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COMMITTEE ON DISARMAMENT (ENDC) - 1969 SESSION

CONFERENCE OF THE COMMITTEE ON DISARMAMENT (CCD) - 1970-1979
SESSIONS

COMMITTEE ON DISARMAMENT (CD) - 1980-81 SESSIONS

CHEMICAL WEAPONS

This éwo—volumé compendium is the result of a
survey of working papers submitted to the Conference of
the Eighteen-Nation Committee on Disarmameht, the Conference
of the Committee on“Disarmament and the Committee on
Disarmament during the period 1969-1981. It has been
éompiled to facilitate research on the issue of chemical
weapons (CW) and is a compendium of the more significant
material ﬁade available to the Committee on Disarmament.
Volume 1 covers the period”l969-l975 and
Volume 2, the period 1976—1981. The full index appears

in both volumes to facilitate cross references.
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CHEMICAL WEAPONS WORKING PAPERS

Submitted to ENDC/CCD/CD 1963-81

I S.erial Reference
' 1 ENDC/254
l 2 ENDC/256
'» 3 ENDC/265
4 "ENDC/266
') (CA-1) — -
l\. -5 CCD/283
', 6 CCD/285
Corr.l

a2

Country

Poland

Argentina

. Brazil

Burma
Ethiopia
India
Mexico
Morocco
Nigeria
Pakistan
Sweden

UAR
Yugoslavia

“Canada

usa

Hungary
Mongolia
Poland

. Chemical and Bactériological

" "Resolution-

" Description

Date

Letter dated 1 July 1969 from

the Secretary-General of the
United Nations to the Co-Chairmen
of the ENDC transmitting the
Report on Chemical and Bacter-
iological (Biological) Weapons
and the Effects of their Possible
Use

7.7.69

Working Paper concerning the
Report of the Secretary-General
of 1 July 1969 on Chemical and
Bacterioclogical (Biological)
Weapons and the Effects of their
Possible Use

22.7.69

Working Paper on a proposed .
declaration by the United
Nations General Assembly
regarding prohibition of the
use of chemical and biological
methods of warfare

26.8.69

“FelElE
(Biological) Warfare: Draft T
United Nations General Assembly

~

Working Pap;r on Chemical 16.3.70

Warfare Agents and the
Commeércial Chemical Industry

Working Paper submitted by the 14.4.70
delegations of the Hungarian & .
People's Republic, the 15.4.70
Mongolian People's Republic .
and the Polish People's Republic
in connection with the draft
Convention on the prohibition

of the development, production
and stockpiling of chemical and
bacteriological (biological)
weapons and on the destruction
of such weapons
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erial Reference Country

7 CCD/286 USA

8 CCp/288 . Japan

9 CcCcD/289 Italy

1o CCD/293 USA

11 CCD/235 Morocco
12 CCD/299 Czechoslovakia
13 ~cCp/300  Canada .

14 CCp/301 Japan

15 CCD/302 Yugoslavia

16 CCD/303 USSR

" Description

Working Paper on Toxins

Working Paper on the Question
of Verification for Prohibition
of Chemical and Biological
Weapons

Suggestions’ regarding the
possible convening of a group

Date

21.4,

30.6

of experts to study the problem

of controls over chemical
weapons and the way in which
such a group should function

Working Paper comparing nerve
agent facilities and civilian
chemical production facilities

Working Paper on the prohibi-
tion of the development,
production and stockpiling of
chemical and bacteriological
(biological) weapons and on

16.7.

©28.7.

the destruction of such weapons

Working Paper on the prohibi-
tion of the development,
production and stockpiling of

chemical and bacteriological
(biological) weapons and on

6.8.

the destruction of such weapons

Working Paper on the verifi-: 7 6.8
cation of prohibitions of the .~~~

development, production and
stockpiling and the use of

chemical and biological weapons

Working Paper on the guestion
of the prohibition of chemical
weapons

Working Paper on the elements
for a system of control of the

6.8.

6.8.

complete prohibition of chemical

and biological weapons

Working Paper on the complete
prohibition of chemical and
bacteriological weapons

6.8.

70

.70

.70

70

.70

70

70

70
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Serial

Reference

" Country

17

18

19

20

21

22

24

cCD/304

CCh/308

CCb/310

CCD/311
CCD/314

CCDh/315

CCD/320

CCD/322

Italy

UK

Argentina
Brazil
Burma
Ethiopia
India
Mexico
Morocco
Nigeria
Pakistan
Sweden
UAR
Yugoslavia

usa

UAR

Hungary .
Mongolia
Poland

Netherlénds

Sweden

" Description

Additional Working Paper on
the problem of controls over
chemical weapons

Working Paper on Verification
of CW Arms Control Measures

Joint Memorandum on the
question of Chemical and
Bacteriological (Biological)
Methods of Warfare

Date

6.8.70

18.8.70

25.8.70

Working Paper on economic data 25.8.70

monitoring as a means of
verifying compliance with a
ban on chemical weapons

Working Paper concerning
suggestions on measures of
verification of a ban on

chemical and biological weapons

Working document concerning
the introduction of a safe-

1.9.70

3.9.70

guard clause - CCD/285 - to the

draft convention prohibiting

the development, production and

stockpiling of chemical and
bacteriological (bioclogical)

weapons and on the destruction

of such weapons (Dec. A/7655)
made by Mr. J. Winiewicz,

Deputy-Minister for Foreign -
Affairs at the 464th Plenary
meeting of the Conference of
the Committee on Disarmament

Working Paper concerning the
prohibition of chemical war-
fare agents

Working Paper on a model for
comprehensive agreement con-
cerning the Prohibition of
Chemical and ‘Biological means
of warfare

2.3.71

16.3.71



Serial Reference Country

25 CCDh/324 Sweden

26 ccb/332  UsA

27 CCD/333  Sweden

28 ~CCD7334- - Ganada™

29 CCDh/335 Italy

30 CCD/343 Japan

31 CCD/344 Japan

32 CCD/352 Argentina
Brazil
Burma
Egypt
Ethiopia
India
Mexico
Morocco
Nigeria
Pakistan
Sweden
Yugoslavia

33 CCD/360 - USA

" Description ‘ Date

Working Paper on the Destruc- 30.3.71
tion of chemical and biological
means of warfare

Working Paper on CW 5.7.71
verification
Working Paper on aspects of 6.7.71

the definition of "toxins"

Working Paper--on-atmespheric 8.7.71
-sensing and “verification of ¢ '-v
...a -ban-on ‘development, production

and stockpiling of chemical
weapons

Working Paper on some problems 8.7.71.

concerning the prohibition of
chemical weapons

Working Paper on a biological 24.8.71
approach to the question of
verification on the prohibition

of chemical weapons - Organ-
ophosphorus chemical agents

Working Paper containing ' 24.8.71
remarks of Prof. Shunishi

Yamada, the University of

Tokyo, concerning the guestion

of verification on the

prohibition of chemical weapons,
presented at the informal

meeting on 7 July 1971

Joint memorandum on the prohi- 28.9.71
bition of the development,

production and stockpiling of

chemical weapons and on their
destruction

Work Programme regarding ©20.3.72

_negotiations on prohibition

of chemical weapons

—~—
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" Description Date

Draft Convention on the prochi- 28.3.72

bition of the development,
production and stockpiling of
chemical weapons and on their
destruction by Bulgaria, the
Byelorussian Soviet Socialist
Republic, Czechoslovakia, Hungary,
Mongolia, Poland, Romania and the
Union of Soviet Socialist
Republics

Working Paper on definitions 26.6.72

of controlled substances

Working Paper on storage of 20.6.72

of chemical agents and weapons

destruction of chemical weapons

- Working Paper on the +20.6.72

Working Paper: Statistics 20.6.72

relating to production and
trade of certain chemical
substances in the United States

Working Paper on United States 20.6.72

domestic legislation regarding

- chemical substances

detection of chemical weapon
field tests

'Working Paper on remote 27.6.72

Working Paper on two groups 28.6.72

of chemical agents of warfare

tion and classification of
chemical warfare agents and

on some aspects of the problem
of verification

Wworking Paper on the gquestion 5.

of a criterion to be used to
characterize super-toxic
chemical agents

-5 -
Serial Reference Country
34 ccp/361  Bulgaria
Czechoslovakia
Hungary
‘Mongolia
Poland
Romania
USSR
35 CCD/365 USA
;. . h“fA,
36 CCDh/366 USA v
37 CCch/3867 Usa
38 ccD/368  USA
39 CCD/369 USA
40 CCD/371 United Kingdom
41 ccb/372 Sweden
42 CCD/373 Italy
43 CCD/374 Japan
44 cCcD/375 Yugoslavia

. Working paper on identifica- 29.6.72

Working Paper on some aspects 5.7.72

of the definition, classifica-
tion and prohibition of chemical
agents



Serial

Reference

Country

45

46

47

48

49
(CA-4)

S0

CCD/377

CCD/381

CCD/383

CCD/384

'cco/aejﬂjf

CCD/395

CCD/400

Yugoslavia

Finland

Netherlands

Sweden

“Canada -

Sweden

Argentina
Brazil
Burma
Egypt
Ethiopia
Mexico
Morocco
Nigeria
Sweden
Yugoslavia

Working Paper on the elements

‘Working Paper on domestic

" Description Date

‘ 20.7.72
of a system for the control of

the complete prohibition of
chemical weapons

‘Letter dated 21 July 1972 from 27.7.72
.the Permanent Representative -

of Finland to the Special.
Representative of the Secretary-
General to the Conference of the
Committee on Disarmament trans-
mitting a working paper by the
Government of Finland on defini- -
tions of chemical warfare agents
and on technical possibilities
for verification and control of
C-weapons with particular regard
to a Finnish project on creation
on a national basis of a CW-
control capacity for possible
future international use

Working Paper on the possibi-
lity of delimitating nerve gases
within the field of organo-
phosphorus compounds

8.8.72
legislation in Sweden regard-
ing chemical substances

WoTking Paper on toxicity of ~24. 872"

chemical substances, methods ---
of estimation and ‘applications
to a chemical control agreement

