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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 dichloromethané is sguitable; with ATID, acétone is
preferable. Fortunately, 51P MR and 19F NMR have no demands regarding the solvent,

nor usually is any cleanup procedure required for these methods.
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‘For infared spectroscopy (IR), lH and 130 NMR and in some cases for mass
spectrometry, purlfloatlon of the extract is usually necesgary and most often can be
performed by a chromatographic technique. If the compound in questlon is not too
volatile (e.g. degradation products of CW agents) small amounts of the extract can |
be purified by thin layer chromatography (TLC); thg method is fa t and does not
require complicated instrumental sysfems._,Column chromatography oan be performed in
closed sgystems.  Special care must be takéo that one or more of‘fhe compounds are
not irreversibly absorbed or decomposed by the column material. High pressure
liquid chromatography (HPLC) is an effective and fast separation‘and purification
method for non-volatile oompoundo. Its applicatioﬁ to'different types of phosphorus
compounds is insufficiently investigated, so far.v.Gas chromatography, the most
effective chromatographic method for analysing the reasonably voiatile compounds,
can also be used preparatively for purification and separation of mixturés. Special
caution must be adopted that some of the components are not lost ﬁith carrier gas or
destroyed by the heat. |

Nuclear magnetic resonance spectrometry

An overall scheme of application of NIR speotrometry to verificétion of CW
agents is presented in Fipgure J. } _
In nuclear magnetic resonance spectrometxry there are four different nuclei, the
31p 19P
)

H, and l)C If the sample is suspected to contain a nerve gau, i.e. a phouphorus

1 sonance of which can be used for analyses of chemical warfare agents
compound, it is preferable %o begin with the ‘lP resonance, The only presumption

is, that a sample contains at least.100, g of the compound to be detected (a CW agent,
a degradation product of i1, etc.) in a solution of about 0.5'ml. No purification

or fractionation is usually needed, and the solvent need not be specified. E;g. a
diethyl ether, dichloromethane or chloroform oxtract from a soil samplé'oaﬁ:be used
as such,

- From the noise decoupled 1P spectrum the chemlcal shift, usually H PO as an

3

. external reference, can be determlned and the value of it gives valuable 1nformatlon

of the. type of the phosphorus'compound. From Table 1 and I Figure 4 it can be secn
that the phosphonate esters examined by us (all those which do not contain sulphur)
have the resonance in the neighbourhood of 27—)8 ppm, and there are only two other
compounds among the 70 so far examined, which bave signals in Lhat reglon " In one
case where the signals of two different compounds, namely di-isopropyl methyl- |

phosphonate and amiton, fell together, separation vas achieved by using a shift

reagent, BuDPM (Figure 5).
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From the mumber of signals in the Ap_ (IH) -spectrum, the number of different
phosphorus atoms in the sample can be seen as well as the coupling with magnetic
muclei other than lH. When the-magniﬁude of the doupling is knowm, e.g. 51P—19F
1000 Hz, the existence of fluorine in the molecuie can also bg found from the
3p_ (lH) -spectrum (Figure 6) |

Although the chemical shift of‘5lP’réSOnance often indicates the chemical
category of phosphorus compounds to which the agent belongs and can also suggest
the particular agent in question,'the exact value of it depends on concentration,
solvent, pl and other sPeéific interactions in the sample. Thus, more information
is needed for definite identification of the compound. Some information can be
obtained from the correlation between the concentration and tﬁe chemical shift
- itself, as can be seen from Figure‘7. In it one group of phosphonic acid derivatives .

containing one free -0H group shows distinet and linear correlation, wvhile the
corresponding completely esterified compounds show little dependance on concentration.

 One method, which can also be used, is the measurement of the spin-Ilattice
relaxation time,vT1 of phosp@orus. Figure 8 represents one example, where the two
groups of phosphonate esters could not be distinguished on the basis of chemical
shifts, while a remarkable difference between the relaxation times of these groups
‘was observed. ) ‘ ' ' ’

However, if sufficient amount of the sample (about 1 mg of typical CW agents)
is available, the undecoupled or normal _311? NMR spectrum usually gives the best
contribution to the analysis, in this spectrum the splitting of thé‘ilP signal
affected by protons at a distance of 1-5 bonds from phosphorus can be seen, and
hence the distribution of these protons in the molécule.

-

In Figgge 9. the DlP spectrum of sarin demonstrates the typical pattern of the
51P resonance coupled with fluorine and withlthe protons of _CH3 and —Oé? groups
directly bonded to phosphorus.

If no splitting of the BlP resonance is observed, it most probably concerns

an inorganic phosphorus compound. In cases vhere interactions with several

E - III- lill - - 'I.l lE BN s I-II . llli.llglllv s

nonequivalent protons split the signal into very complicated spectra, the selective
1 . . . . . . .
H decoupling can simplify the spectrum and contribute to its interpretation.

As mentioned earlier, the existence of fluorine in the molecule in the vicinity

31

of phosphorus, can be observed in the °°P spectrum from the typical coupling.

The 19F spectrum, however, gives the definite evidence of fluorine also in the
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molecules ulthouu phosphorus. In addltlon, tbe.sen51t1v1ty o.the 19P nucleus is about
87 per cent and the sensitivity «l the. P only 6.6 per cent of equimolar amounts

of throgen. Tor further-information of the neighbourhood of the fluorine otom,

the normal and‘eelectlvelv decoupled 19 spectra can be recorded,

The H NMR resonance is the most commonly used and the most sensitive of the fowr
resonances mentioned, but the 1nformatlon it gives is not alvueys as easily
interpreted, and impurities in the sample often are so dicturbiné, that the cample
must be nurl¢1ed or fractlonated before the run. Wlth the p01~,onouu and volatile
compounds this is all but deg;rable. However, as a eupplement to the otbe“
techniques 1H NIMR can éive,the final proof for the structure e1u01datlon.

The game is true wifh 130 NMR,Awhich can te most'ioformative but unfortunately
is the least sensitive of the res onances mentlone1. Slnce the natural abundance of
3¢ also is small, the oOFSlflVlty ofv ¢ wm is only about 0.02 per cent of that

of hydrogen. With the Pour;er technlque a sample of»about 10 mg can give a reasonably |
good noise decoupled epectrum, where oouplinge to pho phorus or fluorine can be
observed; for a normal l)C spectrum about 50 mg and a run over nlght are needed.

Appendix 1 gives an example of the use of the nulse Pourlcr t;ansform mode
of NMR spectrometry for the detectlon of a smell nerve gas lmpurlt" in a sample

of a phosphonate egter.

High resolution gas chromatogrmphy -~ masg s upectrometgz ‘

Gas chromatography is a very useful tool for identification of nerve agents

and related substances, especially when used in connexion with different selective

detection systems. Its suitapility depends mainly oﬁ the volatility and temperature

stability of the substanoee in question. The application of the glass‘capillary
technique increases the:group of compoundsythat can be studied by GC because of the
following favourable properties of glass copillary colunne |

1, ‘The analysie can be performed in a remarkably lov temperature,. often about 50°C
lover than with conventional packed colomns. .

2. A suitably coated glass surface is quite inert and does not catalyze chemical
changes during the GC run. By using an all-glass system (injector-column-
detector) it is possible to analyse most of the known CW agents without
preparing more Qolatile or more stable derivatives from them.

3, The time required for an analysis is short.
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In addition, the glass capillary technique is more sensitive because of sharper
peaks and less adsorption. Maximum sensitivity is achieved by using a direct injection
technique and suitable temperature programming. About one order better resolution than
. with packed columns is also easily achieved. This gives more reliable identification
based on the identity of retention times'of'unknown and model substances. When GC is
used as inlet system for mass specfrometef, better separation of compounds makes also
mass spectra easier to interpret. .

Specific detectors that are used with packed columns are éuited also for glass
capillary work. Thermionic or alkali flame ionization detector (AFID) sclective for
phosphorus and/or.nitrogen;vflame photometric detector for bhosphorus and/or,sulphur and
electron capture detector (EC) for halogen and/or sulphur, scem to be practical for
analysing CW agents. ' o : S o V

There are also some difficulties in glass capillary technique. Handling and use
-of glass capillaried demands more training and the technigue is not yet available in
every laboratory. The prepération.of;really high resolution columns ig not easy either.
However, there are already many‘labofatoriés working succeszully in this figld as can
be seen from the widelliteraturé concerning applications of g;ass‘capillary gas
chromatography. ' ' '

Application of use of;glaschapillaryggas chromatography and mass spectrometry in

verification analysis is SCheﬁdfically préééﬁfed in>Figg§emid;  In our expefiméhtal

work the following procedure;was'foﬁnd to be- suitable for HRGC of most nerve gases,
‘phosphorus pesticides and rélated compOunds! The sample wvas e“tracted with
dithoromethane, chloroform or diethyl ether depending upon its nature and the detector
which was going to be used. If the sample is an organic ligquid it can be used as such.
For the first run a relatively'short capillarj column (e.g. 10 m x 0.3 mm inside
diameter) connected to IID was used, and as liquid phase, OV 210. Direct injection vas
made at room temperature and after the solvent peak the temperature was increased
10-30°C/hin'until 250°C. Tor separating the occasionally overlapping peaks, analysis
shall be repeated by using another ligquid phase and mayBe é longer column.

The sensitivity of FID for phosphonohalogenates is not very high because of the
small carbon content. Anyway, the detection limit for exampie for sarin was in oux
experiments aboul 1 ng; for methylphosphonodichloridafe‘over»10~ng vas needed.

The next step in the analysis can be the exchange of the detector by AFID,

Pigure 11 shows the chromatogram of a nerve gas mixture. Using the same colum and the
same conditions as with IID, the retention times do not change too much, On the other

hand the response of AFID is much higher for phosphorus-containing compounds than for
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other substances. 'The detection limit of AFID was about 10 pg for sarin, but it can be
somevhat lower for a derivative not containing halbgens. That methylation is not always
needed was demonstrated by adding 0.2 ppm sarin to water and analysing it after one week.
After extraction with a small amount of dichloromethane, one“micrdliter of solution was
injected into glass capillary columns.connected to I’ID and AFID., MAn unhydrolyzed sarin
peak could be clearly detected (E;gggg_lg)z If the FID chromatogram is complicated
containing a great number of peaks, it will be normally simplified by AFVID, ‘ithe
phosphorus compounds will appear as highéintensity signals whereas the other pégcs i1l
be greatly diminished or will disappear. So, combining the advantages of high resolution
glass capillaxy GC and phosphor-selective detector;'knawn nerve”gaées can be often
preliminarily identified already at this stage of analysis. |

Use of other types of selective detectors can be sometimes necessary, but most
nev information is no doubt obtained from mass spectrometry. A column, identical with
the previously used one, is directly connected to the ion source of the mass
spedtrometer and at first the total ion current chromatogram is registered. This should
resemble as much as possible the FID-chromatogfam (Eggggg_lﬁ), and 1t is a test of a
separation of the componehts of the mixture. It may also be gsefulAto record the mass
chromatogram by a seleétive-iOn:mbnitbriif'certain nerve gases are suspected. lMass
fragmentography is prdfitable eépecially in the quantitative,analyéis'of regidues in
picogram level. - ' o

The next step is the registration of a low resolution mass sﬁectfum from the
‘suspected peaks. At Jeast 10 ng of component is normally needed. Comparing the
spectra with model spectra can lead in many cases to quite reliable identification.

If the CW ageﬂt detected is previously unknown in the analytical 1aboraﬁory, it is
possible to malke a structure suggestion at this stdge.

For the final stage in the combined GC-MS verification technique high resolution
gas chromatography combined with high resolution photoplate mass spectrometry is best
suited. Using this technique. complete high resolution mass spectra can be normally
registered from l—lO'ng of the sample.. If the compound gives a molecular peak the
molecular -formula can be calculated manually or automatically by computer system. Also
the fragment ion compositions can be determined from the spectra. “This information will
give very reliable identification for knowm CW agents or related substances. Also, the
structure of previously unkmown compounds can often be determined by using special
methods for analysing high resolution mass spectra. | | |

In order to understand the relative sensitivity of various methods the approximate.

detection 1limits are presented in Table 2,
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Other activities

Synthesis of nerve agents and related Phosphqrus compounds has been continued.
About 70 model compounds rolated to nerve gases have been synthetized and these os well
as a number of pesticides have been analysed by the methods described above. Since
thousands of compounds ought to be available and analysed for‘a fully competent
international verification capability, tﬁis is a field where internationally
co-ordinated efforts are clearly nceded.

Studies on decomposition mechanisms of nerve agents and related phosphorus
compounds have also becn-continued. ‘

In addition, a modification of the enzymatic method to determine the
anticholinesterase activity of a suspected sample using hen's cerebellum as a sensitive
substrate has been further developed. Ihis method is particularly valuable in analysis
of biological materials such as blood or brains. ' ' .

Detailed rcsults of the project will be published in scientific journals. As
before, the Finnish Government will kéep the CCD informed about the future advancement
of the project. o P

Instrunents used in the examinations presented in the figures arec:

JEOL JNM-PFT-100 IMR spectrometer: V ' '

JEOL JMS-0ISG-2 lMass spectrometer -

CARLO ERBA Tractovap Linea 2100 Gas chromatograph.

-‘i-“——————-‘-‘-‘-
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AGENT
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Fig. 2. SCHEME FOR QUALITATIVE. FIELD DETECTION OF‘NERVE,GASES AND MUSTARDS.
In the squares the reagent used and the compounds indicated by a
positive colour reaction are given.
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Fig. 3. APPLICATION OF NMR SPECTROMETRY TO VERIFICATION OF CW AGENTS
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Fig. 4. DISTRIBUTION OF THE ~'P CHEMICAL SHIFTS OF 70 QUADRUPLY CONNECTED PHOSPHORUS COMPOUNDS (NERVE GASES,
' PESTICIDES AND RELATED COMPOUNDS) .
The influence of atoms directly bonded to phosphorus on the chemical shift is shown along with

formulas above the spectral area in question.
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THE EFFECT OF SHIFT REAGENT TO CHEMICAL SHIFTS OF SOME PHOSPHORUS
COMPOUNDS .

The 3]P NMR spectrum of a mixture of amition (A), di-isopropyl
methylphosphonate (B), and dimethoate (C) in chloroform with 10% of
deuterochloroform, was recorded. In spectrum a) the signals of (A)

and (B) fall together showing only one peak. Spectrum b) is recorded
after the addition of EuDPM shift reagent; the signals of A and B

are separated. The assignment‘of each signal is confirmed by recording
the spectrum of each compound separately.



~that is the same as the coupling of phosphorus to fluorine in sarin. This

oo

_CH.P(0)C1

3

CH4P(0) CTF |3

2 J

peaks with * are
due to unknown
impurities.

