, beginning shortly atier sunrise, decreasing 

at the beginning of the afternOOn and then rising again ~JCJ a maximum shortly before 

smset (Figure 3). This general flow, which is of low velocity, is &,stwb.ed and 

fragmented at ground level by the buildings, forming local; currents flowing in all 

directions. 

Figure 3. Air circulation in a city 

/_ _-- - -__. .  - .  .  .  . . _  - - - . - - - - _ -  - - - - .  - - . - . __ .  - -  ______ _. ____ - - .__m. . - . .__  



239. This. constant mechanical turbulence, to which is added the thermal turbulence 

caused by numerous heat-generating Sources, should prevent ,the establishment in 

towns of a temperature inversion at LOW altitude. In fact p however, inversions do 

OCCur > when conditions are otherwise favourable, but the inversion layer is 

situated at a higher altitude than over the surrounding cou.ntryside (30 to 

150 metres ) , 

240, At night, local inversions may be generated at low altitude as a result of 

rapid radiation from the roofs of houses; thus in a na.rrow street lined with 

buildiEg;s of equal height, a.n inversion layer may be created at roof-top Level 

which will persist until dawn. 

24-l. dog is more frequent over towns than over open country (+30 per cent in 

summer and +lOO per cent in winter). The process of fog formation is accelerated 

by the particles, dust and smoke which form a dome over the town, At night these 

particles act as nuclei around which the fog condenses, the fog contributing in its 

tui-n to the retention of the pa.rti.cles in the dome. Fog will obviously have the 

same concentrating effect on particles orlgina,ting in toxic clouds. 

2k2. One final point which should be noted is that toxic aerosols and vapours may 

take, some time to penetrate enclosed spaces, Once they have done so, they may 

continue as a hazard for very ion, 0 unless adequate ventilation is provided. 

3. Effec-t of wind and topography 

24.3. The wind carries and spreads the toxic or infectious cloud, which is 

simultaneously diluted by turbulence. The distance which the cloud travels before 

its concentration has fallen to a level below which it is no longer harm.ful depends 

on the velocity of the wi and the state of the atmosphere. Since topography also 

produces changes in the norma, wind pattern, it too plays an important part in 

determining the direction of travel of toxic clouds, sometimes focusing their 

effects in individual areas. Local winds may also be established as a result of 

differences 
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244, These local SUKi%Ce WilldS, F~hiCh affect the air layer nearest .the ground 

up to 300 metres, ZWC? fr~C~U~lYt alId widespread in mountain ranges and near sea 

coasts. There are Slope breezes, valley breezes, sea breezes and land breezes; 

and they could shift a .tOdC cloud in directions which cannot be predicted from 

a study of ‘CllE! general meteorol-qy of the area. The breezes develop according 

to a regular cycle. During the day? under the influence of solar radiation, the 

air m0ves up the valleys and slopes, and moves from the sea towards the land; at 

night -these CUrren.b arc? rCZVC!rS~d. In temperate clima~tes land and sea breezes are 

pedaninant during the SUrlllTlel?; but they are masked by the general wind pattern 

during the other seasons Of -ih3 year. They are predominant in subtropical and 

hopical rfqiorls tbrOUgh0Ut .thC? year. 

4. Exampl.c! of combined effects of wind and the state 
of' the atmosphere on a cloud 

245. There is son'~e similarity between the evolution of toxic clouds which could 

be produced by chemical and bacteriological (biological) attacks and that of 

clomki containing industrial pollutants, so much so that the mathematical models 

developed for forecasting atmospheric pollutioil can be applied, with a few 

~nodifications, to toxic cloudn. But the initial characteristics of the two are 

8s a rule different, Characteristic features of chemical or bacteriological 

(biological) attacl- C, are the multiplicity and high yield of the sources of emission 

and their very Short f!iKiSSio11 time, all of which are factors making for a greater 

initial concentration in the cloud .than the concentration of pollutants in 

industrial clouds. 

2k. Figure 4 indicates the order of magnitude of these phenomena, and demonstrates 

the schematic fo:rm, and for different atmospheric conditions, the Size Of area 

~~hich would be coverci! by to::ic. clouds originating from a chemical attack Using 

Sarin, with an intensity arl)itrarily chosen at 500 kg/km; It shows that the 

theoretical distaIlce o:r travel. by the cloud., determined for bare and unobstructed 

ground, may exceed 100 km, In practice the atmosphere must remain stable for more 

than ten hours in order to cnablc the cloud to travel such distances, a condition 

which, although ceytainly not; exceptional, is fairly uncommon. 



Figlixe 4. Effect of atmospheric: stability on the dimensions of the 
affected areas (Sirin) . . Source intensity : 500 kg/km 
Wind, velodity =‘ 7 W/h 

Distance (km) 

247. This figure iliustnates the effect of atmospheric conditions on the distance 

a toxic cloud can be carried by the wind. 

248; The example chosen is that of a medium-intensity (YIO kg) attack with Sarin 

on a circular objective 1 km in diameter. The wind velocity is 7 km/h. 

24g. Each, of the lines represents a contour of the hazard zone, i.e. the zone in 

which any unprotected person would be exposed to the effects of the agent. 

250, Under highly unstable Conditions (for example, on a very sunny day), this 

hazard zone is no greater than the area df objective aimed at (the circle at the 

left end of the figure). On the other hand, in any other situation - (1) slightly 

unstable, (2) neutral, (3) sligbkly stable, (4) moderately stable or (5) highly 

s table - the distance travelled will be greater, and it may extend almost 100 km 

if conditions remain highly stable for a sufficiently long time, It must be 

noted, however5 that the distance of 100 km could be reached only if a very marked 

inverSiOn persisted for about fourteen hours (100 + 7); such a situation is quite 

rare. 
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251, correspcnding evaluations cannot be made for an urban area, since the 
parameters involved are too numerous and too little understood, Rut it may be 
presumed that most of the characteristics of the urban micro-climate would tend 
to increase the persistence (of chemical clouds. This is serious cause for concern, 
when it is remembered that in highly industrialized countries 50 to 90 per cent 

of the popul&ion live in urban areas. 

252, TO sum UP, a Stable or IleUtral atmosphere in equilibrium might cause a toxic 

cloud produced by a chemical or bacteriologi.caX (biological) attack to persist 

for hours after it had ~%erCised its military effect, which could generally be 

expected to materializ,e in -i;he first few minutes following the attack. These 

conditions could o'btain not only at night, but also during long winter pericds 
Over vast continental expanses. If a neutral atmosphere in equilibrium were 

associated with a light wind irregular in direction, then the area affected 

could be relatively large, and, assuming an adequately heavy initial attack, the 

concentrations ~0u1d be high. 

5. Special features of bacteriological (biological) a,erosols 

253. So far as physical phencmena are concerned (horizontal and vertical 

movements, sedimentation, dilution, etc.), bacteriological (biological), aerosols 

would be generally affected in the same way as chemical clouds of aerosol and 

vapour, but not necessarily to the same extent. But since the effective minimum 

doses for bacteriological (biological) agents are considerably smaller than for 

chemical agenl;s, bacteriological (biological) aerosols would be expected to 

remain effective even in a very dtlute state and, consequently, that they could 

contaminate much larger areas than could chemical clouds. An example is given 

in chapter II. 

254, There would be no ]-imit to ,the horizontal transport of micro-organisms, if 

there were none to the capacity of the organisms to survive in the atmosphere. 

Thus if the microbial aerosol particles were so small that their speed of fall 

Rmained close to the speed of the vertical air movements in the frictional layer 

(under average conditions this is on the order of 10 cm/s),, the agents, whether 

alive or dead, would remain suspended and travel very considerable distances. 

Even if bacteriological (biological) clouds were to move only in the air layer 

/ ..* 
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nearest the ground, they could cover very large areas. For example, in one 

experirneilC 600 li-tres of Bacillus globigii (a harmless spore-forming bacterium 

which is highly resistant to aerosolization and environmental stresses) were 

released off shore; bacteria were found more than 30 km inland. Organisms were 

found over 250 km2 which was the entire area within which there were monitoring 

stations during the trial. The actual area covered was much more extensive. 

255s On the other hand, most pathogenic agents are highly vulnerable when outside 

the organism in which they normally reproduce, and are liable to biological 

inactivation, which is sometimes rapid, in the aerosol state. This inactivation 

process is governed by several factors (such as temperature, humidity, solar 

radiation, etc.) which are now' the subject of aerobiological research. 

256. The size of the infective particles in a bacteriological (biological) aerosol 

is highly significant -to their ability to initiate disease as a result of 

inhalation. It has been established that the terminal parts of the respiratory 

tract are the most susceptible sites for infection by inhalation. As with chemical 

agents, the penetration and retention of inhaled bacteriological (biological) 

particles in the lungs is very dependent on particle size, which is primarily 

determined by the composition of the basic material and the procedure of 

aerosolization, as pointed out in chapter I, 

257, The influence of particle size on aerosol infectivity is illustrated in 

table 1, which shows that there is a direct relationship between the LD 50 
and 

particle diameter of an aerosol of Franciscella tularensis. 

Table 1. Numbers of bacteria of Franciscella tularensis required 
to kill 50 per cent of exposed animals 

-- 

Diame-ter of 
particles 
(microns ) 

LI_w- ---- 

-- -* 

Numbers of bacterinl cells 

LDgO 
- l.-_l_.-- ..- 
Guinea. pigs Rhesus monkeys 

- ------ 

1 3 17 
7 6,500 24.0 

1.2 20, on0 540 

2'2 170,000 3,000 
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C. ngmJE,NCE Ol? ATFICSFHERIC FACTORS ON CHEMICAL AGE-&TX 

1. Influence of temperature 

258, An ati;a~k. With a liquid chemical agent, as already pointed out, would as a 

rule result in the f’orma~tion 0% a cloud of small droplets, aerosol and vapour in 

varying pl+C~pOl?tiOIlS ;* as ~~l.1. as in ground. contamination, all of l~hich ~gould be 

affec.ted by air tempc?~~~i;~r~?. 