Working .-Faper on the concept

of amplified verification in
relation to the prohibition of
chemical weapons - The principal
role of verification in disarma-
ment treaties

6.3.73

Working Paper on the prohibi-
tion of the development,
production and stockpiling of
chemical weapons and on their
destruction

26.4.73

1.8.72



Serial Reference Country
52 CCD/403 Bulgaria
Czechoslovakia
Hungary
-Mongolia
Poland
Romania
USSR
53 CCD/410 Netherlands
54 CCDh/412 Finland
. 55 CCD/413 Japan
56 i CCD/4l4 -~ cCanada
(CA=5)— 77 ——
57 CCD/420 Japan
58 ccb/427

Sweden

Description : Date

Working Paper on ways of 28.7.73
implementing control over

compliance with the convention

on the prohibition and stock-

piling of chemical weanons

and on their destruction

Working Paper on an inter- 31.7.73
national organ for the

support of a CW convention

and other disarmament agreements

Letter dated 9 August 1973 14.8.73
from the Acting Permanent '
Representative of the Secretary-
General to the Conference of

the Committee on Disarmament
transmitting a Working Paper

by the Government of Finland -
On the progress of the Finnish
project for the creation of a
national basis of a CW control
capacity for possible future
international use

Working Paper on the main 21.8.73
points of an international

agreement on the prohibition

of the development, production

and stockpiling of chemical

weapons and their destruction

The “problem of defining = - 21.8.73 -
‘chemical substances in a ST '

-treaty prohibiting the develop-

ment, production and stock-
piling of chemical weapons

Draft Convention of the Prohi- 30.4.74
bition of the Development,

Production and Stockpiling of
Chemical Weapons and on their
Destruction

Some observations on the Draft 2.7.74
Convention on the Prohibition ‘
of the Development, Production

and Stockpiling of Chemical

Weapons and on their Destruction
presented by the Delegation of

Japan on 30 April 1974 (CCD/420)



Serial Reference Country
59 CCD/430 Japan
- 60 CCD/432 Finland
61 CCD/433 7 canada..
(CA=6) —- - - -
62 ~CCD/434 - Canada
(CA-T7) el
63 ccp/4a3s Usa
64 CCD/436 USA
65 CCDh/437 Usa
66 CCD/452 Japan

Description

Working Paper containing views 12.7.74

of Japanese experts on the
scope of prohibition and on
the verification for organo-
phosphorus compounds for the
informal meetings with

participation of experts of the

CCD in 1974

Date

Letter dated 12 July 1974 from 16.7.74

the Permanent Representative
of Finland to the Special

Representative of the Secretary-

General to the Conference of
the Committee on Disarmament

transmitting a working paper by

the Government of Finland on
methodology for chemical

analysis and identification of

CW agents - Progress of a
Finnish research project

The problem of defining com-
pounds having military sign-
ificance as irritating and
incapacitating agents

‘Destruction and disposal of -~

.Canadian stocks of WOrld War
XII mustard. agents.

Working Paper on toxicity of
chemical warfare agents

Working Paper on chemical
agent destruction

Working Paper on diversion -
of commercial chemicals for
weapons

MédificatiOn of the wording'
used in a draft convention
(CCD/420) on the prohibition

of the development, production

and stockpiling of chemical

sy

16.

1l6.
16.

16.

VER

7.74

7.74

7.

B.4.75

weapons and on their destruction

e,



Serial Reference ' Country
67 CCD/453 Finland
68 CCD/458 Federal
Republic of
Germany
69 CCDh/461 Sweden
70 CCD/466 Japan
71 CCD/473 ~Canada
(CA-8) ~ ~ ..~
72 CCD/4133 Japan
73 CCD/485  Sweden
74 CCD/497 United States
75 CCD/498 United States

Description " Date

Letter dated 2 July from the 4.7.75

Permanent Representative of
Finland to the Acting Represent-
ative of the Secretary-General

to the Conference of the Committee
on Disarmament transmitting a
working paper by the Government

of Finland on methodology for
chemical analysis and identifi-

‘cation of CW agents - progress

of a Finnish research project

Working Paper on the defini- 22.7.75
tion and classification of

chemical warfare agents

Working Paper on a model for 29.7.75
delimitating chemical warfare

agents in. an international

treaty

Working paper concerning the 8.8.75
scope of chemical agents that

have justification for peace-

ful purposes and an example of

the national verification system

WorKing paper on use of . 2678375 -
‘measurements of lethality for
‘definition of agents of

chemical warfare

Working Paper on the question 8.4.76
of chemical warfare agents to

be prohibited by the Convention

on the Prohibition of Chemical

Weapons

Working Paper on some aspects 9.4.76
of on-site verification of the
destruction of stockpiles of

chemical weapons

Verification of destruction of 29.6.76

declared stocks of chemical
warfare agents

The use'of seals and monitor- 29.6.76
ing devices in CW verification
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Serial Reference Countfz
76 CCD/499 United States
77 CCD/501 Finland
78 CCh/502 United Kingdom
Corr.l
79 CCD/503 Yugoslavia
80 CCD/504  Yugoslavia
81 CCD/505 Yugoslavia
82 CCD/506 German
Democratic
Republic
83 CCDh/508 Czechoslovakia
84 ccp/512 United Kingdom

Description

Review of proposals for
defining chemical warfare
agents in a CW agreement

Letter dated 1 July 1976 from
the Ambassador in charge of
Political Affairs at the Perm=-
anent Mission of Finland to
the Special Representative of
the Secretary-General to the
Conference of the Committee on
Disarmament transmitting a
Working Paper by the Government
of Finland on Methodology for
Chemical Identification of CW
Agents and Related Compounds -
Progress of a Finnish Research
Project

Working Paper on the Feasibi-
lity of Extra-territorial

Surveillance of Chemical Weapon

Tests by Air Monitoring at the
Border

Medical protection against
nerve‘gases poisoning (present

Date

29.6.76

2.7.76

2.7.76

5.7.76

situation and future possibilities)

A method of categorization of
chemical compounds regarding
binary technology

Working Paper on the defini-
tion of chemical warfare
agents (CWA)

The catalytic detoxification
of organo-phosphorus CW agents

Some medical aspects of the CW
problem and its perspectives

Draft convention on the pro-
hibition of the development,
production and stockpiling of
chemical weapons and on their
destruction ‘

5.7.76

5.7.76

6.7.76

8.7.7¢

6.8.76
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serial Reference Country " Description " Date
85 CCD/515 Japan Working Paper: Draft of one 16.8.76
form of LD5Q spectrum :
- 86 CCDh/529 Japan Some thoughts on the inter- 22.3.77
national control of chemical
weapons
87 . CCDh/S31 United States Working paper concerning 28.3.77
: incapacitating chemical war-
fare agents
88 CCD/533 Netherlands ‘Working paper concerning the  22.4.77
' verification of the presence
of nerve agents, their decom-
position products or starting
materials downstream of
chemical production plants
89 CCDh/537 Hungary A possible method of defining 4.8.77
-Rev.l ‘ toxic chemical agents
90 ccp/538 USSR Some methods of monitoring 5.8.77

compliance with an agreement
on the prohibition of chemical

weapons
91 CCD/539 USSR Verification of the destruction 3.8.77
of declared stocks of chemical
weapons :
92 CCD/541 United Kingdom Prophylaxis against nerve agent 5.8.77
: o poisoning
93 CCD/544 Finland Letter dated 19 August 1977 19.8.7

from the .Counsellor of the
Permanent Mission of Finland
to the United Nations Office
at Geneva addressed to the
Special Representative of the
Secretary-General to the
Conference of the Committee on
Disarmament concerning chemical
and instrumental verification
of organo-phosphorus warfare
agents

94 CCD/569 Sweden Working paper on a method- 24,4.78
: : ological investigation for
. computerized scanning of
/7 w\g\ ‘7 chemical literature

95 CTb/577
«



Serial

96

87

98

100

101

103

104

105
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Reference Country
CD/5 Italy

CD/6 Netherlands
CD/11 Group 21
CD/15 Britain
Ch/21 Poland
CD/26 Secretariat
cD/37 FRG

CD/39 Finland
CD/41 Netherlands
CD/44 Poland

" Description

Working Paper on Chemical
Disarmament Negotiations

Some Procedural Suggestions
with Respect to the Develop-
ment of a Ban on Chemical

Weapons

Working Paper on Negotiation
on the Prohibition of the
Development, Production and

Stockpiling of Chemical Weapons

and on their Destruction

Vvisit td'Btitain“by Chemical

Experts

24

1o

Date

.19

.2.78

L4.79

Prohibition of the Development 20.6.79

Production and Stockpiling of
all Chemical Weapons and their

Destruction

Compilation of Materials on
Chemical Weapons from the
CCD/CD Working Papers and

Statements

Working Paper on Some Aspects
of International Verification
of Non-Production of Chemical
Weapons; Experience Gained 1in

the FRG

Identification of Potential
Organophosphorus Warfare
Agents - An Approach for the
Standardization of Techniques
and Reference Data

Working Paper containing
questions relevant to a
Convention Prohibiting
Chemical Weapons

1

12

16

.7.79

.1.79

.7.79

QOutline of a Convention on the 26.7.7¢
Prohibition of the Development,

Production and Stockpiling of
Chemical Weapons and on their

Destruction
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Serial Reference Counfry

106 CD/48 USA /USSR

107 CD/49 Netherlands.

108 CDh/52 France

: Italy
Netherlands

108 CD/68 Poland

110 CD/84 Netherlands

111" CD/89 Afghanistan

112 CD/94 Belgium

113 CD/96 Poland

114 Cb/97 Sweden

115  CD/102 PRC

116 CDh/1Q3 Finland

117 CDh/105 France

" Description

USSR/USA Joint Report on
Progress in the bilateral
negotiation on the Pro-

~hibition of Chemical Weapons

Chemical Weapons Answer to

Questionnaire contained in
CD/41

Evaluation of the Discussion
on the CD in 1979 with Respect

to the Prohibition of Chemical
Weapons

Chemicai Weapons: A possible
procedural approach to the
tasks facing the CD

Draft initial work programme
of the ad hoc working group
on chemical weapons

Deélaration of the Government
of the Democratic Republic
of Afghanistan issued 11.4.80

Proposed Definition of a
Chemical Warfare Agent and
Chemical Munition

Ad-Hoc Working Group on
Chemical Weapons - Initial
Work Programme: Working
Document

Working Paper on the Prohi-
bition of Chemical Warfare
Capability

Chinese Delegation's

_ Proposals on the Main Content

of a Convention on the Pro-
hibition of Chemical Weapons

Identification of degradation
products of potential organ-
ophosphorus warfare agents

Elements of a reply by the
French Delegation to the
Questionnaire relating to
Chemical Weapons (CD/41)

Date

13.