SYNTHESIS OF SOMAN IN A NMR TUBE: v
Spectrum a) shows the noise decoupled “ P NMR spectrum of a mixture of
CH3P(O)C12 (R), CH3P(O)C1F (B), and CH3P(O)F2 (C), produced in a synthesis
with (A) as the main product. The spectrum shows the signal of {A) as one
peak; the signal of (B) is split by fluorine in two peaks of equal intensity,
with JPF=113O Hz and in (C) the two fluorine atoms split its signal into
1:2:1 trip]et, with JPF=11O7 Hz. .

Spectrum b) shows the noise decoupled ~'P NMR spectrum of the same sample
four days after the addition of a few drops of pinacolyl alcohol. New

peaks DD"and EE” could be already observed in the spectrum after one hour,
and increased continually. Each pair has a coupling constant of ]O46f1,5 Hz,

31
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suggests that the signals (6 =28,4 and 29,4 ppm) represent the two
diastereoisomers of soman, produced by the known reaction of pinaéo]y]-
alcohol with methylphosphonofluoridates- (b) and (C). The experiment. also
indicates that the reaction- takes place. in room temperature and more rapidly
with (B) than with (C). The formation of soman was later confirmed with
GC-MS (Figure 13).

o,
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Fig. 7. THE INCLUENCE OF CONCENTRATION TO 3'p CHEMICAL SHIFT.

The chemical shifts are determined in four different concentrations
of a mixture of two classes of phosphonate esters: monoalky]l methyl-
phosphonates [CH3P(0)(0R)(OHﬂ and dialkyl methylphosphonates
[§H3P(0)(0R)2] » and the values obtained are plotted against total
concentration. A distinct and linear correlation can be observed

for the compounds of the first group, but not for those of the
second.
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Compoqnd Con?;gg;?§ipn T](s)
MeP (0) (OMe) (OH) 0.64 1.6
MeP (0) (OEt) (OH) 0.94 1.7
MeP (0) (0iPr) (OH) 0.75 2.0
MeP (0) (OMe),, 0.67 8.6
MeP(0) (OnPr), 0.45 9.0
EP(0) (OMe), 0.15 10.3

Fig. 8. 3]P spin-lattice relaxation times of mono- and
dialkyl alkylphosphonates measured in a CDC]3
solution at +25°C.
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Fig. 10. HIGH RESOLUTION GAS CHROMATOGRAPHY - MASS SPECTROMETRY IN CW VERIFICATION
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Fig. 11. GLASS CAPILLARY CHROMATOGRAM OF A NERVE GAS MIXTURE.
About 100 pg of sarin (1), soman (2 and 3, two diastereomeric
forms), tabun (4) and amiton (5) in acetone solution were
injected using splitless technique and detected with
selective phosphor detector (AFID).
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Fig. 12. GAS CHROMATUGRAMS FROM A POLLUTED LAKE WATER.
About 0.1 ppm of sarin and 0.5 ppm of two phosphorus
pesticides were added to a water sample. After one
week the water was extracted with dichloromethane and
the extract was directly analyzed by GC. From the very
complicated FID chromatogram (a), the peaks were not
easy to identify. Using a phosphorus selective detector
(AFID) (b) the added compounds are:easily detected:
peak 1) sarin, 2) thimet and 3) dyfonate.
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GC-LOW RESOLUTION MS ANALYSIS OF THE SOMAN PREPARATION DESCRIBED IN

FIGURE 6.

a) Chromatogram recorded by flame ionization detection (FID).

b) Total jon current chromatogram (TIC) detected by mass spectrometer.

) Mass spectrum of peaks 1 and 2, identical with each other and with
published spectrum of soman. These results confirm that the peaks
are due to the diastereomeric forms of soman as suggested on the
basis of NMR analysis (Figure 6).
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Table 1. The chemical shifts of a number of quadruply connected phosphorus ¢ompounds,
referenced to 85% H PO4, low-field shifts being shown as positive values.
Numbering corresponds to the spectra lines in Figure 4.

1. DFR (iPr0),P(0)F -10.7 37. MeP(0)(OEt)Cl 32.7
2. TABUN - 9.6 38. iPrp(0)(0iPr), 33.2
3. PARAOXON - 7.6 39. EtP(0)(OnPr), 33.4
4. CHLORFENVINPHO -7.3 40. MeP(0)(OMe) (OH) 33.8
5. PHOSPHAMIDON - 5.0 41. MeP(0)(OnPr)Cl 35.3
6. povp - 4.1 42. EtP(0)(OMe), 35.4
7. (iPr0)4P(0) - 4.0 43. iPrp(0)(0Et), 35.8
8. NALED - 3.6 44. iPrp(0)(OMe), 37.9
9. (Et0)4P(0) - 1.5 45. MeP(0)CIF ‘ 41.4
10. (nPrO) 3P(0) | - 1.2 46. MeP(0)C1, 44.4
1. (nBu0) P(O) - 0.9 47. EtP(0)OEtCI 46.3
12. (1Pr0) P(0)C1 1.4 48. EtP(0)(OnPr)Cl 46.8
13. (Me0) ,P(0) 1.9 49. iPrp(0)(0Et)Cl 51.4
14. (E0),P(0)C 3.6 50. SULFOTEPP 52.6
15. (nPrO) P(0)C1 4.2 51. EtP(0)Cl, 53.7
16. EtOP(O)C12 5.3 52. IprOP(S)Cl, . 55.6
17. nProp(0)cl, 5.3 53. EtOP(S)Cl, . 56.9
18. (Me0) ,P(0)C1 6.7 54. iPrp(0)Cl, 61.8
19. GLYPHOSATE 8.5 55. PARATHION © o 61.9
20. iProp(0)cl, 8.9 56. METHYLPARATHION - 65.5
21. HP(0) (OCH;), 10.3 57. FENITROTHION 65.6
22. MeP (0)F, 25.0 53. BROMOPHOS 65.9
3. MeP (0) (0iPr), L 27.5 59. FENTHION 66.2
24. (Et0) ,P(0)SEL 27.6 - 60. (iPrs),P(s) 86.8
25A SOMAN (DIASTEREOMER A)  28.4 61. DIOXATHION 89.9
26.  SARIN 28.6 62. ETHION 90.8
27. AMITON 28.9 63. TRITHION 91.8
258 SOMAN (DIASTEREOMER B)  29.4 64. (PhS)4P(S) 92.5
28. MeP(0)(Oet)F 29.5 65. DISULFOTON 94.8
29. MeP(0)(OH), 29.8 66. MALATHION 95.1
30. MeP (0) (OnPr), 29.9 67. METHYLTRITHION 97.1
31. MeP(0) (0iPr) (OH) 30.0 68. DIMETHOATE - 98.9
32. MeP(0) (OEt), 30.3 69.  (MeS)4P(S) 99.3
33. EtP( ) (0iPr), 31.2 70. DYFONATE 106.9
34, HeP(0) (OMe), 32.6
35. MeP(0)(OEt)(OH) 32.6
36. MeP(0)(OnPr)(DH)

A1l spectra are recorded in CDC]3 except no 19 and 28 in DZO' Chemical shifts
of certain compounds (see Fig. 7) are rather dependent on solvent and
concentration of the sample.
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Table 2. The sensitivity of various analytical methods is presented as
detection limits for compounds of the nerve-gas type. The values mentioned
are only approximate, because the detection is highly dependent on the
compound in question, the complexity of the mixture and the instrumentation
available, etc.

approximate. detection
limit mg
‘Gas_chromatography with glass capillary columns
FID detection 1076-107°
AFID " | . 1078
Mass spectrometry
Direct inlet low resolution 107°
" " high resolution 1073
GC - inlet  low resolution 1072
high resolution
Photoplate detection 1076-107°
Nuclear magnetic resonance spectrometry with
Fourier transform
k! 1072
]gF, normal
" noise decoupled _ 1072
3]P,nor'mal ' 1
" noise decoupled ' 107!
3¢, normal 50
" noise decoupled . - 10
Infra red spectrometry 10741073
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Detection of a Highly Poisonous
Impurity in a Sample of Phosphoric

Acid Derivative
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INTRODUCTION

In general, the nuclear magnetic resonance technique is
not a very sensitive method for detecting trace impurities.
However, in a positive case, it often gives enough
information for the structure and amount of the unknown
impurity to be determined.

We used pulse Fourier transform *'P, 1C, "F, and 'H

n.m.r. spectrometry in connection with a small nerve gas
impurity in a relatively harmless organic phosphorus
compound, diethyl methylphosphonate, which we received
for routine analysis in the course of our work on n.m.r.
spectrometry of phosphorus compounds. (The work is part
of a research project to develop verification techniques of
chemical warefare agents, financed by the Finnish Ministry
of Foreign Affairs.) The diethyl methylphosphonate had
been prepared according to reaction (1), and the sample
consisted of about 2 ml of viscous colourless liquid.

a OCH; CH,

- @—N(cu,cu.),
CH;—P=0 + 2 Cl1;CH O e, Cl1, —p=0 +21C

a , ' OCH, CH;

1)

The 'H, UC, "F and *'P n.m.r. spectra were recorded at
100, 25, 94 and 40 MHz, respectively, with a JEOL PFT-
100 spectrometer. All spectra were obtained using the pulse
Fourier transform mode at room temperature. The PFT-
100 spectrometer was equipped with an EC-100 computer
of 20 K memory. '

1P spectra

Analysis was begun with the recording of the *'P—{'H}
noise decoupled spectrum. It showed one strong peak
30.3 ppm down-field from phosphoric acid reference in a
capillary, and additionally two small peaks with approx-
imately the same intensity at 42.5 and 16.6 ppm. In the
normal *P n.m.r. spectrum, shown in Figure 1(a), the
strong signal appears as a multiplet of 11 peaks as expected
for diethyl methylphosphonate, whose spin—spin coupling

constants Fcuop <1J cH,p.' The weak signals appear as |

nine-peak mu]tiplets with a splitting of 9.3 Hz. The
separation between the centre peaks of multiplets was
1046 Hz. The ¥'P—{"F} decoupled spectrum showed a
collapse of the small impurity multiplets into a multiplet on

the high field side of the main signal, as shown in Figure

1(b). The *'P spectra show that in the impurity there are
protons and fluorine coupled to phosphorus. The nine-peak
*'P multiplets suggest that the protons should belong to
CH, and CH, groups and the ratio of proton—phosphorus

U

coupling constants should be approximately 1:2, as in the
main compound.

VU S

J
1000 Hz

Figure 1. (a) *'P n.m.r. spectrum of the diethyl methylphosphonate sample. The
impurity peaks are shown with 1 gain factor of 10. (b) *P-{""F} double resonance
spectrum of the same sample.

¢ spectrum .

The one bond coupling '¥ pr = 1046 Hz appears in the °F
n.m.r. spectrum shown in Figure 2 as a separation of two
quadruplets. The large fluorine—phosphorus coupling
constant is typical for monoalkoxy derivatives whose
couplings 'f pr are approximately 1050 Hz and clearly
greater than for dialkoxy derivatives, where 'Jpp is
typically 950 Hz.** '

1000 H:

Figure 2. F n.m.r. spectrum of the diethyl methylphosphonate sample. The
upper part shows the quartets expanded 10 times.

The Authors are at the Department of Orgenic Chemistry, University of
Helsinki, Finland,
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Using the chemical shift and coupling information
obtained from the P and “F spectra it is possible to
deduce the structure (1) of the i |mpumy The "F spectrum
indicates clearly that there is fluorine in one position only.
The splitting of 5.5 Hz in the quadruplets corresponds well
to the coupling ’jppcﬂ =5.6 Hz found in sarin (2), and
confirms thus the assumed structure 1 for the impurity
containing phosphorus and fuorine,

R-CH,0 F CH;4

@S
AN %

P
CH) / \
, CH, o}
1 ' 2 '
13C spectra

To get more information about the group R in the
impurity the noise decoupled YC—{'H} spectrum of Figure
3(a) was recorded for the sample. As expected it showed the
signals of diethyl methylphosphonate as doublets arising
from the carbon—phosphorus couplings. The several other
strong peaks appearing in the C spectrum (marked by x)
belong to the N,N-diethylaniline! used in reaction (1) for

removing the acid formed.

1) I I

i '

"t [1}8 .

[ . | h 2

[ 1 ) .

1 l ] ) ’

Tsee ismer] T T™ H
JL _ J

1333 . 20 ola
60 [l

Figure 3. "C—I'Hl spectrum of the diethyl methylphosphonate sample. The upper
part contains two spectral ranges recorded with a higher gain, 'm peaks due to
N N-dicthylaniline are marked x.

The "C—{'H} spectrum with higher sensitivity shown in
the upper part of Figure 3 contains some weak signals as
well. Comparison with the spectra of sarin and other related
phosphorus compounds allowed us to assign some of them
to the assumed structure 1 of the impurity. First, the '°C in
the F—P—CH, group is expected to appear as a doublet
of doublets caused by couplings 'Y cp and 2¥ cpg. Actually
the spectrum shows only the high field doublet at 170 Hz
from TMS, showing a splitting of 29 Hz, which
corresponds quite well to the coupling ¥ cpr=27.3 Hz
obtained for sarin.’ Also the approximate chemical shift
range of this methyl carbon corresponds to the range
expected. There is also a doublet with a splitting of .18 Hz
at 62.9 ppm from TMS. This is assigned to the POCH,—R
carbon. Table I displays "“C chemical shifts of some
compounds closely related to sarin. Comparison of the
CH,;—C chemical shifts in this table leads to the conclusion
that the corresponding ’C signal from the impurity might
be hidden by the other methylcarbon signals at 16 ppm.

Table 1. *C Chemical shifts of sarin and some related compounds?

CH,—C—0—P C~CHR—O—F |
CH,P(OXOCH(CH,),)C! 23.6 ppm 73.1 ppm
CH,P(OXOCH(CH,),)F 23.9 ppm © 72.8 ppm
CH,P(OXOCH,CH,)C! 15.9 ppm 63.2 ppm
Impurity 62.9 ppm

'H spectrum

The proton spectrum of the sample (Figure 4) showed
only three peaks, at 157.0, 169.7 and 175.5 Hz from TMS,
assignable to the impurity. All of them belong to the
protons of the methyl group directly bonded to phosphorus.
These lines show a splitting of 18.5 Hz + 0.5 Hz, equal to
the proton—phosphorus coupling as determined by the *'P
n.m.r. spectrum, and a splitting of 5.8 Hz+ 0.5 Hz, which
corresponds to ‘the proton—fluorine coupling found in the
UF spectrum. These values and the chemical shift of

1.63 ppm agree very well with the values found for the

methy!l protons in sarin. The 'H spectrum thus confirms
structure 1 deduced from the *'P and "*F spectra.

1,
T
vk
Il Ty Sin
oo o F
_.__;L_).A._______-L;’:J__‘Ut .. i *., .,—.x';.j']..__l_
500 * 1o OMe

Figure 4. 'H n.mr. spectrum of the dicthyl methylphosphonate sample. In the
upper part the spectral range 157-193 Hz is expanded at & higher gain.

Careful integration using the *'P and 'H n.m.r. spectra
gave 3.3 and 2.5% w/w, respectively, for the impurity in the
main compound.