259, Influence on droplet and aerosol clouds: -- Only particles having dimens ions 

within certain liixik pc:nr::b’Xi;e and are retained by the lungs, The larger ones 

are trapped in the up!?W t?X’t of the respiratory tract (e ~ g, nose and trachea), 

whereas the small.er ones BI’C exhaled. Penetration and retention have maximum 

values in the size Iqnnge of 0. 5 .to 3 microns, 

260. Liquid clxrni.c:al a:l;cnts exorcise thc;!ir effects both by penetrating the skin 

and by inha lat i on. The material. a’bsorbed by the lungs acts immediately, whereas 

there is a delay hof’ore the c~ffcc~ts beccme manifest from an agent absorbed thrcugh 

the skin or thi: mui.:ous mcmibranc? of the upper air passages, 

261. A high temperature :favours ,I;he evaporation of partj.cles which will decrease 

in size and thus reach the lungs, contributing to the immediate effect; an 

additional quantity of vapour is pro(ii\ced which contributes to the same effect. 

262 , Effec,t on gr oun1’1 con taminatinn: The temperature of the air, and even more - 
that of the ground,, have ~1 marl& effect on the way ground contamination develops 

and persists e The temperature of the ground, l/hich depends on the thermal 

cha~racteristics oi’ its constituent materials and On the degree of its exposure to 

the sun, either increasf:?s or reduces evaporation, and consequen-kly dCC!reaS% 31 

increases the dluation i.>f contamination. The surface teinperature is W:bWtlC~~ 

variable from point to point, depending on the type and colour of the soil; a 

temperature diff’erc.qce of 0 20 has been noted between the asphalt su.rface of a 

road and the surroundings fields. The temperature gradient also varies during the 

Course of the day, -in clear rq(zather the differences may range from 15 to 30 
0 

C :‘Ln 

a temperate climate, arii pp to 5CoC in a desert climate. High temperatures of 

both air and ground favour the rate of evaporation, tlllpj reducing the persistence 

Of surface cOllt;am-inLt:iliuii, I/ind, because of the mechanical and thermal tI%rbulenCe 

it creates, has a similar effect, 

/ . . . 



243.. yo illustrate .tb-e effect of i;hese variable fa.ctors, it is worth noting that 

l;he contamination of bare ground by unpurified IIlUSt~Id s at a mean rate of 30 g/m2, 

will persist for several days or even weeks at tempM%turcs belob 10°C at medium 

wind. velocities 9 whereas it lasts for only a day and a half at 25’C. Furthermore, 

because of accelerated evaporation at high temperatures, the cloud produced is 

more concentrated, and the danger of vapour inhalation in, and downwind of, the 

coni;aminated area becomes greater. 

2, Influence of humidity 

264.. In contrast to high temperature, high relative humidity may lead to the 

enlargement of aerosol particles owing to the condensation of water vapour around 

the nuclei which they constitute. The quantity of inhalable aerosol would thus 

diminish, with a consequent reduction in the immediate effects of the attack, 

265, On the other hand, a combination of high temperature and high relative 

humidity causes the human bo&y to per-spire profusely. This intensifies the action 

of mustard-type vesicants 9 and also accelerates the transfer through the skin Of 

percutaneous nerve agents, 

3. Influence of atmospheric! precipitation 

266. Light rain disperses and spreads the chemical agen& .which thus presents a 

larger surface for evaporation, and its rate of evaporation rises. Conversely 

a heavy rain dilutes and displaces the contaminating prcduct, facilitates its 

penetration into the ground, and may also accelerate the destruction of certain 

water-sensitive compounds (e.g. lewisite, a powerful blistering agent). 

267. Snow increases the persistence of contamination by slowing down the 

evaporation of liquid contaminants. In the particular case of mustard gas, the 

compound is converted into a pasty mass which may persist until the snow melts, 

268. Sdil humidity, atmospheric precipitation and temperature also exercise a 

powerful influence on’the activity of herbicides, which are much more effective 

at higher humidities and temperatures, than in dry weather and at low temperatures* 

This WPlies equally to preparations applied Lo plants and to those introduced 

into the soil. 

/  
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4. Influence of wind 

339, As VapOWS emanating fro171 wound contaminated by licluid chemical agents begin 

.to rise, the wind comes into play. The distance the vapours will be carried 
depends on the wind velocity and the evaporation rate of the chemical, which will 

itself change with variations in ground and air temperatures. .: 
The distance is 

maximal (several kilometres) when .there is a combination of the conditions 

promoting evaporation (high soil temperature) persistence of the cloud (s-table 

j, 

', 
atmosphere) and dispersal of the cloud (gentle llinds). These conditions exist in 

1'. ,, 
.j 

combination at the end of a sunny day, at the time when a temperature inversion : _,: 0, SI 
exists. !  

5. Influence of soil u dependent factors 

270, Nature of the soil. The soil itself, through its texture and the porosity 
.I/ , 

I_ i 
of its constituent materials, plays an important role in the persistence of : ,' 

,' I " 
liquid chemical contaminants,, which may penetrate to a grea-ter or lesser extent, 

1 
i 

or remain on the surface. In the former case the risk of contamination by contac 

is reduced in the short term, but persistence will be increased to the extent 

that factors favourable to evaporation (temperature, wind) are prevented from 

acting. In the latter cast?, when the contaminant remains on the surface, the 

danger of contact contamination remains considerable, but persistence is reduced. 

t 

Thus persistence in sandy soils may be three times as long as in clay, 

271. Vegetation. Vegetation prevents a liquid contaminant from reaching the soil 

and also breaks it up, thus encouraging evaporation, But at the same time the 

short-term danger is enhanced because of the widespread dispersion of the 

contaminant on foliages and .the consequently increased risk of contact 

contamination. 

272" The canopy of foliage in dense forests (e.g. conifers, tropical jun@e), 

traps and holds a considerable proportion of a dispersed chemical agent, but the 

fraction which none the less reaches the so-j1 remains there for a long time, Since 

the atmospheric factors involved in the process of evaporation (temperature, wind 

Over the soil,, turbulence) are hard.ly signiC,cant in such an environmen-t as 

compared With O~CXI spaces. 
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27;; * Too lkttle is known about the absorption and retention zf ,toxic substances 

by plan-bs to make it possible to assess the resulting danger to the living 

creatures whose food supply they may constitute, Like certain organic pesticides, 

it is probable that other toxic chemicals may penetrate intn plant systems via the 

leaves and roots. Cases could then arise where all trace of contaminant had 

disapperred from the soil but -with the toxic substance persisting in vegetation. 

274. Urb:bn areas. It can also be assumed that, in spite of a surface temperature 

which is on the average higher, contaminants might persist longer in built-up area:: 

than over open ground. There are two reasons for this, Structural, finishing 

and other building materials are frequently porous, and by absorbing and retaining 

liquid chemical agents more readily, they increase the duration of contamination. 

Equally the factors which, in open country, tend to reduce persistence (sunshine, 

wind over ground) play a less important part in a built-up city. 

275. Climate, in general, may exercise an indirect influence on the effect of 

percutaneous chemical agents 5 simply because of the fact that in hot climates the 

lig.htly clad inhabitants are very vulnerable to at-ta,cks through the skin. 

276. The predominating influence of climatic factoIL "s and terrain on. the persistence 

of contamination indicates that the a priori classification of chemical agents as -- 
persistent or non-persistent, solely on the basis of different degrees of 

volatility, is somewhat srbitrary since, depending on circumstances, the same 

material might persist for pericds ranging from a few hours to several wee!%, or 

even months. 

D. INFLUENCE OF ATMOSPHERIC FACTORS ON BACTERIOLOGICAL 
(BIOLOGICAL) A~mms 

/ 
277, Tnf’ectious agents 9 when used to infect by way of food and water, or by means 

of animal vectors are, of course, hardly subject to the influence of climatic 

factors, But any large-scale attack by bacteriological (biological) agents would 

probably be carried out by aerosols, in which the agents would be more susceptible 

to environmental influences than chemical agents. 

278. Physico-chemical atmospheric factors have a destructive effect on aerosol- 

borne micro-organisms. Their viability decreases gradually over a period of hours 

or days at a prcgressively diminishing rate. Some decay very rapidly: for 

I l *  .  
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example, certain bio-aerosols used for pest control in temperate climates, and 

dispersed under average conditions in the cold or transitional seasons, show a 

rate of decay of 5 per cent per minute. 

279. This apparent vulnerability of micro-organism in aerosols might cast some 

doubt on the possible effectiveness of bacteriological (biological) attacks. 

However there are various means by which the rate of decay in the aerosol can be 

considerably reduced. For example: the use of very high concentrations of agent; 

the use of suitably "modelled" pathogenic strains; or the protection of aerosol 

particles by encapsulating them in certain organic compounds. 

280. These procedures, which prolong the survival of micro-organisms in air, could 

presumably also be applied to potential agents of bacteriological (biological) 

lIarfare. Means are also available for prolonging the survival of micro-organisms 

in water, soil, etc. 

1. Influence of temperature -- -- 

281. The effect of temperature on the survival of micro-organisms in 

bacteriol..ogical (biological) aerosols is not highly significant in the tempera8ture 

ranges generally encountered, As a general rule, aerosol-borne biological agents 

will be destroyed more rapidly the more the temperature rises. On the other hand, 

in some circumstances high temperatures may act on bacteriological (biological) 

aerosols in the same way as on chemical aerosols, that is to say> particle size 

-will be diminished by evaporation, and thus their rate of entry into the lungs 

will be enhanced. 

2. Influence of humidity 

282, Relative humidity is the most important of the atmospheric conditions which 

affect the rate of decrease of viability of micro-organisms in the air. The extent 

of its effect varies with different micro-organisms, with the nature of the 

suspending fluid from which the aerosol is disseminated, with the manner of its 

dissemination (as a spray or as a dry powder). As a general rule, the ra-te ok 

inactivation is greater at lower relative humidity although with some organisms 

maximum inactivation occurs in the middle range of relative humidity 

(30-70 per cent). The rate of inactivation will, however, tend to decrease w,ith 

/ . 1 a 



time, and may become extremely loo Ghen a state of equil?.brium (stabilization) 

between the particles and their environment has been established. This implies 

that irrespectZive of relative humidity values, the final infective concentration 

of a stabilized aerosol may still be above the threshold minimum dose for infection 

by inhalation. Even so, microbial survival in a stabilized aerosol may be further 

reduced by sudden.variations in atmospheric humidity. 

