IIWJ”;

UNITED NATIONS

SECURITY
COUNCIL

Dist>.
GINER.L

8/6e02
1 July 1969

ONIGINAL:  ENGLISH

REPORT OF M1E SECRETARY CGENERAL O CHEMICAL AND BACTERIOLCGICAL
(BIOLOGICAL) WEAPOWS AND THE 77FECTS OF THEIR FOSSIBLE USE

Pursuant to Ceneral Assembly resolubion 2L54 A (XXIII) of 20 December 1968,
the Secretary-General has the hoaour to transwilt herewith to the Security Council
the report on chemical and bactericlogical (biological) weapons and tihe effects
of thelr pogsible use, prepared with the assilstance of‘qualified consultant
experts. ‘ .

In accordance with paragraph 4 of the resolution, the report iz also being
transmitted to the General Assenmbly (A/7575) and the Conference of the Tighteen-

. . , o 1 . . .
Ngtion Coammittes on Dlsarmamentm/ a8 well as to the Govevnments of Member States.

l/ By a letter dated 1 July 1969 from the Sccretary-General to the Co-Chairren
of the Conterence.

601500




~iii-

TABLE OF CONTENTS

e ... Page
FOREWORD EBY THE SECRETARY~GENERAL » & v o 4 o o o o o o o o ¢ v o o o o o o « viii

LETTER OF TRANSD‘lITTAL ® 4 9 ¢ ® s @ 0o & o & e » = e & 8 8 & & 6 & & 5 8 wm 0 Xili
INTRODUCTION e ® s s+ 4 w @ 2 A @ © e & & u a B ¥ ¢ 8 & 2 a4 @ & & 4 @ s = & & 1

CHAFTER I: THE PBASIC CHARACTERISTICS OF CHEMICAL AND BACTERIOLOGICAL
(BIOLOGICAL) MEANS OF VARFARE 4 4 4 v o o o ¢ o « o o « s o s s+ 6

A. CHARACTERISTICS OF CHEMICAL AND RACTERIOLOGICAL (BIOLOGICAL)
‘JEAPONS @ & 8 % & B e ® & 9 e G A ®W & s & ¥ W &2 e & € & o w & s a4 6 .

1., Differences between chemical and bacteriological (biological)
Wal’f&l’e [ s . * @ y @ + a 4 . ° . & e ¢ & ¢ o8 v @ ° . e

Potential Loxicity +« o v ¢ o o o o 0 o 4 8 5 0 0 s e 4 8 e 0 w s
Specd Of actlon w « v o 4 s 4 0 s 4 4 e 0 0 s o w s e e e
Duracion of offect v o ¢ o o 5 o o o 8 ¢ o 5 '« » ¢ 8 o v 5 o s

Bpecificily 4 +» o 4 o o o « @ 4 ¢ 4 s a 4 & 4 4 4 e s o4 8w 0

O W o @O oo

Contbrollability & v v v ¢ o o o o o o o o o o 8 o s 0 4 40 ..

P\e Sidll(tl e 1":1”(.‘30‘5 S & ¢ o o 4 o ¢ © o & v v & & « ¢ 4 ¢ 4 ¢ & « @ » lo

2, Technolory of chemical and bacteriological (biological)

Wal"fc'._l_l_"_g‘_ . . . L] ° . o [l . ] . " ' Y a ° v . . . 3 . ' . 3 . . 1.0
3, Chemical and bacteriological (biological) weapon systems « « o o« LL

B. CONCEFTS OF THE USE OF CHEMICAIL AND BACTERIOLOGICAL (BIOLOGICAL)
.‘I\I]—T‘LAPONS IN ‘JAR L4 L) a L @ . o . L K Ld L L4 L] . L4 L] L] . L4 L] L) . - v L] L] 12

L. Chomical WEaDOTE « o« « o o o o o o o o o o o s s o s o o « o o o 12

2. Bacteriolosical (biological) WEADONE o« & 5 u s o ¢ & o &« 2 v o o« L3
C. CHEMICAL AND RPACTEIRTOLOGICAL (BIOLOGICAL) AGENTS 4 v v v o v o v o o 15

l. Cl’len1ical a[’;el’l‘ts . L] . a L) L] 1] " Ll - [ K L] . L3 L4 * ° » ¢ .‘ L] . * :LS

Agents affecting mon and animals o o o v ¢ o o o ¢ 0 o s 2 0 » o 1D
Agents a‘ff@c’bing‘ Plants ¢ ¢ & 8 3 & & 6 & ® % s 4 6 v B s s s 16
Methods OF ACLiVETY o » o o o o o v o o o s o o o o o u oo oo 16

2. Bacteriolomical (biological) agents .« « « o v o o v o ¢ 0 4 o « 19

The selection of agents for use in warfar€ « « « « v o = o 4« o 19
Apents affecting Man . o+ « o « o o o o o o 0 « s 0 = o 5 o 4 4 3 19
Agents affecting animals o o o o o o a0 o o o 6 v ¢ 0 0 &0 0 4 4 o 21
Agents affecting plonts o w o e w o o a0 v e 0 0 0 0 g e w0 e 21
Methods Of Jd@liVEYY « o o o o o o o 5 & s o & 5 s &+ ¢ 8 o o o » e2



V-

TABLE OF CONTTNLS (continued)

. DEFENCE OF MAN AGATNST CHEMICAL AND BACTERIOLOGICAL (BIOLOGICAL)

AG’ENTS ¢ 9 @ v w5 ¢ o o @& 4 » e 4 @ ¢ o 3 o ® e . ¢ @ . ° LI

1. Medical protecticl o o o o o o o o s o o 0 0 @ 0 e v e .

Chemical 8thACKS ¢ o o o o o v o o a « ¢ o ¢ ¢ & + 0 o &
Bacteriologicel (biological) atbtacks « o+ » o o & o v o & o

2. Detection and waraing . . . 4 v s v s 8 v 8 s 8 s a s s s

Chemical abttacks v o o o o o 0 0 s 0 v o 0 s & s o 0 0

Bacteriological (biological) attacks + o ¢ v o o v o o

Individual protection .+ « « o & o o o &+ o o = & ¢ « & o
Collective or communal protection .+ o o o o o ¢ 4 & o o .

L, Decontaminabtion + ¢ o o o « & & 4 & v 4 o o o ¢ v v & o

Chemical agente « v o v ¢ o 5 o v ¢ o s s o o a &« o & o o
Bacteriological (biological) agents o« + « o o o o o & o &

T, PROTECTION OF DOMESTIC ANIMALS AND PLANTS AGATINST CHEMICAL AND
RACTERIOLOGICAL (BIOLOGICAL) ATTACKS o 4 o v o s « 4 « o o o

1. Chemlcal attacks v o o v & ¢« % o o 5 o s o o o o + o o o a

2, Bacteriological (biological) attacks « « v s o o o o o o

Al’limals‘,n._..oa....,n\.«..».n......a

Plaﬂts @ & ¢ a4 & 9 & 9 & ® ° B & a2 s L T ) » ¢« . [l . o L]

pr Ph}/“SiCEtl TJl“OtOCthH 5 v & e & @ 4 & @ ¢ 8w & ¥ ¢ 4 4 v e

o

a

. “

Annex A: Early Warning Systems for Alr-borne Bacteriolopical

(Biological) AEENtS . .+ v « o o+ v o0 o « o o o

‘CHAETER II: THE PROBABLL EFFECIS OF CHEMICAL AND BACTERIOLOGICAL

(BIOLOGICAL) WEAPONS ON MILITARY AND CTIVILIAN PERSONNIL,
BOTH PROTECTED AND UNPROTECTED , . . . .

A, THE EFFICTS OF CHEMICAL AGENTS ON INDIVILUALS AND POFULATIONS .

1, Effects of lcthal chemical agents on individuals . .

. [

Nerve agents o » o v v & v o &

K LI . a L L} LI ] « . " [
Blister agents or vesicants . . .

Qther lethal agents ., . . , .

¢ o o a L) “« e e L]

¢ a LI L o *

a *

. e

Page

J



B.

L

THE
AND

1.

TABLE OF CONTENTS (continued.)

Bffects of lethal agents on populavions . . .

“

Effects of nerve gas on protected troops in combat . .

Effects ¢f nerve gas on a military target in th

Lffects of a nerve gas attack on a town ., . .

Effects of incapacitating chemical agents . .

Tear and harassing gasSes o + o s v o o o & o
TOHING o o o v o o s o o 5 v o o » s« 5 o s &
Psychochemicals o v v o ¢ o v v o o v @ o o

.

Other erfects of chemical agents . v « o v o

1.0

LJ;.[‘.GC"’:JS OrL aninlals v e 4 4 & & 8 4 u & & & & 9
Effects on plants o o« v o v o 5 o o s o o » 4

EFFECTS OF BRACTERIOLOGILCAL (BIOLOGICAL) AGENTS
POPULATIONS v o o o v o o 4 o o 4 4 u o o o

iffects on individuals o ¢ ¢« o ¢ o & 2 s & » 4

Possible bacteriological (bimlogical).agents .
ANERIQY o o o ¢ » 8 a o & o 4 o o v v o
Coceldioldomycosis .« o v & o o & o o+ o
PLAgUE 4 & ¢ o o s 2 s % o & o o o s o 4
QuleVEL 4 ¢ 4 o v 4 0 o « 4 o v o o o o
Tularaemla o« » o o ¢ o o 6 ¢ o 3 o o s
Venczuelan equine encephalitis virus (VEE)
Yellow TEVEY « v o v o o o n & = 8 s o o

Lffects on populaltlons o o+ o 4 o s = o o ¢ o

Iffects on animals v ¢ s o o o« o o o o a o « o .

Effects on nlants . v v ¢ « v 4 ¢ o & o « o

.

.

Factors influencing the effects of bacteriological

.

.

attackse o & v ¢ o 4 o ¢ 4 4w e 8 0 e o @ s
Ixotic diseaSes v ¢ o o 4 v & s o o o o 4 o &
Altered or newv diseases « 4 4 o 4 v & o2 e v
Epidemic spread o 4 o o o 4 ¢« o 0 w4 & 2 e s
Suscepbibility of population « o o « « ¢ & & o
Populaticrs of increased vulnerability . . . .

Malnutrition .+ o 4 o e % % o v » v o o

Housing and clothing « « « ¢ v o o « o &
Social effects and public health measures

4o

)
b
Ly
45
45

Paga

46

b7
W7
LT

62
62
62
63
63

6h

6L
6h
64

/oo



CHAFTELR IIT:

‘A.ﬂv
1.

B. THE INFLULNCE OF ATMOSPHERIC FACTORS ON CLCUDS OF AEROSOLS CR
VAPOURS o + 4 o o o « & o v o s « 2 o a o o « o« « o o e
L. Stéte bf the atmosbhere e e s s e s s s h s e s a e e s
2. Urban areas . « + o o ; e s e o e s e e a6 s 4 w4 e
3. Effect of wind and topography .+ ¢ ¢ a6 o ¢ s o o o o
L, Example of combined effects of wind and the state of the
atmosphere on a cloud ¢« o o o o G v 9 e 4 5w e
» 5.> Special features of béctgriolo iéal (biclogical) aerosols
C. INFLUENCE OF ATMOSPHWRIC FACTORS ON CHIMICAL AGENTS . . . .
. 1. Influence Jf bpmpcrature s e s e e e e v e s ‘.u “ o
2.‘ IHLJQEQCC of humidity @ ¢ 6 ¢ 4 ¢ o o o o 5 o o & o o &
B.v Influence of atmogpheric precibitatién o s e e s e .
v by Influence of Wind oo« e b b v b e e e e e e e e e e
5. Influence of’soilmdependent Tactors .« + s o+ o P
Nature of the 801l o v o v v 4 v v 0 n b e e e e e .
W@Mﬁﬁﬂn.. . e s ..Q e e e e e e e e e e e e
_ Urban arees . .., T
D.,”IBFLULNCE OF ATIOSPHERIC FACTORS ON BACTERTOLOGICAL (BIOLOGICAL)
AGENTS « v 0 v v s v v o b e o e e e e e e e e e e e e e e
1. Influencé of temﬁerature‘. e 0 e s s w s e e e e e e
2. influeﬁce Of bumldiby o« o v 4 v v e e e e e e e e ..
5. Influence Qf solar radiation o o o v v v 4 0 e 8 . . . .
" L. Influence of atmospheric precipitation . . . . . . . . .
5. Influence of the chemlcal composition of the atmosphere

Annex B:

-y

TABLE OF CONTENTS (continucd)

Annex A:

Chomical Properties, Formulabions and Toxicities of

Lethal Chemicel Agents .

Tear and Harassing Gases .

Annex C:

"

. o & & a s “ @

5 4 W e LI v . 9

Some Biological Agents that May be Used to Attaclk

e & o u e 8

“-"1'0.1’1 e s 8

BUVIRONMLNLAL FACTORS AFFECTING THE U

RACTERIOLOGICAL (BIOLOGICAL) WEAFONS
GINERAL CONSIDERATIONS o o o v o ¢ ¢ 4+ &

Phenomena associated with the dispersal of

»

.

o e - 0 . 9 a u L]

SE OF CHEMICAL AND

a v @ v . @

~ pacteriological (biological) apents

-

LI ¢ w “« @ v a -

General effects of climate . ,

6 & &4 @ . » .

'3

66
68

69

7L
71

86
67
8T
88
89
89
89

Page



~yii-

TABLE OF CONTENTS (continued)
Page

CHAFTER IV: POSSIBLE LONG-TEEM EFFECTS OF CHEMICAL AND BACTERTOLOGICAL
(BIOLOGICAL) WARFARE ON HUMAN HEATTH AND ECOLOGY . . « « « + . 90
A‘ INTROLUCTION . . 4 LS L . . . . e . . ° 2 LI ) [ e & @ . . © o & ° 90
B. CONSEQUENCES TC MAN OF UPSKITING THE ECOLOGICAL EQUILIBRIUM . . . 9L

¢. POSSIBLE LONG~TERM EFFECTS OF CHEMICAL AND BACTERIOLOGICAT,
(RIOLOGICAL) MEANS OF WARFARE ON MAN AND HIS ENVIRONMENT . . . . . 93

l. ChEI’lliCal WCAPTONE s o v o & 6 4 o o o o s & » o 4 & » @ 8 e e 2 93

2. Bacteriological (Biological) Ueapons . « v « v v v v 2 v o o o 05

Agail’l‘dt Wman P & & 8 8 4 3 3 6 & 8 © & @ & A » & ¢ & 2 vt s & u 95

Apainst domertic andmals o v 0 L v b 4 s e b e e w s e e e .. 9B

Against CrOPE v 4 o 4 6 v v b v e m e e e e s e e e e e e w99
3. (Genetic and carcinogenic Choiges © v o o o o o o o o « + o » o 101
CHAFTER V: ECONC¢iIC AND SECURTTY IMPLICATLIONS CF THE DEVELOPMENT,

ACQUISITION AND POSSIBLE USE OF CHEMICAL AND RACTERIOLOGICAL
(PIOLOGICAL) WEAPONS AND SYSTEMS OF THEIR DELIVERY . + » » o o 102

A. INTRODUCTION + v v « v o v o 0 o s s o o o o o o 0 o o s « o o o o 102
Be PROLUCTION W & v v 6 v v s o v w0 o o s s o o o o o s o o s « o 102

L. Chemical. WeaADONE v v ¢ o v ¢ o o » s o & s v v o s o & o o « & 102

2. Bacteriological (biologlcal) Weamons + « o + o « o « o o o « o 104

X C. DELIVEEY SYSTIMS o o o « o « o o o o 5 s o o ¢ v o s o 2 s ¢ o & » 105
Do PROTECTION 4 o « o o o o s o o o o o s o n o o o s v o o o o v o« 106
E. COST TO SOCTLETY '« & v o o o o o 2 o s o o o o o o s 2 o o« o o o & ¥OT

F. THE RELEVANCE OF CHEMICAL AND BACTIERIQLOGICAL (BIOLOGICAL) WEAPCONS
TO I.VIILIT-ARY [\ND CIVIIJ SECURITY L] L '3 v [l * I [} + * » . [} ] (] L) L] 1] llo
Annex A: TFeoncomic Loss from Possible Use of Chemical and
Bacteriological (Riological) Weapons against Crops « « » 113

CONCLUSI ON . L) . " @ L] “ - » . . » » ° . - - . “ » » 3 + L] . ’ Ll . L) . . » llh‘

APPENDICES 4 8 8 e e v a3 4 e A e 4 & s e & & A ¢ @ 4 & 5 ¢ & B € 3 0 s ¢ 117
Geneva Protocol of L7 June 1925 v v o v o o n o s o 6 s o s o o o » o L7
General Assembly resolution 2162 B (XXI) o o v o s o o « s o o a o o « 119

General Assembly resolution 2454 A (XXITI) o v v v v v v v v o v w o« 120

BIBLIOG’RAPHY ¢ 8 4 e & ¢ ¥ » e B @ o W e ¥ s s 8 » & ¥ @& = 4 2 o'- s 8 » » ]-22

/lé!



~yiii-

TFOREWORD BY THE SECRETARY-GENERAL

During the past few years, I have become increasingly concerned by developments

in the field of chemical and bacteriological (biological) weapons and have given

expression to this concern on several occasions, A year ago, I stated publicly

that "the international community was not sufficiently conscilous of the dangers

inherent in this new type of weapon of mass murder", 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 1968, I stated:

"While progress is being wade in the field of nuclear disarmament, there

is another aspect of the disarmement problem to which I feel too little
athention has been devoted in recent years. The question of chemical and

biological weapons has been overshadowed by the guestion of nuclear weapons,
yhich have a destructive power several orders of magnitude greater than that
of chemical and biclogical weapons. DNevertheless, these too are weapons of
mass destruction regarded with universal horror. In some respects, they 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, mey have access to these weapons, which can be manufactured quite

cheaply, quickly and secretly in small laboratories cr 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 QOther Gases and of

Bacteriological Methcds of Warfare, there have been many sclentific and

technical developments and numerous improvements, if that is the right word,
in chemical and bioclogical weapons, which have created new gituations and new

problems. On the one hand, there has been a grealt increase in the capabil

ity

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 call
for the strict observance by all States of the principles and objectives o
the Geneva Protocol of 1925, condemned all actions contrary to those

ed
£

objectives and invited all States to accede to the Protocol, Ouce again, I

vould like to add my voice to those of others in urging the early and comp

implementation of this resolution. However, in my opinion, much more is

needed,,,.”

At 1ts tventy-third session, by resolution 2454 A (XXIII), the General Ass
requested me to prepare, with the assistance of qualified consultant experts, &

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

lete

embly

the

oo
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proposal. contained in the introduction to my amnueal report on the work of the
organization (A/?EOl./Add.l)9 and in accordance with the recommendation contained
in the report of the Conference of the Eighteen-WNation Copmittee on Disarmament “
of 4 September 1968 (A/7189).