DISCUSSION

The proposed chemical structure of ethy!l methylphos-
phonofluoridate for the impurity was confirmed when a
small amount of methylphosphonic chloride fluoride was
detected in the methylphosphonic dichloride used in
reaction (1). The reaction producing the ethyl methylphos-
phonofluoridate may be (2).

cl : OCIL Gy
I @—N(CII:CH,),

CHy—P=0 + CH3CH, Ol s ClI;~P=0 + HCL
[ K

2)

The results indicate considerable potential for the use of
multinuclear FT-n.m.r. in the detection and identification of
a relatively small amount of impurity in a sample of a
phosphonic ester. Such identification can be made without
fractionation or other handling of the sample. Especially in
cases where the sample is highly toxic, the carefully closed
sample tube eliminates a great part of the danger involved
in the handling of the sample material.
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Surveillance of Chemical Weapon Te ts by Alr .
. Monitorins at the Border

INTRCDUCTION _ oo
1. A major difficulty standing in the way of iﬁternational arreement
on disarmament and control of chemﬂcal dnents and weapons 1is the problem
of verification. Two possible ways of verifying that proscrlbed field
tests of chemical weapons are belnn carried out would be:
(a) Surveillance by a satellite which monitored chosgen
areas of the earth's surface for the presence of
chemicals of known military significance. This

1/‘
.: ¢

{
i

has already been discussed in UK Working Paper
CCD/371; |

(b) Surveillance, by grbund stations sited outside

national boundaries and equipped to detect the
same chemicals, of air masses which had passed
over areas where chemical weapons were thought
to be produced or tested.

Once a feliable indication of an infringement of a Convention had
been obtained by one of these surveillance technicues then a case for on-
site inspection would be creatly étrenﬁthened° Technicues are already
available that would enable ev1dence of the production or testing of
chemical weapons to be obtained: by examination of soil, water and

vegetation taken either from the suspect site or from its immediate

-

environs if the site itself was inaccessible.

2, The presenf paper presents a theoretical assessment of the
probability that chemical weapon tests would be detected by atmospheric
monitoring at a national boundary.

¢

_~
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ANALYTICAL TECHNIQUES
3. In considering the problem of surveillance of chemical weapon
- tests by air monitoring at the border it has been assumed that both
detection and identificationvpf?ghemical.agents are recuired.
4, Analytical methods which might be applied to monitoring vapour
concentrations of particuiaf chemicals in air masses crossing national
borders are reviewed in Appendix A. ‘Detéction might be achieved either
instantaneously in the alr mass or by collecting and cbncentrating the
materidl in a large volume of air and subseruently analysing the samples
obtained. It is concluded that:
(a) The most sensitive system for instantancous
monitoring would be an infrared devide similar
to that proposed for a satellite. An infrared
sensor may detect agent dispersed in a cloud if
the incident beam has traversed a depth x of
the cloud having a concentration y, so that the
product xy mg/m2 is.equal.to or greater than
" the limiting sensitivity of the sensor. With
a path-length of 10km, a concentration of
1o"1og/m3 of nerve agenf could be detected and
identified using spectrum accumulation
technicues; ‘
(b) The most sensitive system for sample accumulation
withvsubsequent analysis would combine the use of
a high efficiency sampler with gas chromatographic
analysis using a specific phosphorus: detector.
This would enable organophosphorus agent
detection to be achieved on lO_llg of sample.
For unecuivocal identification, gas chromatography
would have to be combined with mass spectrometry
and for this a sample size of 10~z of chemical
agent- would be required.
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PUFF DISPERSION _ _
5. Calculations in this paper have been based on the assumption that

10ke of organophosphorus agent is dispersed into the air, for example_from
a field test of a chemical-filled artillery shell or rocket, as an initial
"puff" of vapour which subsequenfly‘disperses in the environment. Since
this dispersion continues over very long distances (possibly 1O7m) before
the puff reaches the national boundary, the dispersion model used in the
satellite detection system will be invalid. Rule of thumb calcuwlations
have therefore heen made to establish approximate values for puff
dimensions and vapour concentration at the distant boundary.

6. Three sites are considered in this paper, viz Perton (UK),

Dugway (USA) and Shikhany (USSR), and the meteorological factors
appropriate to puff dispersion in general and to these sites in
particular are discussed in Appendix B. :

7. It is considered <that of the three locations, the Shikhany site
represents the most difficult case because of the great distances to the
national boundaries. If a puff travelled from Shikhany (4OOE) to the
Pacific coastline of the USSR ( 140°E), with a prevailing West wind, a
distance of approximately 10,000km would be traversed. If it is assumed
to diffuse horizontally and vertically under Neutral meteorolosical
conditions, the initial 10kg of material would eventually be distributed
in a cylinder.of air of diameter 2,000km (1/5 of the travel distance
assumed for the Neutral category) and height of 10km (vertical diffusion
being limited by an inversion 1id). Assuming a uniform distribution,
the vapour concentration would then be 0.3 x 10‘12g/m3, and the whole of
the material in the originallpuff would now take 6,700 minutes to érdss
the border at a windspeed of 5m/s.-

8o It should be noted that because of the long distance and times of
puff travel, factors such as chemiczl decomposition of the vapour, wash-

out by rain and deposition on the terrain, may well be important, bhut

for the purposes of the present study these factors have had to be
isnored in the absence of experimental data on which estimates of their
magnitude could he based.
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CONTINUOUS INSTANTANEOUS MONITORING

9. The probability of success by Continuous Instantaneous Monitoring,

Pb, may be expressed as the product of four probability terms as follows:

Pb = Pv x Pa x Pt x Pd |

Where, o
Pv is the probability of adeauate 'surface'»visibility

Pa. is the probablllty that the sensor will scan the
puff area

Pt is the probability that the scan will occur at
the right time : .

Pd is the probability that the product (concentration x
path length) for the puff will meet the sensor
sen51t1v1ty requirements

10. It was concluded in Appendix A that the most sensitive infrared
_.-detection techniques could probably achieve a 1imiting'sensitivity of
approximately 10_6g/rn2,° Thus if the vapour concentration in the puff is
0.3 x lO_l-zg/m3 (as calculated .in para 6 above), ‘a path length of
approximately 3,300km is required for detection; this path length is
considerably greater than the estimated puff diameter (2,000km, para 7)
and is likely to be considerably greater than the distance of clear
visibility. Alternatively if a realistic path length of 10km 1is
assumed, it may be calculated that the lowest detection concentration
would be lO—lOg/m3, and this concentration is much higher than that
estimated for the puff.

11, While Pa and Pt will have values approaching unity, Pv and Pd are
thus likely to have values approaching zero and it is therefore concluded '
that the most sensitive system for continuous instantaneous monitoring

(infrared spectrophotometry) would be unlikely to detect or identify '
agent vapours released from small chemical munitions when the distance
between the releqse of the puff and the detector is as large as 107
(l0,000km)q In fact the lowest detectable concentration of 10 lo.u/m3 '

would be found at a range of not more than 500km from the initial puff,
assuming that the 10kg of material was distributed in a cylinder of

lOOkm’diameterA(one-fifth4of‘the range) and 10km height.

(Concentration = 10 — = p_;/m3 = 1.27 x lO"lOg/m3)

75 x 1092 x 10
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MONITORING BY SAMPLE ACCUMULATION
1z. The probability of success by sample accunulaticn, Pb*, may be
expressed as the product of two vrobability tarms as follows: |
Po* = Pa* z Pa*
Where, | i

Pa* is the probability that the sampler will be in
the rieht position to intercept the puflf as it
crosses the national boundary .

Pd* 1g the probability that the dosage at the
samnler will enable collection of a
detectable sample

13. Information related to Pd* is obtained as follows,, on the basis of

, ie that lO_llg'of nerve agent would

z for identification.” " Since,

~—

the values given in paracraph 4(b

o

be recuired for detection and 10~

Sample = Concentrafidn x Samplings Rate x Sampling Time

(2) C(g/m?) o (nPfmin) (12in)

then, if a sampling:rate,of'lm3/min is maintained and the
concentration in the puff is_O.3 bl lO—lzg/m37'it would be necessary to
sample for 30 minutes to achieve-detection and for 30,000 minutes to
achieve identification. Thirty minute sampling times are feasible but
30,000 minutes is much greater than the transit time of the puff (see

para 7). It is concluded that Pd* = 1 if the sampler is correctly sited.

14, Values of Pa* for various sampler spacings at a national

border may'be calculated as follows:

;oan
i : A
initial : e , s e detector A
puff . g i : b
5 S I.,_g ,? .. ... ..... detector B
direction of" ! '
cloud travel. i
- }
c |
dispersed b ‘
clonud . national

diameter Zc ~ border
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With a cloud diameter of 2,000 km taking 6,700 min to cross the
national boundary at the maximum, the requirement for 30 min sampling for

detection recuires a sampling depth of 30 _ x 200 = 8.95km, je, 2a at

detector A = 8.95km.

The available sampling.width fdr detection is 2b = 2 /Qoz - a2) =

If the sampling points are spaced at distances no, where n»2, then

6,7700

the probabilities Pa¥* are given by: Pa* = 2b
nc
P ] oo i vaes | eevvaniiiuics
5 2000 — T o0
3 \ 3000 - 0.66 -
4| 4000 0.50
5 1 5000 ‘o 0.40 |

detection, since Pb¥* =-Pa* x Pd*..
IDENTIFICATION

16. As noted earlier, a sample sufficient for identification can not
be achieved since this would require a sampling time at the defined
concentration exceeding that of the passage of the clcud, even at
Unfortunafely,

15. - Since it has already been shown (para.13) that Pa* = 1, (ie that
the dosage at the sampler will enable collection of a detectable sample)
- the values in the above table also give the overall probabilities of

detector B, in order to collect sufficient material.

detection without identification would not be acceptable since the
analytical system, comprising a sampler and a gas chromatograph fitted
with a specific phosphorus detector, would also respond to

organophosphorus insecticides.
CONCLUSIONS

17. From the analysis carried out it is concluded that:
(a) Detection of a field test by instantaneous

- . ‘llll o O8 &N o n e Ill' on o8 o n 8 . Illl‘l.ll ol
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mcnitering of the air at a naticnal. boundary
is nct feasible at z diétance ot 10,000km
from the scurce and could prcbably nct be
achieved beyond a distance. of 500. lamg

4 sample accumulation system positicned on a
naticnal boundary'mighf thecretically détact
an organcphosphorus compoundfin a puff
released 10,000km upwind; However to

establish the feasibility of this,

experimental data are recuired on the
degradation of puff concentr tion, during
long-distance travbl by depooltlun,
decomposition and wash—out

Identification of crgancphosphorus agents
by the system described Wlll not be
possible and in view, of the risk of false
alarms, resulting from the detcction of
commercial organcphosphorus compounds, this
system is considered not to wafrant further
investigation until identification can be
achicved .using lO"llg of sample.
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Page 8 APPENDIX A
SENSORS FOR BORDER SURVEILLANCE

1. GENERAL REQUIREMENT

Detection of a nerve agent.at the border c¢f a country may be
achieved either by instantaneous monitoring of the atmosphere or by
collecting a cuantity of the chemical in a sample (sample accumulation)
to enable subsecguent detection or identification. The known feasible

techniques are listed below:

Sensitivity Requirements
Technique -
| Detection Identification
Infra-red (IR) B _ 10"8g/m3 10‘8g/m3
IR (Fourier transform) lo"l.og/m3 lO,_lOg:/m3
Gas Chromatography 4 lO-llg , -
Plasma Chromatography““ . lo'l4g . | -
Mass Spectrometry.  _ ‘4 10-8g | )  16_8g
Organic Semiconduétors ‘ lO_8tc:lQ_ng !

2. DISCUSSION ON TECHNIQUES _

~ Infra-red Spectrophotometry. An instrument with limiting
sensitivity of lO-4g/m27and a path length of 10km could monitor at a
concentration of lO_8g/m3. The instrument.would be inoperative under

conditions of low visibility since the IR range is effectively the same
as the visible range. Since the transit time of a widely dispersed puff
will be long, multiple scanning methods (TFourier transform spectrometry)

may be applied to overcome the limitations imposed by atmosphgric
shimmer., This would improve the limiting sensitivity to lO—bg/m2 and
with a path length of 10lm (lO4m) a concentration sensitivity of
lO—lOg/m3 should be attainable.

Gas Chromatography. A measure of identification may be achieved
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by measurement of retention times together with relative response to

several selective detectors. The following detector semsitivitics are
attainables _

Detector tyrpe Lo “Element detected Sensitivity

- Thermionic ' P lO"llg agent

Flame photometric P, S 107s, 1079

Electron capture '~ Halogen lO_ng

Microconductimetric N | 'lO_gg

Microcoulometric ci, S, N 1079

Using a 10ml injection of the atmosphere the lowest detectable

concentration'would be lO_6g/m3 of nerve agént° If an entire puff were
sampled at lm3/min* the lowest detectable dosage would be lO—llg min/mB,

Plasma chromatography. Organic molecules in the atmosphere are
converted into ion-molecule complexes which are separated and detected

in an ion draft spectrometer, Repetitive testing in real time is
~14

feasible and detection sensitivities of 10 g (equivalent to an
atmospheric concentration of lO_5g/m3) have been claimed. The technicue
is thus unsuitable for continuous monitoring but could be used with a
sample accumulator,

Mass spectrometry. After Fourier infra-red spectroscopy, mas§

spectrometry is the next most sensitive technicue for unecuivocal

identification, requiring a sample of lO"8g for a pas thomatograph/mass
spectrometer combination. This sensitivity can be increased, if only
a single fragment ion, characteristic of a chosen family of compounds,
1is monitored. The use of the 3-dimensional cuadrupole as a storage '
device (QUISTOR) offers the possibility of greatly extending the
sensitivity bﬁt no fipures are yet available to indicate how great an
increase 1s practicable,

Organic Jemiconductors. It is claimed that 10% coverage of the

*Environmental Research Corporation MSI Sampler Model 3100 samples at up
to 1.2m3/min,
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surface of a semiconductor by a monciayer of adsorbed molecules can be
detected; this indicates a limiting weight sensitivity of 10"8g70m2,
This device might be used as an integrating detector by prolonged
exposure to a very low concentration,df chemical, provided that the
adsorption process was irreversible.' While detection and identification
might both be feasible, the integration sensitivity would still not
exceed that of other sample accumulation technicues. -
3. CONCLUSIONS
(a) The most sensitive method of instantaneous
monitoring, with a capability for
identification, is the Pourier infra-red
technique recuiring an atmospheric }
concentration of lO_lOggj/m3 (with a path
length of 10km); | ‘ :
(b) If sample accumulation technigues were used,
for example, prolonged sampling onto an

-11

-adsorbent or into a solwent, 10 ~~g of nerve

agent would be reqﬁired for detection uSihg

8

a specific phosphorus detector; or 107 g

of any chemical for identification.,
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APPENDIX B

- METEOROLOGICAL FACTORS

1. METEOROLOGY CATEGORY
| Three-categories are recognised - Lapse, Neutral and Inversion,
describing the vertical température gradient in the atmosphere relative
to the adiabatic lapse rate. This gradient determines the vigour of
thermal turbulence which, in combination with frictional turbulence,
controls the dispersion of vapours released into the atmosphere.
Vertical dispersion is limited by an inversion 1id which is typically at
3,000 metres but which may rise to 10,000 metres under strong Lapse
conditions; conversely the 1id can descend almost ® ground level under
Inversion conditions., The altitude of the 1lid has particular
ilmportance with regard to long distanCe travel since it can hold the puff
in contact with the ground and strongly influence the rate of change of
vapour concentration. |
2, WIND STRENGTH AND DIRECTION

The direction of travel, speed and dispersion of a puff of
chemical agent, are strongly influenced by the wind. Because of surface
roughness effects; the surface wind (measured at ground level) is less
than the geostrophic wind (measured at 100m), the approximate ratio
being 0.7, 0.5 or 7.3 under Lapse, Neutral and Inversion conditions
respectively., Continental air circulation will determine the
feasibility of border surveillance.