283. The effectiveness of aerosol-borne bacteriological (biological) agents depends 

not only on their capacity to survive in the air. Also important is their low rate 

of sedimentation, combined with the capacity of the micro-organisms to spread and 

penetrate into buildings, so contaminating surfaces and materials indoors as w-e11 

as outdoors. The possibility that some infective agents can surv?ve for a long 

time in such conditions, a.nd the fact that environmental dust particles may 

exercise a protective influence on organisms have been demonstrated on many 

occasions. Studies made in hospitals have shown that surviving micro-organisms 

can be dispersed from sites which have come to be called "secondary reservoirs", 

and that they may become sources of new infections, carried either through the air 

or by contact. 

3. Influence of solar radiation 

284. The ultra-violet part of the solar spectrum has a powerful germicidal effect. 

Bacterial spores are much less sensitive to this radiation than are either viruses 

or vegetative bacteria, and fungal spores are even less sensitive than bacterial 

spores. The destructive effect of solar radiation on micro-organisms is reduced 

when relative humidity is high (over 70 per cent). Air pollution, including a 

high proportion of atmospheric dust, also provides some protection. 

285+ Ultra-violet light exercise@ its destructive effects on micro-organisms 

through the structural degradation of the nucleic acids which carry the genetic 

information. Most research on this subject has been carried out on microbes in 

liquid suspensions, but the results of studies of aerosol-borne microbes seem to 

I-cad to similar conclusions. 

286, The germicidal effect of ultra-violet radiation has been known for a long 

time and used in combating airborne infections in schools, military buildings and 

hospitals. The probl.em of proper radiation dosage, and proper techniques, however, 

still remain to be solved. 
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287. The lethal effect of sunlight on micro-organisms is less marked, although 

still apparent, in diffuse light. ,This is why a bactt;i*.i.: ~~ifi~1. (biological) 

attack, if one ever materialized, would be more probably under>.. i L3 X?!ine$S w 

4. Jnfluence of atmospher$c precip$tatipn 

288. Rain and snow have relatively little effect on bacteriological (biological) 

aerosols. 

5* Influence of the chemical composition of the atmosphere 

289. Little is known about the influence on the viability of micro-organisms of 

the chemical compounds present in the atmosphere. Oxygen promotes the 

inactivation of aerosol-borne agents, particularly in conditrions of low humidity, 

and recent studies have also demonstrated that an unstable bactericidal factor 

(formed by combination between ozone and gaseous combustion products of petroleum) 

is present in the air, particularly downwind of heavily populated areas. 

6. General effects of, climate 

290. Climate may also have a general and considerable influence 'on the development 

of epidemics and epizootics, in so far as the proliferation of vectors wnich spread 

disease may be encouraged, given the right conditions. This is indicated by the 

way myxomatosis developed in Australia. Although several attempts in 1927, and 

then from 1936 to l&3> to impart the disease to Australian rabbits failed, the 

epizootic spread rapidly from 1950 onwards, apparently for the s&e reason that 

the summer, which was particularly rainy that year, was associated with an 

exceptional proliferation in the flooded Murray River valley of the mosquitoes 

which carry the 'disease, 

291. Atmospheric humidity and temperature also have a strong influence on 

micro-organisms acting upon vegetation. 

/ . . . 
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CHAPTER IV 

POSSIBLE LONG-TERM EFFECTS OF CHEMICAL AND BACTERIOLOGICAL 
(BIOLOGICAL) ~~ARFARE ON HUIWN HEALTH AND ECOLOGY 

A. INTROGUCTION 

292. So far this report has dealt essentially with the potential short-term 

effects of chemical and bacteriological (biological) warfare. The possible long- 

term effects of the agents concerned need to be considered against the background 

of the trends whereby man's environment is being constantly modified, as it 

becomes transformed to meet his ever-increasing needs. Some of the changes that 

have occurred have been unwittingly adverse. The destruction of forests has 

created deserts, while grasslands have been destroyed by over-grazing. The air 

we breathe and our rivers become polluted, and chemical pesticides, despite the 

good they do, also threaten with undesirable secondary effects. The long-term 

impact of possible chemical and bacteriological (biological) warfare clearly 

needs to be considered within an adequate ecological framework. 

293. Ecology may be defined as the stLtdy of the interrelationships of organisms c_- 
on the one hand and of their interactions with the physical environment in which 

they are found on the other. The whole complex of plants and animals within a 

specific type of environment - a forest, a marsh, a Savannah - forms a community 

comprising all Ghe plant %ife and all the living creatures - from the micro- 

organisms and worms in the soil, to the insects, birds and mammals above the 

ground - within that environment, and the understanding of their interrelationships 

also necessitates a knowledge of the physical characteristics of the environment 

which bear on the living complex. Ecological communities are normally in dynamic 

equilibriLun, which is regulated by the interaction of population density, 

available food, natural epidemics, seasonal changes and the competition of 

species for food and space. 

294. Man has his special ecological problems. His numbers are multiplying fast, 

and increasing population requires commensurate increases in food production. 

The production and distribution of adequate food for the population which is 

predicted for the latter part of this century, and which will go on increasing 

through the next, will allow no relaxation in the effort which has already proved 



$0 SUCC.~ SPsSfUl o Fooi! ~~:r?iiuction has increased phenomenally in the :,?:I st fifty 

years, prilililrisl.Jr b’ZCaufJC+ of (1) iniprcmed c?gricu:L’i;yal L;yg,ctices ~ and particular]-y 

pcause of a lEll’lCF;5d iiici:ease in the USC? sf chenlical Pertilizers and, pesticidMcs; 

(2) the cjeve~.o~WXt Of ~;ene~l;:ical:Ly illlpYQV&l plC.;Q.i;s, herd.3 and floc!<s; and 

(3) jencreasCd inclusi-,~j.E13.iza.~,ioi~. of food-;Jroducing processes. ‘l?here is hope that 

steps SUCll as these Vi11 cxkinue t3 bear fruit. 

gj- But while the LKf? of fertilizers, herbicides and. pesticides has brought about 

a massive increase iii I'o9d p1~xluction, it has also added to the pollution of soil 

and w&er, and as a 1?zsu1t has altered 9UT ecologixal environment in an endlJjyj,ng 

way. so ,toD have other feabres of our industrial civilization. The motor car 

has been a very p‘ten% faCt3r in increasing air pollution in towns and cities, 

‘&a increasing popul:~tion of the world creates unprecedented wastes, and the 

methods used to iiiapose of it - burying it, burning it, or discharging it into 

streams or lakes - have ~~rthcr polluted the environment. The remarkable 

developme?nt of :;ynthetic :~nd p1.as.Li.c materials in recent years has also added a 

new factor to thft short- and long-term biological effects on man. Every new advance 

3n 3~s tcchn:)lq~ictnL civilizntion helps (;o transform the ecological framework 

within which we evolvec; . l?rom this point gf view the existence and possible use 

of chemical and b:~~:ter,:i,,ln~~:Sical_ (bi.olcq,%cal) aC;ents in warfare have to be re@rded 

13. CO~SEQ,UENCIG; TO MA11 OF IJPSKTTTNG TI33 ECOLOGICAL EQUILFKKM 

86. The chemical_ industry doubled it s output between 1953 to 1960 and it is still 

f;rawing fast but khe useful rcs~l-i;s of' its continued development are none the less 

of the utmost importance to i1~;;7n1 s future. The good effects on food production 

of the use of ar.t;ificj.aL j,‘ertj.lizers alone far gutweigh any secondary deleterious 

KNsequences Of the-jr use. The facts are too well known t:, need spelling Out. 

1.b is enough to point out 3 MS one example, that maize production in the TJnited 

States increased between 1-321 and :L353 9 a thirty-year period, by barely four quintalE 

Per hectare, but ‘that in the ten years between 1953 and 1964, when the use of 

fWtilizers and more productive hybrid seeds became wideSpread, the inCW%Ise was 

/  
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eleven quintals . This is 6fAaractesZstic af what. has ha.ppened everywhere where 

fertilllizers have been used cm a Parge scaJ;e, 

297. The beneficial efi?ect 05' the use of modern chemical pesticides also does 

i-w5 need spelling out, 2X is estimated f3m-t t&e pl-@sent amrma~ world Loss en 

production due to weeds and parasites is. stAX approximately 460 million quintals 

of w&at and j60 u~i11im quintals of nmfze, and -that TV e~lirninate this waste wi13. 

mean the use of eves: more pestleides. than are nm being consumed. 

298. What has ,i;o be reaX.ized about mc~dern agrfcul.tura% practices is that without 

them the increases in tlzc 0utpu-k or food which the wcsrld needs cmld never be 

achieved, IJKLes~s production mounts everywhere, those wha have not yet cast off 

the burdens of l%ving in a prim&t?ve agricul'tural world wflL never reach the 

level of civiX.Ization to wh'3'.eh a11 aspire. 

299* But, as already indicated, the great increase in the use of fertilizers, 

pesticides and herbicides does have delete-rfoms sfde effects. For example, in 

Switzerland, surface waters and springs have been. contamknated in times of high 

rainfall by excessive amounts' of fertilizers corresponding to 0.3-0.5 kg of 

phosphorous and 45 kg of nitrogen per hectare per year. This kind of'thing occurs 

elsewhere as well., and it cannot but help transform - fcr al.1 we know adversely - 

the environment in which livfng matter incI.uding fish otherwise thrive, 

303. The dangers of the skde effects of modern pesticides are also beginning to 

be appreciated, and are already beginning to be guarded against in advanced 

countrfes, Except in high dosage, these substances act only on Lower organisms, 

although some rrganophosphorows compounds are ts,xic ta man and other vertebrates. 