In pursvance of this resolution, T appeinted the following group of fourteen
consultant experts to assist me in the preparation of the repait: Dr. Tibor BRBakacs
Professor of Hygiene, Director-General of the National Institute of Public Health,
Budapest; Dr. Hotse C. Bartlema, Head of the Microbiological Department of the
Medical~Biological Laboratory, National Defence Research Organization TNO,
Rijswljk, Netherlands; Dr. Ivan L. Bennett, Director of the Wew York Univergity
Medical Center and Vice-President of Medical Affairs, New York University,

New York; Dr. 8. Bhagavantam, Scientific Adviser to the Minister of Defence, New
Delhi; Dr. Jiri Franek, Directqr of the Military Institute for Hygiené,
Epidemiology and Microbioclogy, Prague; Dr. Yosio Kawakiba, President of Universlty
of Chiba, Professor of Bacteriology, Chiba City, Japan; Il. Victor Moulin, Ineénieus

en chef de l'armement, Chef du Bureauv Défense chimique et biologique, Direction

technique des_armements terrestres, Saint Cloud, France; Dr. M.K. McPhail, Director

of Chemical and Riological Defence, Defence Chemical, Biological and Radiation
Leboratories, Defence Research Board, Ottawa; Academician 0.4, Reutov, Professor
of Chemistry at the Moscow State University, Moscow; Dr. Guillermo Soberon,

Director, Instituto de Investigaciones Bicmedicas, Universidad Nacional Autonoma

QgﬁMq&%gg, Mexico City; Dr. Lars-ivik Tammelin, Chief of Devartment for Medicine
and Chemistry, Research Institute for Naticnal Defence, Stockholm; ‘

Dr. Berhane Teoume-Lessane, Medical Co-Director and Head of Department of Viruses
and Rickettsiae, Imperial Central Laboratory and Research Institute, Addis Ababaj
Colonel Zbigniew Zoltowski, Professor of Medicine, Epidemiologist and Sclentific
Adviser to the Ministry of National Defence, Warsaw; Sir Solly Zuckerman, Chief
Scientific Adviser to the Government of the United Kingdom, Professcr Emeritus,
University of Birmingham.

Mr. William Epstein, Director of the Disarmament Affairs Division, Department
of Political and Security Council Affairs, served as Chairman of the Group of
Consultant Experts. Mr. Alessandro Corradini, Chief of the Commititee and Conference
Services Section, acted as Secretary of the Group. He wes assisted by members of

the Disarmament Affairs Divigion.



After giving due consideration to the terms of the regolution and to the views
expressed and the suggestions made during the discucsion of the guestion at the
twenty-third session of the General Assembly, I reached the conclusion that the
aim of the veport should be to provide a scientifically sound appraisal of the
effects of chemical and bacteriological (biological) weapons and should serve to
infom Governments of the consequences of their possible use. Within this
over-all framework, the report would furnish accurate information in a concise
and readily understandable Torm on the following matters: the basic characteristics
of cheriical and bacteriological (biological) means of warfare; the probable effects
of chenical and bacteriolozical (biological) weapons on military and civil
perscnnel, hoth protected and unprotected; the environmental factors affecting
the employment of chemical and bactericloglcal (biological) means of warfare;
the possible long-term effects on human health and ecology; and the economic and
security implications of the develownment, acquisition and possible use of chemical
and bacteriological (biological) weagpons and of systems for their delivery.

The consultant experts to whom I conveyed these terms of reference accepted
them as the basis for their study.

It was my intention that the Group of Consultant Experts should survey the
entire subject from the technical and sclentific points of view, so that the
report could place thege weapons in proper perspective. It was alsc my hope that
an avthoritative report could become the basis for political and legal action by
the liembers of the United Nations.

As the report was to be made available by 1 July 1969, very concentrated efforts
by the consultant experts were requived in order to coVer this extensive field.

The members of the Group, acting in thelr perscnal capacities, carried out this
demanding task at three sessions between January and June 1969,

. The Group had the benefit of valuable submissions 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). I wish to
express my grateful appreciation to all the consultant experts for their dedicated
work and %o the organizations and bodies who co-operated in the preparation of the

study.

/...
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The Group has submitted to me a unanimous report embodying its findings and
conclusions. T wish to avail myself of this opportunity to express my gratificatior
for the very high level of competence with which the consultant experts have
discharged their mandate. In a very short period of time, they have produced a
study, which, in spite of the many complex aspects of the subject matter, is both
concise and authoritative. It is a document which, I bhelieve, provides valuable
insights into the grave dangers that are posed by the production and possible use

of these dreaded weapons.

I am particularly impressed by the conclusion of the consultant experts wherein
they state:

"The general conclusion of the report can thus be suimed 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 live. This overriding
tanger 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
measvres 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 capability 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 1t does to developed countries.

"The momentum of the 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 1925, 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 (biol@gical) agents intended for purposes
of war were to end and if they were eliminated from all military arsenals.

"If this were to happen, 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 1f these weapons were ever used, and that an aroused public will
demand and receive assurances 1hat Governments are working for the earliest
effective elimination of chemical and bacteriological (biological) weapons."

'Y

I have given the study prepared by the consultant experts my earnest

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

s
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and to transmit it to the General Assembly, the Security Council, the Eighteen-Nation
Committee on Disarmament and to the Govermments of Member States, as the report
called for by resolution 245h A (XHIII).

T alsc feel it incumbent upon me, in the hope that further action will be
taken to deal with the threat posed by the existence of these weapons, to urge
that the Merbers of the United Nations undertake the following measures in the
interests of enhancing the security of the peoples of the world:

To renew the appeal to all SBtates to accede te the Geneva Protocol of

1.
19255
2. To make g clear affirmation that the prohibiticn contained in the Cenevs

Protocol applies to the use in war of all chemical, bacteriological and
Diological agents (including tear gas end other harascing agente), whicl
now exist or which may be developed in the future:

9. To call upon all countries to reach agreement vo halt the development,
production and stockpiling of all chemical and bacteriological (biological)
agents for purposes of war and to achieve their effective elimination

fram the arsenal of weapons.



30 June 1969
Dear Mr. Secretary-General,
T have the honour tc subvilt berewith a unanimous veport on chemiecal and
1

pacteriological (biological) weerons witich was prepared in pursuance of

teneral Asserbly resolution 2hol A (AXITT).

The Consultant Experts apvoeinted in accordance with the Gensral Assembly
resolution were the following:
Dr. Tibor BAKACH Frofesser of Hyriene, Director-General of the
Motlonud Institule of Public Health, Budapest.

Dr. Hotse C. PARTLEMA Hewd of the Microbiological Department of
the L dleel-Piological Labovatory,
wlicnal Delence Research OLUQP'thlOU THNO,
Gldowlin, etherlande.

Dr. Ivan L. BENNETT Norector of the Mew Yors University Medical
Center arnd Vice-Tresident for Medical
ra. Now York University, New York

entific Adviger to the linister of
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INTROTUCT ION

1. In accordance with the resolution of the General Assembly 2h5h A (XXIII)

the Secretary-General was asked to prepafe, with the assistance of gqualified
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 characteristies 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 associlated 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 polsoning 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 1874 and the Hague Conventions of 1899 and 1907
prohibited the use of polisons and poisoned bullete 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
fev 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
atscale 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 Tirst 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 var in 1918, at least 125,000 tons of toxic chemicals were used, and according
to official reports gas casualties numbered about 1,300,000, of which about 100,000

were fatal. The agents which were used in this war were much less toxic than those,
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in particular nerve agents, which could be used today, and they were dispersed by
neans of relatively primitive equipment as compared with what is now availablé,

and in accordance with battlefield concepts of a relatively unsophisticated kind.
h’ Tt is true that a considerable effort has also been made ©o develop chemical

agents which have as their purpose not to kill but to reduce a man's capacity to

fight. 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 warfare they
weuld inevitably be employed as an adjunct to other forms of attack, and their
over~all effect might be lethal,

Se Since World War II, bacteriological (biological) weapons have also become an
increasing possibility. But because there is no clear evidence that these agents
have ever been used as modern military weapons, discussions of their characteristics
and potential threat have to draw heavily upon experimental Tfield and laboratory
data, and on studies of naturally occurring outbreaks and epidemics of infectious
disease, rather than on dirvect battlefield experience. Thelr potential importance
in warfare can be sensed when one remembers that infectious disease even as late

ag World War II caused numercus casualties.

6. The greater threat posed by chemical weapons today derives from the discovery
and manufacture of new, more toxic compounds. On the other hand, bacteriological
(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
there is a vast number of other possible agents, especially viruses, which have
been discovered only recently, and some of these also possess characteristics which
make their use possible in war. Increases in potency of these various types of
agent have been made possible by scientific and technological advances in microbial
genetics, experimental pathology and aerchiology.

7« As 1s well known, the use of toxic gases in World War 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 Geneve Protocol of 17 June 1925, which prohibits the use in war of
asphyxiating, 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

[on
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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 clvilian population which was not only completely unprotected, but which 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 or 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 (XXI) of 5 Decenber 1966
and 2454 A (XXITI) 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, Tt 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 remaln threatening so long as a number of States proceed with their
development, perfection, production and stockpiling.

9. 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 which
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

/...



bacteriological (biological) warfare, the experts have interpreted the word
"security" to mean both security in the narrow military sense, and security in
terme of the adverse and long-term efTfects which these weapons, glven they were
ever used, could have on the framework of civilized 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 clrcumstances to unpredictability, of their
effects. Depending on envirommental 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
put 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 - qulte apart from questions of protection ~
constitutes a real economic burden which varies in extent for different countries.
Above all their acquisition could not possibly obviabe the need for other weapons.
11. As chapters T 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 example,
from the impracticability of protecting soll, plants, animals and essential Food
crops agalnst 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, especlally of
civilian populations, cdul@ be expected not only because of the lack of timely
warning of the danger, but also because effective measures of protection or treabment

simply do not exist or cannot be provided on an adequate scale,
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13, Once the door was opened to this kind of warfare, escalation would in all

. 1ikelihood occur and no one could say where the process would end. Thus the

report concludes that the existence of chemical and bacteriological (biological)
weapons not only contributes to international tension, but that their further
development spurs the arms vace without contributing to the security of any nation,
1k, The present report will, in accordance with resolution 2454 A (XXITT), be
submitted to the Biphteen-Nation Committee on Disarmament to the Security Council
and to the General Assembly at its twenty-fourth session. We hope that it will
contribute to the implementation of measures which, in the final analysis , will
eliminate chemical and bacteriological (biological) weapons from all military

arsenals.
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CHAPTER I

THE BASIC CHARACTERISTICS OF CHEMICAL AND PACTERTOLOGICAL
(BIOLOGICAL) MEANS OF WARPARE

15. Since World War I, when chemical warfare was first resorted to on a large
scale, the variety and potency of chemical and bacteriological (biological)
weapons has grown steadily, and there has been a corresponding increase in 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 towic,
chemical compounds than were known fifty years ago. Since bacteriological
(biological) agents exist naturally, their increased potency as weapons has
resulted from a process of selection rather than from the production of
entirely new agents. As is explained in later sections of this report,
gselection has been made possible by advances in our knowledge of the genetics
of microbes, and through advances in experimental aerobilology.

16. The most significant result of these technical developments is the great
variety of injurious effect which these agents can induce, and the consequent
increase in the nunber and types of eituation in which there might be a

temptation to use them for military purposes.

' A, CHARACTERISTICS OF CHEMICAL AND BACTERIOLOGICAL (BIOLOGICAL) WEAPONS

17. For the purposes of this report, chemical agents of warfare are talken to
be chemical substances, whether gaseous, liquid, or solid, which might be
employed because of their direct toxic effects on man, animals and plants.
Bacteriological (biological) agents of warfare are living organisms, whatever
their nature, or lnfective material derived from them, which are intended to
cause disease or death in man, animals or plants, and which depend for their
effects on thelr ability to multiply in the person, animal or plant attacked.
18. Various living organisms (e.g, rickettsiae, viruses and fungi), as well as
bacteria, can be used as weapons. In the context of warfare all these are
generally recognized ag “bacteriological weapbns". But in order to eliminate
any possible ambiguity, the phrase "bacteriological (biological) weapons' has

been used throughout to comprehend all forms of biological warfare.
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19. All Dbiological processes depend upon chemical or physico-chemical reactions,
and what may be regarded today as a biological agent could, tomorrow, &8 knowledge
advances, be treated as chemical, Because they themselves do not multiply, TOXIns
which are produced by living organisms, are treated in this report as chemical
substances. We also recognize there is a dividing line between chemical agents

of warfare in the sense we use the terms, and incendiary substances such &8

napalm and smoke, which exercise their effects through fire, temporary deprivation
air or reduced visibility. We regard the latter as weapons whieh are Better
classified with high explosives than with the substances with which we awre

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

20. Finally, we recognize that both chemical and bacteriological (biological)
agents are designated either as lethal agents, that 1s to say, agents which are
intended to kill, or as incapacitating aéents, that is to say, agents which are
intended to cause disabllity. These terms are not absolute, but imply statistical
probabilities of response which are more uncertain with bacteriological (biological
_than with chemical agents. Not all individuals will die from an attack with a

glven lethal agent, whereas some , for example infants and people weakened by
malnutrition, disease or old age, as well as a high proportion of individuals

in special circumstances, for example following irradlation, might succumb

to an attack with incapacitating chemical or bacteriological (bioILOgical) agents.
With a few chemical agents, notably some tear gases (lachrymators), there is a
negligible probability of any fatal outcome, and these have been used by many
Governments to quell ric;ts and civil disorders. When used in this way they are
called riot control agents. Lachrymators have also been widely used in warfare

as harassing agents, in order to enhance the effectiveness of conventional weapons,

or to facilitate the capture of enemy personnel.

1. Differences between Chemical and Bacteriological (Biological) Warfare

21. Although there are some similarities between chemical and bacteriological
(biological) agents regarded as w‘eapons of war, they differ in certain important
regpects. These dlfferences are related to (l) potential toxicity; (2) speed of
action; (3) duration of effect; (4) specificity; (5) controllability; and

(6) residual effects.

[



Potential toxicity

22, 'Although more toxic then most well-known industrial chemicals, chemical
warfare agents are far less potent on a welght-for~weight bpasis 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-—fdr—weight,
bacteriological (biological) weapons could be expected to inflict casualties over
very much more extensive areas than could chemical weapons.

2L, PReing living organisms, bacteriological (biolOgical) agents are also very
much more susceptible to sunlight, temperature, and other envirommental 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, 2nimals
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
untll a few days have elapsed. On the other hand, a bacteriological (biological)
agent must multiply in the body of the vietim before diseage (or injury)
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‘ Oone or two days, and may be as long as a few

weeks Or even longer. For both chemical and bacteriological (biological) agents

% Milligram - 1/1,000 of a gram.
Microgram - 1/1,000 of & milligram.
Picogram - l/l,OOO ,000 of a microgram.
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the speed of action i8 affected by the dose (i.e., the quantity absorbed) but this
sécondal“y factor does not obscure the basic difference between the two classes of

agents in the time they take to manifest their effects.

puration of effect

06, The effects of most chemical agents which do not kill quickly do not last
long, except in the case of some agents such as phosgene and mustard, where
they might continue for some weeks, months or longer. On the other hand,
bacteriological (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
lagt for weeks or months and, depending on the agent and the species of

vegetation attacked, could result in death.

Specificity
27, While both classes Of agents can be used t0 attack man, animals or plants;
individvual 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 only. On the other hand, some diseases (for example,‘
brucellosis and anthrax) occur both in men and animals. However, chemical agents
are much less gpecific: nerve agents can affect mammals, birds and

invertebrates (e 8., insects) .

Controllability

28. By cohtrollability is meant the abillity to predict the extent and nature of the
damage which chemical and bacteriological (biological) agents can cause. This

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

teans Of delivering chemical and bacteriological (biological) agents 1s by discharge
into the atmosphere, relying on turbulent dlffusion and wind currents to dilute

and spread the agent over the area being attacked. Control is thus possible only to

the extent that the meteorological situation can be predicted.
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29, Because they infect living organisms, some bacteriological (biological)

agents can be carried by travellers, migratory birds, or animals, to localitieg
far from the area originally attacked.

30. The possibility of this kind of spr
ion by persistent chemical agents could be very difficult,

ead does not apply Lo chemical agents.
But control of contaminat
Should large quantities of chemical agents penetrate the goil and reach undergroynd
waters, or should they contaminate reservoirs, they might spread hundreds of
kilometres from the area of attack, affecting people remote from the zone of
military operations. Although we know of no comparable substance likely to

be used as a chemical warfare agent, the spread of DDT over the gilobe illuwtrates,
in an extreme form, how man-made chemicals can spread. This chemical insectlcide ig
now found in the tissues of creatures in all parts of the world, even in places

in which it has never been used. For example, as a result oF its transfer through
food chains, it is éven found in the tissues of the penguins which llve in

Antarctica,

Residual effects

31, In circumstances which favour thelr persistence, herbicides, defolliants

and perhaps some other chemical agents, might linger for months, stunting the
growth of surviving or subsequent plant life, and even changing the iloral
pattern through selection., Following repeated use, certain chemicel agents could
even influence soil structure. The risk of residual effects with sCue
bacteriological (biological) agents is potentially greater, mainly becouse they
could lead to disease, which might become epidemic if wan-to-uwarn tronsuission
occurred readily. Bacteriological (biological) agents might nlse iind
unintended hosts in the animals and plants of an area, or be transported by
infected individuals over great distances to new environment.:.

o

2+ Technology of chemical and bacteriological (Liclugical)l wuriuve

%2. The technological problems associated with chemleal and hact

(blOlOQlcal) warfere are of two kinds; (l) those associsted with the production

sriological

of the agents and the weapons needed for their disgemination and (2) those whied
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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, pharmaceutical
and fermentation industries are well advanced could produce chemical and
bacteriological (biological) agents on & scale commensurate with its other military
capabilities. The assurance of safety in the production of bacterioclogical
(biological) agents, problems associated with the synthesis of complex chemical
agents, and deciding on the best weapons to disseminate them, are examples

of some of the relevant technologlcal difficulties. A special problem associated .
with the development and maintenance of an offensive capability in wacteriological
(biological) warfare relates to the fact that some agents are viable for only a
short time (a few days) after menufacture. 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
complex electro-mechanical devices whose production demands a hlghly
technologically based industry. They cannot bé maintained except by expert

and highly trained personnel.

3. Chemical and bacteriological (biological) weapons systems

33. 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 oOf
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 aireraft with a spray tank filled with a bacteriological (biological) agent, are

not by themselves weapon systems. /
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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 1f 1t camnot

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, storage, 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 rfacilities and, above all, thoroughly trained military and civilian
personnel, are necessary parts of chemical and bacteriological (biological) weapon
gystems. 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 operatlion 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 THE USE OF 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 asg air%ields, 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

& rapld 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,
foxholeg, or fortifications where they would be otherwise protected against
fragmenting weapons and high-explosive; to remove foliage, by means of chemical
herbicides s0 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 normal activities. It is thus

highly probable that once one of two well-eguipped sides had been attacked with
chemical weapons, it would retaliate in kind, in order to force its oOpponent

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 risk of civilian casualties would obviously 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 feasgibility 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 conditlons throw light on this
point.

39. In one field trial, zine cadmium sulfide (a harmless powder) was

desseminated in particles twe 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
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4O. This observation provides an indication of the size of avea which wight pe

covered by a windborne aerosol, but it does not tell whether the bacteriologica)

(biological) agehts which might be spread in an aerosol would still retain the
ability to Ipx-oduce disease. A1l bacteriological (biologicul) ngents lose their
virulence or die progressively while travelling in an aerosol and the distance
of effective travel of the cloud would depend on the rate of decay of the
particular agent in the particulaf atmogpheric conditions prevailing.

L1, Some idea of the relative size of areas which can be covered by

" pacteriological (biological) and chemical aerosols can be guined [rom this same
experiment. Had the particles that were carried been u bucterinl or viral agent,
they would not have caused casualties over as large an urea 235 the one covered,
because of decay of the agent while in the aerosol state. However, depending

on the organism and its degree of hardiness, areas of 5,000 to 20,000 kmz could
have been effecﬁively attacked, infecting a high proportion of unprotected people
in the area. If the same means are applied to a hypothetical chemical attack
using the most toxic chemical nerve agent, then about 0.8 kp of apent would have
been released pef km. The.downwind hazard from this, in which =zome casualties
might be expected, would not have extended more than one kilometre, and probably
less, unless meteorological conditions were extremely favourahle (see chapter III),
The area covered by such a chemical attack might thus have been 50 to 150 kmg,

as compared with the 5,000 to 20,000 lsme for the bacteriological (hiological)
attack.