- 3. INFLUENCE ON BORDER SURVEILLANCE

The effect of continental air circulatory patterns on the
feasibility of border surveillance will be considered separately for
three locations - Porton, Dugway Proving Ground and“Shikhany° The
generalisations drawn here are based on synoptic pressure charts (sea
level) for the northern hemisphere, charts of the upper wind over the
world (700 mb contouf'lines) and 700 mb wind_roses..

(a) Porton (UK), presents the simplest case since the
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national borders arc closer to the test area

than are those of the USA and the USSR: the
prevailing winds at SW'ly, there is a high
frecuency of occurrence of neutral metecrological
conditions, and surveillance alon~ the E Coast
should allow an acceptable probability of
success:

Dugway (USA) presents a more complex wind pattern
and the distances to the national borders can be
great. Throughout the year the surface flow is

“' predominantly NE, whereas the 700 mb flow is

consistently W though very slack in mid-summer.
With the probable *lid' during the winter months,
there could be some filtefing through the valleys
to the west aided by the surface NE'ly, and
vapour might reach the Pacific coastline,
However, in view of the marked westerly wind at
700 mb, some vapours coﬁld ecually well. travel

to the Atlantic coast. During the remainder of
the year, the rise in surface temperature and the
prevailing upper westerly wind would probably
result in vapours travelling to the Atlantic
coast, these conditions would also give rise to
maximum dispersion of the puff:

Shikhany (USSR) is likely to offer the lowest
probability for succeséful border surveillance.

- Distances to the national boundaries are great,

the continental wind flow is variable and there

are also considerable changes in metecrclogical

category. The typical summer condition is one
of moderate lapse with the *'1lid*® above 3,000 m,

o 1lli ‘..Il s e ll;l - o . I‘I" S T &N e T =8 llll'lllil |;Il
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while the typical winter condition is one of
stronz inversion with the 1id practically at
around level, Duringz the winter the surface
wind flow suggests surveillance in the Arctic
Ocean whereas the 700 mb flow suggests the

Sea of Japan; in view of the strong inversion -
the Arctic is considered to be the more likely
surveillance area. During the remainder of
the year it is likely that the prevailing
westerlies at 700 mb would carry vapours to
the Sea of Japan. '
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Megdical protection against nerve gases poisoning
(Present situation and future possibilities)

-

It is often said that countries or armies with good chemical defence
and high-level medical protection are not very vulnerable'to an attack by

chemical weapons.

The scope of our working paper is to show that in case of massive
application of nerve gases, the problem of medical protection against

these poisons is still unsolved.

Chemical weapons have the singular characteristic that in theory, if not
yet in practice; nearly perfect prOfectidn‘against their effects can be
provided to individuals. If this ideal could be achieved, chemical weapons,
hewever sophisticated they might become, would be of no use to an attacker.

But unfortunately the reality is quite different.

Today, in practice there are three basic lines of defence against

chemical warfare agents (CWA):

physical countermeasures,
- chemical countermeasures, .

— . medicc) countermeasures,

* Even in well equipped armies, the level of protection provided for
ground troops is vulnerable to some form of CW attack, and no army yet has
the capability of keeping its soldiers in a state of continuous phyéical
protection while on combat duty. Although physical means of protection
against chemical warfare, as well as chemical decontamination-methods have
been developed to a high level of sophistication, a number of problems still

remain.

This paper is not intended to discuss success or failures of physical

and chemical countermeasures in relation to CW attack (which is also a matter

SN

of rather conflicting issues and possibilities), but it is aimed at presentation

of some data concerning the problems of medical protection.

GE. 76-87260
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Mode of Action

Nerve gases are irreversible inhibitors of cholinesterases and may
exert their effects locally and generally. Signs and symptcms‘of such
poisoning may Lo traditibhally‘cidééified"ipfé,mﬁécéﬁihéélike.(parasympathetic),
nicotin-like (sympathetic and motor) éndlpéntral nervous systém manifestations
according to the site of action of accurnulated acetylcholine. This division

has also some importance in understanding the treatment of poisoning caused by

nerve gascs.

The symptcms may appear from seconds 1o hours after the exposure o nerve

gases, depending upon the way of penetration and the kind of poison.

Treatment

The treatment of acute poisoning by nerve gases should be started without
waiting and consists of combinations of antidotal theranvy and general measures:

1. Decontamination

Generally speaking, a wide range of chemicals could be used as
decontaminants, the choice depending upor the particular agent which has to
be neutralized, the type of surface that needs to be treated,'the extent of
contamination and the amount of the time available. In any case the
itermination of exposure by remo&al of the patient or application of a

protective mask will be necessary if the atmosphere is contaminated.

a) Skin- nerve gasés by which skip was contaminated can_be'destroyod and
removed by using different subStanées and. scolutions. By removal of
contaminated clothing furthér contamination is also terminated.

b) Dyes - if nerve gases have splashed into the eyes, they should be

immediately irrigated with water or with physiological saline, or sodium
bicarbonate if at hand.

2. Antidotal therapy
Atropine

Before oximes became known as useful antidotes to nerve gases atropine

and . atropine-like substances were the only effective substances available for

this purposec.

Atropine - in sufficient dosage antagoniées very effectively the

muscarinic-like menifestations of poisoning at periphery and to a moderate
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extent the central respiratory paralysis and other central actions.
It is comparatively ineffective against the autonomic ganglionic actions

and it has virtually no effect against the perlpheral neuromuscular

paralysis. -

Atropine should be given in ”hefoicf doses until signs of mild

atropinization.

Cholinesterase reactivators (Oximes) -~ the therapeutic action of
reactivator substances exists in reactivation of inhibited cholinesterase -
which allows the enzyme to perform its physiological (prlmary) function of
destroying the accumulated acetylcholine and are thus extremely valuable

1d3unct° to the symptomatlc atroplne therapJ.

: '
For the last 25 years a contlnuous search has been going on for specific

antidotes to organophosphate (QP) pOlsonlng. Most of the antidotes belong

to the groups of aliphatic, aromatic, and heterocyclic mono- and bis-
pyridinium oximes. The.therapeutic.effects of oximes have been studied under
both experlmental and cllnlcal conditions in cases of p01son1ng by “nerve

gases” (Sarin, Soman, and V;compounda)

According to.present experlmental and clinical experience treatment with
atrOplne in comblnatlon with oximes represents the choice in therapy of QP
poisoning. Out of hundredsof oximes that have been synthesized and tested.
only three have found a place in medical practice: gralédox1mg, trimedoxime,
and obidoxime. o |

Obidoxime and trimedoxime.are in many respects superior to

pralidoxime as antidetes t. OP compounds in animals.  However, the two

former have not yet replaced pralidoxime as a basic antidote in practice.

A point in favour of pralidoxime as compared to trimedoxime and
obidoxime is the risk that the latter, although they are better reactivators
of inhibited cholinesterase, in cases of Soman poisoning aggravate the

symptoms of poisoning.
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For various reasons there is, however, no general egreement on
which to prefer, In the U.S., for example, pralidoxime chloride, in
some European couniries cbidoxime and trimedoxime are the preferred
substances, whereas in Great Britain and Canada the methanesulfonate salt

of pralidoxime is the most commonly used one.

One of the reasons for these differing choices nay be the
different nature of the threat of chemlcal-warfere attack as perceived in

different countries.

Although the therapeutlc pr1nc1ples used 1n nerve ;ases poisoning
are largely accapted, several ouestlons remain to be answered, mainly
coneernino oxime therapy. In some: cases of p01son1nw, oximes have been
found to cause reactivation of inhibited chollnesterase (ChE), whereas

such an effect has been absent in other cases. (goman)

The reactlvatlon of ChE by oximes is most pronounced early after the
1nh1b1t10n has taken pl ace; conocquently only one or two injections in
the early stages of intoxication should be glven. Further injections
should have minute. effects’ only. Thus, il oximes are ineffective in the

early stages of OP'poisoning therapy"they obviously remein ineffective.

In some s1tuatlons it would be de sirable to adminisferiantidotes.
orally but, unfortunately, all the pyridinium oximes that are effective
as antidotes show poor absorption behaviour when taken by mouth, which
means that enormous amounts have to be taken in order to achieve an

effective concentration in the blood.
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Finally, opinions on the therapeutic efficiency or inefficiency of
oximes in the treatment of poisoning differ depending on the way of penetration
of the poison in the body, time of application of the cxime after poisoning
and the kind of organcphosphorus compounds which should be treated.

However, therapy may be considerably more difficult in practice: there
is a vast difference tetween treating a poisoned individual in peaceful conditions
as compared to the mass-casualty situations that would result frem a chemical-
warfare attack. In such cases, probably the only feasible form of treatment
would be the administration of antidotes in the field, and the administration
of drugs with an autoinjector is preferable to injection with a conventional
needle and syringe. i

Special autbinjectors filled with atropine alome or atropine-oxime
mixture, ready for intramuscular injection, have been developed for this purpose,
and are in standard issue in the armed forces of a mumber of countries.

They can easily be used by laymen, even by the poisoned individuals themselves,
3. | Maintenance of patient airway should be applied according to the degree
of poisoning but the victim obviously cannot perform all necessary activities
without ocutside help.

4. Other gensral measures.

In cases with convulsions a short action barbiturate (e.g. thicpenthal
sodium) may be administered intravenously, or after intubation d-tubo-curarine.
Morphine, aminophylline and ﬁhenothiazines areAspecifically contraindicated,

Other measures of non-specific therapy -should be alsc undertaken depending
on the course of intoxication. |
Future Development

The main problems that would be encountered in treating organophosphorus

poisoning in mass-casualty situations, are that with existing methods of
treatment:

(a) There is a limit to the size of the exposure to organophosphorus'compounds
that can be treated successfully. Under battlefield conditions the administration
of atropine and oximes from an autoinjector would probably not be effective
against a dose of more than about 5 LDSO of an organophosphorus nerve agent,

even if the drugs were injected within 30 seconds of the exposurc;



ccd/503
page 6

(o) There are no ways ~f 7iving artificial respiration in the field to large
numbers of pecple; and
(¢) For some compounds, such as soman, there is no effective treatment at all.

In practical terms, this means that, although atropine and the oximes
are. the best forms of treatment presently available, in the case of chemical-
warfare attack with organophosphorus nerve agents, adequate medical protection
of troops on the rattlefield would, to say the least, be extremely difficult,
and such protection of civilian:populaticns-would certainly be extremely
difficult if not impossible.

Until a new antidotal therapy can be developed, further investigations
of pralidoxime, trimedoxime and obidoxime should be performed, aiming at, for
example, increasing their antidotal effect by introducing new galenic forms
capable of influencing properties such as the rates of absorption and elimination.
Such forms might alse lead to new ways 6f administration (e.g. by aerosols),
and thus enhance the antidctal effect.

It would not be realiutic to cxpect that it will become possible to
develop a "universal" antidote tu all.existing and potential ”nervé gasesg',
The efforts should bte concentrated towards providing protection against Sarin,
Soman and. Vx-compounds- poilsoning: An antidote effective against all three
poisons 1s therefrre highly desirable. It is very likely that such a compound,
if it were found, would be affective aluo against other nerve gases.

_Therefore, the future possibilities for oxime therapy will remain limited,
unless  a universally active, extremely potent oxime of low toxicity is found
that penetrates the blood-train barrier better than the existing oximes.
According to the recently published results it seems that this problem has a good
chance to be solved. However, even if equipped with such a"dream'" ¢xime, the
victim should receive it within seconds alter intcxication to be sure of success.

finother possible way to increase the effectiveness of therapy is to add
to tlhe standard drug treatmont other drugs that might in some way enable atropine
and the oximes to act more efTectively, Recently published experimental work
has shown that the veralrine-like compeunds are able to prevent the respiratery
paralysis resultiné from intoxication by soman and sarin. This could be extremely
valuable in that it would provide the timé needed to move a victim to a medical
facility vhere-artificial .respiration could be given. If such a treatment is
developed Lo fhe polnt where 1t Qs elfective.and efficient in humans, one: ol

the major problems of organophosphorus intoxication and its treatment, namely
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restoring breathing in victims without using artificial respiration, may be in
sight of being solved. When one examines these advances in the context of mass-
casualties, and if such drugs could find plaée in military autoinjectors, all
that can realistically be said of the new methods of treatment is that they
could provide more time to move victims to medical units,

The best medigal protection would be obtained with antidotes which could

inactivate organophosphate in the body before inhibition of the acetylcholinesterase

could take place. So a search for effective preventive antidotal measures is

extremely important, taking into consideration that very large doses of the
presently available oximes are needed to attain and maintain a sufficiently high
concentration of them in blood and other body liquids, and that prolonged oxime
administration may be dangerous. v .

Another possible means of prophylaxis would be to protect the enzyme
against organophosphates by shielding it with certain compounds. Engymatic
inductinn of ChE would be very attractive since it would provide the much desired
"universal protéction”. This will not become possible, however, until our

knowledge of the real nature and function of cholinesterase has been
considerably advanced.

A further promising possibility in the prophylaxis against nerve gases
poisoning would be immunization both active and passive. Work aleng this

line seems to progress rapidly; vaccines based on OP compounds as haptenic

antigens are under development. It is not realistic,'however, to expect that

& universal meth~1 for immunization against nerve gases compounds will be
realized in the near future;

at the first look.

the problem is by far more complicated than appears

Concluding remarks

There is today an enormous discrepancy between the efficiency of "nerve
zases" and the efficiency of available defensive counter-measures(first aid and
therapy by specific and nonspecific antidotes), However, it is probably not
unrealistic tn conclude that if the research currently under way is continued,

reasonably effective medical protection may become feasible in the not too
distant future,
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It is our opinion that the present unsatisfactory situation could be
relieved by international co-ordinationof scientific research on prophylaxis
and therapy in nerve gases poisoning.