Less selective agents msy be tox5c to so-i2 bacteria , pIL,ankton, snails and fish. 

Chlorinated hydrocarbons, such as DDT, are toxic only,i.n unusually high dosages, 

but accumulate in fat, and deposit in the liver and the central nervous system. 

Following surface application, pesticides enter the soil and seep into underground 

waters; or become washed by rain into rivers, lakes and reserv:,i:rs. It is 
theoretically possible that in some situations, in which non-selective chemical 

pesticides are used, drlsruption of the ecological equilibrium could lead to the 

long-term suppression of useful animals and plants. These are dangers which only 
constant vigilance will avert. 

301. Detergents are another modern chemical development whose use has had to be 

regulated, since they have a direct short-term effect on certain types of natural 
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food such as daphniae and the algae which are eaten’by fish. The first detergellts 

&ich came on the market led to enormous quantities of foam on river, and this in 

turn reduced the SUPPlY Of 3XYg31 f3r organisms living in tile Irater, They fl-js, 

damaga the earth by affecting soil bacteria. Such detergents, which resist 

destruction WeI1 by the lllc\St ttlOdC?X'll Water treatimnt methods, have al]. bu.t disappear@, 

fram use and have been replaced by others, which can be almost completely destroyed 
by was$e water txcatm@nt. 

302, In the contE?Xt 3f ‘the possible long-term effects of chemical and bacteriological 

(biological ) wea pans .7 we have fk-mlly to note that towns and cities are growing all 

over the world:, and that in the developed countries, conurbations (fusion of cities 
with loss of suburbs) have reached population kvels appmaching 50 million, Such 
great concentrations of people require very complicated arrangements for supply a% 
food, water and other material-s, transport and general administration. The use 

of chemical or bacteriological (biological) weapons against cities would undoubtedly 

have an exceptionally severe disorganizing effect, and the full re-establishment of 

the services necessary for health, efficient government, and the smooth operation 

3f industqy might take a very long time. 

C, POSSIBLE LONG-TERM EFFECTS OF CHEMICAL AND BACTERIOLOGICAL 
(BIOLOGICAL) MEANS OF WARFARE ON MAN AND HIS ENVIRONMENT 

303. Chemical weapons) in addition to their highly .toxic short-term effects, may 

alsa have a long-term effect on the environment in which they are disseminated. 

If LX@~ in very high concentration they might cause damage by polluting the air, 

by polluting the water supplieg and by poisoning the soil, 

304. Bacteriological (biological) weapons could be directed against man’s sources 

Of food through the spread of persistent plant diseases or of in%ectious animal 

diseases, There i,s also the possibility that new epidemic diseases could be 

introduced, or old ones reintrod.uced, which could result in deaths on the scale. 

M.dl characterized the mediaeval plagues. 

1. Chemical weapons -__II 

305. There is no evidence that the chemical agents used in World War 1 - ,chlorine, 

mustard, ~~~~~~~~~~~ nrld -tenrwgas . . had any untoward ecological conseqUe~ces~ As 
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alread,y observed, 3ver 120,000 '-.: izns of these agents were used during that war, and 

in some areas which were attacked, concentrations must have added up to hundreds 

of lril,agrams per hectare. These regions have long since returned to normal and 

fully productive use. 

306. The organophosphorous, or nerve, agents have never been used in T?ar? and no 

corresponding experience is available to help form a judgement about their possible 

long-term effects. But since these agents are toxic to all forms of animal life, 

it is to be e;cpected that if high concentrations were disseminated over large areas, 

and if certain species were virtually exterminated, the dynamic ecological 

equilibrium of the region might be changed. 

307. On the other hand there is no evidence to suggest that nerve agents affect 

food chains in the way IXII! and other pesticides of the chlorinated hydrocarbon type 

do. They hydrolyze in water, some of them slowly, so there could be no Long-term 

eontaminatSan of natural or artificial bodies of water. 

308. The use of herbicides during the course of the 'Vie-L-DTam conflict has been 
repor-ted extensively in news media, and to a lesser extent in technical publications. 

The materials which have been used are 2,4.-dichlorophcnoxyacetic acid, 

2,4-,5-trichlorophenoxyacetic acid, cacodylic acid and picloram, 

30ym Between 1963 and 1968 these herbicides were used to clear forested areas for 

military purposes over some $3,100 km2. This may be divided by fzres-L type as shown 

in the following table. 

Table 1 --- 

Type of forest and extent and area treated with herbicides --,_ ~- __~_I 
in South *Vm&-- 

--- 
--.---.-_- 

1963 -1968 --- 

Type of forest -A.".- 

(semi-deciduous 

other aquatic 

Open forest 

Mangrove and 

Coniferous 

> 

Extent 
lWi12 -- 

50,150 

4.9 coo 

1,250 -- 
-2-a 56 200 

Area treated 
km2 

8,140 

960 

0 

9,100 



310, South Viet-IYam is about S72,OOO km2 in area, of which about one-third is 

foxested. The area treated with herbicides up to the end of 1960 thus amounts to 

about 16 per cent of the forested area, or a little over 5 per cent of the total. 

311. There is as yet no scientific evaluation of the extent of' the long-term 

ecological changes resulting from these a'ttacks. One estimate is that some 

mangrove forests may need twenty years to regenerate, and fears have been expressed 

about the future of the animal population they contain. Certain species of bird 

are known to have migrated from areas that have been at-tacked. On the other hand, 

there has been no decline in f'ish catches, and as fish are well up in the food 

chain, no Serious damage would seem to have been done to the aquatic environment. 

312. When a forest in a state of ecological equilibrium is destroyed by cutting, 

Secondary forest regenerates, which contains fewer species of plants and animal8 

than were there originally, but larger nwnbers 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 specie S which increases in numbers is the host bf an 

infection dangerous to man (a zoonosis), then the risk of human infection is 

greatly increased. This is exenrplified 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 Qeople as forest is 

cleared. 

313- In high rainfall areas, deforestation may also lead to serious erosion, and 

so to considerable agricultural losses. Deserts have been created in this way. 

2. Bacteriological (biological) weapons --I 

&,ainst man ---- 

314.. New natural foci, in which infection may persist for many years, may be 

established after an aerosol or other type of bacteriological (biological) attack, 

This possible danger can be appreciated when one recalls the epidemiological 

consequences of the accidental introduction of rabies and other veterinary 

infections (blue-tongue, African swine fever) into a number of countries. The 

spread of rabies in Europe following World War II, as a consequence of the 

disorganization caused by the war, shows how an epidemiologically complicated and 

/  
I . .  
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ion 
med.ically dangerous situation can emerge even with an infection which had long 

been successfully controlled. In 1945 there were only three major foci of infect 

in Czechoslovakia. In the following years) foxes multiplied excessively because 

farms Tdere left unvrorked, because of the increased number of inany kinds of wild 

creatures, and RISC) becaUSe of the ~f.Sc~~til’lUatiO~ Of SyStenlatiC C9iZltlI’Ol. FOXS 

also cam@ in from across frontiers, and the epizoatic gradually Frorsened. In 

the period 1952/l% a .tgtal 01” @C.$ foci were reported, 197 new ones ill 1965 alone. 

‘Bringing the situation under control demanded extraordinary and prolonged efforts 

by the health service: in 1966 alone, 775,000 domestic animals were vaccinated in 

affected areas of the bountry. None the less9 the disease has not yet been stamped 

out ‘I Matural foci cannot be eliminated without organised and long-term internatizml 

co-operation. 

3l,5, Arthropods (insects 7 ticks) also play an important part, along with other 

creatures J in the maintenance of pathogenic agents in natural foci. A man exposed 

to a natural focus risks infection, particularly from arthropod.s, which feed on 

more than one species of host. 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. 

316. On the other hand, the large-scale Use of bacteriological (biological) 

weapons might reduce populations of susceptible wild species below the level at 

%Thich they could cantinue 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, 

317. The gravity of these risks would depend on the extent to which the community 

Of species in the country attacked contained animals which were not only 
susceptible to the infection, but were living in so close a relationship to each 
other that the infection could become established, For example, not all 
mosquito species Can be infected with yellow fever virus1 and if the disease is 

to becQme established, those which can become vectors must feed frequently on 



mall~~lals, such a s IIlonlWs J dlich fire also sufficiently susceptible t3 ,l;lle illfectign. 

A natural focus of yellow fever is fkwefore very unlikely t:, become est,ablislled 

in any' area lacking; an adeqUEIte pOpUlatiol1 3,f suitable mosqUitDs and monkeys. 

310, EndemicS Or WlZOO’tiCS Of diSWSeS (i .E?. infections SInreading at s 10~ rate, 

but indefinitely 9 in a hurllall 01' nniula~ pOpUkition) could conceivably follow 8 

large-scale attack, Or IId-gh-t be started by a small-scale SabDtage attaclc, for 

&j,ch purpose the range 3f LJ3sSible agents would be much wider, and might even 

include such chronic infections a8 malaria. 

319. Malaria is a seriot~s epidemic disease in a suscepti.ble populatizn, but it 

is difficult to enVisElge its possible employmeni; 8,s a bacteriological (biological) 

wespoll, because of the COIIILI~L, 'v life cycle of the parasite. Drug-resistant strains 

of malaria exist in, f3r exala;)le, areas of' Asia and South America, and their 

possible extension to area:; where m:,squitos capa.ble of transmitking the disease 

already exist y would grea l;ly complicate public health measures, and cause a nl3re 

Serious disease problem because of the difficull;ies of -treatment 0 

320. Yellow fever is still enzootic in the tropical regions of Africa and America, --.“a..-.- 
Monkeys and other forest -dwelling primates 9 toc,ether with mosquitoes which transmit 

the virus, constitute natural foci and ensure survival of the virus between 

epidemics , 

32l. Importation of this di:;ease is possible wherever a suitable envir’r,nment and 

susceptible animal and ulosqui’to hosts exist. This occurred naturally in 1960 

lrhen a previously uninfested tlrca ok’ Ethiopia was invaded by yellow fever and an 

epidemic resulted in about 15,000 deaths. Because of the inaccessibility 3P .the 

area, S3me 8,000-9,000 people had died before the epidemic was recognized. The 

epidemic was e::tinaUishecl lmt it is likely that a permanent focus of yelhr fever 

infection has been established in this area , previously free of the disease. 