28.

26,

14,
18.

22.

24,

19.

.B.

o

7Y

.80

.80

.80
.80

.80

.80

0o

.o
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Serial Reference ‘Cbuntry
118 CD/106 France

119 CD/110 Yugoslavia
120 CD/111 Yugnslavia
121 CD/112 USA /USSR
122 77Ccb/113 ' “~canada”
123 CD/114 Austzalia
124 ‘cp/117 7 Ganada | 7
125 Ch/121 Poland

- 126 CD/122 Morocco

127.° Cb/123  Mongolia
128 - CD/ 124 Indonesia

Description " Date

Control of the non-manufacture 27.6.80
and non-possession of agents

and weapons of chemical

warfare

Working Paper on Medical 2.7.80
Protection Against Nerve Gas

Poisoning (Present Situation

and Future Possibilities)

Working Paper on the Defini- 2.7.80
tion of Chemical Warfare Agents
(CWA ),

 USSR/USA Joint Report on the  7.7.80

Progress in the Bilateral
Negotiations on the Prohibition
of Chemical Weapons

Organization and Control of ¢.9.7.40°
Verification Within a Chemical “-

Weapons Convention

Reply at this stage submitted 9.7.80
by the Australian Delegation

to the Questionnaire relating

to Chemical Weapons (CD/41l)

. Definition and Scope on a - ~ 1077780
‘Chemical Weapons Convention ‘ '

Some of the issues to be 17.7.80
dealt with in the negotiation '
of a CW Convention: Working

Paper

Proposed Definition of ~21.7.80
Chemical Weapons

Inter-relationship Between 21.7.80
the Future Convention on the

Complete Prohibition and

Destruction of Chemical

Weapons and the Geneva

Protocol of 1925

Some Views on the Prohibition
of Chemical Weapons

o

.7.8C

Y

s lillillillr ‘lll<.llll g o

'II'”‘ |
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Serial Reference Country
129 CD/132  Pakistan
130 CD/131 CWAHWG
o131 CD/139 cD
! Part III
Section D
132 CD/142 Sweden
133 CD/164 Finland
134 ¢D/167 _ Canada
135 CDb/168° . China
136 CD/169 China
137 cD/173 Canada -
138 CD/1795 Secretariat
139 CD/195 Yugoslavia

" Description

Views of the Government of

Pakistan Submitted in Response
to the Circulation of Document

CD/89

-Report to the Committee on

Disarmament Ad Hoc Working
Group on Chemical Weapons

Report to the United Nations
General Assembly

Prohibition of Retention

or Acquisition of a Chemical
Warfare Capability Enabling
Use of Chemical Weapons

Creation of Chemical Weapons
Control Capacity - Present
Phase and Goals of the
Finnish Project

verification and Control 7
Requirements for a Chemical
Arms Control Treaty Based on
an Analysis of Activities

Prohibition of Chemical

Weapons: On the Definition
of Chemical Warfare Agents

Dismantling of Production

- Date

1.8.80

4.8.80

9.8.80

10.2.81

14.3.81

27.3.81

27.3.81

Facilities/Means of Production

for Chemical Weapons

‘Disposal of Chemical Agents

The Chairman's Progress
Report to the Committee on
Disarmament on the Work of
the Ad-Hoc Working Group on
Chemical Weapons

Incapacitating Agents

(Some Aspects of Definition
Classification and Toxico-
logical Characteristics)

3.4.8)

23.4.81

14.7.81
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Serial Reference ~ Country
. 140 CD/196 Finland

141 CD/197 Romania

142 CDh/199 Czechoslovakia
143 Cbh/203 Holland

144 CD/212.  China

145 CD/220 Secretariat-

. Prohibition of Chemical

" Description Date

Trace Analysis of Chemical 18.7.G)
Warfare Agents

Suggestion for Elements of a 17.7.4)
Chemical Weapons Convention
- Definition and Criteria

Definition and Character- 24 .7 .41
istics of the Toxins

Consultation and Cocperation, 30.7.41
Verification Measures and

Complaints Procedure in the
Framework of the Conventicn

on the Complete and Effective
Prohibition of the Development,
Production and Stockpiling of

all Chemical Weapons and in

Their Destruction

Some viewpoints on' the ' 13.8.46)
Weapons.
Report on the Ad-Hoc Working  17.8.4)

Group on Chemical Weapons to
the Committee on Disarmament
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CONFERENCE OF THE COMMITTEE ON DISARMAMENT ocz/483
L . SN ' . 8 April 1976
Originel: ENGLISH

JADAN

Working Paper on the qnestion of chemical warfare agents
to ba. prohlblted bv the Convention on the Prohibition
S of bhemlcal Weapons

The drwft convention on th€ prohlbltlon of chemical weapons (CCD/AQO , submitted
by the JaDapesa delegatlon on 50 April 1974 provides for a comprehen51ve ban in

Artlcle I (a) us1rg purpose crlterla on "chemical warfare agents of types and in

B quantities that have no Justlflcatlon for protectlve cr other peaceful purposes", whlle

’ 11m1t1ng the ban lnltlally, by v1rtue of Artlcle IV and Annex I, to those CWAs (chemical

wearfare agents) for which verlflcatlon measures ‘are assured Those CWAs which are

"'1n1t1a11y left out of the ban would be reduced by stages untll a comprehensive ban will

be eventually realized. _ L _ . .
A Furthermore, Japan sugges»ed in Annex I of ‘the draft conventlon a "table A" on

(WAs to be excluded tentatlvely from the prohlbltlon and a ntable B" on CWAs to be .
prohibited from the outset "Since then, a varlety of comments have been made on
-'Annex I by the delegatlons of: Canada, Iran and Sweden. Taklng these comments into
conslderatlon, an attempt has been made in thls paper to v1suallze the whole range of
CWAs by classzfylng them 1nto CWAs whlch should be prohlblted CWas to be prohibited.
from the beglnnlng and CWAs tentatlvely excluded from prohibition at the outset, with
2 view to fa0111tat1ng the conclus1on of the: convention on the prohlbltlon of chemlcal
weapons. It is to be clearly understood that the mentlon'"CWAs of types and in
quantltles" in Artlcle I (a) of the draft_conventlon should now read "CWAs of types
and/or in quantities'. N lb R : | )
1. Separation of CWAs to be prohlblted from ~among chemlcal substances

When v1ewed from the need of senaratlng CWas from among chemical substances,
chemical substances can be - d1v1ded into four groups, namely: _(1).s1ngle-purpose chemical
warfare agents (SPUA),l(Q) dual purpose chemlcal agents for either military or
peaceful uses (DPWA); (3) chemical substances_only for'peaceful use (CCFR) and (4) chemical
substences that may be discovered or made known in the fntume (CCUK) (these-are included
in each of (1), (2) and (3)). | A ‘

‘When v1ewed from the angle of grouplng together those - to be prohlblted, chemlcal

) substances are cl essified into (a) CWAs to be prohlblted and (b) other chemical substances.

GE,76-84120
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_ “CWAs to be prohlblted“ refers to the chemlcal substances belonglng to groups (1)
and (2) and those in group (4) whlch may be used as CWAs, ‘"Other chemical substances"

attached to thls worklng paper.q Thls was done 1n the hope that the locatlons of the

:rCWAs whlch have establlshed themselves as part of the weapon systems of

'States, and are retalned and stockplled 1n thelr arsenals, and on Wthh

L manuals have been publlshed , R > , 3 .
";;CWAs whlch were used durln past.wars such as WOrld War I, exceptlng those

. .falling in-(1) abave | Ll
‘.'.b;Chemlcal substances Wthh by nature of characterlstlcs such as tox101ty
.could be: used.as CWAs.,ts‘ . " "_,‘ Lt

gChemlcal substances whlch may be developed or made known ln the future

taken out of those falllng in’ (111) above. ;

v The flrst lmportant step to be - taken 1n this regard would be to formulate "A table

of CWAs to be prohlblted" by llstlng them respectlvely under these four groups and )

arrange ‘them systematically. In that . case, since all the CWAs belonglng to groups (1)

“:and. (11) can be listed in a concrete,and exhaustlve manner, obJectlve criteria such as

.ﬁfﬁ;ttox1c1ty, chemical. structural formulae and phy51cal and chemlcal characterlstlcs are
. }t?requlred in sorting: out only those falllng in groups of (111) and (1v)

_;3 Formulatlon of a.table of the CWAs o be,. prohlblted."ﬁ' ,

.‘ ' On the basis of the above conslderatlons, it is suggested llstlng the CWAs to be

“'prohlblted falllng .in -these: four groups and formulate "a table of the. CWAs to be

_prohlblted” as 1nd1cated 1n table 2. of thls worklng paper.lf

nto force of the Conventlon as 1nd1cated An- Alternatlve B in CCD/420" and "CWAs to be -
_xcluded tentatlvely at ‘the beglnnlng as 1ndlcated Alternatlve A in CCD/420", in table:I
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The table consists of two suppleménts (S;T.)'dnevfor single purpose (WAs which are
banned altogether (5.T.-1) and the other for dual purpose.CWAs which are banned except
those in quantities for peaceful uses (S.T.-Z). CWAs 1o be prohibifed from the outset
are distinguished from other chemicals to be excluded tentatively from the ban under
item "{" as provided for in the two supplementary tables. - |

Thus the two alternative tsbles, namely "table B, the CWAs excluded from the
prohibition tentatively" end |."v::-l_’ble i, the CWis to be\prohibifed from the outset'" in
Annex I of the Japanese drafi convention, mey be converted. into eech of the two

supplementary tables of table 2 of:. this working paper.