Scientists working on these problems should be able to communicate their
results to each other, and for this communication to be optimally cflective, an
agreed set of standardized procedures for measuring, calculating and quoting
results would be extremely useful.

The other area.in which international co-operationwould be useful is the
digsemination of information througrh a central data bank that could collect
and distribute information relating to the problem of organcphosphorus poisoning
and therapy. A

We also believe that increased knowledge Sf medical countermeasures against

nerve gases poisoning would promote the endeavours to bring about an international
ban on.the use of CW,
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Une méthode de classement des composés chimiques dﬁ'point de vue
de la-technologie binaire

Les armes chimiques binaires (Binary chemical weapons ;ﬁBCW) sont aujourd'hui -

une réalité dont il faut tenir compte dans tous les aspects de 1l'interdiction de 1la’
mise au point, de la fabrication et du stockage ainsi ‘que déhs ceux de la destruction
des armes chimiques. -

L'un des problémeé importants dans 1le contexte de 1'interdiction des armes
chimiques,~particuliérement dans une approche progréséive 3 ce probléme, est celui
du classement; | ' o ‘

Comme le montre le document de travail présentévpér‘la Suéde (CCD/427), tous
les composés chimiques peuvent étre répartis entre les groupes suivants en fonction

de leur utilisation possible en tant qu'armes chimiques :

a, CWA = agents de guefré/Chiﬁique (chemical warfare agents)
b,  DFWA = agents de guerre a double fin {dual purpose warfare agents)
Co PCC = composés chimiques ayant des utilisations pacifiques

(chémical compounds for peaceful use)

» Ce document suédois souligne également le besoin d'un classement des composants
binaires dans des armes chimiques non mentionnées dans les propositions précédentes.

A notre avis,'lé caractére essentiel des armes' chimiques binaires ne réside
pas dans les propriétés chimiques et toxiques des composants binaires individuels,
mais dans le produit final de leur réaction. Par conséquent, le classement des
composants binaires individuels dans des armes chimiques binaires devrait é&tre
considéré exclusivement du point de vue du produit final.

D'aprés la définition de travail des agents de guerre chimique donnée dans le
rapport du Secrétaire général intitulé '"Les armes chimiques et bactériologiques

{biologiques) et les effets de leur utilisation éventuelle", Nations Unies,

New York, 1969, et qui est utilisée dans le document de travail suédois cep/427,

"par agents de guerre chimique on entend en l'occurrence les substances chimiques,
qu'elles soient gazeuses, liquides ou solides, susceptibles d'étre employées en raison

de leurs effets toxiques directs sur 1l'homme, les animaux et les plantes'.

GE.76-87253
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Sans examiner pour le moment l'essence de cette définition des agents de guerre
chimique (voir documehts de travail yougoslaves CCD/375 du 5 juillet 1972 et CCD/SOS),
lorsqu'on considére les composants binaires des armes chimiques binaires, il y a lieu
de tenir compte des possibilités suivantes de leur classement :

A)  Composants binaires, dont aucun n'a d'application pacifique {2cwBe)
{composants binaires de guerre chimique); o '

B) Composants binaires dont l'un peut éﬁoir également une application
pacifique (CWBC+DPBC) (composant binaire de guerre chimique plus compocsant binaire-

4 double fin); | |

C) Les deux composants binaires peuvent avoir également uhe application
pacifique {2BPBC) {composants binaires & double fin). N

Dans ce contexte, les agents de guerre chimique et les agents de guerre a
double fin, pris dans le sens du classement suédois, devraient également inclure
tous les composés chimiques a 1'état liquide, solide et gazeux qui_produisent des
' agents de guerre chimique par réaction chimique avec d'autres composés un peu avant

d'atteindre l'objectif. R ‘ ' '

Cette addition est indispensable car il est peu probable que des composants
binaires contiennent des substances qui serzient ‘par elles-mémes classées comme étant
des agents de guerre chimique. A v

La présenfe analyse ne porte pas atteinte au fond de la proposition suédoise
de classement des agents de guerre chimique (CCD/427), mais 1'étend également aux
agents binaires de guerre chimique. En procédant de cette fagon; les considérations
lides soit a 1'interdiction progressive, soit & 1'interdiction compléte des armes
chimiques seraient plus claires et plus précises.

Comme la technologie binaire offre la possibilité d'élargir la gamme des
armes chimiques, il est évident qu'il faut étendre le contrdle & un nombre plus grand

de composés chimiques appartenant au groupe des composés chimiques ayant des utili-

sations pacifiques. Ceci pourrait influer sur la liste des composés chimiques mentionnés

dans le document de travail japonais CCD/48% du 8 avril 1976. I1 nous paraitrait
acceptable d'inclure un plus grand nombre de composés chimiques, de fagon & réduire
au minimum les chances de leur ‘emploi abusif. Ceci n'exclut pas la poséibilité de

rectifications, tant dans le sens des additions gue des retranchements.
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" Working paper on the definition of chemical warfare agents (CWA)

In view of the development of,new“chemical weapons such as binary chemical
weapons (BCW) and Multi-Purpose Chemical Weapons (MPCW) it is our desire to provide in
this working paper a definition which would include the existing chemical warfare
agents (CWA) and compounds in BCW and MPCW. o

We consider the MPCW to be such weapons which, in addition to their mechanical and
thermal effects, act in the manner characteristic of CW effects.

The Geneva Protocol of 17 July 1925, forbids inter alia, also "the use in war of
asphyxiating, poisonous or other géses and of all analogous.liquids, materials or
devices", and according to United Nations General Assembly resolution 2603 A of
16 December 1969, "any chemical agents of warfare-chemical substances, whether gaseous,
liquid or solid which might be employed because of their direct toxic effects on man,
animals or plants" is contrary to the generally recognized rules of 1nternatlonal law.

There exists also a working definition of CWA given in the Report of a WHO Group
of Consultants in "Health Aspects of Chemical and Biological Weapons'", WHO, Geneva 1970:

"Chemical agents of warfare include all substances employed for their toxic
effects on man, animals and plants." '

This definiticn was intended to exclude chemicals employsd in warfare such as
high explosives, smokes and incendiary substances (e.g: napalm, magnesium and

=]

white phosphorus) that exert their primary effects through physical force, fire
air-deprivation or reduced visibility.
The above mentioned definitions of CWA proceeded from the point of view of

application and covered chemical compounds only which have direct but not also 1nd1rect
toxic effects on man, animals and plants,

Binary technology, for its part, also points to the deficiencies of such an
approach. Through binary technology it is possible under certain conditions to

generate the existing CWA from relatively low toxic components which are not covered

by the mentioned definitions. In addition, binary technology also makes possible the

use of so highly toxic substances which due to their tactical propertles (such as

stability) could not be used as CWA.

GE.76-87256
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'in.this.doﬁnéiion, it seems to us that it would be necessary to re-evaluate the
criteria from the very interesting working paper of the Federal Republic of Germany
(ccp/458). ,

Since the last 1nformal meetlng w1th the experts in Geneva (1974), when inter alia,
also the definition- of CWA Was; dlscussed 1nformatlon was. publlshed about” the use of a
new type of weapon,.thenclaSSLflcatlon of which, as far as we know, the CCD has not
discussed ‘as yet. - The weapon involved is ‘a '"fuel air explosive' bomb- intended for the
preparation of helicopter-landing sites. The:applicatiop'df‘fhiélweapon‘invtheafield
produces massive death casualties due to its "ultra-lethal" aépﬁyxiating'efféCt}- This -
asphyxiating effect is based oh-the’reaction of ethylene oxide (the basic bomb '
component ) and oxygen from. the environmental air. ‘When~explodihg,'éthylenevoxide
ingtantly. consumes the'sufroundingfoky en-and thereby causes its shortage in the air.

This results. in sudden death due to asPhyx1atlon.

Bearing in’ mind~asphyxiation as the cause of ‘death, which, in addition: to mechanical

and - thermal-effects, is-one of the’consequehices of employment of. this weapon, we are of
the opinion that'also‘thiS-typézof-Weaﬁbn»shouldibe classified’, perhaps as "multi=purpose
chemical weapons” (MPCW) or under some other name. It is quite.clear that due to the
effect of this weapon disturbances of :physiological functions (anoxy and suffbcation)

is caused, being the result of" the ‘Chémical reaction taklng place between' ethylene ox1de
and oxygen from the ‘atmosphere;.”

In our view, this type of weapon differs from the"bthér‘weapons‘which are not

classified as. -CW (such as high explosived, smokes and 1ncend1ary weapons) becauSe one of

its main effec¢ts is death caused by 1mmed1ate ‘suffocation. ‘

The Geneva Protocol ‘'is quite: SpElelc as far as ‘this bomb is concerned because it
prohibits "agents liable to cause asphyxiation", while United Nations Géneral Assembly
‘resolution 2603 A Ieaves'poséibility for discussion on account of the'expression
"direct toxic effect". ' e o :

In order to reduce in the future any ambiguity to the minimﬁm, we have tried to
modify to some extent thé‘éxiSting*prOposal for the definition of the CWA in the working

paper of the Yugoslav delegatlon of July 1972:

"All -chemical ‘compounds intentionally used in quantities which directly or indirectly,

immediately or after some time, can produce physiolog1ca1 disturbances or cessation

of physiological functions ‘in man and animals, should be considered as chemical

agents."
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The new definition should be sufficiently comprehensive and should provide for
further elaboration of the definition of chemical warfare agents in a more explicit
manner as for example:

(a) Classification of the CWA according to application and their poisonous
intensity grades, ' '

(b) Differentiation between single-purpose and dual-purpose agents,

(c) Differential treatment of intermediaries in a synthesis and the binary
components in munitions, )

(@) Inclusion in the chemical weapons also of those with "mixed" effects, one of
them being also toxic (direct or indirect), so as to cover also such weapons és the
above mentioned bombs.

In view of the aforementioned it seems to us appropriate to propose the following
definition:

"All chemical ocompounds intentionally used in quantities and manner which

directly or indirectly, immediately or after some time, can produce physiological
disturbances or cessation of physiological functions in man, animals and plants,

should be considered as chemical warfare agents."

We hope that this proposal of the definition contains relevant elements which

might serve as a useful basis of the formulation of the final text of the definition.

-

ol
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The catalytic detoxification of organophosphorus CW agents

I. Introduction -

The questions of banning the development, productloﬁ”and stockpiling of oW agents
are closely related to the problem of detoxification of available stockpiles of
CW agents. This problem has both scientific and technologlcal implications.

From the scientific standpoint as well as from the technological one there exist
quite different possibilities for the variety of CW agents-to be converted into
compounds of lower toxicity, or into completely non-toxic substances harmless to man and
to the environment.

The problems have more intensively been studied for vesicants of the yperite type.
Much experience relating to this type of CW agent has alfeady begn gathered because-
after World War I and II considerable quantities of these CW agents haﬁ been destroyed,

detoxified or burned. But as to our informations catalytic processés'for detoxification

had so far not been applied to these CW agents.

II. The detoxification of organophosphorus Cw-agénts by non-catalytic methods

However, the experience gained so far with organophosphorus CW agents is rather
limited in regard tokfinding'the most convenient method for detoxification on a technical
scale. ' A

The literature regarding both the military and chemical problems of detoxifying or
destroying organophosphorus CW agents describes only those methods and processes which
are suitable for either laboratory or special field use.,

' As to the destruction, or elimination of large sfockpiles, or overstocked
stockpiles of organophosphorus CW agents we have only press information on the

United States action of submerging Sarin-filled shells in the Atlantic. Ocean as well as

-

on the burning of serveral thousand tons of "G-agents" (Tabun/Sarin/Soman-group).

However, there were no additional technical details available worth generalizing.”

o
1

Regarding the chemically possible reactions for detoxifying organophosphorus CW
agents of the G- and V-type the splitting of esters in'aqueous—alcoholic media by means
of alkalies appears technically to be the most convenient method (apart from burning).

Apparatus and equipment as well as chemicals required for detoxification are
technically available although fhere remain some probléms of corrosion and labour safety.
CE.76-87261 | o
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From the aspect of materials and resources it would be worth considering whether

or not the use of many thousand tons of detoxicants, solvents and other chemicals

required for neutralization reactions and other follow-up processes could be drastically

reduced. Therefore, it is obvious to take into consideration catalytic processes of

detoxification more. than. ever: before.~-~

IIT. Detoxifications of organophosphorus- warfare agents by catalytic methods

It would be espeCially adVisable to use caualytic reactions for the organOphosphorus

CW agents of the G- and V- type because all ‘these CW agents are esters. Ester splitting

is in general a catalytically easily influenced chemical reaction. In case of toxic
organophosphorus esters the process of ester splitting is tantamount to their almost
complete detoxification Since the decompoSition products show only . slight, in some
ccases no biological effects. ' A .
Among the theoretically pos31ble methods of catalytic ester splitting there are
three reactions which are essentially applicable to organophosphorus CW agents.

1. HvdrOperoxide-catalVSis

The ester splitting of these organophosphorus cw agents catalyzed by hydroperOXide

proceeds some 50 times faster compared With the alkaline hydrolysis of these compounds.

The final products obtained through this reaction are only slightly toxic. The reaction

is almost quantitative. However, the hydroperoXide catalysis implies the need as a
homo genous CataIJSlS, Tor an aqueous, or aqueous alcoholic, Tor with water mixable
organic reactionpmedia, as an essential condition. The direct reaction of the
conceotrated oW ageut is possible only in a 10 per cent hydrogen peroxide solution
or 1ess, or adequate hydroperoxide compounds solutions. Special equipments would be
necessary to guarautee the required dilution and the best mixing conditions so that
this process would need more technical research. |
Nevertheless the catalytic splitting -of organophoSphorus cw acents by
hydroperoxide constitutes a technioally suitable reaction to destroy such CWeagents.

~

2. Hypochlorite catalysis

The splitting of organophosphorus CW agents catalyzed by hypochlorite is suitable
for a number of detoxification processes provided these processes can proceed in
diluted agueous solutions. From the literature it is.well known. that this method is
already tested in detoxification of corrosion-resistant objects through washing and in
detoxifying small quantities of organophosphorus CW agents in drinking and non-potable
water. The use-of hypochlorite for the detoxification of highly_ooncentrated "
solutions of CW agents, or of undiluted CW agents necessitate more work:in.technical

'safety and adequate basic research.
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3. Metal-catalyzed decomposition

The catalytic splitting of organophosphorus esters especially by heavy-metals has
been known for some 20 years. The first ovservations were made in connexion with the
loss of effect of phosphoric ester preparatiéns in cupriferous containers. Apart from
it, biochemical studies have shown that organophosphorus esters are catalytically
gplittable by a number of metals, e.g. even by lanthanides. Esﬁecially the hydroxy-aquo
complex as well as the amminohydroxo and alkylamino complexes of copper have shown to
be extraordinarily effective for splitting acyl-substituted phosphoric and phosphonic
esters. -

In this field the highly effective tetraalkyldiamino-copper complexes are
practicélly important. | '

It is suggested by the rapidity and completeness of catalytic ester splitting

achieved by these copper complexes, because the solubility of such complexes and the

- possibility of fixing these compounds to carriers should promdte investigations of

detoxification for concentrated CW agents of the G- and V-type.