It might be extremely serious if the virus were introduced into Asia OY the 

Pacific islands where the disease appears never to have occurred, but where local 

SPscieS of mosquito are crown to be able to transmit it. Serious problems could 

also arise if the virus ~,~ere introduced into the area of the United States where 

vector mosquitoes still exist, and where millions 3 f people live in an area of 

a few SCluare kilometres, . 



322. Another consideration is the possible introduction of a new species of 

animal to an area to cause either long-term disease or economic problems. For-- 

example, mongooses were introduced many years ago to some Caribbean islands, and 

in one at least they have become a serious economic pest of the sugar crops and 

an important cause of rabies. The very large economic effect on the introduction 

of rabbits to Australia is well knoTan. Certain mosquito species (a yellow fever 

iilosquitoy Aedes aegypti, and a malaria mosquito,, -- Anopheles gambiae) have naturally 

spread to many areas of the world from their original home in Africa, and have 

been responsible for serious disease pro'blems in the areas that have been invaded. 

It is conceivable that in the war the introduction of such insects on a small scale 

might be tried for offensive purposes. 

323. In addition to the development of new natural foci, another long-term hazard, 

but one which is very much more speculative than some of the possibilities mentioned 

above, is that of the establishment of new strains of organisms of altered 

immunological characteristics or increased virulence. This might occur if large 

numbers of people or other susceptible animal species became infected in an area 

through a bacteriological (biological) attack, thus providing opportunities for 

nev ox-ganisms t3 arise naturally. The appearance from time to time of 

immurwL~gica1ly different forms of influenza shows the type of thing which might 

happen. Such altered f~ms of agents might cause more severe and perhaps more 

.widesprend epidemics than the original attack. 

Against domestic' animals --.-"-- -- 

32)1. Foot-and-mouth disease is a highly infectious --.--e--y but largely non-fatal disease 

of cattle p swine and other cloven-footed animals. It is rarely transmitted from 

a diseased animal to man, and when it is, the order is a trivial one. 

525, The milk yield of diseased cows decreases sharply and does not reach its 

normal yield even after complete recovery. Losses range from 9 to 30 per cent 

of xi3.k yield e In swine, loss from foot-and-mouth are estimated at 60-$0 per cent 

among suckling pigs . Foot-and-mouth is endemic in many countries and breaks out 

-i'rom time to time even in countries which are normally free of the disease. Some 

countries let it run its course without taking nn:r steps to control it; others 

try 'to control it by the use of vaccines; and some pursue a slaughter policy in 

which all affected animals and contacts are killed. 

f  
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326. I-t is obvious that a large ePi.zootic could constitute a very seri.Zus WOWtlliC 

burden9 for e=nPle 9 bY brining about a serious reduc.tign in tile supply op rflilbl, 

1.~ is in this context thi.‘- i: 7~ oo.L-and-mouth disease could conceivably Serve as a, 

bacte~-iologici?Il (biolq$.cal) weapon j especially since war conditions wr,uld greatly 

profilote its Spread. Efficien’i2 Prevention iS Possible through active immunization, 

but the immunity iS rather short-lived and annus. vaccination j-s requir.ad. 

327, Brucellosi~ is an example of chronic disease which could Possibly result fTrom 

bacteri3lOgiCal (biolo@cal) weapon attacks. There are three forms !;ngwn, trhich 

al&cl; cattle, swine and ;;nats respectively. Any of these may be transmitted to 

man) in whom it causes a debilitating but rarely fatal disease lasting for 

four to six months 3r even longer. It is enzootic in most countries of the ~world, 

alid an increased incidence of’ the disease resulting from its Ese aS a weapon could 

be dealt with, after the initial blow, in the same way as is the natural disease. 

But the cost of eliminating disease such as brucellosis from domestic animals is 

very high. 

328. Anthrax was described in chapter II and what c’3ncerns US here is that if -w 
large quantities nf’ anthrux spores were disseminated in bacteriological (biological) 

weapons J thus contaminating the soil of larr;e regions, danger to domestic animals 

and man might Persist for a very long time. There is no known way by which s.rc&:: 

could be ,rendered safe L The use of large quantities 3f anthrax as a rle:;ipon might 

therefore cause long-term environmental hazards a 

Against crops I_- 

329. The rust fungus, as already noted, is one of the most damaging nf natural -- 
pathogen:: Which af%'CC'bS w~li?:k CI'Ol3S 0 Each rust PuStule produces 20JOG0 uredospores 

a day for two weeks y and there may be mDre than 100 pustules on a sinl7rle infected 0 

leaf. The ripe uredospgres are e:lsily det:lched from the Plant even by very weal: 

air currents 0 The spores are t&en carried by i;he wind over distances of many 

hundreds of kilometres. It is e&imated that the annual total world loss of 

wheat from rust is equivalent to about $500 million. 

330. Weather Plays a decisive role in the epiphytotic spreading of rust. 

Temperature influences the incubation Period and the rate of uredospore germination. 

Germination and infection occur only when there 



three -to four hours. Thus, epiphytotlc Dl p~read occurs when there are heavy dews 

and when the temperature is between 10' and 30" C. The principal meana of 

prevention is to destroy the pathogen and to breed resistant species. Recently, 

ionj.zi.ng radiation has been employed Lo develop resistant strains. 

331a The cereal rusts die out during winter unless 6ome other susceptible plant 

host, such as barberry, is present, and therefore their effect on crops would be 

limited to a single seaspn. As .they are capable of reducing man's food reserves 

considerably, rust spores could be extremely dangerous and efficient 

bacteriological '(biological) weapons, especially if deployed selectively with due 

regard to climatic condi-Lions. Artificial spreading of an epiphytotic would be 

difficult -to recognize and delivery of the pathogen Go the target would be 

relatively simple. 

332. R~s-1; epiphytotic s might have a very serious effect in densely populated 

developing countries, where the food supply might 'be reduced to such an extent 

that a human population already suffering from malnutrition might be driven to 

starvation, which, depending on the particular circumstances, might last a Long 

time y 

333. Another conceivable biological weapon, although neither a practical nor a 

bacteriological one, is the potato beetle. To use it for this purpose, the beeYl.u --- 
would have to be produced in large numbers, and introduced, presumably 

clandestinely, into potato growing regions at the correct time during maturation 

of the crop. In the c,oU'se of spread the beetle first lives in small foci, which 

grow and increase until it becomes established over large territories. The 

beetle is capable of astonishing propagation: the progeny of a single beetle may 

amount to about 8,000 million in one-and-a-half years. 

334.. Since beetles prefer to feed and lay their eggs in plants suffering from 

some viral disease, they and their larvae may help transmit the virus thereby 

increasing the damage they cause. The economic damage caused by the beetle 

,varies with the season and the country affected, but it can destroy up to 

GO per cent of the crop. l?rotection is difficult because it has not been possible 

to hreed resistant potato species and the only maans available at present is 

chemical protection, 

335m 'Were the beetle ever to be used successfully for offensive purposes, it couM 

clearly help bring 4bout long-term damage ljecause of the difficulty of control. 



3. Gme-kic and carcinogenic changes -c- 

336, The possibility alao exists that chemical and bacteriological (biological) 

weap~ns might causlj genetic chanEl;es. Some chemicals are known to do this. LSD, 

for example J is known to cause genetic changes in human cells, Such genetic 
changes, whether induced by chemicals or viruses, might conceivably have a bearing 
Qn tile development of cancer. li EKi.gnIi.f’iCantly increased incidence of cancer in 
the respiratory tXaC% (lnaillly lung) has been reported recently among workers 

employed in the manufactur@ of mustard gas during World War 61. No increased 

prevalence of’ cancer has been reported among mustard gas casualties of World Wax T 

although it is doubtful if available records would reveal it. However ,, most of 

these casualties were exposed for only short periods to the gas whereas the workers 

were continuously exposed to small doses for months or years, 

/  
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CHAPTER V 

ECONOMIC AND SECURITY IMPLICATIONS OF THF DEVELOl?MENT, 
ACQUISITION AND POSSIBLE USE OF CHEMICAL AND 
BACTERIOLOGICAL (BIOLOGICAL) WEAPONS AND SYSTE~IS OF 

THEIR DELIVERY 

A. INTROIXCTION 

33To Previous chapters have revealed the extent to which developments in chemical 

and biological science have magnified the potential risks associated with the 

concept of chemical or bacteriological (biological) warfare. These risks derive 

not only from the variety of possible agents which might be used, but also from 

the variety of their effects. The doubt that a chemical or bacteriological 

(biological) attack could be restricted to a given area means tha,t casualties 

could occur well outside the target zone. Were these weapons used to blanket 

large areas and cities, they would cause massive loss of human life, affecting 

non-combatants in the same way as combatants, and in this respect, they must 

clearly be classified as weapons of mass destruction. The report has also 

emphasized the great problems and cost which would be entailed in the provision 

of protection against chemical and bacteriological (biological) warfare G It is 

the purpose of this final chapter to explore in greater depth the economic and 

security implications of matters such as these. 

B. PRODUCTION 

1. Chemical weapons --I--I-.lI---L- 

335. It has been estimated that during the course of the First World War, at a time 

when the chemical industry was in a relatively early stage of development, about 

130,000 tons of chemical agents were produced, of which more than 120,OCO tons were 

used. in battle. With the rapid development of the industry since then, there has 

been an enormous growth in the potential capacity to produce chemical agents. 

33ye The scale 9 nature, and cost of any programme for producing chemical weapons, 

and the time needed to implement it, would clearly be largely dependent on the 

scientific, technical and industrial potential of the country concerned. It would 

depefid not only on the nature of the chemical industry itself, and on the 
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availability of suitably trained engineers and chemists, but also on the level of 

development of the chemical engineering industry and of the means of automating 

chemical processes, especially where the production of highly toxic chemical 

compounds is involved. Whatever the cost of developing a chemical or 

bacteriological (biological) capability, it needs to be realized that it would be 

a cost additional to, and not a substitute for, that of acquiring an armoury of 

conventional weapons D An army could be equipped with the latter without, having 

any chemical or bacteriological (biological) weapons ~ But it could never rely 

on chemical or bacteriological (biological) weapons alone. 