L2. TFor purposes of sabotage or covert (secret, as in sabotape uctions behind
enemy lines) operations, small aerosol generators for bLacterinlogical (piological)
agents could be built, for example, into fountain pens or cigmrette lighters.

It is also possible to conceive of the distribution of bacteriologicnl (biDIOgical)
agents by hand to poison either water supplies or ventilution nystems, especially
in a situation of breakdown of sanitary facilities due, say, to military
mobilization, or to a nuclear attack. In addition to producing casuslties, such

an attack could produce severe panic. If half a kilo of a culture of Salimonella®

* . . Py e . ' 1 i
salmom.ella & group of bacteria, many species of which produce severe intestinal
infections, including gastro-enteritis, food ("ptomaine”) poisoning,
paratyphoid fever and typhoid fever. '
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nad been added to a reservoir containing 5 million litres of water, and cdﬁplete
pixing had occurred, severe 1llness or disability would be suffered by anyone
drinking 1 decilitre (about 3 ounces) of untreated water.

43, The same degree of polsoning as would be produced by half a kilo of
sglmonella culture could be achieved with 5 kilos of botulinum toxin,*

7 kilos of staphylococcal enterotoxin,® or 50 kilos of V-nerve agent, or in the
case of common industrial chemicals, with five {tons of sodium fluoroacetate

(used az @ rodenticide) or ten tons of potassium cyanide.

Y. CHRMICAL AND PACTERIOLOGICAL (BIOLOGICAL) AGENTS

1. Chemical agents

b, Chemical agents are usually described in terms of their physiological effects

and are characterized as follows

Aeents affecting man and aniuals

Nerve apgents are colourless, odourless, tasteless chemicals, of the same
family as organophospliorue insecticides. They poison the nervous system and
disrupt vital bhody functions. They constitute the most modern war chemicals
known; they Lill guickly and ave more potent than are any other chemical agents
(except toxing).

Blister agents (vesicants) are oily liquids which, in the main, burn and

blister the skin within hours after exposure. But they also have general toxic
effects. Mustard pas is a good example. Blister agents caused more casualties
than any other chemnical agent used in World War L.

Choking agents are highly volatile liquids which, when breathed as gases,

irritate and sevevely injure the lungs, causing death from choking. They were

introduced in World War I and are of much lover potency than the nerve agents.
Blood agents are also intended to enter the body through the respiratory

tract. They produce death by interfering with the utilization of oxygen by the

tissues., They, too, are mich less toxic than nerve agents.

*

See chapter II.
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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-chemicals are drug-like chemicals intended to cause temporary mental

disturbances.

Apgents affecting plants

Herbicides {defoliants) are agricultural chemicals whicih polson 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
table 1. The various specific chemical agents are listed and described in

chapter 2.

Methods of delivery

L5. 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 targetb; (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 of death, and that it should not start fires. This is particularly
important for devices wused 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. CGround-to-ground munitions
include grenades, shells, rockets, and missile wérheads; alr-to-ground munitions
include large bombs, dispensers, spray tanks, and rockets; emplaced munitions
include generators and mines.

47. Ground-to-ground munitions. Small ground-to-ground munitions (grenades, ahells

and small rockets) function much like their conventional counterparts. Upon impuct
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 dissemination (chapter II).

[ee
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BE., Small rockebs would frequently be fired in "ripples", and artillery shells
in salvos, resulting in a group of impacts over the target area. This would
constitute an area source of dissemination (chapter II).

49, Targe ground-to-ground (ag well as aerial munitions and missile warheads )
might carry a number of small submunitions as well as agent in bulk. The parent
aunition, upon functioning, would disperse the submunitions over the target area.
These would then disseminate the agent over a wide =rvea vather than a single poiut
of impact, as in the case of bull munitions.

50, Apother wilitary concept is to use large warheads filled with several
hunéred kilos of an agent of low vapour pressure. Such a warhead, burst at a
suitable eltitude would produce a chower of droplets, effectively conbtaminating
everything on which it fell. A number of guch weapons could be used to assure
that the tarpget was covered.

51, Adr-to-pround wunitions. DBoubs dropped from aiverait ave larger thun mosi

shells, and consequently would result in @ hicher concentration of the cheaienl
near the polnt of ground impact. Bombs bursting close to the pground could be uc
o achicve a wider dissemination ol the agenl, especilolly with chemical agents,

5z. A dispenser ig a contniner for submunitions, which, after opening, could

remain attached to the aircrafi. The submunitions could be released simulbanaou
or in suecession.

5%, Small rockets or misgsiles could also bLe used to deliver chemlcal agents iy
aircrait. The pattern of dispersal would be much the same ag that produced by

ground-to-ground rockets or missiles.

5L, Ground-emplaced munitions. Ground-emplaced munitions comprise penerators
and wines. The generator iz a tank containing 2 chemnlcal agent, a gource of

1

wedsure, and o noprle throush which the agent 1 forced. Cenerstore wonla e
L 7 s i

placod upwind ot the target, and then activated by a suitabile device.
55. Chemical mincs would be placed in areas o anticipated enemy activity, -ud

would he pctivated by presgure 2r Wwip wires.

Joaae
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2. Bacteriological (biological) agents

56, Like chemical agents, bacteriological (biological) agents may also be
clagsified in terms of their intended usze, whether designed to incapacitate or

to kill human beings, to incapacitate or kill food and draft animals, or to
degtroy food plants and industrial crops.

57. Bacteria, viruses, fungil, and a group of microbes known as rickettsiae are by
far the most potent agents which could be incorporated into weapon systems.

There is no asgurance, howwever, that other living organisms msy not in the future

become wore lmwortant asz potential agents for warfare.

The selection o agents for wse in worfare

56, The nuaber of hacteriological (hiological) agente which could potentially
be uwsed in wavfare is far fever than those which cause naturally-occurring disease.
To be effective for this nurpose they should:
() Dbe able to be produced in gquantity;
() be capable of ready dissemination in the face of adverse enviromental
5
(¢) be effective sepavdless of wmedical counter-measures:
) Dbe able to cause o large nuiaber of casualties (this would imply thatw
any agent chosen would be highly infectious, but whether the agent chosen would
algo be eagily transuissible from wan-to-man, would depend upon an intent to

initiate -an epidemic spreoad).

Agents aflecting man

5¢. ALl the diseages under consideration occur naturally, and the causative
organisms with few excepbions, are lnown to scilentists throughout the world.
Incapacitating spents are those which, in natural outbreaks, cause illness but
rarels death. I the natural disease has an applicable mortality, the agent

is regarded as o lethal one. However, these agenbs'when used as aerosol weapons
might cause more severe disecese than occurs naturslly.

0. Different populations have varying degrees of reslgtonce to the diseases
dilzaase which

produced by bacteriological,(biological) agents., An infectious

might be only wildly incapacitating in one population migit prove disastrous to

/s
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another. For example, when measles was first introduced into the Hawaiian Islands,
it caused far more deaths than in the relatively resistant populations of Europe.
A bactericlogical (biological) weapon which might be intended only to incapacitate
could be highly lethal against a population where resistance had been lowered

as a result of malnutrition. Conversely, a weapon which was intended to spread
a lethal disease might only cause occasional mild illness in people who had been
given a protective vaccine or who had become immune as a result of natural
infection. The history of epidemiology is rich with surprises.

61, Viruses are the smallest forms of life. Most of them can be seen only with
the electron microscope, and must be grown on living tissue (tissue cultures,
fertile eggs, etc.). Genetic manipulation of the whole virus or chemical
manipulation of its nucleic acid, might be used to acquire straing of higher
virulence or greater stability to environmental stresses.

€2. Rickettsiae are intermediate between the viruses and bacteria. Like the
viruses, they grow only in living tissue. Judging by the scientific literature,
research into the genetics of rickettsiae has been less intense than into thet
of viruses and bacteria.

G%3. 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 equipment
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 particular
state in which they readily cause disease. Although many pathogenic (disease-
producimg) bacteria are susceptible to antibiotic drugs, antibiotic-resistant
strains- cccur 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 and drying.

€. Fungi also produce a number of disesses in man, but very few species appear
to have any potential in bacteriological (biological) warfare.

65. Protozoa are one-celled microscopic organisms which cause several important
human diseases, including walaria. DBecause of their complex lile cycles, they
too eppear to have little significance in the presaht context.

66. Parasitic worms such as hook-worm, and the filarial worms have very

complicated life cycles. They cause illness and disability only after long

/nqo
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exposure and repeated infection, and would be extremely difficult to produce in
quantity, to store, to transpoit, or disseminate in 2 weapon. Insects are also
difficult to conceive of as weapons. Some, such as the mosquito and the tick are

', have to be looked upon as having

transmitters of disease, and as "vectors'
potential military significance. Higher forms of life, such as rodents and

reptiles can be dismissed in the context of the present discussien.

Agents affecting animals

67. Pacteriological (biological) anti-animal agents, such as foot-and-mouth
disease and anthrax would be used primarily to destroy domestic animals, thereby
indirectly affecting man by reducing his food supply.

68. Outbreaks of contagious disease in animal populations, known as epizootics,
may spread much more readily than do epidemics among human beings. Viral
infections are probably more serious for animals than those cauvsed 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 get the
disease if they were affected Ly the attacking aerosol cloud, and occasional

individuals might contract the disease from infected animals.

Apents affecting plants

70. The natural occurrence of devastating plant diseases such as the blight of
potatoes in Ireland in 1845, the coffee rust of the 1870s in Ceylon, the chestnut
blight of 1904 in the United States of America, and the widespread outbreaks today”
of cereal (especially wheat) rusts has suggested that plant pathogens might be
used for military purposes. There are four major requirements for the deliberate
development of a plant disease into epidemic (epiphytotic) proportionst 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

epiphytetic canrot develop if any one of the above requirements is not satisfied.
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Methods of delivery

71. Bactariological (biological) agents can, in principls, be loaded into the

o

Other than for covert or

same type of munitions as can chemical agents.

"special-purpose migsions”, bacteriological (biologic~1) weapons, if developed for

pilitary purposes, would in all probability be delivered by alreraft or by large
ballistic missiles. Aircraft (including cruise missiles and drones) could drop

a large nuwiber of bomblets from high altitude, or spreay from a low altitude.
Because a small amount of agent will cover relatively large areas, boumbs would
probably be small (1 kilo or less) and dispersed over as wide an area as possible,
They could be released from clusters or from dispensers in the wanner of chemical
weapons, but probably from a higher altitude.

72. An aircraft could establish a line of agent which, ag it travelled downwind,
would reach the ground as a vast elongated infective cloud (see chapter II).

The effectiveness of such a procedure would be highly dependent on weather
conditions, but the larger the area, the larger the weather front involved, the
greater the chances that the predicted results would be achieved. A small relative
error might, however, involve a country not in the conflict.

73. It is conceivable that bacteriological (biological) weapons, probably
bomblets, could be packaged in a ballistic missile. The bhomblets could be released
at a predetermined altitude to burst at ground level. The effect would be the
same as bomblet delivery by aircraft except that it would be more costly.

Th. Unless transmitted by insects, bacteriological (biologlcal) epents have little
power to penetrate the intact skin. Infections through the respiratory tract by
means of aerosols is by far the most likely route which could be used in warfare,
75.. Many naturally-occurring diseases (e.g. influenza, tuberculosis) are spread
by the aercsol route, and some of them, notably influenza, can generate into large
epidemics. When an infected person sneezes, coughs, or even speaks, an aerosol

is formed which contains particles ranging 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. They may remain susbended in the atmosphere for a long time.
Animal experiments have shown that a great many infectious agents (including many

which are transmitted otherwise in nature) can be transmitted to animals by aerosols

/...



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) warlare ever occurred, the aerosol technigue
would thus be the one most likely to be used, simply because the respiratory tract
is normally susceptible to infection by many micro-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 serosol is crucial to its ability to peunetrate into
the lung (see chapter IIT for detailed discussion)5 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 less than 5 wicrons in
dianeter.

T7. Aerosols of bacteriological (bioclogical) agentg could be formed by three
general methods. Agents could be disseminated by explosive means in much the

same way as chemical agents. However, the size of the resulting particle is 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. Particle size is
determined by the amount of pressure, the size of the discharge orifices, the
physical characteristics of the agent, and atmospheric conditions. Size control
of solid particles (dry form of agent) can be achieved by "pre-sizing" before
dissemination. Aerosol particles could also be produced ag a spray by releasing
the agent in liquid suspension into a high velocity air stream. This prineiple

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

D. TDEFENCE OF MAN AGAINST CHEMICAL AND BACTERIOLOGICAL
(BIOLOGICAL) AGENTS
78. A comprehensive defensive system against attacks by chemical or
bacteriological (biological) agents would have to provide for detection and
warning, rapid identification of agents, protection of the respiratory tract and
skin, decontamination, and medical prophylaxis and treatment. Some aspects of
such a system could be dealt with by fairly simple equipment. Others would

necessitate highly sophisticated apparatus. But the whole complex would
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necessitate a very effective organization manned by'well-traineq 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.

1. Medical protection

Chemical attacks

79. No general prophylactic treatment exists which could protect against

chemical attacks. Antidotes (atropine and oximes) to nerve agents of value if
administered within half an hour before or within a very short time after exposurs.
Atropine is itself toxic, however, and might incapacitate unexposed individuals
given large doses. Skin can be protected from the vapours of blister agents

by various ointments, but they are npt effective against liquid contamination.

Bacteriological (biological) attacks

80. Vaccination is one of the most useful means of protecting people from natursl
infective disease, 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 1s fully established,
although the protection they afford can be overcome if an immunized individual

ig expozed to a large dose of the infectious agent concerned. It is probable,
however, 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 populations could not be
vaccinated against all possible diseases. The development, production, and
administration of so many vacéines would be enormously expensive, and some
vaccines might produce undesirable or dangerous reactiouns in the recipients.

81. This picture is not significantly altered by certain new developments in ti.
field of vaccination: e.g. the use of living bacterial vaccines against tularenis,

brucellosis and plague; or aerosol vaccination, which is particularly relevant
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to vaccination of large numbers of people. There have been recent advances in
the control of virus diseases, but at present none of these is practicable for
the protection of large populations against bacteriological (biological) warfare.
82. Prophylaxis against some diseases can also be provided by the adwministration
of specific anti-sera from the blood of people or animals previcusly innoculated
with micro-organisms, or products derived from them, to increase the anti-body
levels (immunity) in thedir bloond. Tetanus anti»toxin is used in this manner, and
until more effective methods reolaced them, such anti-sera were used for many
diseases. It would, however, be dmposzsible to prepare‘sgecific anti~sera against
all possible bacteriologi-al (biological) agents and to make them available for
large populations. '

83. Other possibilities, for exsmple the use of therapeutic materials before
symptoms appear, are equally remote from practical realization. They include
imune serum, gammaglobulin, or drugzs such as antibiotics or sulfonamide drugs.
The use of gammaglobulin to prevent, or mitigate the severity of, diseuase may bLe
ugeful Ffor individuals known to have heen exposed. Bub 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 antiblotics

to prevent infection) might also be useful in the short term for small groups
operating at especially high risk. But it would only be prudent to assume that
the bacteriological (blological) agents which an enemy might use would be tiose

which were resistant to such drugs.

2. Detection and warning

84, The requirement is to detect a cloud. of a chemical or a bacteriological
(hiclogical) agent in the air sufficiently quickly for masks and protective
clothing to be donned before the attack can be effective. Usually the objective
would be to try and detect the cloud upward of the farget so that all those
downwind could be wafned. 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 protective

equipment.
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Chemical attacks

"85, In World War I it was possible to rely upon odour and colour ag
means of alerting personnel that a chemical attack had been launcheq‘
more toxic chemical agents cannot be detected in this way. On the !
presumptive evidence that suct weapons had been used would none the :
be of value as warning. Once an enemy had used chemical weapons, eg
attack would necessarily have to be presumed to be a possible chemiqE
and protective measures would have to be instituted dmmediately. Iq(
would have to mask not only in the air attack in which spray was usg,
there was smoke or mist from an unknown source, or a susplecious smel:
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 prov
of instruments which can detect the presence of toxic chemicals at ¢
below those having physiological effects, and which would give timel
accurate warning of a chemical attack. It would also be advantageoy
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. However
concentration, a person could inhale a toxic amount in a short time
breathes 10-20 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 exy
only a few hours. This is often referred to technically as the Ct (
time) factor. Essential requirements of a method of detection suité
by military or civil defence personnel are that it be simple, specif
and reliable. Typical detector kits contain sampling tubes and/or 1
buttons, papers, etc. After being exposed to particular chemical at
detectors change colour or exhibit some other change easily observa’
special instruments. Chemical detection kits could also be used to

1t 1s safe to remove protective masks or other items of protective '
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Obviously, laboratories, whether mobile or fixed, can perform more alaborate
chemical analyses than can detection kits.

7. Warning devices which have been devised incorporate sensitive detectors

that actuate an automatic alarm which alerts individuals to take protective action
before a harmful dose of agent is received. They are of twe trends: point
sampling devices, which sample the air at one location by means of an air pump,

and area scanning devices, which probe a specific area for chemical agents. The
disadvantage of point source alarms is that they must be placed upwind of lthe area
that has to be protected, and a rather large number may be needed. If the wind
shifts, they have to be repositioned. Successful area scanning alarms have not

yet heen developed.

8. It must be recognized that in epite of instrumental warning systems, personn61 
near the point of dissemination of a chemical agent might still not have sufficient

time to take protective action.

Bacteriological (bilological) attacks

89. Unlike chemical weapons, bacteriological (biological) weapons cannot readily
be distinguished from the biological "background" of the environment by specific
chemical or physical reactions, and much lower aerosol concentrations of
bacteriological (biologicul) agerts are dangerous than of chemical agents. The
problem of early detection and warning is thus even more difficult than for
chenical weapons. A~partial solution to the problem has been achieved with certain
non-gpecific but very sensitive physical devices such as particle-counters and
protein detectors (protein is a typical constituent of micro-organisns).
Presumptive evidence of a bacteriological (biological) attack might be obtained
if there is an unusual deviation from the normal pattern of material in the air
recorded by the instruments. The elevation of such a deviation, however, would
necessitate intensive and prolonged study of the normal pattern in a given

location. Thig subject is discussed further in annex A.
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3, Physical protection

090. The primary objective is to establish a physical barrier between the body and

$he chemical and bacterinlogical (biological) agents, and especially to protect
the skin and the respditory tract. Without this no warning system, however
[S AN « : a .

effective, has the slightest value. Protection could be achleved by using various

] :

types of individug! protective equipment or by means of communal shelters.
o 10 AV LG A L

Indivitual protection

01. Protective masks are the first line of defence against all chemical and
bacteriological (biological) agents, Although protective masks differ in
appearance and design, they have certain Teatures in common: 4 fitted facepiece,

made of an impermeable material soft encugh to achieve an effective seal against

Filter.and absorption system, in canister or other form, which will remove
particulate (acrosol) agents by mechanical filtration. The canister also contains
activated charcoal, sometimes impregnated to react with agents in the vapour
state, but which in any case will absorb toxic vapours. ©Some masks are made so
as to permit the drinking of water while the individual is masked, or attempts

at reguscitation measures on casualties without ummasking them. Clvil defence
masks are often less elaborate versions of the military mask. Gas proof
protectors can be provided for infants.