\ .



(classification depending

on the use for war or
peace)

Comprehensive ban

Single purpose CWAs

Table~1 CWAs to be prohibited

(classification corresponding
to the need of prohibition)

Chemical substances
not yet discovered
or published

{Chemical
!Substances

Ban on those in
quantities that have
no justification for
peaceful purposes

Dual purpose

5

(classification taken
by the Japanese draft
convention)

2

*
CWAs to be Prohibited .3

chemical agents

Chemical substances
not yet discovered
or published

Not to be prohibited

Chemical agents for
exclusively peaceful

CWAs prohibited *1
from outset

(Table B of Annex-1
in CCD/420) '

Other Chemical *4
Agents

use

Chemical substances
not yet discovered
or published

Notes:
*2.
*3.
4.

CWAs. excludes ten-
tatively from pro-
hibition

(Table A of Annex-1
in CCD/420)

Fifty-four kinds of organophosphorous agents were presented in CCD/430.
The table should be divided into two supplementary tables (ST); ST-1 (SPWA) and ST-2 (DPWA),
They will be distinguished from each other by the f-item of each ST.

As for phosphorous compounds,

Japan as chemical agents for peaceful uses.

those exemplified in working paper CCD/466 are regarded in



Date of coming into effect;

Supplementary Table-2: Dual purpose CWAs . . Date of amendments;
a b c d e f*2 g*3 h*4
1
Names in | chemical| chemical L “1 Distinction - -between : reported total amounts’
No common names structural D 50 ° prohibition from * remarks; .of production (details,
use formulae inh.p.c.{p.o. | outset or not . ' are shown in attached
: : table) 5
1 i i
2 i !
3 i !
e B G I DT e —o
: /I e e e et [ p—— ; ! .....
. E i
n Unknown chemical substances : i } .
which will be discovered or oA G T ! |
published . |over over over! ! l
notes;

*1 Toxic level is an example. To fill the form in here, systematic investigations will be necessary
using other elements such as chemical structual formulae, physical nature etc. as yardsticks. It is
intended to present any other paper about this matter. cf. inh. = inhalent, p.c. = peretaneous,
p.o. = oral. '

*2 With the agreement of the States parties, agents which are listed may be marked depending upon
whether those belong to those prohibited from the beginning or those excluded from prohibition
tentatively in f. item.

*3 As to agents reported after the comlng into force of the convention, the necessary remarks can be
filled in here.

*4 The reported amounts of the production of every state should be attached to this table as an
addition.
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SWEDEN
Worklng_paper on some aspects of on-site verification of the
destruction of sgtockpiles of chewical weapons

¥

Summary

Art————

.

One of the important“verification issues with:regard td-a treaty prohibiting
development, production and stockplllng of chemical weapons concerns destruction of
existing stockpiles. The present WOrklng Paper tries to summarize the difficulties
and poésibilities whlch have appeared in the dlscu551ons so far, They are displayed
schematically in the attached scheme of optlons. | _

By emphasizing the p0ss1b111tles offered in u51ng tox101ty determinations as one
- verification method some concerns shown by the USSR delegation can be dlspensed with,
The resulting verification p0331b111ty might be applled as a confldence building
measure for the negotlatlons on a chem:cal weapons ban.

Tntroduction o o ' .
The question of verification of desEructionAof stockpiles_qf chemical warfare

agents and weapons dieplays one major difficulty: 'no means are available for

disclosure of hidden stocks. '.(It is not even possible to rely upoﬁ.on—site ingpection
to find such hidden stocks )

However, 1rrespect1ve of - thls difficulty the respon31b111ty remains to discuss
the existing option: verification of destruction Qf stockpiles with known looations.
At such locations installations andfactivifies'other than those concerned with the
chemical stockpiles may exist. A perty, which'has kepf hie stockpiles non-accessible
(or even secret) may thus wish, for this and other reasons, to continue to do so, even

if he accedes to let some type of on—s1te verlflcatlon of destructlon of declared

an  |lll - Eill {/!!I' Ililv< Iii— EE

stocks take place. In such cases the party might select particular destruction sites,

S

which would be freely‘accessible-for‘verification personnel.

GE.76-84134
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Presently it seems impossible to verify destruction without at least soue
limited on-site presence.. Accordingly a second difficulty depends on the reluctance

by some countries to agree to socme forms of on-site activity with respect fo

verifying destructlon of chemlcal weapons. They are argulng 1 a. the risk for
unwanted spread of seOret 1nformatlon 1ead1ng to prollferatlon ) Theae thoughts were
expressed by the Soviet delegatlon CCD/PV 647, p.18 and CCD/PV 65° p. 19-20)

saying that on-site. Verlflcatlon of stockplle destructlon would reveal the nature of

a ohemlcal warfare agent which mlght otherw1se perhaps have been kept secret. Such

a dlsoloeure could not only lead to the unwanted spread of knowledge but mlgh+ also
1nfr1nge on industrial rlghte. , _
" Without disputing these claims the present Worklng Paper aims at show1ng

in principle that effectlve on-site verification of destructlon of stockplles

contalnlng chemlcal warfare agents can be carried out wlthout dlSClOSlng the chemlcal
nature of theé agent in question or 1nfr1ng1ng on 1ndustr1al secrets.

To avoid compllcatlng detalls in the present account conver51on of agent
stockp1les into peacefully useable chemlcals is not treated here. .’ However, 31m11ar
thoughts can be applied alsoc for that act1v1ty See also below on destructlon of B
stocks of dual-purpose agents o _ . -

Generally, rather satlsfactory methods now seém to be avallable for on—31te
" verification of destruction. Different aepects have been touched upon in many
Working Papers through the years, e.g. CCD/324, 344, 366, 367, 432, 434, 436 and 453.
. .Especially CCD/434 and 436 by the Canadlan and ﬁnlted States delegatlons
 respectively make clear how compllcated an affair it is. o destroy chemlcal weapons
but also that it is feasible. Verlflcatlon of destruction of stockpiles- is
'env1saged in the Japanese draft convention (CCD/420, 30 April 1974)

‘However, the use of tox1cologlcal verlflcatlonl,descrlbed below has so far not

been analysed sufficiently. " The dlscuss1on of this method and 1ts implications for

- vérification is theé main purpose'ofuthis paper} The impiioations of chemical

analysis for verification purposes are treated for conparison; The different options

reeulting from application of the two types of analysis alone or together are
displayed in the attached scheme.
A successful verification of destruction performed according to carefully

established conditions might be an important confidence building mweasure in trying

out acceptable means of verification for a treaty prohibiting development, production

and stockpiling of chemical weapons.

Somwe aspects of such verification activities are outlined below.
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Conditions £or on-site verification activities _

It is assumed thaﬁ'the verificafioh activities are to be carried out by
analysts from other countries (in national or international teams). National
verification teams from the country, whosé stocks are being verified could of course
at thé same time undertake tHé'same analysis. - _ ' |

In principle destruction ¢f chemical agents (in bﬁlk or in munition, etc.) nust
take place at any'of the following premises: ° |

(a) at or near production plants for chemical warfare agents (including

' munition filling inste(l-latio’ns);

(B) “at or near existing stockpiles of chemical warfare agents or weapons;

(c) at special, perhaps mobile, destruction plants or facilities.

In the present context alternatives (&) and (b) probably will not be pertinent
to discuss for masons or secrecy presented above. Alternative (c) probably is the
one to'calculafe with., As pointed out in the Introduction it seems possible for.a
part, which does not wish to disclose other secrets, to choose a desfruétionrsite,
where such risks do not -appear ané is'freely’availébleifor the verification analysts.

It is assumed in the following (with one exception) -that the chemical nature of
the agents shall not be disclosed by the verification activity.  In -most
circumstances this need not be a necessary condition: dbviously large parts of
existing stockpiles most probably will consist of well-known chemical agents.

One further reason for secrecy’might.be that the proportions between different
stockpiléd agents should not be disclosed. “‘However, this ﬁéy’be*of importance only
in the long run, and be “of less importance as long as confidénce building measures
are being tested. ‘

Verification by toxicity determination — toxicological verification *

Basically this method utilizes the fact that thorough destruction of a toxie
substance leads to nonftoxic.destruction'prpducts. This is valid irrespective of
the type of subsfance. Thus, measuring the toxicity of the (known or unknown)
substance going into and coming out from the destruction process, it is possible to
verify thét the substance haé been destroyed. * The ‘various aspects of the method
are described below. b '

A prerequisite for fhe method is that the substance being deStrOyéd really is
sufficiently toxic to be of interest as a chemical warfare agent -~ preferably

supertoxic. Even if it can be envisaged that, for the purpose of evasion, other

o
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‘substances than actual warfare ;gents‘will be:destroyed.this is of minor importance
as it obviously has to be a substance with a comparable toxicity and thus also to
some extent usable as a warfare agent. bv Co ' o
Substances with a low tox1c1ty Wthh can also have civilian use could of course
always be used in war with some effect, e.s. phosgene, cyanldes and even chlorlne as
has been p01nted out on many occasions. However, 51nce stocks for 01v111an
~ purposes would be kept anyway, there would be no sense in trying to verify
Tvdestructlon of dual -purpose agents with a relatlvely low toxicity. If abnormally
large- stocks of such agents -were found the most obv1ous way of dlsposal would be
through the chemical productlon processes for whlch they normally are used.
The reliability of the toxrcrty and quantlty determlnatlon will depend upon

randomlzed sampllng methods. . Thus the sampllng routines must be constructed and

"_;performed w1th great care 1n order to get representatlve samples. The fact that

'samples will have to be taken does not 1mply that knowledge of the substance to be
| destroyed has to be passed on, . However, the agent contalners_(for bulk stockpiles
or as munltlon) must be allowed to be measured and counted by the inspection team.