340. Today a large number of industrialized countries have the potential to produce 

a variety of chemical agents. Many of the intermediates required in their 

manufacture 9 and in some cases even the agents themselves, are widely used in peace 

time. Such substances include, for example, phosgene, which some highly 

developed countries produce at the rate of more than 1.00,000 tons a year and 

which is commonly used as an intermediate in the manufacture of synthetic plastics, 

herbicides 9 insecticides, paints and pharmaceuticals. Another chemical agent 9 

hydrocyanic acid, is a valuable intermediate in the manufacture of a variety of 

synthetic organic products and is produced in even greater quantities, 

Ethylene-oxide, which is used, in the manufacture of mustard. gases, is also 

produced on a large scale in various countries. It is a valuable starting 

material in the production of a large number of important substances, such as 

detergents, disinfectants and wetting agents. The world production of 

ethylene-oxide and propylene-oxide is now well in excess of 2 million tons per 

year O Mustard gas and nitrogen mustard gases can be produced from ethylene-oxide 

by a relatively simple process. Two hundred and fifty thousand tons of ethylene- 

oxide would yield about 500,CoO tons of mustard gas. 

341. The production of highly toxic nerve agents, including organophosphorus 

compounds , presents problems which, because they are relatively difficult, could 

be very costly to overcome. To a certain extent this is because of the specielized 

safety precautions which would be needed to protect workers against these very 

Poisonous substances, a need which, of course, applies to all chemical agents, 

esPecially to mustard gas. However, many intermediates used in the manufacture 

Of nerve agents have a peacetime application: for example, dimethylphosphite, 

necessarY for the production of Sarin, is used in the production of certain 

Pesticides, But even leaving operating expenses aside, the approximate COSt of 

I /O”” 



acquiring one plant complex to produce munitions containing up to 10,000 tons of 

Sarin a year would be about $150 million (I The cost would, of course 9 be 

considerably less if existing munitions could be charged with chemical agents. 

342. A country which possessed a well-developed chemical industry could clearly 

adapt it to produce chemical agents. But were it to embark on such a step, it 

would be only the beginning. The &stablishment of a comprehensive chemical 

warfare capability would also involve special research centres, experimental 

,test grounds, bases, storage depota and arsenals II The development of sophisticated 

and comprehensive weapons systems for chemical or bacteriological (biological) 

warfare would ‘be a very costly part of the whole process. None the less, the 

possibility that a peacetime chemical industry could be converted to work for 

military purposes, and of chemical products being used as weapons, increases 

the responsibility of Governments which are concerned to prevent chemical war 

from ever breaking out. 

2. Eacteriological (bioLogical) weapons -----3_--- ---.-T-c- 

743. The microbiological expertise necessary to grow agents of bacteriological 

(biological) warfare exists ta a large extent in many countries, since the 

requirements are similar to those of a vaccine industry and, to a lesser extent, 

a fermentation industry. Apart from the combination of the highly developed 

technologies of these two industries9 there remains only a need for some 

speciallzed knowledge, expertise and equipment to permit the safe handling of 

large quantities of bacteriological (biological) agents L) Consequently, existing 

facilities in the fermentation, pharmaceutical and vaccine industries could be 

adapted for the production of bacteriological (biological) agents. But the 

technological complexities of producing bacteriological (biological) agents in 

dry powder form are very much greater than for wet spray systems. Moreover, it 

would be desirable to provide an effecti’ve vaccine with which to protect 

produ.ction staff. The technical difficulties would increase with the scale and 

complexity of the weapons systems that were being developed. But the fact remainS 

that any industrially advanced country could acquire whatever capab lility it Set 

out to achieve in this field. 
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$4. The difficulty and cost of providing for the transport and storage of 

bacteriological (biological) weapons are considerable, since special storage 

conditions, e l ge 9 refrigeration, and stringent safety and security precautions 
are essential D In addition, testing to determine the potential effectiveness 

of the material produced would require considerable and costly testing 

facilities both in the laboratory and in the field. 

345. Despite the fact that the development and acquisition of a sophisticated 

armoury of chemical and bacteriological (biological) weapons systems would prove 

very costly in resources, and would be dependent on a sound industrial base and 

a body of well-trained scientists, any developing country could in fact acquire, 

in one way or another 9 a limited capability in this type of warfare - either a 

rudimentary capability which it developed itself, or a more sophisticated one 

which it acquired from another country. Hence, the danger of the proliferation 

of this class of weapons applies as much to developing as it does to developed 

countries. 

C. DELIVERY SYSTEMS 

346. Practically all types of explosive munitions (artillery shells, mines, guided 

and unguided rockets, serial bombs, landmines, grenades, etc.) can be adapted for 

the delivery of chemical agents. A modern bomber, for example, can carry about 

fifteen tons of toxic chemical agents, and it is estimated that only 250 tons 

of V-gas, an amount which could be delivered by no more than-fifteen or sixteen 

aircraft, is enough to contaminate a great city with an area of 1,000 square , 

kilometres and a population of 7 to 10 million. Were such a population mainly in 

the open and unprotected, fatal casualties might reach the level of 50 per cent. 

347. Existing armaments which (with some modification) could be used to deliver 

agents in order to generate local outbreaks of disease, could also contaminate 

large areas with pathogens, For example, a single aircraft could cover with a 

bacteriological (biological) agent an area of up to lO@,COO square kilometres, 

although the area of effective dosage might be much smaller due to 10~s of the 

infectivity of the airborne agent. 

348. While the development and production costs of chemical and bacteriological 

biological) agents might well be high, the cost of the complete weapons system 

/ . . 0 
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(see chapter I) would be even greater. The cost of developing, procuring and 

operating a squadron of modern bombers far outweighs the cost of the bombs it could 

carry. However, for some purposes, an existing weapon system or a far less 

sophisticated means of disseminating might be used. 

D. PROTECTION 

$9. The measures which would be required to protect a PoPulatiQn, its livestock 

and plants against chemical or bacteriological (biological) attack are immensely 

costly and complex (chapter I). At present, warning systems for the detection of 

aerosol clouds are fairly rudimentary. Systems for the detection of specific 

chemical and bacteriological (biological) agents might be devised, but again they 

axe likely to prove very expensive, if indeed they are feasible. 

350e With certain agents, contamination of the environment, for example of 

buildings and soil, could persist for several days or weeks. Throughout this 

period people would be exposed to the risk of contamination by contact and by 

inhalation. Protective clothing, even if adequately prefabricated and distributed 

or improvised, would make it difficult to carry on with normal work. The prolonged 

wearing of respirators causes physiological difficulties, and it would prove 

necessary to provide communal shelters with air filtration and ventilations 

systems for civil populations. Shelters would be extremely costly to build and 

operate, and a programme for their construction would constitute a heavy burden 

on the economy. 

351. Even if protective measures were provided against known agents, it is 

conceivable that new ones might be developed whose physical or chemical properties 

would dictate a need for new individual and communal protective equipment. This 

could constitute an even greater economic burden. 

352. Defensive measures, especially against chemical agents, would also have to 
include the extremely laborious and ‘expensive task of decontaminating large numbers 

of people, as well as equipment, weapons and other materials. This would mean 
setting up decontamination centres and training of people in their use. stocks 
of decontaminating agents and replacement clothing would also be required. 

353. A very important part Of a defence system against chemical or bacteriological 

(biological) weapons would be the means of very rapidly detecting an attack and 

/ . . . 



i ., 

!, 

-107- 

identifying the specific agent used in an attack. Methods for doing this rapidly 

and accurately are still inadequate V SPeCifiC protection against bacteriological 

(biological) agents would necessitate the use of vaccines and perhaps antibiotics 

( see annex C of chapter II) o Vaccines vary in their effectiveness, even against 

naturally-occurring infections, and even those which are highly effective in 

natural circumstances may not Protect against bacteriological (biological) agents 

deliberately disseminated into the air and inhaled into the lungs. Antibiotics 

used prophylactically are a possible means of protection against bacteria and 

riokettsip.e but not against viruses e But the large and complex problems of their 

use in large populations would be all but insuperable, 

354. .It would be extremely difficult to arrange for the medical treatment of a 

civilian population which had been attacked with chemical or bacteriological 

(biological) weapons 0 Mobile ;po~l.p,~ of specialists in infectious disease, of 

microbiologists 9 and of well-trained epidemiologists, would have to be organized 

to provide for early diagnosis and treatment, while a network of reserve 

hospitals and a massive supply of’ drugs would have to be prepared in advance. 

The maintenance of a stockpile of medical supplies is extremely costly. Many 

drugs :, especially antibiotics, deteriorate in storage. Huge amounts would have 

to be discarded as useless from time to time, and the stock would have to be 

replenished periodically. 