S2. A protective mask, properly fitted and in good working éondition, will provide
complete respiratory protéctizon against all known chemical and bacteriological
(biologlcal) agents. However, a certain percentage of masked personnel can be
expected to become casualties because of lack of training, failure to keep the
mask in good condition, growth of beard, or because facial injuries prevent a
goed fit, etc. The amount of leakage that can be tolerated with bacteriological
(biological) agents is much less because of their greater potency. |

9%. Bince mustard gases and the nerve agents of low or intermediate volatility
can penetrate the unbroken skin, even through normal clothing , the whole body
surface must be protected by some form of special clothing, of which there are
two kiuds, onc which is impermeable to liquid agents, and the other which, though

permeable to air and moisture, has been treated sv as to prevent chemical agents
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from getting through. Rubber coated fabries, made into protective suits,
constitute the first, while normal clothing, treated with chlorimides or
absorbents, is an example of the second. In addition, some form of impermeable
cover, ground sheel or cape, can be used to protect against gross liguid
contamination. Feet and hands are usually protected by special gloves, and
either by boot covers or treated boots.

94, Together with a mask, protective clothing, properly worn and in gcod
condition, will afford excellent protection against known chemical and
bacteriological (biological) agents. The greatest degree of protection is provided
by the impermeable type but when worn continuously it becomes very burdensome
because of heat stress, particularly in warm enviromments. Permeable clothing

allows somewhat greater activity, bub even so, physical activity is impaired.

Collective or communal protection

95. Collective protection takes the form of fixed or mobile shelters capable of
accomnodating groups of people, and has bheen devised not only for civilians but
also for special gfoups of military personnel (e.g. command posts, field hospitalsl
Collective protection is the most effective physical means of protection against
all forms of attack. Sealing or insulating the shelter will provide protection
only for a limited time, because of lack 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
though surrounded by fire or high concentrations of carbon monoxide. The host
kind of shelter provides ventilation with filtered air to maintain a positive
pressure relative to that outside. This positive internal pressure prevents the
penetration of airborne agents, and permits eﬁtry or exit of personnel and
equipment without contamination of the interior of the shelter. Ixtended periods
of occupancy are possible.

o6. These‘principles of collective protection are applicable to all enclosures
arranged for human or animal occupancy. They have been used to provide protection
by: hastily constructed or improvised field shelters, mobile vans and armoured

vehicles, and permanent or fixed shelters designated for housing civillan or

military personnel.

/oo



-30-

G7. Once a bacteriological (biological) attack had been suspected or detected,

it woﬁld be necegsary to identify tie specific agents involved so that proper
protective measures could be taken and chemo-prophylaxis and treatment planned,
Tdentification would also help to predict the incubation period and hence the

time available for remedial measures to be taken. At present the only means of
identifyin, specific micro-organisms 1s by normal laboratory procedures. Many
routine laboratory methods of identification require as long as two to five days,
but some recent developments have reduced this time appreciably. It is possible
to culleat the particles from large volumes of alr and concentrate them in a small
smount of fluid. Bacteria can Tthen be trapped on special filters and transferred to
nutrient media, where sufficient growth may take place to permit identification of
some lzinds of bacteria within fifteen hours. Another method, the f{Juorescent
antibody technique, can be highly specific, and 1s applicable to bacteria and

gome viruses. In some caseg, it allows of specific identification within a few
hours. DBut despite all these recent developments, laboratory identificalion of
biological agents is still a complicated and unsatisfactory process.

L, Decontamination

Chemical agents

9%, Prolonged exposure to weather and sunlight reduces or eliminates the danger
of wost chemical agents, which are slowly decomposed by humidity and rain. But
one could not rely on natural degradation to eliminate the risk and, in general,
it would be essential to resort to decontamination. This would reduce the hazard
but 1t fg a time-conpuming process and would greatly hamper military operations.
@9, A wide range of chemicals could be used as decontaminants, the choice
depending on the particular agent which has to be neutralized, lhe type of surface
that needs to be treated, the extent of contamination, and the amount of time
avallable. Decontaminants range frowm soap and delergent in water, to caustic
soda, hypochlovite and various organic solvents, and thelr successful use calls
for large numbers of people, a copious supply of water, and appropriate

equipment.
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100. Decontaminating solutions, powders, applicators and techniques have been
geveloped Tor decontaminating skin, clothing, personal equipment and water.
hese would need to be used immediately after an attack.

101. Unless food had been stored in metal cans or other containers which were
impermeable to chemical agents, it would have to be destroyed. Decontamination
of complex equipment and vehlcles is a difficult and time-consuming procedure.
Special pressurized sprayers to disseminate powdered and liquid decontaminants
have been developed forr this purpose, as have paints or coatings to provide a
smooth impermeable surface to preclude the penetration of chemical agents.

102, Decontamination might even need to be extended to roads and selected areas.
This would involve the removal of contaminated soil by bulldozing, or covering
it with earth, using explosives to spread a powdered decontaminantiover a wide

area.

Bateriological (hiologrical) agents

103, Decontumination procedures for biological agents are similar to those used
for toxic chemical agents. Aeration and exposure to strong sunlight will destroy
most wicro-organisms, as will also exposure to high temperatures. Thoroughly
cooking evposed food, and bolling water for at least fifteen minutes will kill
almost all relevant micro-organisms. Calcium hypochlorite and chlorine can also
be used to purily water. Certain chemical compounds, such as formaldehyde,
ethylene oxide, colceium and sodium hypochlorites, sodium hydroxide and
betapropsolaclone, cun be used to decontaminate materials and work areas. A hot,

soapy showar ig the Lest way to decontaminate human beings.

L. PROTECTION OF DOMESTIC ANIMALS AND PLANTS AGAINST CHEMICAL AND
BACTERIOLOGICAL (BIOLOGICAL) ATTACKS

1., Chemical attacks

) .
10k, The widespread protection of domestic animals and plants from chemical
attack would be impracticable. Once a crop had been attacked with herbicides
there is no effective 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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0. Bacteriological (biological) attacks

Apimals

105, Animals or flocks could be protected by collective shelters, a).
cost would be great and, in the absence of automatic warning deviceg
impossible to assure that the creatures would be sheltered at the Ty,
106, The ideal means of protection for animals would be vaccination,
have heen developed, and many are routinely produced, for foot-and-n,
rinderpest, anthrax, Rift Valley fever, hog cholera, Newcastle disey,

Vaccination of animal herds by aerosols is a promising area of inveg

107. The only hopeful approach would be to breed disease resgistant p
is a regular part of most national agricultural programmes, and has
the increase of crop yields. But unless the exact identity of the b
(biological) agent which might be used were known well in advance (
years), it‘would not be feasible to apply this principle to provide
to crops against this kind of attaclk.

108, LEfforts devoted to spraylng fungicides and similar preparations
loss after attack do not appear to be economically effective. In mo
best procedure is to utilize available manpower and machines in plan

second crops.



Annex A

FARLY WARNING SYSTEMS FOR AIR-BORNE BACTERIOLOGICAL
(BIOLOGICAL) AGENTS

An ideal auvtomatic system for early warning against an attack with
bacteriological (biological) agents would comprise the following components:

(1) a device to collect large volumes of air and concentrate the
particulate matter obtained, in a small volume of fluid or on a small surface;

(2) a device to quantify and identify the collected material;

(3) a mechanism to assess the results and to initiate an alarm if.necessary.

To collect and identify bLacteriological (biological) agents and to initiate
an alarm so that protective measures can be taken in sufficient time to be useful
is extremly difficult. This is so because, firstly, identificetion of agents is
generally time-consuming and, secondly, large and fluctuating quantities of
bacteria and other organic materials exist in the atmosphere at all times. Thus
if pathogens from a cloud released by an aggressor were collected, the device
would need, not only to determine whether the quantity collected was significantly
above the normal amounts that wight occur, but also what the agent was, or at
least that, in the amount collected, it was highly dangerous to man.

At present, warning devices are available which are sensitive but
non-specific and these, unfortunately, would give an unacceptably high proportion
of false alarms. Others are being developed which attempt to incorporate both
rapid response with high specificity, but none to date is in the production stage.
Research on this important problem is being continued and some of the approaches

and techniques that are being used in this study are listed below.

Classification of aubtomated bilodetection approaches®

General category Suggested approach

Physical particle detection Magnification
Light scattering
Volume displacement
e
® Adapted from Greene, V.W. "Biodebtecting and Monitoring Instruments Open New
Doors for Envirommental Understanding", Enviromental Science Technology,
February 1968, pp. 104-112.
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General category

Kev biochemical components

Biological activity

_54_

Suggested approach

Antigen detection by fluorescent
labelling

Dyes and staining

Bioluminescence and fluorescence
Optical activity

Pyrolysis products detection

ATP detection

Proteins, nucleic acids, or others

Growth (increase in cell mass or
numbers

COE evolution
Phosphatase activity

Substrate change (pH, Eh, 0,
interchange)

Pathogenlc effects.
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CHAFTER II

THE PROBABLE EFFECTS OF CHEMICAL AND BACTERIOLOGICAL (BIOLCGICAL)
WEAPONS ON MILITARY AND CIVILIAN PERSONNEL, BOTH PROTECTED AND
UNPRCTECTED

A. THE EFFECTS OF CHEMICAL AGENTS ON INDIVIDUALS AND POFULATIONS

109. The effects of chemical warfare agents on humans, animale and plants depend
on the toxic properties of the agent, the dose absorbed,wthe 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 conteminated liquids).
110. For a given agent absorbed under the same conditiong, the effect will be
proportional to the dose absorbed. This is why it is possible to define for each
agent certain 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 which will have no appreciable military: effect.
These are expressed in milligrems of agent, with reference to a healthy adult

of average weight. They mey olso be given in terms of mildligrams per kilogram

of body weight. |

111. For purposes of evaluation it is convenient to express the same idea
somewhat differently in the case of gases, vapours and serosols sbsorbed through
the fespiratory 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
actlvities 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, For toxlc sgents 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 ere contaminated by the liquid.

113, The consequences of an attack on a population are a combination of the
effects on the individuals in 1t, 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 atteck, and might have
different degrees of protection, Possible long~term contawination of personnel
Trom chemical warfare agents persisting on the ground and vegetatlon may add to
the immediate, direct effects.

114, Protective masks, protective clothing and shelters and, to a certain extent,
decontamination when applicable, give substantial protection against all chemical
wvarfare agents. But, as already emphasized, the mere possession of a means of
protection by no means constitutes an absolute safeguard against contaﬁination

by poisons. Alarm and detection equipment is important, sometimes vitel, because
without it timely warning, which is essential to the proper use of protective
eguipment, would be lacking. BSince protective measures are most effective when
perforred by trained personnel working effectively in units, military personnel
are 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 warfare 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 actual warfare. PFurthermore, no couplete 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 conjeetural.

1. Effects of lethal chemical agents on individuals

116, Table 1 provides a classification of the most important lethal chemical agents,
and notes some of their characteristics in terms of the effects they produce. More

details are given in annex 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 consldered with the lethalbagents, gince

o small but significant fraction of the persomnnel attacked with such agents way

die or suffer serious injury.

Nerve agents

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 (cholinesterase) essential to the functioning of the
nervous system. The nerve-sgent casualty who has been exposed to a lethal dose
will die of asphyxiation within a few minutes if he is not treated swiftly by
means of artificial respiration and drugs such as atropine or oximes. Otherwise
recovery is generally rapid and complete. Occasionally, it may take several
weekg, but. will be complete unless anoxia or convulsions at the time of exposure
were s0 prolonged as to cause irreversible brain damage.

119. The route of entry of the agent into the body has some influence on the
aprearance 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 a 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
resplratory faillure, but hearflfailure may oceur. It ilg estimated that the wmost
toxic nerve gases may cause death at a dosage of about ten mg min/mB.* Less toxic

ones are lethal at dosnges of up to 4CO mg min/mB.

* A dosage of one mg min/m5 consiste of an exposure for one minute to gas ot a
concentration of one milligram per cublc metre.
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Rlister agents or vesicants

120, Mustard is a typical blister agent which, like other meubers of this class,
also has general toxic effects. IExposure to concentrations of a few mg/mj in
the air for several hours results at least in irritation and reddening of the
skin, and especially irritation of the eyes, but way even lead to tewporary
blindness. Exposure to higher concentraticns 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 mustard is comparable to second degree
burns. More severe lesions, comparable to third degree burns, may last for a
couple of wmonths. Blindnessimay be caused, especially if liquid agent has
entered the eyes. Inhalation of vapour or aerosol causes irritation and pain in
the upper respiratory tract, and pneumonia mey supervene. 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 decontaminate the skin. Mild
lesions of the eyes require little treatment. The blisters are treated in the

same way as any kind of second-degree burn.

Other lethal agents

122. Phosgene and compounds with similar physiological effects were used in World
War I. Death results from damage to the lungs. The only treatmwent is inhalation

of oxygen and rest. Sedation is used sparingly.

123, Hydrogen cyanide in lethal doses causes almogt immediate death by inhibiting

cell respiration. Lower doses have little or no effect.
124k, Most of the so-célled blood agents contain cyanide, and all act rapidly. The
casualty would either die before therapy could begin, or recover soon after

breathing fresh air.
125, Botulinum toxin is one of the most powerful natural poisons known, and could

be used as a chemical warfare agent. There are at lenst six distinct types, of
which four are known to be toxic to man. Formed by the bacterium Clostridium
botulinum, 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

F
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to the toxin ingested. It is possible that it could be introduced into the body

by inhalation. ;

126. Botulism is a highly fatal poisoning characterized by general weakness,
headache, dizziness, double 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 botulinum
poisoning., The few who recover from the disease develop an active immunity of
uncertain duration and degree. Active immunization with botulinum toxoid has been
shown to have some protective value, but antitoxin therapy is of limited value,
particularly where large doses of the toiin have been consumed. Treatment is mainly

supportive.

2. Bffects of lethal agents on populations

127. 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 the course of an attack.

128. The importance of meteorovlogical 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

| respgctively when exposed 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

[ooe
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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.

120. 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/cdbic metre,
there would be more than 50 per cent fatalities in the area inside the contour
marked %0,

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 galvo.

155, 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 ghape ig 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.

Juoun
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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 pecause all surfaces (skin, clothing,

vehicles, equipment, vegetation, ete.) 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 number of minute

particles would be carried by the wind.

Shape of the zone covered in the case of a
linear aerial source

Figure 1 {c).

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.

1%6. The emitted cloud is cerried 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 away from the zone boundary nearer the source.

157. 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 town.

e



Effects of nerve gas on protected troops in coumbat

158, A heavy atteock with air-burst munitious digpersing run-volatile liquid nerve
apent would create concentrationg on the ground that chuld range from one-tenth of

a gram to ten grams of liquid per square metre, giving a mear value of about Five
gramg. This would ke extremely hazardous. At the game time, asrngol concentrations
wsald be created aver almost the entire impact area (dosages about trenty mg. min/mB).
This would produce éagualties even if there were no liquid hazard.

139. To counter this type of attack, protective meagures of a very high order of
efficiency, including protective masks, light protective clothing, means for
decontamination, detection systems, antidotes and mediéal caire, would have to be
available. Protective clothing and racid utilization of gas masks would give a
certain measure of protection. But in this case. subsequent decontamination and

medical care would be necegsary to avold heavy lethal logses.

Effects of nerve mas on a military target in the rear

140, An attack from the air with a volatile nerve agent against a military
installation in a rear area would cauge an intense liquid and vapour hazard in the
installation itself, and a vapour hazard downwind in the gurrounding erea. As
suggested in figure 1 (b), the impact area would be very heavily contaminzted; gas
dosages inside and close to the impact area would be very high. Further downwind
the gas concentration would decrease gradually, and finally become innocuous. A
general picture of the way cagualties would oececur in a downwind area is indicated
in figure 1 (a).

141, After an atﬁack in which tong of Sarin were used agalnst an area of one square
Kilometre, the impact area and the area immediately downwind from it would be highly
lethal to all unprotected personnel. ILethal casualties would occur at dosages
above eighty mg. min/m3 and gevere cagualties down to thirty mg. min/mp° Some very
light casualtieg would regult at dosages around five ug. min/mﬁ. The distance
petween the impact area and the ares of lowest effective dosage would depend on the
lacal topography and on weather conditions, but would rarely exceed a few tens 5T
kilometres.

142, Personnel provided only with gas masks, but not wearing them at the moment of

the attack, would guffer gubstantial logses in and cloge to the impact area, both

/...
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because of the effects of the liquid and because of the high gas concentration

inhaled before they could don their masks. Further downwind, masks would give

essentially complete protection if warning were provided reasonably quickly.

Effects of a nerve gag attack on a town

143, The population density in a modern city may be 5,000 people per square
kilometre. A heavy surprise attack with non-volatile nerve gas by hombs exploding
on impact in a wholly unprepared town would, especially at rush hours, cause heavy
losses. Half of the population might become casualties, half of them fatal, if
about one ton of agent were disseminated per square kilometre,

14k, If such a city were prepared for attack, and 1f the preparations included a
civil defence organization with adequately equipped shelters and protective magks
for the population, the losses might be reduced to one half of those which would be
anticipated in conditions of total surprige.

145, Although it would be very difficult to achieve, if there were a high level of
preparedness9 comprising adequate warning and effective civil defence procedures,
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
circumgtances for the defence, fatalitieg might number no more than 2,000. It is

inconceivable, however, that the ideal would ever be attained.

3. Effects of incapacitating chemical agents

147. Incapacitating chemicals, like tear gages and certain psychochemicals, produce
in normal health people a temporary, reversible disability with few if any permandm
effects. In young children, old people and those with impaired health, the effects
may sometimes be aggravated. They are called incapacitating because the ratio

~ between the lethal and lircapacitating doses is very high. The types which could
have a possible military use are limited by requirements of gafety, controlled

military effectiveness and economic availability.
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Tear and harassing gases

148. Many chemical compounds'fall into this category, of which w~chloracetophenone
(CN), ortho-chlorobenzylidenemalononitrile (C8), and ademsite (DM) are probably the
most important. They are golide when pure, and are disseminated as aerosols.

149, Bither as vapour or in aerosol, tear and harassing gaseg rapldly produce
irritation, smarting and tears. These symptoms disappear quickly after exposure
ceases. The entire respiratory tract may also be irritated, resulting in a running
nose and pain in the nose and throat. More gevere exposures can produce a burning
sengation in the trachea. Ag a result, expogsed pergons experience difficulty in
breathing, attacks of coughing and occasionally, naugea and headaches.

150. Extremely high dogages of tear and harassing gases can give rise to pulmonary
edema (fluid in the lungs). Deaths have been reported in three cases after
extraordinary exposure to w-chloracetophenone (CN) in a confined space.

151. The effects of adamsite (DM) are more persistent. Nausea is more severe and
vomiting may occur.

152. Results of experiments on various species of animals (eee annex B) and some
observations of human responses lead to the following tentative conclusions. Firsf,
CS is the most irritating of these gases, followed by adamsite (DM) and
w-chloracetophenone (CN). Second, the tolerance limits (highest concentration
which a test subject can tolerate for one minute) of DM and CS are about the same.
Third, the least 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
animgl specieg and in different environmental conditions.

153. The symptoms caused by tear gases disappear, as tears wash the agent from the
eyes, and 1f the victim gets out of the tear gas atmosphere. Some, however, cause

reddening or rarely even blistering of the skin when the weather is hot and wet.

Toxins

154, Staphylococcus toxin occurs naturally in outbreaks of food poisoning - which
iz the only medical experience with this toxin. The gymptoms have a sudden,
sometimes violent, onset with severe nausea, vomiting and diarrhea. The time from

ingestion of the toxin to the onset of gymptoms is usually two to four hours,
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although it may be as short as a half hour. Most people recover in 24.48 nourg ang

death is rare. Treatment is supportive and immunity, following an attack, ig

short-lived. The toxin is resistant to freezing, to boiling for thirty minutesy
and to concentrations of chlorine used in the treatment of water. Staphylococeug
toxin could be congidered ae an incapacitating chemical warfare agent. Symptomg
can be produced in animals by intravenoug injection, and the toxin may also be

active by the respiratory route.