: leferent means of evading a determ;natlon of the amount of agent to be destroyed

hs have been p01nted out in the United States WOrklng Paper CCD/436. On the other

| hand such‘attempts could most probably be revealed or 1ndlcated by the randomlzed

sampllng. , ‘ :
. Standardized handllng of the samples could guarantee that no parts of samples
were wlthheld by verlflcatlon teams for a later, more reveallng analysis. One

" could” even concelve of a scheme allow1ng the sampllng and experlmental work to be
performed by a natlonal verlflcatlon “team under close’ survelllance of 1nternat10nal
observers. _ o o _ o

The ioxicity_determination”is preferably performed by simple tests on

animals: T
(a) 1n3éctiohs'¢f series of diluted solutions of the substance in the belly of
mice (1ntraper1toneally), ' '
(b) " application of series of diluted solutions on the skln of mice

(percutaneously) '

. _/ For a dlscusslon of the method see e.g. CCD/435, 16 July 1974, worklng
- paper on toxicity of chemical .warfare agents, by the United States: delegatlon
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After a standard time the number oT dead animals in each series should be counted
50 tests) Skin damages
could be registered in the same way and form the basis for tOXiCity calculations

It would not be necessary to observe symptoms leading to the death of the

animals since the calculations of the toxicity are based only upon the final outcoue.

Knowledge of the symptoms might 1ead to unwanted knowledge of the nature of the
substance being destroyed

A tox1cological verification of destruction of chemical warfare agents could be

carried out according to the following prinCipal scheme.

(a) quantity and toxicity of agents stockpiled on the place for the destruction,
' or being transported there, are determined, o
(b) a "perimeter'| inspectlon is performed to ensure that no hidden means eXist
mof remov1ng agents without destroying them, -
(c) randomized sampling of open, departing transports ensure that no tox1c
material is taken away by such transport, -
(a) after the destruction is declared finished an on—site inspection should be
-undertaken to ensure that no tox1c material ls left in the place
The COﬂClBﬁiEE is that by a limited on—s1te activ1ty, i.e. the type of
toxicological verification described above, effective results can be obtained taking
care of some of the obgections, which so far have been raised against on—s1te
verification of destruction of known stockpiles of chemical weapons. |

Verification hy chemical analysis

The most obvious method for verification of destruction is chemical analysis of
in- and outgoing substances.  Such methods have been outlined in several of the
Working Papers mentioned in thetlntroduction. | (In this paper by "chemical analysis"
is understood many different methods.ranging from biochemical to physicochemical 4
methods. ) ’ ‘

Direct chemical analysis of the samples of the substances in the destruction
process would lead to disclosure of which substance is to be destroyed. In
controlling also the amounts being destroyed, as wentioned before, these activities
might be used to check declared intentions of destrucition. This would in most cases
seem to be the most rational way of acting and could be used as soon as the agents

to be destroyed are known.
\.



. y Another optlon would be to allow only ”perlmeter" sampllng from the surroundlngs
nof the destructlon slte It seems concelvable that from chemlcal ana1y51s of such
samples one mlght 1ndlcate at least that a chemlcal warfare agent was belng destroyed
and perhaps also to which group of agents it mlght belong '
' Further, the actual 1nvest1gatlons on the destructlon 51te might be kept to a

|
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1

1
minimum. - The method mlght accordingly be suitable for 81tes where other act1v1t1es
must be kept secret. . o l

It is even concelvable that -the actual chemlcal analys1s might be carried out at
laboratorles separated from. the destructlon s1te. N The concept of "black boxes" shoula I
“be evaluated with respect to this alternatlve. , '
J "An obv1ous drawback w1th regard to performlng chemlcal analys1s only of perimeter
samples is that no estlmatlon can be made about the amount of agent belng destroyed
However, chemlcal ana1y31s of perlmeter samples, comblned w1th tox101ty tests on
randomized samples of the agent mlght result 1n a falrly good assessment of the’ type
:-of substance and the amounts being destroyed. '

ill. - .

‘The conclu51on is that use of ohemlcal methode - comblned or not w1th tox1crloglca

. methods - mlght result in a serles of optlons, ranglng from demonstratlon of

“destructlon act1v1t1es to complete quantltatlve and qualltatlve 1dent1flcat10n of
'stockplle agents belng destroyed _
Informatlon on actual experlences of applylng these optlons would most probably

increasa the prospects for. the selectlon of a proper course of aotlon.
\l » i ' . .

....t._.......-..
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Schene of ovtions on verification of ¢-3zvi.chion of

stocimiles ¢f chemicel weanc s

Options Technical aspects Consequences
Stockpile sites unknown IMethods to find hidden stockpiles No verification
do not exist presently possible
Stockpile sites known " Methods for remote verification  No verification
. e _ of destruction do not exist. - possible
No on-site activity allowed presently
I4
Perimeter inspection allowed 7 _
Chemical analysis of Chemical type of agent might be Verification of -
perimeter samples » inferred from identification .of “destruction,
decomposition or destruction : activity
products Co . ,
Toxicity determinations Not applicable : Not applicable
.of perimeter samples S :
Sampling allowed’
Chemical analysis of - Agent will Dbe identified . Verification
samples : “ possible
Toxicity determination - Presence‘and destruction of Verificatidn
~ of samples o toxic material will be - ' possible

demonstrated; identification
of agent not possible

) a2ed
Geb/ann
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UNITED STATES OF AMERICA

Verification of destruction of declared
gtocks of chemical warfare agents

In working paper CCD/436 (16 July 1974), the United States delegation described the
procedures employed in the disposal of mustard gas at Rocky Mountain Arsenal and outlined
some preliminary ideas as to how sucn a disposal operation could be verified., Since -
that time, a number of delegations have expfessed interest in on-site monitoring of
destruction of chemical warfare stocks, The basic purposetof on~-site monitoring would
be to confirm information prov1ded as to the type and quantity ef agent destroyed To
satisfy this purpose, it would be necessary to specify, in detail, what general technical
methods and procedures would be used in the confirmation process.

This paper presents in greater detall the preliminary results of our evaluation of
p0551b1e methods for carrylng out on~s1te monltorlng. These ideas are, of course,
subject to further reflnement ' L

'The technlques discussed below are based on two premlses (1) that the chemical
agent would be destroyed either thermally (1nc1nerat10n) or chemically (by treatment
with caustlc, for example), and (2) that the disposal facility would be s1mllar to that
described in CCD/436. A If other dlsposal methods were employed or fundamentally
different types of facilities used, substantial changes might be reouired in the
verification techniques applied. Even if major revisions are not necessary, some
adjustments may be needed to adapt the basic techniques to a specific situation.

In pr1n01ple, the objective of confirming the declaratlon of the type and quantlty
of chemlcal agent destroyed is similar to the obgectlve of ensurlng accountablllty in

facilities which process nuclear materials. Consequently, some of the techniques which

‘have been developed for safeguarding nuclear material appear to be adaptable for use in

CW verification,

Discussion of verification at a specific destruction facility should beginvwhile
the destruction operation is in the planning stage. Representatives of the facility
management and the observers would co-operate ln working out detailed arrangements

needed for that facility.

GE.T76-86626
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fhe observers would arrive at the si%e before destruction operations were to begin;
They would be provided with engineering drawings showing all areas of the destruction
facility and with a detailed technicalbdescription of the destruction process. On the
to ensure that diversion of agent w1thin “the- plant<was”not~poss1ble. Periodic facility
reinspections would be needed ourinL the destruction operations to ensure that no
illegal plant modifications had been made, These procedures wvould serve to' provide
assurance that agent could not Slﬂplj be drained off and that a simulated waste material
'could not be introduced into the’ plant Additional assurance might be obtained- if the
observers were allowed to 1ntroduce a tracer material 1nto the chemical agent befor
destruction, - ' )

During the destructlon operations, the observers should be authorized to visit' any
area of the facility at any time under the samé conditions as host state’ personnel ‘and’
to observe all actiVities. In order to supplement the observers and O minimize. the ’
need for their continuous presence in particular looations during the destruction
.operations, surveillance of certain areas may be carried out remotely using closed—‘
circuit television systems. Additionally, areas requiring ‘surveillance, but in vhich o
facility personnel would not normally be present might be monitored using cameras that
_are triggered by a motion detector and rand om interval timer, The level of observation
required could also be reduced by use of tamper—resistant tamper—indicating seals to
close off certain areas of. the faCility or to prevent tampering with prOcess or '
monitoring equipment. (Such seals have already been developed for use in nuclear A
safeguard operations) PrOViSion for superv1sed access in an emerwency or to handle
needed maintenance would be made..n '

The techniques discussed above,lwhile prov1ding important safeguards ggainst certain

types of illegal actiVities durinU the destruction operations, cannot provide
confirmation of data furnished on the type and quantity of chemical agent being destroyed.
One technique for verifying the:quantity of chemical agent destroyed would be continuous
monitoring of the rate at which agent flows into the destruction chamber. "From this
data, the total quantitJ destroyed could be calculated. T -

Two methods whlch would help to confirm the nature of the materia] belng destrOyed
would be to measure ‘the tox1city of the agent to animals, as recently su"gested by
Sweden, and to conduct a ‘chemical analysis of the agent. Bither method would’ require
taking small samples periodically near the flow meter, which should not be difficult
technically. )
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In addition, to confirm the nature and quantity of agent it would he*necessary to
- moni tor any’ chemlcal substance that 1s added to the agent or “to. 1ts decomp031tlon '

.products.a For example, chemlcals used iny hydroly21ng an agent or in treatlng the
effluent should be monitored to confirm that.their use was consistent with the
description of the destruction process. | , |

Air sampling, a less intrusive techniquehlmightwsupp}ement,Vbut not replace,

- sampling of the agent stream. Current air sauplinéitechniques can collect and o
concentrate chemicsls which are present in the air at extremely low leveis. At a
destruction site, traces of. the agent and its decomposition products; as well as traces
of other chemicals involqed in the destruction process could be collected_and analysed,
although sophisticated instrumentation may be required.