E. COST TO SOCIETY 

355. The extent to which the acquisition, storage, transport and testing of 

chemical and bacteriological (biological) munitions would constitute an economic 

burden, would depend on the level of a country’s industrial and military 

capability, although compared to nuclear weapons and advanced weapons systems 

in general, it, might not seem excessive. But the task of organizing delivery 

systems and deployment on a large or sophisticated scale could well be economically 

disastrous for many countries 0 Moreover the preparation of an armoury of chemical 

and bacteriological (biological) weapons would constitute a possible danger to 

People in the vicinity of production, storage and testing facilities 0 

/  
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356, Ch@riical. and bacteriological (biolagical) &tacks could be particularly 

at3ng~~0~~ ii-3 +~OWM~ ana df3nkdy p0ptbb2a t3332fi6, because of the cloxe contacts 

between i~aied~~b., and because al the centxallzed pxavisian of services fox 

avery day neceasiCiefi and supply (sexvice~, urban transport networks, trade, 

etc,). The consequences might also be paxticu2axl.y s~?~ioufi In regions with a 

waxm, moist cL.%mate, ibl law lying araas, ana iin tire6~8 ~ifd-2 p0~riy atmop~a 
madlcal facilYit~si3, 

357. The technical and organlzational compl&lty, a8 well 88 the great PlnanciaZ 

cast, of providing adequate protection fax a population against attack by chemical 

and bac%wiological (bialagical) agenta have already been emphaxized. The costs 

wauld kc formidable by any standards, Ths construction of a system of fall-out 

shelters ‘to pxctect only part of the popula”cion of one large and highly developed 

country against nuclear weapons haa bean estimated at no less than $~,OOO- 

$10 1 000 m%llion . Such ahaltexn csuld be modifimi, aC a relatively modest 

additional tort, to :pxovide pxotiection agaSn6t chemical and bacteriological 

(bialagical) weapons e To construct communal sheltcxs fox a corresponding part 

of the populatlnn againat chamicaL and bactariologi.cal (biological) weapons alone 

w0da cost much the ,sams as protection against nuclear faJ.l+ut, Tf all other 

necessary related expenditures axe connldered - such as detection and warning 

systsms , communications 9 and msdicab aid m the total costa of civil defence 

against chemical and bacteriological (biological) agents would be greater than 

$Pj,OOO-$25,0X &JUon fur a developed country of 100-200 mlllzion people. But 

even if such a programme wexe @vex planned and implemented, there could be no I: ,.. ,A’ ,:I 
:,i : asBuxanc@ that full protection cou1.d be achieved, : i 

348. For whatever its CRG~, no shelter programme could provide absolute pratectlan 

against attack by chemical QX bacteriolagicaX (biological) agents * Protc?cZ;ive 

measures would be effective only if there were adequate warning of an attack, and 

if civil defsnsle pZnnx were ‘brought into operation immed.iately and eUI.ciently. 

However many shel=texo were available, the Likelihood would be that large numbers 

of pespls w3d.a be affected ta varying degrees, and WOUND be in ~xgent need of 

medical attention, and. once hostilities had ceased, that there would be large 

numbers of chrsnic sfclr and invalids, requiring care, support and treatment, and 

imposing a heavy burden on a society already disoxganized, by wax. 

I *e I 
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359, 1s; i.s almost impossible to ~CX’Eeive of the complexity of the arrangements 

&ich v?ould be necessary to control the consequences of a large-scale bacteriological 

(biological) attack * Even in peacetime, the development of an epidemic of a highly 
contagious disease started bY a f’eW individual cases, introduced from abroad, 

nscassitates enormous material expenditure and the diversion of large numbers of 

medical personnel a Examples of widespread disruption due to a few smallpox contacts 

ara given in chapter II. No estimates are given of the actual costs involved in 

dealing with these events, but in some cases they must have run into millions of 

do1h.rS o Large-scale bacteriological (biological) attacks could thus have a serious 

impact on the entire economy of the target country and, as is ob’served in chapter If, 

depending on the type of agent used, the disease might well spread to neighbouring 

countries, 

$0, Whatever might be done to try ,to save human beings, nothing significant could 

be done to protect CXopS, livestock, fodder and food-stuffs from a chemical and 

bacteriological (biological) weapons attack. Persistent chemical agents could 

constitute a particular danger to livestock. 

361. Water in open reservoirs could be polluted as a result of deliberate attack, 

or perhaps accidentally, with chemical or bacteriological (biological) weapons. 

The water supply of large towns could become unusable, and rivers, lakes and 

streams might be temporarily contaminated Q 

362. Enormous damage could be done to the economy of a country whose agricultural 

CrOps were attacked with herbicides, For example, only ten to twenty grammes 

per hectare of 2, 4.D could render a cotton crop completely unproductive (see 

annex A > , Fruit trees, grape vines and many other plants could also be destroyed. 

Mixtures of 2, IcD, of 2, 4., 521 and picloram are particularly potent O The 

chemical known as paraquat ca,n destroy virtually all annual plants, including 

Ieguminous plants 9 rice I wheat and other cereals, Arsenic compounds desaicate 

the leaves of many crops and make thorn unusable as food. There are no means known 

at Pesent, of regenerating some of the plants which are affected bY herbicides. 

EWrience has sh~w11, however, that in the case of some species, either natural or 

artificial seeding can easily produce normal growth in the next growing SeaSon. 

But the destruction of fruit trees, vines and other plants, if achieved could not 

be overcome for many years. yap most practical pus~oses, it wouM be -imWsi~le 

/ .bO 
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to prevent the destruction of cultivated Plants on which herbicides have been 

used, and depending on a country’s circumstances, widespread famine might 

follow dJ 

363. If the induced disease were to spread, bacteriological (biological) weapons 

could affect even more extensive agricultural areas. The effect would however 

be more delayed and more specific to the crops affected. Annex A gives examples 

of the extent of the decrease in a wheat harvest and in a rice harvest affected 

by blast. The uredospores of the rust are easily transported by air currents 

so that down-wind, sections would be affected by rust to a considerable distance, 

with a corresponding sharp reduction in the crop, while the upwind sections gave 

a good yield. 

364. Over and above all these possible effects of chemical and bac,teriological 

(biological) warfare on farm animals and crops is the possibility discussed in 

the previous chapter, of widespread ecological changes due to deleterious changes 

brought about in wild fauna and flora. 

F. TKE RELEVANCE OF CHEMICAL AND BACTERIOLCGICAL (BIOLOGICAL) 
WEAPONS.TO MILITARY AND CIVIL SECURITY 

365, The comparison of the relative .effectiveness of different classes of weapons 

is a hazardous and often futile exercise, The major difficulty is that from the 

military point of view, effectiveness cannot be measured just in terms of areas 

of devastation or of numbers of casualties. The final criterion would always be 

whether a specific military purpose had been more easily achieved with one rather 

than another set 0-f weapons 0 

366. Clearly, from what has been said in the earlier chapters of this report, 

chemical weapons could be more effective than equivalent weights of high 

explosive when directed against densely populated targets. Similarly, so far as 

mass casualties are concerned, bacteriological (biological) weapons could, in SOme 

circumstances 3 have far more devastating effects than chemical weapons, and 

effects which might extend well beyond the zone of m,ilitary operations e 

367. From the military point of view, one essential difference between 

anti-personnel chemical and. bacteriological (biological) weapons on the one hand, 

and a conventional high explosive weapon on the other (including small arms and 



the whole range of projectiles), is that the area of the effects of the latter is 

more predictable q There are, of course, circumstances where from the Point of 2 .’ 
view of the individuals attacked, an incapacitating gas would be iess damaging 
than high explosiVeS. an the other hand, whereas military forces can, and do, 

rely entirely upon conventional weapons, no Country, as already observed, could 
entrust i*tS military Security t0 Eli?. armoury of chemical and bacteriological 

(biological) weapons aLone I The latter constitute only one band in the spectrum 

of weapons. 

368. As Previous chapters have also shown, neither the effectiveness nor the 

effects of chemical and bacteriological (biological) weapons can be predicted 

with assurance O Whatever military reasons might be advanced for the use of these 

weapons, and whatever their nature, whether incapacitating or lethal, there 

would be significant risk of escalation, not only in the use of the same type 

of weapon but also of other categories of weapons systems, once their use had 

been initiated. Thus, chemical and bac,teriological (biological) warfare could 

open the door to hostilities which could become less controlled, and less 

controllable, than any war in the past. Uncontrollable hostilities cannot be 

reconciled with the concept of military security, 

$9. Since some chemical and bacteriological (biological) weapons constitute a 

major threat to civilian populations and their food and water supplies, their 

use cannot be reconciled with general national and international security. 

Further, because of the scale and intensity of the potential effects of their 

use, they are considered as weapons of mass destruction. Their very existence 

thus contributes to international tension without compensating military 

advantages. They generate a sense of insecurity not only in countries which 

might be potentially belligerent, but also in those which are not. Neutral 

NUntrieS could be involved through the use of chemical and bacteriological 

(biological) weapons ) especially those whose territories bordered on countries 

involved in conflict in the course of which chemical and bacteriological 

(biological) casualties had been suffered by garrisons and civilians close to 

frontiers . The effects of certain bacteriological (biological) weapons used 

on a large scale might be particularly difficult to confine to the territory Of 

a small country. Large-scale chemical and bacteriological (biological) agents 
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and chemical agents might be used for acts of sabotage - Such events might occur 

as isolated acts, even carried out in defiance of the wishes Of national leaders 

and military commanders. The continued existence and manufacture of chemical 

weapons anywhere may make such occurrences more likely. 

370. Obviously any extensive use of chemical weapons would be known to the country 

attacked. The source of the attack would probably also be known. On the other 

hand, it would be extremely difficult to detect isolated acts of sabotage in 

which bacteriological (biological) weapons were used, especially if the causative 

organism were already present in the attacked country. Because of the suspicions 

they would generate, acts of sabotage could thus provoke a conflict involving the 

widespread use of chemical and bacteri.olog&al (biological) weapons. 



Annex 4 

EC()TJC!$lIC LOSS FROM WSSIBLE TJSE OF CHEMICAL AMD '~~AC'L'.ER~KH.~JGICAL 
(BIOLCCUXL) mA?onrs AGATNsT CROPS 

Table 1 -.--_ 

Econorflir: LOSS WhiCh COLdd. YXSV.J.t froii’l the Use Of Cbf%iCa~ weapons due to 

the ;lestmction of crops per hectare of land 

Cotton 
Rice 

Wheat 

Apple-tree 

3 6~0 1,eco 

i 5 54 420 

3 69 207 

30 140* 8,4.00-E 
----~--- /-- - 

* Will not produce apples for two years 1 

Table 2 

Economic loss due to the use of bacteriological 
(biological) weapons against crops 
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CONCLUSION 

371. All weapons of war are destructive of human life, but chemical and 

bacteriological (biological) weapons Stxd in a class of their own as armaments 

which exercise their effects solely on living matter. The idea that 

bacteriological (biological) weapons could deliberately be Used to spread 

disease generates a sense of horror. The fact that certain chemical and 

bacteriological (biological) agents are potentially unconfined in their effects, 

both in space and time, and that their large-scale use could conceivably have 

deleterious and irreversible effects on the balance of nature adds to the sense 

of insecurity and tension which the existence of sthis class of weapons engenders. 