Psychochemicals

155. Thege gubgtances have been suggested for use in war as agents which conuld
cauge temporary disability by disrupting normal patterns of behaviour. The ides
cannot be accepted in its simple form, since these substances may lead to more
permanent changes, particularly in individuals who are mentally unbalanced or who
are in the early stages of a nervous and mental disease. Moreover, very high doses,
which would be dAifficult to exclude during usge in war, can cause irrevergible
damage to the central nervous system or even death. Psychochemicals could also
have particularly severe effecte on children.

156. Compounds such as LSD, mescaline, psilocybin, and a series of benzilates which
cauge mental disturbance - either gtimulation, depression or hallucination - could
be used ag incapacitating agents. Mental disturbance is, of course, a very complex
phenomenon, and the psychological state of the person exposed to a psychochemical,
as well as the properties of the agent, would profoundly influence its
manifestations. But, despite the variation in responses between individuals, all
thoge affected could neither be expected to act rationally, nor to take the
initiative, nor make logical decisiong.

157. Peychochemicals do more than cause mental disturbance. TFor example, the
general symptoms from the benzilates are interference with ordinary activity; dry,
flushed skin; irregular heartbeat; urinary retention: constipation; slowing of
mental and psychical activity; headache, giddiness; dignrientation; hallucinations;
drowsiness; occasioral maniacal behaviour; and increase in body temperature. While
these effects have not been fully studied, there would be a significant risk of
affected individuals, particularly military personnel, becouing secondary cagualbies

due to unco-ordinated behaviour. A single dose of 0.1 to 0.2 mg LSD2S will produce

/..



profound mental disturbance within half an hour, the condition persisting for

about ten hours. This dose is about a thousandth of the lethal doge.

158. Treatment oi' the symptoms of psychochemicals is mainly supportive. Permanent
psychotic effects may occur in a very small proportion of individuals exposed to
LSD.

159. It is extremely difficult to predict the effects which an attack with
peychochemical agents would produce in a large population. Apart from the
complication of the varying reaction of exﬁosed individuals, there could be gtrange
interactiong within groups. A few affected individuals might stimulate their
fellows to behave irrationally, in the same way as unaffected persons might to

gome extent offset the reactions of thoge affected. Since the probability of fatal
casualties resulting directly from exposure is low, some normal group activity
might be sustained. Protective magks would probably provide complete protection,
gince practically all potential psychochemical agente, if used as offensive '

weapons, would be disseminated asg aerosols.

h. Other effects of chemical agents

Effects on animals

160. The effects of lethal chemical agents on higher animals are, in general,

glmilar to thoge on man. The nerve agents algo kill insects.

BEffects on plants

161. A variety of chemicalg kill plante, but ag already indicated, little is knhown
about their long-term effects. The effective doge rangeg of defoliants vary
according to the particular species of plant attacked, its age, the meteorological
conditions and the desired effect: e.g., plant death or defoliation. The duration
of effect usually lasts weeks or months. Some chemicalg kill all plants
indiscriminately, while others are selective. Mogt defoliante produce their
effects within a few weeks, although a few species of plant are =0 sensitive that

defoliation would occur in a period of days.
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162. An application of defoliating herbicide* of approximately 3 gallons (32 pounds)

per acre (roughly 36 kg per hectare )

to nine months in very densely forested areas,
"gignificantly lower doses suffice for most

can produce 65 per cent defoliation for six

but in some circumstancez some

species of trees will die.
agricultural and industrial useg throughout the world. Defoliation is, of coursge,

a natural process - more common in trees in temperate zones than in the tropics,

Esgentially 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, and the plant would not be killed without

repeated application of the chemical. 'Chemical degiccants cause a rapid change in

colour, ugually within a few hours.

B. THE EFFECTS OF BACTERIOLOGICAL (BIOLOGICAL) AGENTS ON
INDIVIDUALS AND POPULATIONS

16k4. Mankind has been spared any experience of modern bacteriological (biological)
warfare, so that any discussion of its possible nature has to be baged on
extrapolation from epidemiological knowledge and laboratory experiment. The number
of agents which potentially could be used in warfare is limited by the constraints
detailed in chapter I. On the other hand, the variability which characterizes all
living matter makes it conceivable that the application of modern knowledge of
genetic procesges and of gelection could remove some of these limitatione. Some
gpecieg of micro-organisme, conglgt of a number of strains characterized by
different degrees of virulence, antigenic constitution, susceptibility to
chemotherapeutic agents and so on. TFor example, 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 digease virus is another well-known
example of an organism with various degrees of virulence. The situation with
bacteriological (biological) weapons is thus quite different from that of chemical

weapons, where the characteristics of a given compound are more gpecific.

* Tor examp}eg the commonly used "2,4.D" and "2,4,5.T" which are the butyl esters
of (g’u_dlelOTOphenOXY) acetic acid and (2,“,5wtrichlorophenoxy) acetic acid.

/...
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1. Effects on individuals

165. Bacteriological (biolozical) agents could be used with the intention of killing
people or of incapacitating them either for a short or a long period. The agents,
however, cannot be rigidly defined ag either lethal or incapacitating, since their
effects are dependent upon many fTactors relating not only to themselves but alsc to
the individuals they attack. Any disease-producing agent intended to incapacitate
may, under certain conditions, bring about a fatal disease. Similarly, attacks
which might be intended to provoke lethal effects might fail to do so. Exampies

of naturally occurring lethal disease are shown in table 2 and representativé
incapacitating diseases in table 3. A detailed list of pogsible agents, with a
brief description of their salient characteristics ls given in annex C.

166. A number of natural diseases ol man and domestic animals are caused by mixed
infectiong (e.g.j gwine influenza, hog cholera). The posszible uge of two or more
different organisms in combination in bacteriological (biological) warfare needs to
be treated seriously because the resulting diseases might be aggravated or prolonged.
In some instances, however, two agents might interfere with cne another and reduce
the severity of the 1llnegsg they might cause separately.

167. The effects of some forms of bacteriological (biological) warfare can be
mitigated by chemotherapeutic, chemoprophylactic and immunization measures (for
protection see chapter I and annex C of this chapter). Specific chemotherapeutic
measures are effective againgt certain diseases, but not apgainst those caused by
viruses. But it may not always be possgible to apply such meagures, and they might
not always be succesgful. TFor example, with some digeases early therapy with
antibiotics ig usually successful, but relapses may occur. Moreover, resistance
againsgt antibiotics may develop in almost all groups of micro-organismg, and

registant strains may retain full virulence for man ag well as for anhimals.
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Table 2

Examples of agents that might be used to cause death

Incubation Effect of Likelihood of

Agents Diseases period gpecific spread from
(days) therapy man to man
Eastern equine 5 - 15
encephalitis Nil Nit¥
Viruges Tick-borne 7 - 1k
encephalitis Nil Nil*
Yellow fever 3. 6 Nil Nil*
Rocky Mountain
; _ P 1%
Rickebtsiae spotted fever 3 - 10 Good Nil
Epidemic typhus 6 - 15 Good Nil#*
Anthrax 1 - 5 Moderate Low
Cholera 1- 5 Good High
Bacteria Plague, pheumonic 2 - 5 Moderate High
Tularaemia 1 - 10 Good Low
Typhoid T - 21 Good High
* Unless vector pregent.
Teble 3

Examples of agents that might be used to cause incapacitation

p—— - pu— —

Tncubation Effect of TLikelihood of

Agents Digeagesg period specific apread from
(days) therapy man to man
Chikungunya fever 2 - 6 - Nil Nil*
Viruses Dengue fever 5« 8 Nil Nil*
Venezuelan equine
encephalitis 2 - 5 Wil Nil*
Rickettgiae  Q-fever 10 - 21 Cood Low
Bacteria Brucellosis T - 21 Moderate Nil
Fungi Coccidioidomycogig T - 21 Poor Nil

* Unlegs mosquito vector present.
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posgible_bacteriolosical (biolopgical) apents

168, Victims of an attack by bacteriological (biological) weapons would, in effect,
nave contracted an infecticus disease. The diseases would probably be known, but
their symptoms wight be clinically modified. For example, apart from the deliberate
genetic modification of the organism, the portals of infection might be different
from the natural routes, and the disease might be foreign to the geogrephical area
in vhich it was deliberately spread. Possible bacteriological (biological) agents
Iepresenting diseases cauged by the main groups of relevant micro-organisms are:
169. Anthrax: Under notural conditions, anthrax is a disease of animals, the main
gource of infection for man being cattle and sheep. Its vernacular synonym "wool
sorter's disease" indicates one way men used to contract the diseage. Depending on
the mechanism of transmission, a cutaneous (skin) form (contact infection), an
intestinal form (alimentary infection), or pulmonary form (airborne infection) may
develop. The lung or respiratory form is most severe, and unless early treatment
vith antibiotics is resorted to, death ensues within two-three days in nearly

every case.

170. Antibiotic prophylaxis 1g poegible, but would have to be prolonged for weeks,
since it hag been ghown that monkeys expoged to anthrax aerosol die if antibiotic
treatment ig discontinued after ten days. In certain countries, several types of
vaccines &are employed, but their value hag not been fully evaluated.

171. The anthrax bacillus forms very resistant spores, which live for many years in
contaminated areag, and which congtitulte the most dangerous risk the disease
pregents. Trom epidemiclogical observations, the inhalation infectious dose for
man ig estimated at 20,000 spores. Experiments on animals show that anthrax can be
combinhed with influenza infection or with some noxious chemical agent, and that the
susceptibility of the animal to airborne anthrax infection is then markedly enhanced.
172, With suitable expertise and eguipment large masses of anthrax bacilli can be
tasily grown, and heavy concentrationg of resistant anthrax spore aerosols can be
made. Such aerosole could result in a high proportion of deaths in a béavily
exposed population. Immunization could not be expected to protect against a heavy
aerosol attack. The goil would remain contaminated for a very long time, and so

threaten 1live-stock farming.



175. (Uoceidioidomycosis: This disease, which ig also called desert fever, ig

caused by a fungus found in the ao0il of degerts in the United States, South Americs

and the USSR. The spores of the fungus are Very gtable, and can easglly bhe
digsseminated ag an aerosol. If they are inhaled, ppeumonia with fever, cough, ague
and night-sweating, and muscle pains follow after an incubatlon period of one-three
weeks. In most cages, recovery from the digease ocours after some weeks of illnegs,
An allergic rash sometimeg breaks out during the first or second week of the
illneas, and can be significant for proper diagnosis. Treatment presents great
difficulties.

1754, Plague: Under natural conditions, small rodents, from which the disease ig
transmitted by fleas, are the main source of human infection with plague. Thig is
how "bubonic" plague develops. If the plague microbes are inhaled, pneumonic
plague develops after a three-to-five-day incubation period. The patient suffers
from severe general symptoms and if untreated, normally dies within two to three
days. A patient with pneumonic plague is extremely contagious to contacts.

175. Preventive vaccination is moderately effective against bubonic, but not
pneumonic, plague. If adminigtered early, streptomycin treatment may be successful.
176. In a study of experimental pulmonary plague in monkeys, it was found that an
average dose of only 100 bacteria caused fatal digease in half the animals tested.
Animal experiments have also show that particles of 1 micrometre diameter (1.25,000
of an inch), containing single microbial cells, can cause primary pneumonia, with
a rapid and fatal outcome. If the aerosol is formed by larger particles (5-10
micrometres diameter), microbial cellg are deposited in the nose and other regions
of the upper respiratory tract, and primary foci of the disease develop in the
corresponding lymphatic nodeg. A fatal generalized infection may then follow.
177. A large mass of plague bacteria could be grown, and probably lyophilized
(freeze-dried) and kept in storage. The agent is highly infectious by the aerosol
route and most populations are completely susceptihle. An effective vaccine
agalnst this type of disease is not known. Infection might also bhe transumitted to
urban and/or field rodents and natural foci of plague may be created.

178. Q-fever: Under natural conditions, Q-fever is a digease of animals, the main
sources of infection to man being sheep, goats and cattle. The infection is
transmitted most frequently by the air route.



179. An incubation period of two to three weeks follows the inhalation of the
infectious material° A severe attack of an influenza-like illness follows, with
high fever, malaise, joint and muscle pains, which msy be followed in Tive to six
days by pneumonia. Tn untreated cases, the illnesg lasts two to three weeks; the
patient feels exhausted and is unable to do normal work for several weeks. But the
disease can be successfully treated with broad spectrum antibiotice (tetracyclines).
Prophylactic vaccineg have been prepared in some COunﬁries, but have not yet been
proved guitable for large-scale use.

180. The agent causing the disease ig a rickettsia, and is extremely infectious for
man. An epidemié of Q-fever once occurred due to corntaminated dust which was
carried by the wind from a rendering plant sume‘feu kilometres awayu Q-fever is
also a common and significant leboratory hazard, even though it is only rarcly
transmitted from man to man. The high susceptibility of humans to this agent has
been demongtrated in volunteers.

181. Q-fever rickettsiae are extraordinarily resistant to environmental Ffactore

such as temperature and humidity. Very large amountg can be produced in embryonated
chicken eggs (20,000 million micro-organisms per millilitre) afd can be stored for
a long period of time. A Q-fever aerosol could produce an incapacitating effect in
a large proportion of the population of an attacked area. The infeclive agent
could persist in the environment for monthg and infect animals, possibly creating
natural foci of infection.

182. Tularaemia: Under natural conditiong, tularaemia is a diseage of wild animals,
the source of human infection being rodents, especially rabbits and hares. When it
occurs naturally in human beings,; who are very sugceptible to the disease, =skin
lesions with swelling of the lymph nodes are its usual manifestation (infection by
contact with sick or dead an‘imals‘J or by way of ticks and other vectors). Infection
can also occur through the eye and the gastro-intestinal tract. The pulmonary form
(eirborne infection) is the more serious. Pulmonary tularaemia is associated with
general pain, irritant cough, generai malaige, etc., but in Europe and Japan
mortality due to this form of the disease was never higher than 1 per cent even
before antibilotics became available. American tularaemia straing, on the other
hand, are much more dangerous: some epidemics have been ascociated with a mortality
rate ag high as 20 per cent, despite antibiotic treatment. Usually treatment with
streptomycin or tetracyclineg is highly effective. A tularaemia vaccine developed

in the Soviet Union is also highly effective.

/...
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183. The agent causing the disease is & 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. Rerosols 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 daye. By increasing the inhaled dose a hundred times, the incubation
period sghortens to two to three days. Owing to its easy aerosgol transmission,
tularaemia has often infected laboratory workers.

185. The microbiological characterigtics 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 iz 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, rodents, birds) transmitted to man through mosquitos which have
fed on infected animale.

187. The disease has sudden onset, with headache, chills and fever, naugea and
vomiting, muscle and bone pains, with encephalitis occurring in a very small
proportion of cases. The mortality rate ig very low and recovery ig usually rapid
alfter a week, with residual weakness often persisting for three weeks. No specific
therapy 1s available. The vaccine is gtill in the experimental stage.

188. Numerous laboratory infections in humans have been reported, most of them
airborne. In laboratory experiments, monkeys were infected with aerosolized virus
at relatively 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, and since airborne infection readily occurs in laboratory
workers, concentrated aerogols could be expected to incapacitate a very high
percentage of the ropulation expoged. In some areas, persistent endemic infection
in wild animals would be established.

190. Z@}low fever: In nature, yellow fever is primarily a virus disease of monkeys,

transmitted to man by a variety of mosquitos (Aedes aegypti, Aedeg sgimpsoni,

Hemagogus species, etc.). After an incubation period of three-six days, influenza-
like gymptoms appear with high fever, restlessness and nausea. TLater the liver
and the kidneys may be seriously affected, with jaundice and diminished urinary
excretion supervening. The very severe formg end in black vomitus and death. In a

non-immune population, mortality rates for yellow fever may be as high as

fo.



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 ig the most
likely form of attack in bactericlogical (biological) warfare. TFor 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 ag to produce an aerosgol line source 100 kilometresg in length across a
10 kilometre perbhour wind. Then, assuming that 10 per cent of organisms survived
aerosolization, and that subsequent environmental gtresses 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-organisme per person. This particular calculation ig valid for agents
such as those which cause tularaemia, plague, ag 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 sﬁill greater.

192. The effects of bacteriological (biological attacks would obviously vary
according to circumstanceg. 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 consgiderable degree.

But effective early warning and detection systems do not yet exigt. On the other
hand, attacks on civil populations are likely to be covert and by surprise and, at
present no civilian populations are protected. Unprotected military or civilian
personnel would be at complete rigk, and panic and irrational behaviour would
complicate the effects of the attack. The heavy burden which would be imposed on
the medical serviceg of the attacked region would compound dizorganization, and
there would be a major risk of the total disruption of all administrative services.
193. In view of the extensive anti-personnel effects associated with agents of the
kind with which this report ig concerned, it ig useful to view them against the area
of effect of a one-megaton nuclear explosion, which as is wellyrecognized, would be

sufficient to destroy utterly a town with a population of a million. Tt should of
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course be emphagized that direct comparisons of the effects of different classes of

weapons' are, at best, hypothetical exercises. From the military point of viey,

effectiveness of a weapon cannot be measured just in terms of areas of devagtation

or numbers of casualties. The final criterion will alwaye Lo whether a specifie ‘
military objective can be achleved better with one than another get of weapongs.

The basic hypotheses chosen for the comparigon are rather artificlal; and in
particular, environmental factors are ignored. But despite this llmitation,
"table L gives data that help to place chemical, pacteriological (biological) ang
nuclear weapons in some perspective as to size of tarpget avea, numbers of
casualties inflicted, and cost estimates for development and production of each

type of weapon. The figures speak for themselves.



Table L

Comparative estiuwates of disabling effects of hypothetical

attacks on totally unprotected populationg uging a nuclear,

chemical or bacteriological (biological) weapon that could be

carried by a gingle strategic bomber

Type of weapon

Criterion for Nuclear Chemical Bacteriological
estimate (One megaton) (15 tons of (biological)
nerve agent) (10 tons¥)

Area affected Up to 300 e Up to 60 K’ Up to 100,000 K
Time delay before
onget of effect Seconds Minutes Days
Damage to Degtruction ovgr an
structures area of 100 km~ None None

Other effects Radiocactive contaminatéon
in an area of 2,500 km

for 3-6 months

Contamination by
pergistence of
agent from a few
days to weeks

Possible epidemic
or establishment of
new endemic foci of
digeage

3.6 monthg after
attack

Posgibility of
later normal
use of affected
area after
attack

Limited during
period of
contamination

After end of
incubation period
or subsgldence of
epidemic

Maximum effect
on man

90 per cent deaths

50 per cent
deaths

50 per cent
morbidity;

25 per cent deaths
if no medical
intervention

Multi-year $5,000-10,000 million
investment in

substantial

regsearch and

deve lopment

production

capability**

$1,000-5,000
million

$1,000-5,000
million

% It ig assumed that mortality from the disease caused by the agent would be
50 per cent if no medical treatment were available.

¥ Tt ig assumed that indicated cumulative investments in research and development
and production plants have been made to achieve a substantial independent

capability.
invegtment.

Individual weapons could be fabricated without making thig total

/oo,
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3, Effects on animals

194, The way bacteriological (biological) weapons might be used against stocks of
domestic animals would probably be the same as that used in attacks against man.
Representative diseases and their characteristics are shown in table 5.

195. Viral infections probably cause the most important diseases of domestic
animals and could have more devastating effects 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, guch
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
compuléory slaughter as a means of preventing the spread of infection.