IV. Final remarks

It should not and cannot be recommended here which of the mentioned catalytic
detoxification methods of highly toxic organophosphorus CW agents would be especially:
convenient technically and economically.

However, in assessing the measures for CW disarmament réquired, the catalytic
processes of detoxification deserve at any rate greater attention than the so far
employed processes using an .excessive surplusvof detoxicants.

Upon concluding it should be stressed that the possibilities of catalytic splitting
exemplified by organophosphorus CW agents can also be extended to other groups of
CW agents. Research into this direction, in our view, could have promising prospects

for obtaining technically usable results.



CONFERENCE OF THE COMMITTEE ON DISARMAMENT CCD/508
8 July 1976 .

Original: ENGLISH

CZECHOSLOVAKIA
Some medical aspects of the CW problem and its perspectives

Much effort has been undertaken to elaborate -an exact definition of
CW agents, : |

There are two possible approaches to this question: first, the chemical
and toxicological one; and second, the medical one.

Military calewlations are, in fact, based on chemical and toxicological
characteristics, However, it should be emphasized that any chemical
'substanCe-becomes a .chemical warfare agent only after it has been incorporated

. into a chemical weapons system. We understand the tendency to make the
definition as exact as possible,. In spite of this, the purpose criterion
has a principal significance and cannot be cmitted.

In the course of the last expert meeting in the CCD, in July 1974,.one
of the most discussed questions was the possibility of using the acute

lethal dose (LDSO) as avéomplementary criterion which could facilitate a

\ more exact definition of CW agents. We criticized the overestimation of

this: critericn. LD50 is, ho doubt, important for toxicology, and it is an

objective laboratory value, Our point is, however, that the acute toxicity

of a substance, irrespective of -purely methodological. problems, does not

express the reaivdanger of this substance for the pepulaticn, which is a

“target of a chemical attack, It is evident that less toxic agents méy be

used in larger quantitiés; that they may be used repeatedly; and that their

effects may combine with other effects of war - wounds, stress, malnutrition, etc.
There are-still other important points. One of them is the.

availability of medical aid. The effective treatment of an acute poisoning

is always a medical emergency: the antidotes must be given immediately, and in

many cases they must be supported by artificial respiraticn, and still other

medical treatment. However, it is impossible to do this in the field in mass-
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casualty situations, These qusstions are in great detail analysed in the
Yugoslav working paper CCD/503, ‘distributed on 6 July 1976. Thus, the
availability of medical aid may be more important for the effect of a
chemical attack than the type of the chemical ageht applied.

| Other extremely important aspects are the side and the delayed effects

of CW agents., We mentioned this very briefly in our discussion here in 1974.

In the meantime; the significance of the problem was emphasized by the new
monograph published by SIFRI and prépared by Professor Lohs of the GDR.

The questions of the delayed effects of the enormously large-scale use and
consumption of many chemical substances represents a major problem of mcdern
medicine and of all biological sciences., 'Carcinogenic, embryatoxic and

teratogenic effects are being discovered with. increasing frequency in

substances, which have no or at least very low acute toxicity, and which were

supposed to be practically harmless, It is generally known that this was
the case with some new medical drugs in several countries.
Thirty years ago, when the information about new chemlcal agents, such

as tabun, soman, sarin, etc. was published, their extremely high toxicity

was what impressed the public most, At that time, however, very little was

.known about the carcinogenicity and teratogenicity of substances, and the
enormoﬁs expansion of modern chemical industry was only at 1ts beginning.
Only much later, people began to realize the immense hazard of mass exposure
to chemicals., We feel that to disregard this aspect of the CW problem would

amount to a dangerous mistake.
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A chemical war creates completely new dimensions ih the use of
chemical substénces which, in turn, considerably change the importance
of interrelations between individual factors. The herbicides and defoliants,
used in ths Vietnam war, are substances commonly applied in agriculture.

In civilian life, their task is to destroy weedsin as selective way as

possible and are, therefore, appliéd highly diluted and accompanied by a

number of protective measures. Nevertheless, it is becoming more and more
clear that even this careful mcde. of application represents serious ecological
risks. = The same substances, when used for military purpose, are designed

to destroy all vegetation in a given area with utmost efficiency and speed.
The actually used doses were ten-and. more- times higher than those for
agricultural purposes and the total amcunt pér hectar was about 30-times higher.
The sameé is valid for other agents. As Perry Robinson recently mentioned,
"during the height of the Vietnam‘wdr, the daily American consumption of CS as a
harassing incapacitant exceeded all the CS that has yet been used in

Northern Ireland®. This experiende only confirms +to what extent the

military approach increases potential risks of the use of these substances.

One ocught to be also aware that we still have very incomplete information
of the basic mechanism of damages to.the genetic dpparatus, namely, ~&he
tarcinogenic and/br teratogenic effects. = . The laboratory
methods of testing are rather complicated and their results are only
approximate. Besides, the delayed effects are always multifactorial. It
means that “he effect does not deperd sclely on the checmical characteristics of
the chemical agent, but alsc on other additional factors, influencing the
metabolic degradation of the agent in the human organism. It is well kmown
that there are differences in the metabolism in humars and in animels; this
is one of the reasons of the extreme difficulties in studying these problems
in the laboratory. In addition to this, the metabolism of ecach individual is
influenced by a number of specific factors: there are for instance hundreds

of thousands of people, for whom suger is identical with a poison, because

their insulin system activity is impeoired and this substance cannot be

‘normally® digested and utilized. These are the reasons why it is
extremely difficult, and often simply impdssible, to detect in time the

delayed effects of a chemical substance.
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These examples were intended to demonstrate that - in addition to
acute toxicity - the chemical warfare agents have also other
characteristics, which might become extremely important. One ought also to
be aware that there is no correlation between toxicity :nd delayed effects.
There is no doubt, however, that the organophosphorous CW agents and also
herbicides and .incapacitating agenfs all belong to the category of chemical
substances with a great risk of carcinogenic and teratogenic activities.

We intended to focus attention on the fact that the problem of CW
has still other aspects of increasing importance. . There are, in fact, many
identical features.in CW prcblems and in the problems of the misuse of new
scientific developments for military purposes. These great problems need

. adequate solutions.
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CONFERENCE OF THE COMMITTEE ON DISARMAMENT
CCD/512
6 August 1976

Original: ENGLISH

THE UNITED KINGDOM OF GREAT BRITAIN AND
NORTHERIZ IRELAND

Draft convention on the prohibition of the
development, production and stockpiling of
chemical weapons and on their destruction

The States Parties to this Convention

'Agreeing that the existence of chemical weapons represents
‘a threat to mankind, and that chemical discoveries should be
used bnly for the benefit of humanity,

Concerned that advances in science and technology may
lead to the development of new generations of chemical weapons,

Convinced that the prohibition of.the development, product-
ion and stockpiling of chemical weapons and their elimination,
throughleffective meaéures, is a necessary.step towards the
achievement of general and complete disarmament under strict
and effective international control,

Recognizing the important significance of the Geneva

' Protocol of 17 June 1925 for the Prohibitioﬁ of the Use in War
of Asphyxiating, Poisonous or Other Gases, and of Bacteriolog-
ical Methods of Warfare, and conscious of the contribution
which the said Protocol has already made, and continues to
make, to mitigating the horrors of war,

Reaffirming their adherencetn the principles and objéctives

of that Protocol and calling upon all States to:comply strictly
with them,

Recalling that each State Party to the Convention on the
Prohibition of the Development, Production and Stockpiling

of Bacteriological (Biological) and Toxin Weapons and on

CE.76~88562
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-Their Destruction, in Article IX of that Convention,

‘affirmed the recognized objectives of effective prohibition

’ of chemical weapons and, to this end, undertook to continue
negotlatlons in good faith with a view to- reachlng early

agreement; . dh“effettzme.measures.for the prohlbltlon of

their development productlon and stockolllng ‘and for their

destruction, and on aporoprlate measures concernlng equipment

and means of dellvery spec1f1cally de51gned for the prOdLCtlon

or use of chemlcal weapon agents,

De51r1ng to contrlbute to the strengthenlng of confldence
between peoples and the general 1mprovement of the 1nter-

natlonal atmospnere,
| A Have agreed as rollows. N o
.. P ST ARTICLE I o : L
Each State Party to thlS Conventlon undertakes never, in
any c1rcumstances, to develoo, produce, or otherw1se acqulre,
a. lethal chemlcal agents “and other tox1c chemlcals
ﬂ:.'“'agents (of a nature and 1ntended )rlmarlly to cause
Alono term phvs1olog1cal harm to human belngs), of types
A'und in quantwtles that have no Justlflcatlon for
'bprotectlve or otner peacetul purposes,
b, munltlons, equlpment or systems de31gned to dellver
such agents for hostlle purposes or in armed confllct
1. Notulthstandlng the prov151on° of Artlcle YVI eaeh
signatory or accedlng State undertakes on s1gnature or accesSLOn
to the Conventlon, whether or not 1t has enteredtlnto force

e to declare whether or not 1t 1s 1n p0530351on of the

-
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agents, munitions, equipment and systems specified
~in Article Ij e

b. to supply information about the type and quantity
of the agents specified in Article I in its
possession;. -

C, to supply iﬁformétion regarding all production
facilities on its territory capable of producing
the agents, munitions, equipment and systems
specified in Article I;

d. to supply information about the type and quantity
of the agents specified in Article I which it
produces for protective or other peaceful purposes
and the location of the factories producing these
agents and thereafter to render an annual return of
similar information;

e. to supply information as to which national organisa-
tion or authority is charged with collecting the
information referred to in sub-paragraphs b.c. and d.
of this paragraph and ensuring in accordance with
Article V that public and private agencies and
factories comply with the ConVention from its entry
into force.. . |

2. The declaration and information referred to in sub-
paragraphs a. to e. of paragraph 1 shall be communicated to

the Zﬁepositarz7 until the Consultative Committee is established
'in accordance with Article VIII and thereafter to that Committee.-
The Zﬁepositéry7 or the Committee as the case may be shall
nromptly circulate the declaration and information to [511
signatory and acceding_State§7 [511 States entitled to become

party to the Conventiog7.
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ARTICLE III
Each signatory or acceding State undertakes on
signature or accession to this Convention, whether or not it
has entered into force: | _
. a. tc close down, dismantle or convert to peaceful
purposes any factories producing the agents specified
in Article I;

b. not to convert from production for peaceful'pﬁrposes
any of the factories listed in response to Article
1T, 1,4d,;

C. not to construct any new factories:br'thé production
of the agents specified in Article I of types and"
in quantities other than those fequired for peaceful
purposes; |

d. to close down, dismantle or convert to conventional
purposes factorieé or facilities producing or
filling those munitions, equipment or systems
-specified in Article I.

ARTICLE IV
The undertzkings accepted by Signatories upon signatuwe
shall cease to apply if this Convention does not  enter into
force within ceseceoss. years of the date when the Convention
was openec for cignature.
ARTICLE 'V
Each State Party to this Convention shall, in accordance
with its constitutional processes, take any necessary measures
to prohibit and prevent the development, production, stock-
piling, acquisition or retention of the agents and munitions
equipment and systems, specified in Article I of the Convention

within the territory of such state under its jurisdiction or
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under its control anywhereQ~
‘ARTICLE VI
Each State Party to this Convention undertakes not to
transfer to any recipient whatsoever directly or indifectly
~and not in any way to assist, encourage or induce any State,
group of States or international organisation to manufacture
~or otherwise acquire any of the agents, munitions equipment
FOr systems specified in Article I of the Convention.
ARTICLE VII
Each State Party to this Convéntion possessing agents
specified in Article I undertakes to destroy or convert them
to peaceful uses under international observation as provided
for in Article IX d. according to a phased programme agreed
by the Consultative Committee. Each State Party to this
_Convention possessing stockpiles of munitions equipment or
systems specified in Article I undertakes to convert them to
conventional use or to destroy them.
- ARTICLE VIII
States Parties. to the Convention undertake to establish
a Consultative Committee from among themselves to oversee the
working of this Convention.  The functions of the Committee
shall include the following:
a. to analyse and evaluate periodic reports and
statistical and other information submitted by each
State Party in accordance with the provisions of
Article II, 1, b., c. and d.
b. to call for such supplementary information under
Article II, 1, d. as they consider necessary;
c. to request information and conduct enquiries if

asked to'do so by a State Party;
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Each

to verify the destruction of stockpiles and to
conduct other inspections in accordance with
Articles VII;, IX and X;
to. send notification and reports to all States
Parties following verification procedures;
to consult and co-operate with the national
organisation or authority referred to in Article
117 1, e. _

ARTICLE IX
State Party to this Convention undertakes to accept:
inspection within six months of the entry into
force of the Convention by persons appointed by the
Consultative Committee of any factory formerly
producing the agents specified in Article I, to
ensure that it had ceased such production; such
personnel to be allowed access into the buildings
and to take samples from. the environment;
the employment and periodic inspection of tamper
indicating seals on the doors, control panels and
other designated locations of former military
chemical agent factories which have not been
demolished or converted to beacefulAuses and former
chemical munitions factories which have not been
demolished or converted to conventional uses;
Zﬁp to teg7 15 numbex o§7 on-site inspections each
year by the persons appointed by the Consultative
Committee of chemical factories to be selected from
those listed under Article II. The factories shall
be examined to ensure that they are not producing

agents specified in Article I, %% The inspectors
S
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shall be given such access to the factories as is
‘necessary'to Qerform their tasks and be allowed
to take such ssmples as the Consultative Committee
has agreed are necessary; | |
d. . in the case of States possessing agents, munitions,
cequipment and systems specified in Article I
inspection by persons appointed by the Consultative
Committee who shall be given.such access to the
- - destruction process as the Consultative Committee
agree is necessary for the task of verification.
- RTICLE X |

1.~ States Parties to this’ Convention undertake to consult

one another directly or.through the Consultative Committee

and to co-oéerate in solving any problems which may arise in
relation to the objective of, or in the application of, the
provisions of the Conventioﬁ. Any - State Party which suspects
that any other State Party is acting in breach of obligations
deriving from the provisions of the Convention may request
directly or through the Consultative Committee that State
Party to provide expianation. The complaining rarty may also
call for a special investigation which may involve on-site
inspection to be carried out by the Consultative Committee or
Dy persons appointed by it. Each State Party agrees to acceot
such on-site inspection which the Coﬁsultative Committee may
consider necessary.