This procedure would yield information on the types and relative concentrations'of
the chemicals present in the air in different locations at the facility. It would
provide additional assurance to the observers that the type of material being.destroyed-
had been correctly represented, but would not be adequate to confirm the information on

guantity. It should be noted that air sampling would have to be conducted before

l - e

T
‘ R
H }

disposal operations were to begin 80 that the '"chemical background” would be known.
This preliminary sampling would be conducted at the locations‘inside andioutside the
destruction facility where_Samp{ing would be carried out during the'destructdon
" operations.
It would also be very desirable to check whether or not the nature of the waste
handllng equlpment and the toxlclty of.'the. decomp031t10n products, -as well ‘as thelr

general composltion. were consistent vith that expected from the nature of the materlal

ostensibly being destroyed. Tor example, most nerve agents contain one phosphorus
atom per molecule. Also commonly present are either one atom of fluorine or one atom
each of sulphur and nitrogen. In addition, if a tracer had been added to the agent

feed, analysis of the concentration of the tracer in the effluent would help provide

—

| am

‘assurance that no diversion of agent had occurred.

. ) _ ‘
A&other technique which could be useful if the identity of the agent were kmown is

-

the materlal\balance.-' This would involve comparing the amount of decomposition
: products actually produced with the quantity which should result from a given quantity

of agent. For this method to work, there could not be any significant loss of gases,

r

liquids or solids from the system., It should be possible to meet this condition for
chemical detoxification processes._ Tor incineretion methods, some gases may be lost,
permitting only a crude balance to be obtained even.when neasured as accurately as

possible.
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In order tocarry out their. work, it would be essential for the observers to have’
their dwg technical facilitieé”at the site. A well-equipped workshop would be needed
for caliﬁfétién;lmaintenance'and repair of monitbring equipment, On-site chemical and
’ toxicological laboratories with sophisticated equipment would also be necessary for
-conducting agreed upon measurements. ’
 SUMMARY ' A

In summary, we believe that the provisions we have described for on-site monitoring
‘would provide assurance that the nature and quantity of material destroyed were as A
represented. In our view, such monitoring'musf cover the entire disposal process and
include observers and instruments. Ve believe this can be accomplished in a manner

which is not unreasonably intrusive.
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'UNITED STATES OF AMERICA

The use of seals and monitoring devices in CW verification

In an earlier presentation to the Committee (CCD/))Z the United States' delegation

noted the possibility of uslng_unattended,Atamper-lndlcatlng seals and monitoring

—~

equipment as a part of a CW verification system. As pointed out in CCD/332, seals

and monitoring devices could help to ensure that CW agent production was not resumed

illegally at a shut-down facility. Subsequent evaluation has shown that the use of
seals and monitoring devices could also be used to assist the on-site oLserveru noeced
to monitor destruction of declared CW stocks and help to reduce the number of observers
required.. A ‘ o ,.

This paper describes several types of seals, cameras”and,sensors which have been
developed for safeguarding nuclear facilities. Various methods by which such devices
could assist in CW verification-are;discussed. ‘ ‘ - |

Fibre optic seals

'

}

‘Current :fibre optic'seals_are improved versions of the seal described in CCD/332.

The basic concept, howevef; remains the same. Glass or plastio fibres are grouped in
a bundle to form a cable, which is placed around the item to be sealed. The two ends
of the fibre cable are interlaced to form a_single bundle and the seal made by.securing
the 1nterlaced bundle in a special collar.i Finally, the end of the bundle is.trimmed,
illuminated and photographed | _ ‘

- Because of uncontrollable: varlables in the assembly process, the pattern made
by the fibre ends is different in every case,-g1v1ng each seal a unique "fingerprint'".
While such a seal could be removed and then reassembled, it does not appear'to be

POSalble to reproduce the fingerprint.

S B I 08

. In order to verify that-the seal had not been tampered wlth an observer would

compare the current pattern of the fibre ends with that established vhen the seal

* was emplaced. - Such a comparison can be done quickly and reliably without removing
the seal. Any difference in patterns would indicate that the seal had been tampered
with. .

—
.

The fibre optic seal described above.must be examined periodically by'an observer

in order to detect attempts at tampering. Depending on the frequency of: inspection,

¢

a significant period could elapse before tampering was detected. The frequency of

GE.76-86630
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suchlinspection could be substantially reduced if such a seal could be monitored
remotely. In principle,'remote'menitoring vould‘provide a capability to detect
tampering attempts immediatelj.~~A?fibre¥optic seal with.a remote monitoring .. -
capability is already under developmenf'in‘the United States. In this device
one-half of the end of the'fibre optic bundle is illuminated by a lighf—emitting
diode. TheAlight is transmitted along the fibre loops and detected as it emerges
at the other end of the fibres. Tampering with the seal will break the light'path,
thus‘altering the signal receiﬁed at the monitoring stations. In order to eﬁsure

| that a false signal is not substituted, the seal contalnu an authentlcatlng device

vzbased on transmission of p eudo-random numbers. *

The signal from the seal could be transmitted through standard telephone lines -
to the remote monitoring statlon. Alternatlvelj, it could be transmitted uSLng ’
ekiéting'cdmmercial ccmmunica{iqns satellites. The latter arrangement would allow
seals installed at mothbailed facilitiee ﬁo'be‘monitored'relrably from | gfeat

. distances. Since the seals themselves are expected to cost only several. hundred .
dollars, thls approach could help to provide some oW verlflcatlon capablllty for

-nations which do not possess sophisticated national technical means of verification.

' - In connexioﬁ with'vefificatien.of stockpile destruction, such seals could te

:Aused to protect on-site monitoring equipmenf from tampering,>to prevent unobserved
‘entry into key portions of the facility and to ensure that important valves and
perhaps other process control devices were not changed for evasion purposes. In
addltlon, seals on entrances, key procecs control equipmen: and ventilation machlnery
could serve to ensure that a mothballed production facility was not surreptitiously
reactivated. ' ' ‘

Such remotely-monitored seals would not eliminate the need for on-site visits
by observers. On-site visits would be hecessa:y to emplace the seals, forlpefiodic
maintenance and checking of seal’poSitions, and'to ascertain the reason for signal
disruption. Nor would seals make eﬁesion impossible., Given sufficient time and
resources, seals could be bypassed. If, however, seals are emplaced properly and
in sufficient numbers the effort which would be required to bypass them may be .
increased %o a level °uff101ent to deter an evasion attempt

- Cameras '

The employment of surveillance cameras is another potentially useful technique.

In a number of situations film or television cameras could be used to assist the

observers in maintaining surveillance. Ior example, in areas not requiring
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continuous observation, film cameras could be used to record activities. A compact,
tamper-indicating camera package has been developed that uses a 16 mm motion picture
camera modified tc take a single picture each time it is triggered, (Recently, a
similar system using an 8 mm camera has been developed.)

The camera package includes a system of "motion detectors" based on an array
of ‘photocells and accompanying electronic circuitry. The motion detectors respond
to a rate of change in luminance (the amount of light reflected from an object).

Up to 10 cells can be pre—selected to‘detect motion in the areas of interest. This
feature reduces the nuuber of photographs an observer must examine, since only those
events of special concern are recorded. Furthermore, the feature detects such attempts
at deception as 1nsertlon of a false scene in the camera's fleld of view or movement .

of the camera. ' - ' 4

. ‘Whenever an act1v1ty occurs in the areas programmed the camera will take a
photograph and record the tlme and date on the plcture frame. In addition, the
camera is also programmed to take photographs at flxed and at random intervals.

A dot on the frames that are motlon—trlggered enables an observer to dlstlngulsh
motlon—trlggered photographs from those that are tlme-trlggered

 Use of the motion detectlon feature, as descrlbed above, would be limited to areas
in which motion does not occur routlnely. If mov1ng machinery is located in the area
or personnel are normally present, only a random time trigger could be used.

The camera, though normally rece1v1ng its power from the plant electrical system,
is also equipped with a~stand—by battery power supply sufficient for short periods of
power interruption. The camera package can run unattended for as long as 3 months
without replacement of the film (about 4,000 picture frames). ) -

Closed-circuit television systems could enable observers at destruction fa0111t1es
to maintain surveillance of areas of interest that may pose a toxic hazard. In
addition, such systems' could enable a single observer to watch activities in several
areas, thus reducing the total number of observers required. Development of a tamper-
resistant closed circuit television system has proven more difficult than development
of seals or film cameras. -However, a prototype system has been constructed and
given limited testing.. ’

The television system which can be used for either direct: observation or
unattended operation,: possesses a data storage capacity for up to 90 days. It is
designed to be resistant to deception by substitution of the picture (video) signal

on the transmission line or by direct substitution of the scens in the TV camera
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field of view. The overélltepproach used is similar to that employed in the film
camexa package. .Pictﬁre are selectlvely recorded when a change occurs in the area
being viewved or ot random lntervals. Protection against tewperlng with the video

. transmission line is provided by encod;ng the luminance levels of the output video
signal. ’ a ‘ o '

The system employs a commerclal hlgh reSOrutlon,,closed circuit TV system coupled
with a 16 mm movie camera adapted for SLngle frame use. Plctures are photographed
directly from the monltor w1th time 1nd1cated on each frame by means of a digital
clock located in the movie camera'° fleld of view. The V1deo signal from the
TV camera is encoded for protectlon agalnst substitution of false video lnformatlon
on the transmission cable line to the recording station. Encoded v1deo SLgnal are
instantaneously decoded 1n the recordlng station so that a contlnuous clear picture
is present at all tlmes on the monltor._ Coding securlty is ensured by using matching
sets of random words tored on punched fape in the camera's secure contalner and in
the secure recordlng statlon. ' ‘ |

Motion detectors, utlllz1ng the v1deo 31gnal, monltor selected spots in the
TV camera field of view and clgnal the ﬁhotographlc camera to record a picture when
there is motlon at any of these locatlons. The camera can also be triggered by a
random 1nterval timer.