196, Covert bacteriological (biological) attack during peacetime directed against
domestic animals could give rige to serioug political and economic repercussions if
large numbers of stock were affected. For example, African swine fever occurs
endemically on the African continent ag a subclinical disease of warthogs. In 1957
it was accidentally brought from Angola to Portugal, and then in 1960 to Spain.
Degpite strict and extensive veterinary measures that were enforced, logses in pig
breeds were estimated to amount within a single year to more than $9,000,000.

197, Isolated attacks againgt 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, partiéularly in highly
developed countries. Extensive attacks with travelling clouds could, however, lead
to a disastrous state of affairs. The history of myxamatosie (a rabbit disease) in
Europe provides a parallel. Not only did it drastically reduce the rabbit population
in France, intc which it was first introduced; it immediately spread to other
countrieg 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
uge 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.

Jovs
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Digear

] Viruses:
African swine
Equine
Foot-and
Fowl plague

Heg cholers

Newecastle digease

Rift Val
Rinderpest

Vesicular stomatitbis

encephalitis

~moulll digeasge

lley fever

it be used to attack domestic animals

Animals attacked

fever hog

horges

cattle, sheep, hoss
chickens, turkeys

hogs

chickeng, turkeyg

cattle,

goabs, sheep

cattle, sheep, oxen, goate,

water buffaloes

cattle,

e A s s i+ o s s i

huxqes, mules

, hogs

Rlchptt iae:

Veldt
Q-fever

e 1 4 S et i 1 S = o 2

diseage

Bacteria:
Anthrax
Brucellogis

Glanders

Fangi:
Lumpy Jjaw

Aﬂpvrgl logis

cattle,
cattle‘

gheep, goats
Qheep, poatn

cattle,
cattle,

cheep, horses, mules
sheep, goats, hogs, horges

mileg

horses,

cabttle, horses, hogs

roultry, cattle
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L, Effects on plants

199. Living micro-organisms could aleo be used to generate diseasges In crops which

are cconomically important either as food or as raw material (e.g., cotton ang
rubber). Significant food crops in this regpect include potatoes, sugar-beet,
garden vegetables, soya beans, sorghum, rice, corn, wheat and other cerealg and
Obviously the selection of the target for a biological attack would be

fruits.
determined by the relative importance of the crop in the national diet and economy,
Deliberately induced epiphytotics (plant disease epidemics) could in theory have -
serious national and international consequences.

200. The fungal, bacterial, or viral agents which could be 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, fhe causal agent being found only in the plant tissues and
Jjuices. Vi}us diseases are transmitted prinecipally by ingsect veclors and to some
extent by mechanical means.

202. Bacterial agents which attack plants can persist for months on or in the
plants. All of them can be cultured on artificial media. Normally, plant bacteria
are not disseminated to any great extent by winds; the principal methods for
spread in nature are insects, animals (including man) and water. Rain can spread
bacteria locally, while insects and animals are regpongible for their wore
extengive spread. It is conceivable that bacterial plant pathogens could be
adapted for deliberate aerial dissemination.

205. Plant fungi, which cause some of the most devastating diseaseg of important
agricultural crops, are disseminated mainly by winds, but also by insects, animals,
water and manu' Many fungal pathogens produce and liberate into the air countless
numbers of small, hardy spores which are able to withstand adverse climatic xxx
conditions. The epidemic potential of a number of fungal pathogens is congiderable.
20k. In theory there are measures which could protect crops apainst bacteriological
(biological) attacks; but at present their poténtial cost rulee them out in
practice. There is no essential difference between the counter~measurés which
would have to be introduced to counter bacteriological (biolegical) weapons and
those employed normally to control plant diseases in peacetime. But the use of

bacteriological (biological) weapons to destroy crops on a large scale would imply

/...
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Table 6

Digeages

that might be used to attack plants

s s e e ep—————

Likelihood
of spread

Corn rust

Coffee rust

i ~ Corn stunt high
' Hoja blanca (rice) hizh
Viruses | Fiji disease (sugar cane) nigh
sugar-heet curly top high
| Potate yellow dwarf high
Leaf blight (rice) high
Bacteria ! Blight of corn high
; ; Gummogis of sugar cane low
| o e _— e
Late blight (potato) Very high
Cereal ruste Very high
Fang i ~Rice blast “Very high

high

Very high

|

i
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that the attacker would chooge agenté capable of overcomiiyg any known, €conomicy]

method of protection. Advanced countries might, ag a precautionary measure

exchange gusceptible plantg by more resistant strains. This would be difficult

for countrieg whose agricultural standards were not high, and which would be the

most vilnersble to bacteriological (biological) attacks on their crops.

.

5. Factors influencing the effects of bacteriological
(Lioiogical) attacks -

Bxotic diseases

205. Any country which resorted to bacterlolo rical (biological) warfare would
presumably try tc infect, with a single blow, a large proportion of an enemy
pooulation with an exotic agent to which they had not become immune through
previous exposire. Such exotic agents would lead to the appearance of diseases
which normally had not occurred before in a given geographical area, either becauge
of the absence of the organism involved (e.g., foot-and-monuth disease in North
Awerica or Japan), and/or of natural vectors (e.g., Japanese or Veuezuelan
encephalitis in Furope, Rocky Mountain gpotted fever in many countriesg). In
addition, a disease which had been controlled or eradicated from an area (e.g.j
urban or classical yellow fever from many tropical and sub-tropical countries,
epidemic typhus from developed countries) might be reintroduced as a result of

bacterviological (biclogical) warfare.

Altered or new diseaseg

206. Deliberate genetic steps might also be taken to change the properties of
infectious agents, ecpecially in antigenic composition and drug registance. Apart
from genetic changes that could be induced in known organisme, it is to be expected
that new infectious diseases will appear naturally from time to time and that their
causative agents might be used in war. However, it could not therefore be assumed
that every cutbreak of an exotic or new disease would necessarily be a consequence
of a bacteriological (biole tical) attack. The Marburg diszcage, which broke out
snddenly in 1967 in Marburg, Frankfurt and Belurade, was a good example. It was
acquired b laboratory workers who had handled blood or other tissueg of vervet
monkeys which had been recently caurht in the wild, and by others who came into
contact with them. Because the outbreak occurred in medicel laboratorieg 1t was
very skilfully handled. Tn other‘circumstancesy it might have spread widely

before it was cortrolled. : ' /



Epidemic spread

207. As already emphasized, a wide variety of agents cén infect by the inhalation
route, so that in a bactericlogical (biological) attack a large number of persons
could be infected within a short time. From the epidemiological point of view, the
congsequences would differ depending on whether the resultant disease waé or was not
‘transmissible from men to men. 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
used 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 would be in the nature of things that there would be a breakdown of medical
services,

208, If the induced disease were easily transmissible from men to man, and if it vas
one against which the population had not been effectively immunized, it is possible
to imagine what could happen by recalling, say, the periodical appearance of new
varieties of influenza virus, e.g., the 1957 influenza pandemic. In Czechoslovakia
(population about 14 million), 1,500,000 influenza patients were actually reported;
the probable total number was 2,500,C00. About 50 per cent of the sick were people
in employment and their average pericd away from work was six days. Complications
necegzicvating further treavment developed in 5.6 per thousand of the cases, and
@bout 0.2 per thousand died. Those who are old enough to remember the 1918
influenza pandemic, which swept over most of the world, will judge the 1957

outbreak as a mild affair.

Suscepcibility of population

209. A very important factor in the effectiveness of an aerosol attack is the state
of immunity of the target population, Where the population is completely lacking
in specific immunity to the agent which is disseminated, the incidence and severity
of disease are likely to be exceptionally high. Naturally occurring examples of
verv severe epidemics in virgin populations are well known (e.g. measles in Fiji,
poliomyelitis and influenza in the Arctic). A gimilar result follows the
introduction of a susceptible population (often a military force) into an already
infected area. Thus there was a high prevalence of dengue fever in military forces

operating in the Pacific in World War II - sometimes affecting as many as 25 per cent

/...
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of the operational strength of a unit, The local population suffered relatively
1ittle from the disease because they had usvally been infected early in life, and

were subsequently ilmmune.

Populations of increased vulnerabllity

210. Malnutrition: Recent statistical studies reveal a clear association between

malnutrition and the incidence of infectious diseases. FAO, WHO and UNICETF have
pointed out that in developing countries, a shortage of nutriticus food is a
major Factor in the high mortality rate due to infectious diseases, particularly
in children.

211. Housing and clothing: Primitive housing and inadequate clothing would lead

to an increased vulnerability to bacteriological (biological) and more particularly
chemical weapons. Millions of people live in houses which are permeable to any
sort of airborne infection or poison, and millions are inadequately clothed and
walk barefooted.

212, Other conditions which characterize poor populations have a delfinite influence
on the spread of infections. ILarge families increase the opportunities for
contagious contact. Inadeqguate housing, lack of potable water and, in general,‘
had sanitation, a low educational level, numerous vectors of infectious disease
(e.g. insects), and, of course, & lack of medical services are factors vhich also
favour the spread of disease. The agents used might also persist in the soll, on

crops, grasses, etc., so that delayed action might need to be taken into account.

Social cffects and public health measures

213. A bagsic Tactor which influencesg the rigk of epidemic situation during every
war is a rapid impairment of standards of hygiene. Widespread destruction of
housing and of sanitary facilities (water works, water piping, waste disposal,
etc.), the inevitable decline in personal hygiene, and other difficulties, create
excentionally favourable conditions for the spread of intestinal infections, orv
louse-transmitted disease, etc.
214, The importance of adequate public health services ig well illustrated by an
xplogive water-borne epidemlc of infectious hepatitis in Delhl in 195551956, which

arfected some 30,000 persons, and which occurred because routine water treatment

f

Jon.
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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 roubine 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 (iseases 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 introduced, 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 epidemiec of
Torty-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 workers 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 suspecis).
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Key to Table

Trivial name
Military classilication
Approvimate solubility in water at 20%
Volatility at 20°C
Physical state (2) at ~10%
(b)) at  20%

Approximate duration of harard (contact, or airborne following evaporation)
to be expected Irom ground contamination '

(a) 10°C, rainy, moderate wind
() 15°%C, nunny, light brecme
(c) ~lOOC, gunny, no wind, settled sﬁow
Casualty producing dosages (lethal or significant incapacitating effects)

Fstimated human resplratory LCE mild activity: breathing rate ca.

15 litres/min.)

Estimated human nercutaneous toxicity

>0 (
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Annex B

TEAR AND HARASSING GASES

Three parameters will be used to qualify the clfects of tear gases. Thege

are defined as follows:

Threshold of irritation is the atmospheric concentration of the substance

(in g per m5), which, in one minute of exposure, causes lrritation.

Tolerance limit is the highest atmospheric concentration (in mg per 15)

vhich a test subject can tolerate during one minute of exposure.

Egthal index is a dosage, and thus the product of the concentration in the
air (in mg per mj) and the time of exposure (in minutes), which causes mortality,
Data for various tear gases are given in the following table.

The data given under "lLethal index" are from animal experiments with

varicus species.

Threshold of Tolerance Lethal index
Tear gas irritation limit (mg.min/md)
(mg/n3) (me;/m3)
Adamside (IM) 0.1 2 -5 15,GCO =~ 30,CC0
Ethyl Bromacetate 5 5 - 50 25,C00
Bromacetone 1.5 10 ‘ 30,CCO
Omega-Chloracetophenone (CI) 0.3 - 1.5 5 - 15 8,500 - 25,000
0-Chlorbenzylidene
malononitrile (C8) 0.05- 0.1 1. 5 4o,c00 - 75,000
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CHAFTER IT1I

ENVIRONMENTAL FACTORS AFFECTING THE USE OF CHEMICAIL, AND
BACTERIOLCGICAL (BIOLOGICAL) WEAPONS

A. GENERAL CONSIDERATIONS

217. Extraneous factors influence the behaviour of chemical and bacteriological
(biological) weapons to a far greater extent than they do any other kind of .
armament. Some, such as wind and rain, relate Lo the state of the physical
environment, and to a certain extent can be evaluated quantitatively. Others 5
which reflect the general ecological situation, and the living conditions and
physiological state of the populations exposed to the effects of the weapons, are
more difficult to define; their influence - though they could be considerable -
cannot be Yuantified.

. 218, This limitation applies particularly to bacteriological (biological) weapons.
The natural course of infectious diseases - for example in influenza epidemics -
shows that they are governed by so many uncontrollable factors that the way they
develop cannot as a rule be foreseen. This would also be probably true of
pathogenic agents which were deliberately dispersed. On the other hand, the
knowledge gained through the study of epidemiology, and in the study of artificial
dispersions of bacteriological (biological) agents, both in the laboratory and the
field, has shed some light on some of the factors concerned.

219, The ecolegical problem is the main theme of chapter IV. The factors which
concern the variability of the human target, e.g. physiological and living
conditions, and levels oi protection, have already been described in chapters I

and IT. This chapter is concerned with the physical enviromment (climate, terrain).

1. Phenomena asscciated with the dispersal of chemical and
bacteriological (biological) agents

220. It has already been pointed out that chemical substances and living organisms
capable of being used as weapons are extremely varied in their nature and in their
effects. On the other hand, vegarded solely from the standpoint of their physical.
state after dispersion in the atmosphere, they can clearly be placed in one or other

of the following categories:
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- 1liquid drops and droplets of varying size; (diameters greater than about
10 Microns)

- more or less finely divided liquid and solid aerosols; (diameters less
than sbout 10 microns)

~ vapours.

221, Amost always, moreover, especially in the case of liquid chemical agents,
the result of dispersion is a mixture of these different phases; thus, a liquid
dispersed by an explosive charge gives rise to a mixture of aerosol and vapour,
vhile merial 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, of 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 or droplets, of

aerosol, and possibly of vapour.

Fig. 1. Effect of the aerial explosion
of a chemical projectile
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203, Most bacteriological (biological) attacks would be designed primarily to
create an infectious aerosol as an inhalation hazard. Some ground contamination
pight, however, also result when infectious particles settled on the ground,

opl, Both ground contamination and toxic or infectious clouds would be immediately
gubject to the physical action of the atmosphere.

p25, If the soil contaminants were liquid chemical agents, they would either
evaporate, preducing a sustained secondary cloud, or be absorbed by the ground, or
diluted or destroyed by atmospheric precipitation. If they were solid agents, '
whether chemical or biological, they might be returned to a state of suspension by
air currents, and perhaps carried out of the initially contaminated zone.

226, As it becomes formed, the toxic or infectious cloud is immediately exposed to
atmospheric factors, and 1s straightaway carried along by air currents, At‘ the
same time, the particles within it are deposited at different rates according to
their mass, and reach the ground at varying distances from the point of emission,
depending on wind velocity (up to several kilometres in the case of particles less
than & 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.

B. THE INFLUENCE OF ATMOSPHERIC FACTORS ON CLOUDS
OF AEROSOLS OR VAPOURS

227, The movement of a toxic or infectious cloud after its formation depends chiefly
on the combined effects of wind and atmospheric conditions. The cloud 1s carried
a longer or shorter distance by the wind; at the same time it is dispersed and
diluted at a faster or slower rate by turbulence of the atmosphere and by local
disturbances of mechanical 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, thus retaining its destructive power for a greater or
lesser time depending on whether the air layer in which it is released is in a

stable or unstable state,
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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 of an attack, the effect of which could be considerably
reduced, or almost nullified, were the atmosphere very unstable, or very serlous

if it was in a state of pronouncgd 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°C 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
pergistence of toxic clouds. !

2%2, 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, Bobth the intensity of the inversion and the thickness of the air layer
involved increase to a maximum towards U a.m., and then decrease again, finally
disappeafing 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, 7This condition has characterized
all the disasters caused by industrial pollution; for example, the émog which
claimed 4,000 victims in London in 1952 took its toll during a pericd 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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Bffect of inversion layers on serosol and vapour clouds
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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 toxic clouds released
close to the ground, a similar process may talke place on a large scale at higher
altitudes (hundreds or thousands of metres) whenever a cool air layer is formed
veneath a hot air mess. This may take place over large, cold expanses (i.e. large
expanses of land or sea, cloud or fog wasses, etc.). Because of the high altitude
at which 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 & 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 resulting
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 relatively narrow plain bordered by high hills, In 1948 air pollution in the
course of an inversion lasting five days led to twenty deaths and 6,000 cases of

illness among the town's 14,000 inhabitants.

2, Urban aresas

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, Because the materials from 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
complexes therefore heat up more quickly than does the surrounding countryside,

- and the higher temperature is still further augmented by domestic and industrial
heating plants. The result is a flow of cool air from the neighbouring countryside

/o
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towards the hot centre of the town, beginning shortly after sunrise, decreasing

st the beginning of the afternoon and then rising again to a maximum shortly before
qunset (Figure 3). This general flow, which is of low veloeity, is disturbed and
magnented at ground level by the buildings, forming local currents flowing in all

directions.

Figure 5. Air circulation in a city
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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, however, inversions do

occur, when conditions are otherwise favourable, but the inversion layer is
situated at a higher altitude than over the surrounding countryside (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 & narrow street lined with
buildings of equal height, an inversion layer may be created at roof-top level
which will persist until dawn,

2lil, Fog is more frequent over towns than over open country (+30 per cent in
summer and +100 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
turn to the retention of the particles in the dome. Fog will obviously have the
same concentrating effect on particles originating in toxic clouds.

242, 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 long unless adequate ventilation is provided.

3. Effect of wind and topography

2L3, 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 harmful depends
on the velocity of the winﬁhand the state of the atmosphere, Since topography also
produces changes in the normal 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 in the heat absorbed by, and radiated from, different ground surfaces.

[oor



o, These local surface winds, vhich affect the air layer nearest the ground

up to 300 metres, are frequent and widespread in mountain ranges and near sea
coasts. There are slope breezes, valley breezes, sea breezes and land breezes;
and they could shift a toxic cloud in directions which cannot be predicted from

s study of the general meteorology of the area. The breezes develop according

to o regular cycle. During the day, under the influence of solar radiation, the
air moves up the valleys and slopes, and moves from the sea towards the land; ab
night these currents are reversed., In temperate climates land and sea breezes are
predominant during the summer; but they are masked by the general wind pattern
during the other seasons of the year. They are predominant in subtropical and

tropical regions throughout the year.

L, Example of combined effects of wind and the state
of the atmosphere on a cloud

2ks, There is some similarity between the evolution of toxic clouds which could

be produced by chemical and bacterioclogical (biological) attacks and that of

clouds containing industrial pollutants, so much so that the mathematical models
developed for forecasting atmospheric pollution can be applied, with a few
nodifications, to toxic clouds, But the initial characteristics of the two are

as a rule different. Characteristic features of chemical or hacteriological
(biological) attacks are the multiplicity and high yileld of the sources of emission
and thelr very short emission time, all of which are factors making for a greater
initial concentration in the cloud than the concentration of pollutants in
industrial clouds.

2hé, Figure 4 indicates the order of magnitude of these phenomena, and démonstrates
the schema‘tiic: form, and for different atmospheric conditions, the size of area
vhich would be covered by torxic clouds originating from a chemical attack using
Sarin, with an intensity arbitrarily chosen at 500 kg/lm It shows that the
theoretical distance of travel by the cloud, determined for bare and unobstructed
gromd, may exceed 100 km, In practice the atmosphere must remein stable for more
than ten hours in order to cnable the cloud to travel such distances, a condition

vhich, although certainly not exceptional, is fairly uncommon.
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o7, This figure illustrates the effect of atmospheric conditions on the distance
a toxic cloud can be carried by the wind.

S48, The examplé chogen id that of a medium-intensity (500 kg) attack with Sarin
on 4 circular objective L km in dismeter. The wind velocity is T km/h.