2, Nothing in this Article shall detract from the right of
any State Party to lodge a complaint with the Security Council

of the United Nations.
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' . ARTICLE XI
| Nothing in this Convention shall be interpreted as in

any way limiting or detracting from the obligations assumed
by any State under the Protocol for the Prohibition of the
Use in War of Aéphyxiating, Poisonous of Other Gases and of
Bactericlogical Methods of Warfare, signed at Geneva on
17 June 1925 or under the Convention on the Prohibitiom of
the Development, Production. and Stockpiling of Bacteriological
(3i910gical) and Toxin Veapons opened for signature on
10 April 1972,

ARTICLE XII
1. Each State Party to this Convention undertakes to
facilitate and has the right to participate in the fullest
possible exchahge of équipment, materials and scientific and

technological information for the use of chemical agents for
. ’ .

‘peaceful purposes. Parties to the Convention in a position

to do so shall also co-operate in contributing individually
or together with other States or international organisations
in the further development and application of scientific
discoveries in the field of chemistry for peaceful purposes
and for therapy and oronhylaxis against chemcial agents.
2. This Convention chall be implemented in a manner designed
to avoid hampering the economic or technological development
of States Parties to the Convention or international co-
operation in the field of peaceful chemical activities.,
ARTICLE XIII

Any State Party may propose amendments to this Convention.
Amendments shall enter into force for each State Party accept-
ing the amendments upon their acceptance by a majority of the

States Parties to the Convention and thereafter for each
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remaining‘State on the date of accepténce by it of the
amendments. ‘ |
| ARTICLE XIV
Five years after the entry into force of this Convention,
or earlier if it is requested by a majority'of Parties to

the Convention by submitting a proposal to this effect to the

~Zﬁepo$itéry7,-a conference of States Parties to the Convention

shall be held at Geneva, Switzerland, to réview the operation
of the Convention with a view to ensuring that the purposes
of the preamble and the provisions of the Convention are being
realised. - Such review shall take into account any new
scientific and technological developments relevant to the
Convention;

< | ARTICLE XV
1. This Conve;tion shall be of unlimited duration.
2. Each State Party to this Convention shall in exercising
its national sovereignty have the right to withdraw from the
Convention if it decides that extraordinary events, related
to the subject matter of the Ccnvention, have jeopardised
the'supreme interests of its country.- It shall give notice
of such withdrawal to all other States Parties to the
Convention and to the United Nations Security Council three
months in advance. Such notice shall inélude’é statément
of the extraordinary events it regards as having jeopardised
its supreme interests.

ARTICLE XVI

1, This Convention shall be open to all States for
signature. Any State which~does not sign the Convention
before its entry into force in accordance with paragraph 3 of

this Article may accede to it at any time.
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2. This Convention shall be subject to ratification by the
signatory States. Instruments of ratification and . instruments

of accession shall be depcsited with the Zﬁepositary7n

3. This Convention shall enter into force after the deposit’
of instruments of ratification DY .eceeecocccccscoo
governments.

4. For States whose instruments of ratification or accession
are deposited subsequent to the éntry into force of this
Convention, it shall enter into force on the date of the
deposit of their instruments of ratification or accession.

5. The Zﬁepositary7 shall promptly inform all signatory

ard acceding States of the date 6f each signature, the date

of deposit of each instrument of rafification or of accession
and the date of the entry into force of this Convention, and
of the receipt of otherlnoticqs.

6.  Thie Convention shall Be registered by the [5epositary7
pursuant to Article 102 of the Charter of the United Nations.
ARTICLE XVII

This Convention, the English, Russian, French, Spanish,
Arabic and Chinese texts of which are equally authentic,
shall be deposited in the archives of the Zﬁepositary7.

Duly certified copies of the Convention shall be transmitted

by the [ﬁepositary7 to the governmments of the signatory and

acceding States.
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CONFERENCE OF THE COMMITTEE ON DISARMAMENT CCD/515
17 August 1976

Original: ENGLISH

JAPAN

Working Paper: Draft of one form of LD50 spectrum

The Japanese_Delegation submits this outline of a toxicity spectrum, with a
view to furthering our discussions with regard to the scope of the CWAs to be
prohibited. ‘ '

7

1. Need for an LDSOlspectrum

The CCD has been and is endeaVouring to reach-agreement on the comprehensive
prohibition of the development, productlon and stockplllng of all chemical weapons
and the indication is that it will come to dlscharglng its task in stages It 1s,
however, difficult to get a clear plcture of the whole range of CWAs, because ‘there
are so many CWAs and other chemlcal substances which could be employed as CWAs.

This is one of the factors lmpedlng progress in our negotlations.

It is necessary, as a first step, to have a tanglble and obJectlve standard of
jﬁdgement in order to acccmpllsh our task. Therefore, in view of the fact that it is
the toxicity of CWAs which makes it possible to use those substances as weapons, we_'
suggest that a tcxicity spectrum (the LD50 spectrum) be drawn up as an objective
criterion to define the scope of the prohibition.

2. What is the LD5O spectrum°

As relevant characterlstlcs of chemlcal weapons, several factors, such as
toxicity, shelf llfe, perceptlblllty, volatlllty, explcsion, stablllty, etc., can be
01ted, as presented in the working paper submitted by the Federal Republic of Cermany
(cCD/458).  Obviously, the most important characteristic of CWAs is their toxicity;
the chemical weapon has,-after all, traditionally been known as "poison gas". The
toxicity of chemicals differs qualitatively and'quantitatively from one another.
However, each chemical substance has its lethal dose as a measurable and reliable
indicator of toxicity. The lethal dose, expressed numerically, enables us to recognize
quantitatively the differences in toxicity among substances. Thus we can draw up a
toxicity list fer chemical substances in the order of the numerical value of their

lethal doses. This list would be called the "spectrum", and it seems adequate to use

GE.76-88761
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* . .
. the lethal dose 50% (LD50) 1 as the toxicity indicator. This is the LD50 spectrum
which the Japanese delegation suggested in the plenary meeting on 6 July (CCD/PV.702).
3. Content of the spectrum

The LDSO spectrum should include first of all the chemical names of substances
and their LD50 value. In addition, it is desirable to include substances' generic
names, code names, abbrevxatlons, chemical structural. formulae, species of animal
used for experlments appllcatlon route, blbllography, ete. h

The United. States delegatlon presented mouse toxicity data in Table IV of their
working paper in 1974 (CCD/ABS) We presented toxicity data for certain chemical
substances in documents CCD/374 l972)and CCD/466 (1975) The Japanese delegation
shows in Appendlx I of the present document one example of "a’ spectrum, a draft-of a
possible LD50 spectrum arrangement, using the chemlcal substances and data 1ncluded
in the above—mentloned Unlted States and Japanese working ‘papers. Needless to say,
this example merely glves us an 1dea of what a.spectrum would look like and what data
should be included. g

4. - How to draw up the LDSO0 spectrum

(1) We think it appropriate that, in principle, already published scientific
articlee and other available data should first be used to draw up a spectrum, and then,
if the avallable data is found to be lnadequate or there is any question as regards
the data, further experlments should be carrled out and a unlversally accepted LD50
value obtained. o

(2) Although the same chemical substtnce may have different LD50 values,
depending on the route of appllcatlon, i.e. oral, subcutaneous, intraperitoneal,
‘intravenous anectlon, resplratory and percutaneous, the spectrum should be drawn up
in the order of the lowest value of LD50 in the publlshed or otherwxse availablé data
for each substance, regardless of its appllcatlon route, since we should play safe’
when aSSGSSlng the toxicity and effects of each substance when used agalnst human beings
on the basls of data obtained from anlmal experlments Data ‘and values obtalned for
other appllcatlon routes should however, also be included as reference materlal.

(3) With regard to animals used for experlments, it is de51rable to includé also
date obtalned from animals other than rodents, if such information ex1sts -

(4) The upper limit of LD50 of chemical substances llsted in the spectrum should
be 30 mg/kg, as such substances may safely be dlsregarded. 30 mg/kg is the uppér
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limit of toxicity as regards the oral route (P.0.) laid down in the Poison and
Deleterious Substances Control Law of Japan. The upper limit in Table IV in the
United States working paper referred to (CCD/435) is approximately this value.

Further details are given in the "Draft Terms of Reference for the Drawing up of
the LD50 Spectrum", Appendix II. o

As regards the actual work of drawing up a spectrum, we suggest that this be
entrusted to a third-party research organizatioh, such as the WHO or SIPRI, which would
be assisted by a drafting group composed of experts provided by CCD Member States.
Conclusion

We believe that drawing up an LD50 spectrum would make deliberations on the scope
of prohibition easier and more concrete, and thus our negotiations would make greater
progress. Therefore our delegation suggests that the CCD begin the formulation of an

1D50 spectrum, completing and perfecfing the draft spectrum of Appendix I and the

' terms of reference (Appendix II) which are attached herewith. After completion of

the IDS0 spectrum, the CCD could make use of it as a means of determining which CWAs
should be prohibited and of establishing a threshold value.

(Footnote)

%¥1. When a certain chemical substance is administered to groups of a species of

A

animal, with the dosage being successively increased, the mortality in each group
increases in proportion to the increase in the dosage. The LD50 of a substance is
defined as the dos: ze sufficient to cause a mortality rate of 50%, or in other words,
a dosage (mg/kg) which kills one half of a given test group. 'And, this is employed
as the criterion of the lethal dose. As this LD50 can be used as an indicator of
‘the relative toxicity of chemical substances, it enables us to obtain an approximate

idea of the toxicity of a substance when used against human beings.
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Appendix IT
Draft Terms of Reference.for the Drawing up of the LDS0 spectrum

The terms of reference to be used in formulating the LD50 spectrum of chemical
substances are as follows: ,
1. All data 1 for LD50 shall, in principle, be taken from documents or theses and
articles already published or available.
2. In arranging data tc give a sbectrum, the lowest value of LD50 of each chemical
substance shall be used, regardless of application route, oral, subcutaneous,
intraperitoneal, intravenous injection, inhalation, percutaneous, etc. The yardstick
for the LD50 shal; be mg/kg;*2 and each value shall contain two significant figures.
3. Any available data for animals used for experiments other than rodents shall be
included for reference. }
4. The form of the spectrum shall be that chosen by the CCD.
5. The research organizétion entrusted with work on the spectrum shall carry out
its task of formulating the spectrum from a scientific standpoint.
6. On completing its work, the organization shall send the draft of the spectrum
to the CCD, which will ask for the views of the Member States.
7. The CCD shall request the United Nations to provide the necessary funds.

(Footnotes)

*1. Should different values exist for the same chemical substance, one of the values
might properly be selected as the spectrum value after due consideraticn of the
different experimental conditions! but in principlelthe lowest value shall be adopted.
However, the data for the other vélues should be included for reference.

*¥2. In cénsideration‘of the fact that CWAs would be used mainly in the open, data
obtained using other yardsticks, such as mg min/m5 (LCT50) or PPm should be included

for reference.
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CONFERENCE OF THE COMMITTEE ON DISARMAMENT CCD/529
, 22 March 1977

Original: ENGLISH

JAPAN

Some thoughts on the international control of chemical weapons

Introduction

The purpose of this working paper is to make some suggestions on the problem
of chemical warfare agents to be prohibited. A mumber of suggestions have been
made on the subject but so far have not goné beyond general remarks and have been
somewhat lacking in specific substance.

1. Recent trends in the deliberations on the question of banning chemical weapons

Reflecting -the -positive efforts-made up to that time, -a-communiqué-issued at
the summit talks between the USSR and the United States 6f America in July 1974
stated that "the United States and the Soviet Union will take a joint initiative ‘
on banning the most dangerous, lethal means of chemical warfare". This gave us
hope for the éarly ébmpletion of a treaty banning chemical warfare, but that hope
has not yet come to fruition. ~~“As more and more people came to deplore the delay
in the deliberations on the subject, the United States expressed its views at the
spring session of 1976 (CCD/PV.702); an informal expert meeting suggested by the
Federal Republic of Germany was held in the summer session; and the British draft
convention was submitted in the last stage of that session. During the
Committee's deliberations over this period, the problems of "chemical warfare
agents to be prohibited" and '"control of chemical Qeapons" were treated as follows.
(1) Chemical warfare agents to be prohibited ' ' ‘

A number of suggeutions were made on the definition, category and scope of
chemical warfare agénts to be prohibited.  The prevailing view which‘emerges from
these suggestions is that we should prohiﬁit'all lethal chemical agents by adopting
criteria of purpose; that we should adopt a criferion of toxicity as one of the
criteria for determining the individual agents to be prohibited; and that chezical
warfare agents should be divided into two categories, namely, single-purpouse agents
to be uged only for warfare, and.dﬁal-purpose agénts'ﬁo be used for both peaceful

and warlike purposes.

- GE.T7-83157
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(2) Control of chemical weapons

The problem of verificalion is at the core of the deliberations. Among the
Western and non-aligned countries, the prevailing view is that international
verification is necessary; among the Eastern countries, the prevailing view is that
national meansg:are:in principle-enocugh. In spite of a number of suggestions, a
clue to agreement has not yet been found.

However, the: follow1ng v1ews have been recognized: it is necessary that we

should conduct on-site insg per't;\.on° in order to ensure that specific acts such as
the destruction of stockpiled agents are carried out; and it is possible that
national means should be supplemented without unjustifiable interference, by on-site
inspections under international control, including some form. of seal, the use of the
camera and so on, in order to control prodﬁction. These views do not go beyond the
conceptual stage; they need to be further explored and made more concrete.

— fam i ve r 4 e e m TS v WO O S sreeas oo et

2. Our though%s and suggestlons on international controcl of chemical weapons

With the-aim of contributing to the solution of the problems described above
we investigated to see whether or not there was some effective treaty now in force
which could serve our purpose. - We haye found that the system of agents to be
regulated in a treaty on the control of narcotic drugs and psychotropic drugs has
many similarities to a chemical-warfare ban treaty— which is also concerned with
controlling chemical substances-- and can be useful for our purpose. This is
the Single Convention on Narcgtic Drugs, 1961, as amended (hereinafter referred to
as the Nércotic Drugs Convention), to which, as of 1 March 1977, 109 countries,
including most members of the CCD, are Parties. Referring to this Convention, we
would like to suggest the following:

(1) Chemical warfare agents

There arc a voriety of chemical warfare agents to be prohibited, and hence it

is virtually impossible, in the brief wording of a treaty, to provide specifically

for their definition, category and scope. Therefore, in addition to criteria of

purpose, which have received almost unanimous support, we suggest the compilation

of some tables of the chemical warfare agents to be prohibited., . We should throw
the net of a comprehensive ban over (i) chemical warfare agents and chemical weapon.
or munitions, cquipment and means of delivery, and (ii) activities connected with
their development, production, stockpiling, acquisition,:etc.' We should list in
the tables those chemical warfare agents over which:control by -treaty is at present

considered desirable.
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Chemical warfare agenté as a whole would be divided into categories in the
following three tables: | , ,
Table I: .. cingle-purpose agents and their highly taxic derivatives;
Table II:" dual-purpose agents and their highly toxic derivatives;
Table III: chemical substances with o high potential for use ag chemical warfare
agents, other than those listed in tables I and II. : _
First of all, we should 1list in table I chemical agents used only for warlike
purposes and their highly toxic derivatives, and we should place them under a total
prohibition (for exumple, nerve agents VX including their derivatives VE, VM, VG
and so on; musterds including their derivatives HN-1, HN-3 and so on). We should
list in table II dual-purpose agents for warlike and peaceful purposes and their
highly toxic derivatives; we should place ﬁhem:under'separateAcontrol.‘ We are
then left with those chemical agents which are'listed neither in table I nor in
table II. WQ_ghould list.them in table»III.in_view of their high poteptiality
for use as éhemical warfare agents.  Though the chemical substances to be listed
in table IIT nannot.he.uned directly Lor warlike pufposes, we should prevent any
State party to the-freaty from transforming those substances into chemical
weapons by imposing an obligation of notification on any State which is about to
perform such activitics asg production, stockpiling, developmenﬁ, etc. . In doing
S0, we can modify article I, sub-paragraphs (a) and (b), of the British draft to
read as follows: , : N , _ o
"(a) chemizal agents listed in the annexed ‘tables ILIII, of types.and in
quantities that have no justification for protective or other peaceful
purposes; . ' ' : .
"(b) munitions, equipment or systems designed to fill up, install/Aor‘deliver
aggnts_specified'in the preceding sub-paragraph (a) or chemical substancesg/
- which are intended to produce the same effect as agents specified in
sub-paragraph (a) when fired munitions reach the target."
Thus we can define the subject-mpatter simply and concretely, make the scope of the

treaty clear, and clasoify chemical warfare agents in tables I, II and III.