A secure contalner (descrlbed ln the next sectlon of the paper) houses the
™ ‘camera, encoder, and random wcrd tape° ~ The recordlng statlon, which stores all
of the data, conslsts of a small room eecured by a radlofrequency intrusion monitor,

Tamper 1ndlcat1ng,containers

In the plan for verification of stockpile destruction described in CCD/(other
US paper), confirmation of the quantity of materlal degtroyed rests prlmarlly
on flovmeter data( It is particularly 1mportant therefore, to ensure that such
data are correct. A number of evasion techniqces, such as putting the flowmeter
on a closed loop, can be detected by physical iﬁspection of the facility. However,
it is also important to prevent tampering with the flowmeter itself. | |
Devices that have been developed to protect nuclear monitoring equipment
against tampering could be adapted to protect flowmeters and other monitoring
instruments. Several different techniques which together would provide unambiguous

evidence of attempts to tamper with monitoring devices-are described in a recent

illl L 'IIII - dll' o s 1lll l‘ll I'I' Gl &5 0o O 4 W llll'llllr ‘-
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TAEA document.f/ While these techniques differ in detail, each depends on the need
to remove material in order to penetrate the container in which the instruments
are located. Once material is removed, undetectable repair is very difficult,
if not imppssible. '

 Por example, a flowmeter and its associated recording devices could be enclosed
in a transparent cyclinder whiéh has a highly reflective metal coating on the
interior surfaces. When such a cylinder is penetrated, the metal surface at the
point of entry must be remdved. The metal coating cannot be replaced until the
bpening is closed, but. the interior surface is then no longer accessible for repair.
The reflective mefal surface also enhancés the detection of any unsuccessful
penetration efforts. |

Access to the instruments for calibration purposes and to retrieve recorded

data could be provided by a transparent door with a metallized interior surface.
The door would be fastened to the glass cylinder by bolts through which a fibre
optic seal is laced, Removal of the door would require dégtruction of the seal.
In addition, an irreversible electro-mechanical counter'within the cylinder would
register each time the door is opéned. Interruption of electrical power to a
monitor either for a period exceeding the standby battery capability, or as a result
of tampering with the unprotected power supply, would be detected by electrical
voltage sensors and registered on a second irreversible electro-mechanical
counter., If desired, a signalling device to alert ah observer to power interruption
could be iﬁcorporated.

Future developments

The systems described in this paper are still under development. Further
refinements can be expected as a result of the field testing which is now under way.
The United States delegation will endeavour to keep the committee informed as

improvements are made.

_/ "Tamper Indicating Radiation Surveillance Instrumentation," W.N., Chambers
and J.F. Ney, IAEA Document No. IARA-SM-201/12. (Presented at the International
Symposium on the Safeguarding of Nuclear Materials, Vienna, 20-24 October 1975).
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UNITED STATES OF AMERICA

Review of proposals for deflnlng,chemlcal warfare agents in
" a CW Agreement '

During the course of the Committee's discussion of restraints on chemical weapons,
a number of delegatiors have made proposals for defining (or delimiting) the chemical
gubstances that would be covered in a CW agreement. This working paper contains a
review of these proposals. o | ‘

In the view of the United States'delegation, an adequate basis for forming

- judgments on the question of definition already seems to exist. It is the hopé of the

United States delegation that this working paper will help ‘to prov1de ‘the framework for
achieving substantial agreement in this area in the relatively near future. '

Approaches to defining lethal and other highly toxic CW Agents

The proposals for dellmltlng 1ethal and other hlghly toxic cw agents can be
grouped into-five general categories: o

(a)  Purpose Criterion

(b) General Toxicity Standard "

(¢) General Structural Formulas -

(d) Other Ageat Properties

(e) Listing of Specific Agents

Purpose Criterion

Under this approach the prohibition would apply'to’"chémical substances of types

and in quantities that have no justification for peaceful purposes" and to “weapons,

. equipment and means - of’" dellvery designed to use such agents for hostile purposes or ‘in

armed conflict'".  An‘analogous: approach has already been embodied in the Blologloal
Weapons Convention. S

There appears to be broad support, perhaps even a consensus, for incorporating a
general purpose criterion in any CW agreement. This criterion is employed in the
draft conventions submitted by the Soviet Union and six other countries (CCD/361) énd
by Japan (CCD/420).- It has also been supported by ten non-aligned delegations
(ccp/400), as.well as the delegations of Canada (CCD/414) and the United States
(PV.?OZ).-=-TO egtablish whether a‘oonsensus exists it would be useful to know the

views of the delegations which have not yet expressed an opinion.’

GE.76-86639
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‘The use of a "general purpose criterion’ has been discussed in connexion both witl

a single, comprehensive prohibition and a step-by-step approach to prohibition.
Judging from the views expressed in the Comuittee, it would be compatible with'either
approach. In the case of the first step of a phased approach, the criterion would
apply only to those substances, for example all lethal and other highly toxic chemicals,
which were within the scope of the first-step agreement.

The Committee's dlscu551ons ‘also’ 1nd1cate that many delegatlons believe that, in
addition to a general purpose crlterlon, spe01flc technical criteria should be used to
define the substances which are to be prohibited. The various criteria which have been
suggested are outlined in the following sections.

General Toxicity Standard

In this approach one or more toxicity criteria would be established to supplement
the general purpose criterion. It was first suggested by the Japanese delegation

(CCD/BOl) that a toxicity threshold be established to separate super—toxic substances,g‘

from less toxic, and therefore less dangerous, substances. All substances falling .- l
above this threshold would be presumed because of their extremely hlgh tox101ty, to be_
single-purpose CW agents. » . S _ “_f# A

Important work has already been done in the Committee toward establishing specifi‘
toxicity standards. 1In its initial presentetion, the Japanese -delegation proposed

that the upper toxicity threshold be set at an ID_. value of 0.5 milligramme per

kilogramme of body weight (subcutaneous administrgiion). The Netherlands (CCD/320)
and the United States (CCD/435) have stated that a value close to the one proposed by
Japan may well provide a suitable demarcaticn line. Use of neostigmine ’ _
\ADSO_ 0.4 mg/kg as a reference compound for the toxicity threshold has been proposed
by the Canadian delegation (CCD/473) Finally,. a slightly different threshold value,
1 mg/kg, has been suggested by the Swedish delegation (CCD/322)

In a subsequent paper CCD/372) the Swedish delegation proposed that the
threshold be expressed in terms of toxicity by inhalation (LC‘I‘50 in mg.mln/Mj'.. It
was suggested that the threshold be established between the lethal dose values for
mustard gas (LCT5O= 1500) and phosgene (LCT5O 3200).. Thus, the threshold value
would be roughly 2350. (This value is roughly equivalent to the LD50 value for the
subcutaneous route proposed by the. Japanese delegation in CCD/301).

The Canadian delegation later proposed CCD/414) that the threshold value be
500 mg. mln/M which lies between the lethal does values for the nerve gas tabun
(LCT50 = 400) and mustard gas (LCTSO = 1500). . In a more recent Canadian proposal

(CCD/473), phosgene (LC‘I'.50 = 3000) was suggested as a reference substance on which the
threshold could be based. '
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In CCD/473, the Canadian delegation suggested an important refinement of the
toxicity threshold approach. They recommended that gseparate standards of lethality be
adopted for the three principal routes of entry into the body (1nhalation, absorption
through the skin, 1n3eotion) I% was also recommended that a reference toxic material
be adopted to establish the threshold for each route. While_this proposal has yet
recéived little discussion, it has been described as "promising" by the United States
delegation (PV.702). In addition to the’ reference substances already mentioned
(injection route: neostigmine; and inhalation route: phosgene), nicotine was proposed
as the reference substance for the skin absorption route. .

The threshold approach outlined in‘CCD/BOl was extended by the Canadian delegation
in CCD/414, which suggested establishing‘a”second, lower'toxioity threshoid to separate
those substances which could be useful as lethal chemical warfare agents from those that
have no practical potentialltor‘such use. The Canadian delegation proposed that the
value of the lower threshold be the LCTdevalue for chlorine. . This suggestion has been
supported in principle by the Japanese delegation CCD/430 _"This value appears to be
a ugeful starting point for discuSSion. o ' : '

Judging from the Committee! s discusSions, tox101ty criteria are considered to have

broad applicability. Their use has been supported by a number of countries, 1ncludino

» Canada, the Federal Republic of Germany, Japan, the Netherlands, Sweden and the

United States.

It is important to note ‘that a number of working papers (CCD/365, CCD/374, CCD/B?S,
CCD/387, CCD/430, CCD/435, CCD/473) have emphasized the importance of adopting standard
experimental procecures for measuring tOXlolty if tox101ty 01iter1a are to be used to
delimit the agents subject to restriction or prohibltlon.'

General Structural Formulas

The possibility of employing a general structural formula as a supplementary
criterion was first proposedjby the Netherlands delegation (CCD/320). In that paper a
general structural formula for supertoxic organophosphorus compounds was presented. In
CCD/365 the United States delegation presented a revised formula for organophosphorus
compounds; ' In'addition, the possibility of developing separate general formulas for
mUStardfearsine and carbamate compounds was discussed. Further refinements of the
formula for organophosphorus compounds have been made in working papers presented by
Japan (CCD/B'M) and the Netherlands (.CCD/B'BB). |
Other Agent Properties

)
While toxicity and structure are cloaely related to potential utility as chemical

warfare’ agents, other properties play a role as well. Several delegations have
suggested that evaluation of these properties could help delimit substances which should

be subject to restriction. In'working paper CCD/373, the Italian delegation outlined



and dissemination characteristics.

Jisting of Specific Agents

prohibition or restriction. . This course ‘has been suggested by the. Itallan delegatlon

-dual-purpose agents might be a useful supplement to a general purpose criterion.
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the properties.which it believed characterlze potential CW agents, 1ncludlng toxicity

- The most detailed analysis of the use of additional criteria has been presented
by the delegation of the Federal Republlc of - Germany (CCD/458). . The additional
criteria employed are shelf life, perceptibility, volatility, explosion stability, and .

resistance to atmospheric influences.. In the proposed method, each of the properties

would be evaluated for a given substance and assigned a weighting factor.. . An overall

evaluation number for the agent is obtained by comblnlng toxicity data with the product

of the individual weighting factors. It was suggested that these evaluation numbers

be used to define the limits of potential CW agents.

Another approach:would simply be to list the agents which would be subject to

(ccp/335). It has been p01nted out, however, by the United States delegatlon
(ccp/360, CCD/365) that there is no way at present’ to know whether such a list would
include all the major agents in the arsenals of States or under development. - Another

criticism expressed was that a definition based solely on a list of known agents could

be circumvented by a slight modlflcatlon of the structure of an agent on the list or b
development of a new type of super—tox1c agent. .