29, 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 of cbjective aimed at (the circle at the
left end of the figure). On theé other hand, in any other situation - (1) slightly
uristable, (2) neutral, (3) slightly stsble, (4) moderately stable or (5) highly
stable - 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, however, that the distance of 100 km could be reached only if & very marked
inversion persistéd for about fourteen hours (100 + 7); such a situation is quite
ratre;
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251, Correspending evaluations camnot be made for an urban area, since the
parameters involved are too numerous and too little understood. But 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,
yhen it is remembered that in highly industrialized countries 50 to 90 per cent
of the popqla'bion live in urban areas,

252, To sum up, a stable or neutral atmosphere in equilibrium might cause a toxic
cloud produced by a chemical or bacteriological (biological) attack to persist
for hours after it had exercised its military effect, which could generally be
expected to materialize in the first few minutes following the attack. These
conditions could obtain 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, tlﬁe

concentrations would be high.

5. BSpecial features of bacteriological (biological) aerosols

25%. 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 agents, bacteriological (biological) aeroscls would be expected to
remain effective even in a very dilute sté,te 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 limit 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
remained close to the speed of the vertical air movements in the frictional layer
(under average conditions this is on the order of 10 em/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

experiment 600 litres 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 km? which was the entire area within which there were monitoring
stations during the trial. The actual area covered was much more extensive,

255. On the other hand, most pathogenic agents aré highly vulnerable when outside
the organism in which they normally reprcduce, 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 cemposition of the basic material and the procedure of
aerosolization, as pointed out in chapter T,

257, The influence of particle size on aerosol infectivity is illustrated in
table 1, which shows that there is a direct relationship between the LD50 and

particle diasmeter of an aerosol of Franciscella tularensis,

Table 1. Numbers of bacteria of Franciscella tularensis required
to kill 50 per cent of exposed animals

Diameter of Numbers of bacterial cells
particles ‘ LD.Q
(microns) o
Guinea pigs Rhesus monkeys
1 3 L7
1 6,500 - 2ko
12 20,000 540

20 170,000 3,000




C. INFLUENCE OF ATVMCSPHERIC FACTORS ON CHEMICAL, ACENTS

1. Influence of temperature

258, An attack with a liguid chemical agent, as already pointed out, would as a
rule result in the formation of a cloud of small droplets, aerosol and vapour in
varying proporticns, as well as in ground contamination, all of which would be
affected by air temperature.

259, Influence on droplet and aercscl clouds: Only particles having dimensions

yithin certain limits penelrate and are retained by the lungs. The larger ones
are trapped in the upper part of the respiratory tract (e.g. nose and trachea),
whereas the smaller ones arc exhaled. Penetration and retention have maximum
values in the size range of 0.5 to % microns,

260, Liguid chemical agents exercise their effects both by penetrating the skin
and by inhalation. The material absorbed by the lungs acts immediately, whereas
there is a delay belore the effects become manifest from an agent absorbed thrcugh
the skin or the mucous membranz of the upper air passages,

261, A high temperature favours the evaporation of particles which will decrease
in size and thus reach the lungs, contributing to the ilmmediate effect; an
additional quantity of vapour is produced which contributes to the same effect,

262, Effect on ground contamination: The temperature of the air, and even more

that of the ground, have & marked effect cn the way {_u;;round contamination develops
and persists., The temperature of the ground, which depends on the thermal
characteristics of ils constituent materials and on the degree of its exposure o
the sun, either increases or reduces evaporation, and consequently decreases or
increases the duration of contamination. The surface temperature is extremcly
variable from point to point, depending on the type and colour of the soil; a
temperature differcnce of 20°% has been noted between the asphalt surface of a
road and the surrounding fields. The temperature gradient also varies during the
course of the day; in clear weather the differences may range from 15 to BOOC in
& temperate climate, and up to 5000 in a desert climate. High temperatures of
both air and ground favour the rate of evaporation, thus reducing the persistence
of surface contaminsvion; wind, vecauge of the mechanical and thermal turbulence
it creates, hes a similar effect.

/...
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26%. To illustrate the effect of these variable factors, 1t 1s worth noting that
the contamination of bare ground by unpurified mustard, at a mean rate of 3Q g/m?,
will persist for several days or even weeks at temperatures below 10% at medium
wind velocities, whereas it lasts for only a day and a half at 2500. Furthermorg
because of accelerated evaporation at high temperatures, the cloud produced ig
more concentrated, and the danger of vapour inhalation in, and downwind of, the

contaminated area becomes greater.

2, Influence of humidity

26k, 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 body to perépire profusely., This intensifies the actbion
of mustard-type vesicants, 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 agent 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 pereist until the snow melts.
268. 86il 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 applies equally to preparations applied to plants and to those introduced

into the soil.

/..,
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L, Influence of wind

269, As vapours emanabing from ground contaminated by liguid 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
meximal (several kilometres) when there is a combination of the conditions
pfomoting evaporation (high soll temperature) persistence of the cloud (stable
atmosphere) and dispersal of the cloud (gentle winds). These conditions exist in
combination at the end of a sunny day, at the time when a temperature inversion

exists. !

5. Influence of soil -~ dependent factors

270. Nature of the soil. The soil itself, through its texture and the porosity

of its constituent materials, plays an important role in the persistence of

liguid chemical contaminants, which wmay penetrate to a greater or lesser extent,
or remain on the surface. In the former case the risk of contamination by contact
is reduced in the short term, but persistence will be incfeased to the extent

that factors favourable to evaporation (temperature, wind) are prevented from
acting. In the latter case, when the contaminant remains on the surface, the
danger of contact contamination remains considerable, but persistence is reduced.
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 foliage, and the consequently increased risk of contact
contamination. '

212, The canopy of Toliage in dense forests (e.g. conifers, tropical jungle),
traps and holds a considerable proportion of a dispersed chemical agent, but the
fraction which none the less reaches the soil remains there for a long time, since
the atmospheric factors involved in the process of evaporation (temperature, wind
‘over the soil, turbulence) are hardly significant in such an envircnment as

compared with open spaces.
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27%, Too little is known about the absorption and retention of toxic substances
by plants 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 boxic chemicals may penetrate into plant systems via the
leaves and roots. Cases could then arise where all trace of contaminant had
disappesred from the soil but with the toxic substance persisting in vegetatlon.
274, Urbun areas., It can also be assumed that, in spite of a surface temperature
vhich is on the average higher, contaminants might persist longer in built-up aress
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.
Iqually the factors which, in open country, tend to reduce persistence (sunshine,
wind over ground) play 2 less important part in a built-up city.

275. Climate, in general, may exercise an indirect influence on the effect of
percutaneous chemical agents, simply because of the fact that in hot climates the
lightly clad inbabitants are very vulnerable to attacks through the skin,

276, The predominating influence of climatic factors and terrain on the persistence
of conbtamination 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 arbitrary since, depending on circumstances, the same
material might persist for pericds ranging from a few hours to several weeks, or

even months.

D. INFLUENCE OF ATMOSPHERIC FACTORS ON BACTERIOLOGICAL
(BIOLOGICAL) AGENTS

277. Infectious agents, when u;ed 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 aercsols, in which the agents would be more susceptible
to environmental influences than chemical agents,

278. Physico-chemical atmospheric factors have a destructive effect on aercsol-
borne micro-organisms. Their viability decreases gradually over a pericd of hours

or days at a prcgressively diminishing rate. Some decay very rapidly: for

/...
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example, certain bilo-serosols 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 aercsol can be
considerably reduced. TFor example: the use of very high concentraticns 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)
varfare. Means are also available for prolonging the survival of micro-organisms

in wvater, soil, etec.

1. Influence of temperature

281, The effect of temperature on the survival of micro-organisms in
bacteriological (biological) aercsols is not highly significant in the temperature
ranges generally encountered, As a general rule, aercsol-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)
aeroscls 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 rate of
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 with

Joo
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time, and may become extremely low when a state of equilibrium (stabilization)
between the particles and their environment has been established, This implies
that irrespective 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.

28%, The effectiveness of aeroscol-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 well
as outdoors., The possibility that some infective agents can survive for a long
time in such conditions, and the fact that environmental dust particles may
exercise a protective influence on organisms have been demonstrated on many
cccasions, 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~organiéms is reduced
when relative humidity is high (over 70 per cent), Air pollution, including a
high proportion of atmospheric dust, also provides some protecticn.

285, Ultra-violet light exercises 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
lead 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 problem of proper radiation dosage, and proper techniques, however,

Jow.

still remain to be solved.
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287. The lethal effect of sunlight on micro-crganisms is less marked, although
still apparent, in diffuse light. This is why a bacter.. sgiral (blological)

attack, if one ever materialized, would be more probably under . © 1 darlkness.

L, TInfluence of atmospheric precipitation

288, Rain and snow have relatively little effect on bacteriological {biological)

aerosols.

5. Influence of the chemical composition of the atmosphere

289, Libtle 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 conditions 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 which 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 1943, to impart the disease to Australian rabbits falled, the
epizoctic spread rapidly from i950 onwards, apparently for the sole reason that
the summer, which was particularly rainy that year, was assoclated with an
exceptional proliferation in the flooded Murray River valley of the mosquitoes
which carry the disease.

201, Abmospheric humidity and temperature also have a strong influence on

micro-organisms acting upon vegetation.-
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CHAPTER IV

POSSIRLE LONG-TERM EFFECTS OF CHEMICAL AND BACTERIOLOGICAL
( BIOLOGICAL) WARFARE ON HUMAN HEALTH AND ECOLOGY

A. INTROTDUCTION

202, So far this report has dealt essentially with the potential short-~term
effeéts of chemical and bacteriological (biological) warfare. The possible long-
term effects ofithe agents concerned need to be considered against the background
of the trends whereby man's environment is being constantly modified, as it
becomes transformed toc meet his ever—increasing needs. Some of the changes that
have occufred 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. Heology may be defined as the study of the interrelationships of organisms
on the one hand and of their interactions with the physical environment in which
they are found on the other. The whole cowplex of plants and animals within a
specific type of enviromment - a forest, a marsh, a savannah - forms a community
comprising all the plant life 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 dynawic
equilibrium, which is regulated by the interaction of population density,
available food, natural epidemics, seasonal changes and the competition of
species for food and space.

20l. 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 thls century, and which will go on increasing

through the next, will allow no relaxation in the effort which has already proved
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o successful. Food productlon has increased phenomenally in the past Tifty

years, primarily because of (1) improved agricultural proctices, and particularly
hecause of a marked increase in the use of chemical Tertilizers and pesticides;

(2) the development of genetically improved plants, herds and flocks ; and

(5) increased industrialization of food-producing processes. There is hope that
steps such as these willl continue to bear fruit,

295. But while the use of fertilizers, herbicides and pesticides has brought about
a massive increase in food production, it has also added to the pollution of soil
and water, and as a result has altered our ecological environment in an enduring
way. ©So too have other features of our industrial civilization, The motor car
has been a very potent factor in increasing air pollution in towns and cities.

The increasing population of the world creates unprecedented tvasteg, and the
methods used to dispose of it - burying it, burning it, or discharging it into
streams or lakes - have further polluted the enviromment. The remsrkable
development of synthetic snd plastic wmaterials in recent years has also added a
new factor to the short- and long~term biological effects on man. Every new advance
on our technological civilization helps (o transform the ecological framework
within which we evolved. From this point of view the existence and possible use
of chemical and beoterinlogical (biological) agents in warfare have to be regarded
ag an additional threst, and as a threat vhich wmight have enduring consequences;

T our already chonging envivonwment.

B. CONSEQUENCES TO MAN OF UPSETTING THE ECOLOGICAL EQUILTRRIUM

205. The chemical industry doubled its output between 1955 to 1960 and it is still
groving fast but the useful results of its continued development are none the less
of the utmost iwmportance to man's fubure. The good effects on food production

of the use of artificial Tertilizers alone far ou"ﬁweigh any secondary deleterious
consequences of their use. The facts are too well known to need spelling oub.

It is enough to point out, as one example, that maize production in the United

States increased between 1923 and 1953, a thirty-year period, by barely four quintals
per hectare, but that in the ten years between 1953 and 1964, when the use of

fertilizers and more productive hybrid seeds became videspread, the increase was
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eleven quintals, This 1s characteristic of what has happened everywhere vhere
fertilizers have been used on a large scale.

297. The benefieial effect of the use of modern chemical pesticides also does

not need spelling out. It Is estimated that the present amnual world loss in
production due to weeds and parasites is still approximately 460 millisn quintals
of wheat and 3€0 million quintals of maize, and that to eliminate this waste will
nmean the use of even more pesticides than are now being consumed.

208. What has to be realized about modern agrieultural practices is that withoub
them the increases in the output of food which the world needs could never be
achieved. Unless production mounts everywhere, those who have not yvet cest off
the burdens of liviag in a primitive agriculﬁural workd will never reach the
level of civilization to which all aspire.

299. But, as already indicated, the great increase in the use of fertilizers,
pesticides and herbicides does have deleterious side effects. For exawple, in
Switzerland, surface waters and sprimgs have been contaminated in times of high
rainfall by excesgsive 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
elsevhere as well, and it cannot but help transform - for all we know adversely -
the enviromment in which living wmatter including fish otherwise thrive.

300. The dangers of the side effects of modern pesticides are also beginning to
be appreciated, and are already beginning to be guarded against in advanced
countries. Except in high dosage, these substances act only on lower organisms,
although some organophosphorous compounds are toxic to man and other vertebrates.
Less selective agents may be toxic to soil bacteris, plankton, snails and fish.
Chlorinated hydrocarbons, such as DDT, are toxic only in 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 reservoirs. It is
theoretically possible that in some situations, in which non-selective chemical
pesticides are used, disruption 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 detergents
which came on the market led to enormous quantities of Ffoam on river, and this in
turn reduced the supply of oxygen for organisms living in the water. They also

damage the earth by affecting soil bacteria. Such detergents, which resist
destruction even by the most modern water treatment methods, have all but disappesred .
from use and have been replaced by others, which can be almost completely destroyed
by waste water treatment,

302. In the context of the possible long-term effects of chemical and bacteriologleal
(biological) weapons, we have finally 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 levels approaching 50 million. Such
great concentrations of people require very complicated arrangements for supply of
food, water and other waterilals, transport and general administration. The uge

of chemlcal or bacteriological (biological) weapons against cities would undoubtedly
have an exceptionally severe disorganizing effect, and the full re-establishwment of -
the services necessary for health, efficient government, and the smooth operation

of industry 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
also have a long-term effect on the enviromment in which they are disseminated.
If used in very high concentration they might cause damage by polluting the air,
by polluting the water supplies and by poisoning the soil,
30k, Bacteriological (biological) weapons could be directed against man's sources
of food through the spread of persistent piant digeases or of infectious animal
diseases., There is also the possibility that new epidemic diseases could be
introduced, or old ones reintroduced, which could result in deaths on the scale

which characterized the mediaeval plagues.

L. Chewmical weapons

505. There is uo evidence that the chemical agents used in World War I - chlorine,

5

mstard, phosgene, and tear-gas - had any untoward ecological consequences, A
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already observed, over 120,000 tons of these agents were used during that war, and
in some areas which were attacked, concentrations must have added up to hundreds

of kilograms per hectare. These regions have long since returned to normel and
fully productive use. '

%06. The organophosphorous, or nerve, agents have never been used in war, 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 expected that if high concentrations were disseminated over large areas,
and if certaln speciles 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 DIT and other pesticides of the chlorinated hydrocarbon type
do. They hydrolyze in water, some of them slowly, so there could be no long-term
contamination of natural or artificial bodies of water.

308. The use of herbicides during the course of the " Viet-Nam conflict has been
reported extensively in news media, and to a lesser extent in technical publications,
The materials which have been used are 2,4-dichlorophenoxyacetic acid,
2,&,S;trichlorophenoxyacetic acid, cacodylic acid and picloram.

309. Between 1965 and 1968 these herbicides were used to clear forested areas for
military purposes over some 9,100 km?. This may be divided by forest type as shown

in the following table.

Table 1

Type of forest and extent and area treated with herbicides
in South Viet-Nam

1963-1968
Type of forest Extent Area treated
‘ _gme _kmE
Open forest (semi-deciduous) 50,150 &,1h0
Mangrove and other aquatic L, 800 960
Coniferous 1,250 0
56,200 9,100



310. South Viet-Nam is about 172,000 km? in area, of which about one-third is
forested. The area treated with herbicides up to the end of 1968 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 scientlfic evaluation of the extent of the long-term
ecological changes resulting from these attacks. 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 contaln. Certain species of bird
are known to have migrated from areas that have been atbacked. On the other hand,
there has been no decline in fish 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 ecoleogical equilibrium is destroyed by cutting,
secondary forest regenerates, which contains fewer species of plants and animals
than were there originally, but larger numbers of those species which survive.

If secondary forest is replaced by grassland, these changes are even more marked.
If one or more of the animal species which increases in numbers is the host of an
infection dangerous to man (a zoonosis), then the risk of human infection is
greatly increased. This is exemplified by the history of scrub typhus in South-East
Azia, where the species of rat which maintains the infection and the vector mite
are much more numerous in secondary forest, and even more so in grassland, so
increasing the risk of the disease being transmitted to people as forest Is
cleared.

313. In high rainfall areas, deforestation may also lead to serious erosion, and

s0 to considerable agricultural losses. Deserts have been created in this way.

2. DBacteriological (biological) weapons

ggainst 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 epidemiologilcal
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
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medically dangerous situation can emerge €ven with an infectlon which had long

been successfully controlled. Tn 1945 there were only three major focl of infectioy

in Czechoslovakia. In the following years, foxes multiplied excessively because
farms were left unworked, because of the ingreased number of wany kinds of wild
creatures, and also because of the discontinuation of systematic control. TFoxes
also came in from across frontiers, and the epizootic gradually worsened. In

the period 1952/1966 a total of 888 foci were reported, 197 new ones in 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 aréas of the eountry. None the less, the disease has not yet been stamped
out., Natural foci cannot be eliminated without organized and long-term international
co~operation.

315. Arthropods (insectsy ticks) éiso play an important part, along with other
creatures, in the maintenance of pathogenic agents in natural foci. A man exposed
to a natural focus risks infection, particularly from arthropods, which feed on
more than one species of host. A bacteriological (biological) attack might lead
to the creation of multiple and densely distributed foecl of infection from which,
1f ecological conditions‘were févourable, natural focl might develop in regions
where they had previously never existed, or in areas from which they had been
eliminated by effective public health measureé.

316. On the other hand, the large-scale use of bacteriological (biological)
Weapons might reduce populations of susceptible wild species below the level at
vhich they could continue to exist. The elimination of a species or group of
species from an area would create in the ecological community an empty niche which
might seriously disturb its equilibrium, or which might be filled by another
species more danpgerous to wan 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 virus, and if the disease 1s

to become established, those which can become vectors must feed frequently on
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nenmals, such as wonkeys, which are also sufficiently susceptible to the infection.
A natural focus of yellow fever is therefore very unlikely to become established
sp any area lacking an adequate population of suitable mosquitos and monkeys.

318. ndemics or enzootics of diseases (i.e. infections spreading at a low rate,
wut indefinitely, in a human or animal population) could conceivably follow a
large-scale attack, or might be started by a small-scale sabotage attack, Tfor
vhich purpose the range ol possible agents would be much wider, and wight even
ipclude such chronic infections as malaria.

519. Malaria is a serious epldemic disease in a susceptible population, but it

i1g difficult to envisage its possible employment as a bacteriological (biological)
weapon, because of the complex lire cycle of the parasite. Drug-resistant strains
of malaria exist in, for example, areas of Asia and South America, and their
possible extenslon to areas where mosquitos capable of transmitting the disease
already exist, would greatly complicate public health measures, and cause a more
serious disease problem because of the difficulties of treatment.