Considerations such as these set them into a category of their own in relation 

to the continuing arms race. 

372. The present inquiry has shown that the potential for developing an armoury 

of chemical and bacteriological (biological) weapons has grown considerably in 

recent years 9 not only in terms of the number of agents, but also in their 

toxicity and in the diversity of their effects. At one extreme, chemical agents 

exist and are being developed for use in the control of civil disorders; and 

others have been developed in order to increase the productivity of agriculture, 

But even though these substances may be less toxic than most other chemical 

agents, their ill-considered civil use, or use for military purposes could turn 

out to be highly dangerous. At the other extreme, some potential Chemical agents 

which could be used in weapons are among the most lethal poisons known. In 

certain circumstances the area over which some of them might exercise their 

effects could be strictly confined geographically. In other conditions some 

chemical and bacteriological (biological) weapons might spread their effects 

well beyond the target zone. No one could predict how long ,the effects of certain 

agents, particularly bacteriological (biological) weapons might endure and spread 

and what changes they could generate. 

373 Q Moreover 1 chemical and bacteriological (biological) weapons are not; a cheap 

substitute for other kinds of weapon. They represent an additional drain on the 

national resources Of those countries by which they are deve]_oped, produced and 

stockpiled. The cost Cannot of course be estimated with precision; this would 



depend 011 the pD”iential of a C3UlltYy’s industry. To sJ!ne the cost might be 

tolerable; to others it w*uJ-~ be crippling, particularly, as has already been 

shown, when account is taken of the resources which would have to be diverted 

to the devel,Dpmen’t of testing and delivery systems. And no system of defence, 

even for the richest COUll'trieS in the world, and whatever its Cost, could be 

completely secure. 

374. Because chenlicL?1 and batteriological (biological) weapons are unpredictable 9 

in varying degree, either in the scale or duration of their effects, and because 

no certain deferxe can be planned against them, their universal elimination would 

not detract from any nation’s security. Once any chemical OY’ bacteriological 

(biological) weapon had been used in Tqarfare, there would be a serious risk of 

escalation, both :i.n the &Se of more dangerous weapons belonging ;to the same class, 

and of other weapons of mass destruction. In short, the development of a chemical 

or bacteriological (biological) armoury, and a defence, implies an economic burden 

without necessarily imparting any proportionate compensatory advantage to security. 

And at the same time it imposes a new and continuing threat to future international 

security. 

375. The general conclusion of the rei>oYL can thus be summed. up in a few lines. 

Were these treapons ever *to be used on a large scale in war, no one could predict 

how enduring the effects would be, and how they would affect the structure of 

society and the environment in which we live. This overriding danger would apply 

as much to the country which initiated the use of these weapons as to the one 

which had been attacked, regardless of what protective measures it might have 

taken in parallel with its development of an offensive capability. A particular 

danger also derives from the fact that any country could develop x acquire, in 

one way or another, a capabili.b,y in this type of warfare, despite the fact that 

this coulcl prove costly. The dallger of the proliferation of this daSS Of 

weapons applies as much to the developing as it does to developed Countries, 

3%. The ~~ornentum of the arms race would clearly decrease if the production *f 

these weapons were effectively and unconditionally banned. Their use, which 

could cause an enormous loss of human life, has already been condemned and 

Prohibited by international agreements, in particular the Geneva Protocol of 1925, 

and, more recently, j.11 resolutj-ons of the General Assembly of the United Nations. , 
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PROTOCOL FOR THE PROHIBITION OF THE USE IN WAR OF 
ASPHYXIATIXG, FOISONOUS OR OTHER GASES, AND OF 
BACTERIOLCGICAL METH@DS OF WARFARE. SIGNED AT 

GENEVA, 17 JUNE 1925 

igned plenipotentiaries, in the name of their respective ‘“The under s 

Governments : 

Whereas the use in war of asphyxiating, poisonous or other gases, and of al]. 

analogous liquids, ma’krials or devices, has been justly condemned by the genera.1 

opinion of the civilized world; 

Whereas the prohibition of such use has been &clared in Treaties to pJM,ch 

the majority of Powers of the world are Parties; and 

To the end that this prohibition shall be universally accepted as a part 

of International Law, binding alike the conscience and the practice of nations 

Declare : 

That the High Contracting Parties, so far as they axe not already 

Parties to Treaties prohibiting such use, accept this prohibition, agree 

to extend this prohibition to the use of bacteriological methods of 

warfare and agree to ‘be bound as between themselves according to the 

terms of this declaration. 

The High Contracting Partie s will exert every effort to induce other 

States to accede to the present Protocol. such accession will be notified to 

the Government of the French Republic, and by the latter to all signatory and 

acceding Powers, and will take effect on the date of the notification by the 

Government of the French Republic a 

The present protocol, of which the French and English texts are both 

authentic 9 shall be ratified as soon as possible. It shall bear today’s date- 

The ratifications of the present Protocol shall be addressed to the 

Government of the French Republic, which trill at once notify the de,posit of 

such ratification to each of the signatory and acceding Powers. 

The instruments of ratification of and accession to the present Protocol 

will remain deposited in *the archives of the Government of the French Republic. 

The present Protocol will come into force for each signatory Power as from 

the’date of deposit of its ratification, and, from that moment, each Power will 



be bound as regards other powers which have already deposited their 

ratifications 0 

In witness whereof the Plenipotentiaries have signed the present Protocol, 

Done at Geneva in a single copy, the seventeenth day of June, One Thousand 

Nine Hundred and Twenty-Five. 

I . . . 



RESOLUTION 2162 B (XXI) 

The General Assembly, 
_ 

Guided by the Principles of the Charter of the United Nations and of 

international law, 

Considering that weapons of mass destruction constitute a danger to all 

mankind and are incompatible with the accepted norms of civilization, 

Affirming that the strict observance of the rules of international law on -cl 
the conduct of warfare is in the interest of maintaining these standards of 

civilization, 

Recalling that the Geneva Protocol for the Prohibition of the Use in War --) 
of Asphyxiating, Poisonous or Other Gases, and of Bacteriological Methods of 

Warfare, of 17 June 1925, has been signed and adopted and is recognized by 

many States, 

Noting that the Conference of the Eyghteen-Nation Committee on Disarmament ---- 
has the task of seeking an agreement on the cessation of the development and 

production of chemical and bacteriological weapons and other weapons of mass 

destruction, and on the elimination of all such weapons from national arsenals, 

as called for in the draft proposals on general and complete disarmament now 

before the Conference, 

1. Calls for strict observance by all States of the principles and -- 
objectives of the Protocol for the Prohibition of the Use in War of 

Asphyxiating, Poisonous or Other Gases, and of Bacteriological Methods of 

Warfare, signed at Geneva on 17 June 19225, and condemns all actions contrary 

to those objectives; 

2. Invites all States to accede to the Geneva Protocol of 17 June 1925. --- 

ILL84th plenary meeting, 
5December-m. - 



-120- 

RESOLUTIOJ5f 2454 A (XXIII) 

The General Assembly, -I-Y 
Reaffirming the recommendations of its resolution 2162 B (XXI) calling ----- 

for strict observance by all Sta.tes of the principles and objectives of the 

Protocol for the Prohibition of the Use inWar of Asphyxiating, Poisonous or 

other Gases) and of Bacteriological Methods of Warfare signed at Geneva on 

1-7 June 1925, condemning all actions contrary to those objectives and inviting 

all States to accede to that Protocol, 

Considering that the possibility of the use of chemical and bacteriological --..--- 
weapons constitutes a seri0u.s threat to mankind, 

Believing that the people of the world should be made aware of the -----A 
consequences of the use of chemical and bacteriological weapons, 

Bcving ZEzidered the report of the Eighteen-Nation Disarmament Committee -- 
which recommended that the Secretary-General appoint a group of experts to study 

the effects of the possible use of such weapons, 

Noting the interest in a report on various aspects of the problem of -CM”- 
chemical, bacteriological and other biological weapons which has been expressed 

by many Governments and the welcome given to the recommendation of the Eighteen- 

Nation Disarmament Committee by the Secretary-General in his Annual Report for 

1967-68, 

Believing that such a study would provide a valuable contribution to the I-- 
consideration in the Eighteen-Nation Disarmame,nt Committee of the problems 

connected with chemical and bacteriological weapons, 

recalling the value of the report of the Secretary-General on the effects 

of the possible use of nuclear weapons, 

1. Requests the Secretary-General to prepare a concise report in ------ 
accordance with the proposal in Part II of his Introduction to the Annual Report 

for 1967-68 and in accordance with the recommendation of the Eighteen-Nation 

Disarmament Committee contained in paragraph 26 of its report (d0cumen.t A/7189); 

2. Recommends that the report be based on accessible material and prepared ---- 
wi.th the assistance of qualified consultant experts appointed by ‘r;he Secre’cary- 

General> taking iilto account the views expresse d and the suggestions made cZuring 

the discussim of this item at the twenty-third session of the General Assernbiy; 

/ , , . 
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3, calls upon Governments, national and international scientific 
z - 

institutions and organizations to co-operate with the Secretary-General in the 

preparation of the report; 

4. Requests that the report be transmitted to the Eighteen-nation --- 
Disarmament Committee, the Security Council and the General Assembly at an early 

date, if possible by 1 JUlY 1969, and to the Governments of Member States in time 

to permit its consideration at the twenty-fourth session of the General Assembly; 

5* c- 

Recommends that Governments give the report wide distribution in their 

respective languages, through various media of communication, so as ta acquaint 

public opinion With its contents; 

6. Reiterates its ca.LL for strict observance by all States of the -_-- 

principles and ob jectivca of the G,eneva Protocol of I-7 June 1925 and invites 

all States to accede to that Protocol. 

1750th plenary meeting, 
20 De~-e%%?@~ -___I.-.- 
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