The United States delegation also stated (CCD/365 however, that a 1lst of known
dual—purpose agents would most probably 1nc1ude all which are now or have. been in the

arsenals of States. For thls reason, it was suggested that a 1lst of known .

In working paper CCD/373 the Italian delegation put forward a 1lst of substances
which it believed should certainly be considered chemical warfare agents. The list
was not intended to be an exhaustlve one, but rather as a gstarting point for a more
thorough study.

‘A somewhat different approach to the use of -lists was adopted in the Japanese
draft CW convention CCD/420) The draft provides both for a list -of chemicals which
would he obllgatorlly banned and for a list of chemicals which would be temporarily
exempted from the provisions of the treaty. A list to illustrate the compounds which
gshould be banned from the outset was provided in Table 1 of the Japanese working
paper CCD/466.

Combination of Technical Criteria

"I.lll S AN W S e .

Since the various technical criteria are generally complementary, a combination of

several such criteria could be used.. Several delegations have drawn attention to this

possibility. In particular, the Japanese delegation has suggested (CCD/430) the
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combined use of toxicity standards, structural formulas and lists. Since analysis of
such a combination of criteria can become relatively complex, the Swedish delegation has
presented (CCD/461) a conceptual model which illustrates the interrelationships of the
various criteria. ‘ '

The United States delegation has expressed a tentative view (PV.702) that for the

purpose of defining lethal chemical agents in an initial agreement, it would be adeguate
to rely on a general purpose criterion and two toxicity standards, as proposed by

Canada in CCD/414. These criteria could be supplemented by other means, including

- illustrative lists or structural formulas, if such additional means are considered

desirable.

Approaches to Defining Other Categories of Chemicals

The only working paper which has dealt specifically with the problem of defining
other categories of chemicals was presented by the Canadian delegation in 1974
(CCD/433). In that .paper, the scheme of definition presented in CCD/414, was applied
to other categories of chemicals.

Summary and Conclusions

1. There appears to be broad support, perhaps even a consensus, fpr incorporating
a general purpose criterion in any CW agreement. To esfablish whether a consensus
exists, it would be useful to know the views of delegations which have not yet
expressed an opinion. | '

2, Many delegations believe that, in addition to a general purpose criterion,
one or more specific technical criteria should be used to define the substances which
are to be prohibited. ‘

3. The use of toxicity as an additional criterion has general applicability and
has received broad support. ‘

4. Those delegations that have expressed views on toxicity thresholds appear to

. be in general agreement. If other delegations are prepared to support the proposals

that have been made, wide agreement on a general approach may be possible in the near
future. It is not necessary at this stage to decide precisely what numerical values
should be adopted or what detailed testing procedure should be used. These questions,
though important, can best be dealt with once agreement is reached on a general approach

5. The applicability of the other approaches that have been suggested is less
general. Nonetheless, such,criterié may have utility in some areas. In the view of
the United States delegation é judgment on the need for such additional criteria can
best be made once a consensus is reached on the types of agents to be covered in an

agreement.
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LETTER DATED 1 JULY 1976 FROM THE AMBASSADOR IN CHARGE OF
POLITICAL AFFAIRS AT THE PERMANENT MISSION OF FINLAND TO THE
SPECIAL REPRESENTATIVE OF THE SECRETARY-GENERAL TO THE CONFERENCE
OF THE COMMITTEE ON DISARMAMENT TRANSMITTING A WORKING PAPER BY

’ THE GOVERNMENT OF FINLAND

ON METHODOLOGY FOR CHEMICAL IDENTIFICATION OF CW AGENTS AND RELATED
: COMPOUNDS — PROGRESS OF A FINNISH RESEARCH PROJECT

In accordance with the instructions received from my Govermment I have the
honour to send to you herewith a vorking paper entitled "Methodology for chemical
identification of CW'agénts and related compounds -- Progregss of a Finnish research

project” and to request you kindly to circulate it to the members of the CCD as an
official document.

(Signed) Esko Rajalcoski
Ambassador
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WORKING PAPER BY THE GOVERNMENT OF FINLAND TO THE CCD
Methodology for chemical identification of CW agents and
related compounds., - Progress of a Finmish research project.
CONTENTS:
Introduction

General working procedures

Preliminary tests

Extraction and cleanup of samples

Nuclear magnetic resonance spectrometry
High~resolution gas chromatography-mass spectrometry
Introduction N BRI

The Finnish project for devéloﬁmenf:o£}chémical methodolpgy for identification

of CW agents and related compounds ‘was ihitiated 1972. The goal and progress of

this project were discussed in four previous ﬁOrking‘papers:(CCD/BSl, 412, 432 and 453).

Briefly, the goal is to-develop nafiohal‘CW—conﬁrol capacity for possible future
international use in commexion with verification of production (or. non-production)
of CW agents, destruction of stocks, or alleged use. This paper summarizes the
progress made during the last yeaf and describes in some detail typical results
obtainable by tﬁe-fwo most advanced instrumental methods used. It also Outiines
our thinking regarding the general approach. . |
For greatest possible flexibility the methodology is developed on three levels:
(1) fast field tests, (2) simple procedures adaptable to local or mobile laboratories,

and (3) methods for research laboratories. There is obvioucly much overlap in these
methods, however, |

Initially, the project focused primarily on identification of organophosphorus

nerve agents. Presently, particular attention is also devoted -- espebially regarding
the fast field tests -- to about a dozen other CW agents known to be stoclkpiled in
vafious countries or otherwise assumed to pose the most serious threat.‘ Furthermore,
the structure—analytical instrumental methods used (particularly the nuclear magnetic
resonance and mass spectrometries) provide considerable possibilities for identification
of any other compounds, including previously unknown structures.

Recently, instrumentation kas been éxpanded by a new acquisition: the JEOL
JMS 018G-2 high resolution mass spectrometer which is used "on-line" with high-

resolution glass capillary gas chromatography. Outlines of the methodology as
bresently applied are presented in the following paragraphs,

s Illl‘llllll G Gif &G oOm A e 'I.I G G O O e
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General vorking procedures

-General methods for analysis of a sample suspected to contain a chemical
warfare'(CW) agent or some other compound, which is likely to.violate an eventual
international agreement for the prohibition of development, production or gstockpiling
of chemical weapons, are presented in Figure 1. .If it concerns an illegal use of
guch agent, it may Ve vossible to detect it by the field detection methods as they
are developed for military defence. Iigure 2 presents an examination scheme for
qualitative detection of nerve gases and mustards using chemical colour reactions
for indication, Other methods that could be used are: enzymatic colour reactions,
flame photometry, or animal tests. The time after the dissemination for getting an
air sample is, however, very short. ' From stone, metal, glass or plastic surfaces
it may be a little longer, but more probhably the substance to bhe examined will be
absorbed in the earth, water or other material in the environment, kefore the sample
can be collected. | _ ‘ |

The situation is somewhat similar, when the production of a prohibited agent
is to be investigated from waste wvater or other environmental samples containing
traces originating from the chemical production plant. In those cases the particular
compound must often be first separated from the environmental material. Extraction
with a suitable solvent, followed by thin layer or colunn chromdtography,~are the
mest common methods which can be used also in modest local or mobile laboratories.
In combination with gas chromatography or infra red spectroscopy, when these are
available, they can give preliminary proof of the compound in question.

In cases, when the structure of the agent must be unambiguously proven or
concerning a structure previously unknoﬁn, and where the sample is more complicated,
perhaps containing mainly degradation products, more elaborate examination in a
research laboratory is needed. With particular regards to the ébove, this paper
deals in depth with the methods that can be employed there in the first place, and
the application of modern instrumental methods to verificaticn and identification
(structure elucidation) of nerve gases. In this connexion the experimental work
of .the Finnish project is mainly directed towards the use of nuclear magnetic
resonance spectrometry (NIMR), the high resolution gas chromatography —- mass
spectrometry combination (HRGC-MS) and infrared spectroscopy (IR). Some examples

of results obtained with the MR and HRGC-MS are presented below.
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Preliminary tests

If no information of earlier test results are received it is advisable to begin

with colour reac’ion tests according to .he scheme in Figuwz 2.  Spot tests can be

done from the original'samplé if liquid. A solid sample must be extracted. A
suitable procedure_may,be as followsé @:éémple of about 2 g is put into a
chromatography coiumn; and Tun vith 5 mi diéthyl ether, followed by a second
extracﬁion with chloroform or water for detecting the degradation products or
metabolites not dissolved in ether. -

; Tor detection of.a suspected nerve gas or other phosphorus containing compoundsg, -
the preferred first test may also be the noise decoupled 31P MR spectrum., The
extract described above or, alternatively the original liquid sample can be used
as such, and the tube can. be closed after eventual addition of a locking solvent.
From the spectrum important information can be rapidly obtained, as will be explained
in detail in the paragraph concerning the NMMR technique. The recording on the
19F NMR spectrum will give. the knowledge of the existence and nature of fluorine
compounds. , ' _ e |

: Thin layer.chromatography and gas chromatograpbhy can be useful preliminary
methods, if reférence standards are available. For ‘gas chromatography the glass
capillary columns have been proved to own the best resolution capability, and os
universal detector the.flame ionization detector (FID) is to be recommended., TFor
phosphorus compounds, the flame photometric detector, and the thermionic or alkaline
salt flame ionization detectbr (AFID) are remarkably morc sensitive, but shou some
demands regarding the solvent used. The halogen ccmpounds like chloroform can he
disturbing for AFID and may suppress the sensitivity.

Extraction and cleanup of the samples

When applying the extraction methods commonly used (e.g. for pesticide control)
to chemical agents, one has to keep in mind that the compounds in question are
rather volatile and very poisonous substahces.- The ccncentration of extracts
by evaporation must be avoided, and when distillation is necessary, the mostxrigorous
trapping systems must be employed. Solvents with a low boiling point are'preferred,
e.g, diethyl ether or dichloromethane., More polar compounds can be extracted
separately in a second treatment, e.g. with chloroform or water. Tor high resolution
gas chromatography vith I'ID dichlor