320, Yellow fever is still enzootic in the tropical regions of Africa and America.
Monkeys and other forest-dwelling primates, together with wosquitoes which transmlt
the virus, constitute natural focl and ensure survival of the virus between
epldemics.

321, Importation of this disease ig possible wherever a sultable environment and
susceptbible animal and mosqulits hosts exist. This oceurred naturally in 1960

vhen a previously uninfested esrea of Ethiopia was invaded by yellow Tever and an
epidemic resulted in about 15,000 deaths. Because of the lnaccessibility of the
area, some 8,000-9,000 people had died before the epidemic was recognized. The
epidemic was extinpuished but it is likely that a permanent focus of yellow fever
infection has been established in this area, previously free of the disease.

It might be extremely serious if the virus were introduced into Asla or the
Pacific islands where the disease appears never to have occurred, but where local
species of mosquito are crown to be able to transmit it. Serious problems could
also arise if the virus were introduced into the area of the United States where
vector mosquitoes still exist, and where millions of people live in an area of

8 few square kilometres.
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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 crop, and
an important cause of rahies. The very large economic effect on the introduction
of rabbits to Australia is well known. Certain mosquito species (a yellow fever

mosquito, 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 disecase problems in the areas that have been invaded.
It is concelvable 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 egtablishment of new strains of organisms of altered
imnunological characteristics or increased virulence. This might occur if large
nuinbers of people or other susceptible animal species became infected in an area
through a bacteriological (biological) attack, thus providiﬁg opportunities for
new organisms to arise naturally. The appearance from time to time of
Tmmunologically different forms of ipfluenza shows the type of thing which might
happen. Such altered forms of agents might cause more severe and perhaps more

widespread epidemics than the original attack.

Againgt domestic animals

52l Foot-and-mouth disease is a highly infectious but largely non-fatal disease

of cabtle, swine and other cloven-footed animals., It is rarely transmitted from
& digeased animal to man, and when it is, the ovder is a trivial one.

225. 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 wilk yield. In swine, loss from foot-and-mouth are estimated at 60-80 per cent
among suckling pigs. Foot-and-mouth 1s endemic in many countries and breaks out
Trom time to time even in countries which are normally free of the disease. Some
countries let it run its course without taking any steps to control it; others
try to control it by the use of vaccines; and some pursue a glaughter policy in

which all affected animals and contacts are killed.

fon.



326, It 1is obvious that a large epizootic could constitute a very serious econumlc
purden, for example, by bringing about a serious reduction in the supply of milk,
Tt is in this context that foot-and-mouth disease could conéeivab]y serve as a
pacteriological (biological) weapon, especially since war conditions would greatly
promote its spread. Efficient prevention is possible through active immunization,
put the immunity is rather short-lived and annual vaccination is required.

527. Brucellosis 1s an example of chronic disease which could possibly result {rom
pacteriological (blological) weapon attacks. There are three Forms known, which
attack cattle, swine and goats respectively. Any of these may be transmitted to
man, in whom 1t causes a debilitating but rarely fatal disease lasting for

four to six months or even longer. It is enzootic in most countries of the world,
and an increased incidence of the disease resulting from its use 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 frow domestic animals is
very high.

328, Anthrax was described in chapter II and what concerns us here is that if

large quantities of anthrux spores were disseminated in bacteriological (biological)
weapons, thus contaminating the soil of larpe regions, danger to domestic animals
and man might persist for a very long time. There is no known way by which areas
could be rendered safe. The use of large quantities of anthrax as a weapon wulght

therefore cause long-term environmental hazards.

Against crops

329. The rust fungus, as already noted, is one of the most damaging of natural
pathogens which affects whaeat crops. Dach rust pustule produces 20,000 uredospores
8 day for two weeks, and there may be more than 100 pustules on a single infected
leal. The ripe uredospores are easily detached from the plant even by very weak

alr currents. The spores are then carried by the wind over distances of many
hundreds of kilometres. It is estimated that the annual total world loss of

vheat from rust is equivalent to about $500 million.

530. Weather plays a declsive 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 is a water-saturated atmosphere for
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three to Four hours. Thus, eplphytotic spread occurs when there are heawvy dews
and when the temperature is hetween 10° and 300 ¢. The principal means of
prevention is to destroy the pathogen and %o breed resistant specles. Recently,
jonizing radiation has been employed to develop resligtant strains.

331. The cereal rusts die out during winter unless some other susceptible plant
host, such as barberry, is present, and therefore thelr 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
vacteriological (biological) weapons, especlally if deployed selectively with due
repard to climatic conditions. Artificial spreading of an epiphytotic would be
difficult to recognize and delivery of the pathogen to the target would he
relatively simple.

332, Rust epivhytotics 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 clrcumstances, mlght last a long
time,

%333, Another conceivable biological weapon, although neither a practical nor a

bacteriological one, is the potato beetle. To use it for this purpose, the beetle

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 course of spread the beetle first lives in small foci, which
grov and increase until it becomes established over large territoriles. The
beetle is capable of astonishing propagation: the progeny of a single beetle may
amount to about 8,000 wmillion in one-and-a-half years.

%%k, Since beetles prefer to feed and lay thelr eggs in plants suffering from
some virel 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

80 per cent of the crop. Protection is difficult because it has not been possible
to breed resistant potato species and the only means available at present is
chemical protectlon.

335, Were the beetle ever to be used successfully for offensive purposes, it could

clearly help bring dbout long-term damége because of the difficulty of control.
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3. Genetic and carcinogenic changes

3%6, The possibility also exists that chemical and bacteriological (biological)
weapons might cause genetic changes. Some chemicals are known to do +this. LSD,
far example, is known to cause genetic changes in human cells, Such genetic
changes, whether induced by chemlcals or viruses, might conceivably have a bearing
on the development of cancer. A significantly increased inecidence of cancer in

the respiratory tract (mainly lung) has been reported recently among workers
emplbyed in the manufacture of mustard gas during World War II. DNo increaged
prevalence of cancer has been reported among mustard gas casualties of World War T
glthough 1t 1s doubtful if available records would reveal it. However, most of
these capualties were exposed for only short periods to the gas whereas the workers

were conblmously exposed to small doses for months or years.
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CHAPTER V

ECONOMIC AND SECURITY IMPLICATICNS OF THE DEVELOPMENT,

ACQUISITION AND POSSIBLE USE OF CHEMICAL AND

BACTERIOLOGICAL (BIOLOGICAL) WEAPONS AND SYSTEMS OF
THEIR DELIVERY

A. INTROLUCTION

337. Previous chapters have revealed the extent to which developmenté 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 that casualties
could oceur 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 bhe 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. 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

338. 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
180,000 tons of chemical agents were produced, of which more than 120,000 tons were
used in battle. With the rapid development of the industry since then, there has
been an enormous growth in the votential capacity to produce chemical agents.

339. The scale, nature, and cogt 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

depend 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
gevelopment 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
pacteriological (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. 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, 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 100,000 tons a year and

which is commonly used as an intermediate in the manufacture of synthetic plastics,
herbicides, insecticides, paints and pharmaceuticals. Another chemical agent,
hydrocyanic acid, is a valuable intermediate in the manufacture of a variety of
synthetic organic prbducts 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. 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 500,000 tons of mustard gas.

3L1. 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 gpecialized
safety precautions which would be needed to protect workers against these very
Poisonoué 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

~besticides. But even leaving operating expenses aside, the approximate cost of

//Uﬂﬂ
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acquiring one plant complex to produce munitions containing up to 10,000 tons of
Sarin a year would be about $150 million. The cost would, of course, be
considerably less if existing munitions could be charged with chemical agents.
342. A country which poésessed 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 establishment of a comprehensive chemical
warfare capability would algo involve special research centres, experimental
test grounds, bases, storage depots and arsenals. 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. Bacteriological (biological) weapons

34% ., The microbiclogical expertise necessary to grow agents of bacteriological
(biological) warfare exists to 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 industries, there remains only a need for some
specialized knowledge, expertise and equipment to permit the safe handling of
large quantities of bactericlogical (biological) agents. 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 effective vaccine with which to protect
production 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 capability it set

out to achieve in this fileld.
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34k, The difficulty and cost of providing for the transport and storage of
vacteriological (biological) weapons are considerable, since special storage
conditions, e.g., refrigeration, and stringent safety and securlity precautions
are essential. 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.

3h5. 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, 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 deveioping as 1t does to developéd

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-gag, 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 fo 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 areés with pathogens. For example, a single aircraft could cover with a
bacteriological (biological) agent an area of up to 100,C00 square kilometres,
although the area of effective dosage might be much smaller due to loss 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

[or
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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 coulg

carry. However, for some purposes, an existing weapon system or a far less

sophisticated means of disseminating might be used.

D. PROTECTION

349, The measures which would be required to protect a population, 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
are likely to prove very expensive, if indeed they are feasible.

%50, 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 ub decontamination centres and training of people in their use. Stocks
of decontaminating agents and replacement clothing would also be required.

355+ 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

Jov.
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identifying the specific agent used in anvattack, Methods for doing this rapidly
and accurately are still inadequate. Specific protection against bacteriological
(biological) agents would necessitate the use of vaccines and perhaps antibiotics
(see annex C of chapter II). 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
veed prophylactically are a possible means of protection against bacteria and
rickettsise but not ageinst viruses. 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. Mobile mronps of specialists in infectious disease, of
microbiologists, 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. CCST 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 éountriesu 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.
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356, Chemlcal end bacteriological (biological) attacks could be particularly
dangerous in towns and densely populated areas, because of the close contacts
between individuvals, and because of the centralized provision of services for
every day necessities and supply {services, urban transport networks, trade,
etc,). The consequences might also be particularly serious in regions with a
warm, moigt climate, in low lying areas, and in areas with poorly d@velopéd
medical facilities.

357. The technical and orgsnizational compléxity, ag well as the great financial
cost, of providing adequate protectlon for a population against attack by chemical
and bacteriological (biclogical) agents have already been emphasized. The costs
would be formidable by any standards. The construction of a system of fallwout
shelters to protect only part of the populafion of one large and highly developed
country against nuclear weapons has been estimated at no less than $5,000-
$10,000 million. Such shelters could be modified, at a relatively modest
additional cost, to provide protectlon against chemical and bactericlogical
(biological) weapons. To construct communal shelters for a corresponding part

of the population against chemical and bacteriological (biological) weapons alone
would cost much the same as protection against nuclear fall-out. If all other
necessary related expenditures are considered - such as detection and warning
systems, communications, and medical aid - the total costs of civil defence
against chemical and bacterioclogical (biological) agents would be greater than
$15,000-$25,000 million for & developed country of 100-200 million people. Butb
even if such a progremme were ever planned and implemented, there could be no
assurance that full protection could be achieved, |

%58. For whatever its cost, no shelter programme could‘brovide absolute protection
against attack by chemical or bacteriological (biological) agents. Protective
measures would be effective only if there were adequate warning of an attack, and
if clvil defence plans were brought into operation immediately and efficiently.
However many shelters were available, the likelihood would be that large numbers
of people would be affected to varying degrees, and would be in urgent need of
medical attention, and once hostilitiles had ceased, that there would be large
numbers of chronic sick and invalids, requiring care, support and treatment, and

imposing a heavy burden on a society already disorganized by war.

fors
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359, It is almost impossible to conceive of the complexity of the arrangements

shich would 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 few individual cases, introduced from abroad,
necessitates enormous material expenditure and the diversion of large numbers of
medical personnel. Examples of widespread disruption due to a few smallpox contacts
are given in chapter IT. 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
dollars. Large-scale bacteriological (biological) attacks could thus have a serious
impact on the entire economy of the target country and, as is observed in chapter II,
depending on the type of agent used, the disease might well spread to neighbouring
countries.

360. Whatever might be done to try to save human beings, nothing sighificant could
be doneé to protect crops, livestock, fodder and food-gtuffs from a chemical and
bacteriological (biological) weapons attack. Pergistent 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 urusable, and rivers, lakes and

streams might be temporarily contaminated.

362. Enormous damage could be done to the economy of a country whose agricultural
crops were attacked with herbicides., TFor example, only ten to twenty grammes

per hectare of 2, 4D could render a cotton crop completely unproductive (see

gnnex A).  Fruit trees, grape vines and many other plants could also be destroyed.
Mixtures of 2, kD, of 2, 4, 5T and picloram are particularly‘potent. The

chemical known as paraguat cen destroy virtually all anmual plants, including
leguninous plants, rice, wheat and other cereals. Arsenic compounds dessicate

the leaves of many crops and male them unusable as food. There are no means known
at present of regenerating some of the plants which are affected by herbicides.
Experience has shown, however, that in the case of some species,‘ glther 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. For most practical purposes, it would be impogsible
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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.

36%. 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 affeéted
by blast. The uredospores of the rust are egasily 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.

36, Over and above all these possible effects of chemical and bacteriological
(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. THE RELEVANCE OF CHEMICAL AND BACTERIOLCGICAL (BIOLOGICAL)
WEAPONS TO MILITARY AND CIVIL SECURITY

265. 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 of weapons.
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 (bioclogical) weapons could, in some
circumstances, have far more devastating effects than chemical weapons, and
effects which might extend well beyond the zone of military operations.
367. From the military point of view, one essential difference between
antil-personnel chemical and bacteriological (biological) weapons on the one hand,

and a conventional high explosive weapon on the other (including small arms and
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the whole range of projectiles), is that the area of the effects of the latter is
more predictable. There are, of course, circumstances where, f?om the point of
view of the individuals attacked, an incapacitating gas would be less damaging
than high explosives. On the other hand, whereas military forces can, and do,
rely entirely upon conventional weapons, no country, as already observed, could
entrust its military security to an armoury of chemical and bacteriological
(biological) weapons alone. 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. 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 uge of the same type
rof weapon but also of other categories of weapons systems, once their use had
been initiated. Thus, chemical and bacteriological (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.

369. Since some chemical and bacteriological (biological) weapons constitute a
major threét 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. Thelr 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
countries 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 bacterioclogical
(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. ILarge-scale chemical and bacteriological (biological) agents

/...
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and chemical agents might be used for acts ofnsabotage. Such events might oceur
as isolated acts, even carried out in defiance of the wishes of national leaderg
and military commanders. The continued existence and manufacture of chemical
weapons anywhere may make such occurrences more likely.

3'70. Obviously any extensive ﬁse 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 bacteriological (biological) weapons.
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Annex A

ECONCMIC LOSS FROM PCSSIBLE USE OF CHEMICAL AND BACLERIOLUGTICAL
(BIOLOGICAL) WEAPONS AGAINST CROPS

Table 1

Economic loss which could result from the use of chemical weapons due to

the destruction of crops per hectare of land

Average Price of Sum total of

Type of harvest 1 ton in losses in US
plant (in tons US dollars dollars per

per hectare) \ hectare
Cotton 3 600 1,8co
Rice 5 8L k2o
Wheat 3 69 207
Apple-tree 30 1ho* 8,400%
¥ Will not produce apples for two years.

Table 2

Economic loss due to the use of bactericlogical
(biological) weapons against crops

Losses Loss in US
Plant ' " agent dollars per
o} Type of agent % Tons per e
hectare
Wheat Cereal rust 80 oh 165
(Puccinia graminis)
Rice Rice blast 70 35 26k
(Piricularia
drizae)
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CONCLUSION

371. All weapons of war are destructive of human life, but chemical and
bacteriological (biological) weapons stand in a class of their own as armamentsg
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 ‘this 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, 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 thouzgh these substénces 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.

375. Moreover, 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 developed, produced and

stockpiled. The cost cannot of course be estimated with precision; this would

/o,
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depend on the potential of a country's industry. To some the cost might be
tolerable; to others it would be crippling, particularly, as has already been
shown, when account is taken of the resources which would have to be diverted

to the development of testing and delivery systems. And no system of defence,
even for the richest countries in the world, and whatever its cost, could be
completely secure.

37k. Because chemical and bacteriological (biological) weapons are unpredictable,
in varying degree, either in the scale or duration of their effects, and because
no certain defence can be planned against them, their universal elimination would
not detract from any nation's security. Once any chemical or bacteriological
(biological) weapon had been used in warfare, there would be a serious risk of
escalation, both in the use of more dangerous weapons belonging Fo 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 report can thus be summed up in a few lines.
Wlere 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 strqcture 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 i1t might have

taken in parallel with ité development of an offensive capability. A particular
danger also derives from the fact that any country could develop or acquire, in

one wvay or another, a capability 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.

376. The momentum of the 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
brohibited by international agreements, in particular the Geneva Protocol of 1925,

and, more recently, in resolutions of the General Assembly of the United Nations.

/..
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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 frem all military arsenals.

377. If this were to happen, there would be a general lessening of international
fear and tension. It is the hope of the authors that this report will conbribute
to public awareness of the profoundly dangerous results if these weapons were
ever used, and that an aroused public will demand and receive assurances that

Governments are working for the earliest effective elimination of chemical and

bacteriological (biological) weapons.
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PROTOCOL FOR THE PROHIBITION OF THE USE IN WAR OF

ASPHYXTATING, FOISONOUS OR OTHER GASES, AND OF

BACTERIOLCGICAL METHODS OF WARFARE. SIGNED AT
GENEVA, 17 JUNE 1925

The undersigned plenipotentiaries, in the name of their respective
'Govermnents:

Whereas the use in war of asphyxiating, poisonous or other gases, and of all
analogous liquids, materials or devices, has been justly condemned by the general
opinion of the civilized world;

Whereas the prohibition of such use has been declared in Treaties to which
the‘majority of Powers of the world are Parties; and

To the end that this prohibition shall be universally accepted as a part
of Ihternational Law, binding alike the conscience and the practice of nations;

Declare: :

That the High Contracting Parties, so far as they are not already

Parties to Treaties prohibiting such use, accept this prohibition, agree

to extend this prohibitionbto 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 Parties 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.

The present Protocol, of which the French and English texts are both
authentic, shall be ratified as soon as possible. It shall bear todayts date.

The ratifications of the present Protocol shall be addressed to the
Government of the French Republic, which will at once notify the deposit of
Suéh ratification to each of the signatory and acceding Powers.

The instruments of ratification of and accession to the preseﬁt Protocol
will remain deposited in the archives of the Goverament of the French Republic.

The present Protocol will come into force for each signatory Power as from

the date of deposit of ite ratification, and, from that moment, each Power will

Joe,
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be bound as regards other Powers which have already deposited their

ratifications.
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.
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RESOLUTION 2162 B (XXI)

The General Assembly,

QEEQEQ 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
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 adopbed and is recognized by
many States,

Noting that the Conference of the Eighteen-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 1925, and condemns all actions contrary

to those objectives;
2. Egyites all States to accede to the Geneva Protocol of 17 June 1925.

148Lth plenary meeting,
5 December 1966.
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RESOLUTION 24sh A (XXIIT)

The General Assembly,

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 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 serious threat to mankind,

Believing that the people of the world should be made aware of the
consequences of the use of chemical and bacteriological weapons,

Having considered 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
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
1867-68,

Believing that such a study would provide a valuable contribution to the
consideration in the Eighteen-Nation Disarmament Committee cof 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 concisge 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 (document A/7189);

2, Recogggnds that the repgort be based on accessible material and prepared

R

with the assistance of gualified consultant experts appointed by the Secretary-
General, taking into account the views expressed and the suggestions made during

~ the discussion of this item at the twenty-third session of the General Assenmbly;

/..
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AN

%. Calls upon Governments, national and international scientific
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 Righteen-Naticn
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. Recommends that Governments give the report wide distribution in thelr
respective languages, through various media of communication, so as to acquaint !
public opinion with its contents; :

6. Reiterates its call for strict observance by all Stateés of the
principles and objectivesz of the Geneva Protocol of 17 June 1925 and invites

allvstates to accede to that Protocol.

1750th plenary meeting,
20 December 1G68.
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