1/ The word Minstal’ ig inserted because some munitions, such as chemical
mines, do not require to be delivered.

2/ The words "chemical substances” arce inserted becauso binary chemical
weapons should be prchibited.
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effective to clrssify chemical warfare ngents in tables I, II and III.

From the standpoint of contrcl over these chemical weapons, we believe it quite

This lirne

of thought stems from the formula employed in the Narcotic Drugs Convention, from

the draft treaty, and from our previous thoughts as embodied in the working papers

submitted by the Japanese delegation in the past (CCD/430, 466, 483 and 515).

(2)

(1)

Working procedure for completion of the tables

The following procedure is suggested for the work:

All toxic chemical agents whoce toxicity is above the agrced level should be
1isted using the LD50 spectrum. A method of drawing up the lists has already

. been suggested by Japan in its "Working Paper: Draft of one form of LD50

(i1)

spectrum" (CCD/515). The preparation of lists of toxic chemical agents is
already under way as an IRPTC project of UNEP and may be very useful to us.
Chemical agents which are clearly not used at present and chemical substances
thch, to judge. from their characteristics as. chemical weapons (for example
shelf-life, perceptibility, volatility, explosion stability and so on; see
the working paper of the Federai RepuﬁliC'of Germany, CCD/458), are of low
potential'fof use as chemical warfare agents should be deleted from the list

referred to in paragraph (i).

(iii) Chemical agents whose toxicity is below the agreed levelibut which are clearly

(iv)

(3)

controlled by the treaty, will be useful, as explained below, from the standpoint of

used as chemical weapons should be added.

From the above list, single-purpose agents should be listed in table I,
dual-purpcsc agénts in table II and the remaining agents in table ITI.

An important point in this process is that the listing work can be done
objectively by cxperts on the basis of a criterion of toxicity and other
criteria. The tasks of deleting, adding, and classifying chemical agents
should be undertaken by an informal expert mceting.or an informal working
group composed of yualified oxpoerts from CCD member and non-member countries,

in accordance with a.procedure to be agrecd upon by the Stale parties to the

“treaty. The various critceria other than purpose criteria are all supplementary‘

means of carrying out this work.
Contribution to the control of chemical weapons

This method, by which we can determine conerctely the chemical agents to be

controlling-chemical weapons:in-order to ensure compliance with the treaty.

|
d
'
'
'
|
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(a) In the event that the chemical agents listed in table I are to be destroyed
on a phasud baris, the method mokes it wasier to work out a prograuume for their
destruction; to establich procodurce for dostruction according to the
characteristice of individual chemical agents, and for on-cite inspections; and to
ascertain the amount of destruction accomplishéd.

(b) If the agents listed in table II are to be brought under control, the method
will be useful in preparing annual reports on the actual quantities of production,
imports, stocks and so on needed for peaceful purposes, and in submitting
estimates of recquirements (the rcader is referred to the procedure described in
article 19 of the Narcotic Drugs Convention).

(c) The method will facilitate periodic review of the tables. In particular,

if it becomes clear that chemical substances of recognized potential for use as
chemical warfare agents are in use for weapons, the method will make it easier

to transfer those substances to table I or II.

To sum up, the purpose of this working paper has becn to prescnt some
suggestions concerning a number of proposals already submitted, as menticned in
the introduction, and also a suggestion on item (ii) of the scheme suggested by
the distinguished delegatce of the United Kingdom at the 737th plenary mecting on
17 March 1977, c¢ntitled "Means of defining agents to be banned". We have also
referred to item (iii) of that scheme, entitled "Verification problems
(... destruction of stockbiles, data to be collected and cexchanged by national

verification g;stems)".
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UNITED STATES OF AMERICA

Working paper concerning incapacitating chemical warfare agents

Introduction

In addition to chemicals that kill or permanently disable, chemicals which have
temporary, incapacitating effects are potential chemical warfare agents. For this
reason, it is appropriate to -consider their inclusion in a future CW arms control
measurc. The draft Conveniions presented by the Socialist countries (CCD/361), Japan
(ccp/420), and the United Kingdom (ccd/512), all appear to place restrictions upon
incapacitants, as well as on other agents. In addition, the lO-nation memorandum on CW
(CCD/AOO) would seem to advocate prohibition of incapacitants.

While the view that incapacitating agents should be subject to constraints appears
to be widely held, little information has been presented at the CCD on this category of
agent. The only working paper dealing explicitly with incapacitating agents was
presented by Canada in 1974 (CCD/433). That. paper examined'the problem of defining
compounds having significance as irritating or incapacitating agents. The purpose of

this paper is to present additional background material.

What are incapacitating agents?

As pointed ouf in Canadian working paper CCD/433, "incapaciting mecans having
physiological or mental effccts which will render individuals incapable 6f normal
concerted physical or mental effort or both for a significant pefiod of time after
exposure". The effects are intended to be temporary, resulting ih no permanent damage.
Such effects may last for hours (or for days in extreme situations) after removal from
exposure.

~In order to be effective militarily, incapacitating agents must fill the basic
requirements common to all chemical agents: reasonable cost of manufacture from readily
available materials; a high degree of stability in storage as well as durihg and after
dissemination; capability of becing disseminated efficiently and a relatively short time
interval betwcen exposurc to the agent and the onset of desired cffects. In addition;
the difference between the effective and lethal doscs of an agent must be wide enough fo
permit the spontaneous recovery of most victims with no permanent after effects.

GE.T77-8%176



CCD/5%1
page 2

The most important types of incapacitating agents are found in the following
categories:

(1) Psychochemicals. These compounds (usu:zlly indole, trypta.ine, or piperidine

derivatives) may be described aé‘psychotropic, psychotogenic, psychotomimetic, or
hallucinogenic. The effects produced may include visuélband aural hallucinations; a
sense of unreality; and changes in mood, behaviour, performance"mémcryy“attitude,
concentration, perception, and thought processes. Representative agents of thlS group-
are J-Quinuclidinyl Ben21late and Lysergi:. Acid Dlethylamlde.

(?) Paralxoantu. Agents that interrupt nerve lmpulse transm1531on at the skeletal

' neuromuscular junction (for example, curare) and those that block transm1531on in’

autonomic ganglia (for example, hexamethonium) are found in thls group.

(%) Pain producera. Phy31cal 1rr1tants which have a pers;stent effect can be considered

incapacitating agents. Representative of this group are urushiol (one of the active
principles of poison lvy) gnd bufotenine (a compound whlch 15 secreted by the common
~ toad and causes intensive 1tch1ng)

Egﬁectlve dose and other definitional criteria

Toxicity thresholds based on median lethal dose are generally agreed to be a useful
supplement” to the general purpose crltﬂrlon for defining which chemicals are potential
lethal CW agents. In the Canadian paper CCD/414 this general -approach was extended.to
potential incapacitating CW agents. It was suggested that: "A chemical dompound or
element can be considered as o potentlal agent of war if it has a median 1ncapa01tat1ng
or irritating dosage of less than 500 mg. mln/MB"

Vhile determination of median. lethal dosage is relatively stralghtforward
measurement of medlan effectlvr dosagn 1s much more complex. The experimental
procedure used will depend on the type of effect expected. Separate methods would be
needed to determine effective dosage for each class of agehts. One method for measuring
human mental performance, called the Numuer Facility Test (NF), employs a series of
addition problems, each consisting. of three randomly selected 1- or 2-digit numbers.

The score is the number correctly added within a 3-minute pcriod. Other tests have been
deielopedvto measure eye-hand co-ordination and dexterity. The types of teats used for
animal testing are often based on conditioned reflex responses, physical endurance and

visual digcrimination.
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Criteria based on chemical structure or physical properties, analogous to those
suggested for lethal agents, would appear to have little utility. Potential
incapacitating agents ére so diverse that it does not appear possible to find any simple
definitional formula. In viéw of the lack of suitable technical criteria, consideratior
night be given to rely}ng uolcly on the general purpose criterion.

Verification consideraticns

Generally speaking, the findings reached on verification of restrictions on lethal
agents will also apply to incapacitating agents. In. other words, the ability to verify
<
restrictions on development, production or stockpiling will be no better or worse for

incapacitating agents than for lethal agents.

Military role of incapacitating agents

While the potential military role for incapacitating agents has been discussed for
decades, such agents do not appear to have become a major component of CW stockpiles.
A key factor has undoubtedly been the unsuitability of currently known agents for
military purposes. If incapacitating agents were not eventually covered in a CV
agreement, however, increased effort might well be devoted to overcoming these

shortcomings.

Conclusions

1. The view that limitations should be placed on incapacitating agents, as well as on
lethal égents is widely shared. ,

2. In view of the lack of suitable technical criteria for defining potential
incapacitating agents, consideration might be given to relying solély on the general
purpose criterion.

3 Limitations on incapacitating agents do not appear to pose any novel verification
problems.

4. At present incapacitating agents do not appear to have become a major component of
CW stockpiles. Their rcle could increase, however, if they were not covered in a CW

agreement.
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Working paper concerning the verification of the presence of
nerve asents, their decomposition products or starting
materials downstreem of chemical production plants

1.1. A NON-INTRUSIVE METHCD TO VERIFY A BAN ON THE PRODUCTION OF NERVE AGENTS

One of the functions of an effective verification system with respect to a ban on

the development, production and stockpiling of chemical weapons is to deter the
production of chemical weapons, in particular the very dangerous nerve agents. To
achieve adequate deterrence, procedures are necessary to ensure that a sufficient chance
exists that clandestine production of nefve agents will be detected. On the other hand,
one always strives for verification methods which are as non-intrusive as possible.

As a contribution to golve part of the problems involved, a highly sensitive method
will be described to analyse waste water downstream of chemical production plants and to
compare this with an upstrcam sample with the purpose of detecting the presence therein
of nerve agents, their decomposition products or starting materials. The analytical
procedure may be carried out in every laboratory equipped with a gas chromotograph and
the method is suffici;ntly'sensitiﬁe to give . positive indication even after extensive
water purification.

From the results it may be concluded that the reported procedure gives a practically
unambiguous and simple yes or no answer to the question whether nerve agents, their
decomposition products or starting materials are present or not. After a positive
detection — which would only make the plant suspected -- a visit to the plant could be
made to reveal the identity of the product manufactured.

1.2. BASIS OF THE METIOD

The nerve agents are organophosphorus compounds and structurally related to
pesticides. Generally both types of compounds may be prepared in similar production
plants. However, an important structural difference between both types of compounds

exists. The majority of the nerve agents is related to methylphosphonic acid (1),

CE.77-84205
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whereas most of the commercially available organophosphorus pesticides have phosphoric
acid (II) as their b-sic structure apart fror a few pesticides based on I which generally '

(3-5) :

nave an experimental status .

HO 0 HO 0

The Japanese delegation to the Conference of the Committee on Disarmament drew.

decomposing conditions. Besides gas chromatography in combination with a specific
detection-was mentioned as a suitable method to detect organophosphorus compounds at

very. low concentrationsSG)

A verification procedure, based on the above-mentioned considerations, is presented
in this report. Samples from the.Rhine and Meuse, both considered as heavily polluted

rivers, were used as models for substantislly diluted waste water downstream of chemica

production plants. As such the procedure provides a rather non-intrusive inspection -
method. Ethyl S-2-di-isopropylaminoethyl methylphosphonoticate (VX).

C.H. O 0
. .2 5 . Wz

"~P”

R

AN
P
7/

K \ ) ’
H3C SCHQCHZN(1.0337)2

was used as.a representative of the nerve agents.

After a discussion of the investigationS‘concerning'the different aspects of

the. procedure in part 2 the ultimate procedure is described in part’'3. Part 4 coumprises W

some results obtained‘on applicatién of the ultimate verification proéedgre on Rhine_and

Meuse: river watér'samplos. Lome directions fdrAfuture wak cqnclude the report as
part 5. A ' .
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2. -EVALUATION-OF THE VERIFICATION PROCEDURE:

2.1. Materials _ o
Ithine river water samples were collected from the Lek at Bergambacht and analysed

by the Dune Vater Works of the Hegue.  The Meuse river was sampled at Keizerzveer and

analysed by the Drinking Water Works of Rotterdam. The samples were stdfed in a

refrigerating room. The chemical analyses“of the water samples are listed in Table 1.

g Table 1

; Chemical analyses of Rhine ‘and Meuse river samples

: component : ‘ ___Rhine _Meuse :
i 12-12-17%i12-8-"74 20-11-174 8-1-175 25-8="75. 3-3-176 23-2-176
lchloride (/1) 2% | 175 ‘168 | 853 ; 140 | 196 | 37 !
isulphate .- 89 | 86 85. 1 59 70 ! 94 ' 54
jbicarbonate "1 140 1146 156 ~ ;146 149 © 17193 ¢ 134
initrate _ . 1.5 ¢ 10.8 | 12,2 i 14.0 ! _12.7 ¢ 17.6 ; 17.0
'Kjeldahl nitrogen " 4.4 1.7 | 2.2 1.5 | 1.0 2.6 i 1.9
lorthophosphate D 0.62 i 0.55! 0.75 |  0.41: 0.98!  0.97! 0.73
! unfiltered "ol1.95 0 1,270 1.70 0 100 1.6 1.92) 1.4 |
Itotal organic carbon " ' 6.2 | 7.8, 5.9 .1 80! 55 8.2 6.9
lsilt “ . 6 . 10 1 19 | 46 | 3371 23 | 26 |
‘cholinesterase i | | 5 % ' E i %

inhibition in i ! ! : | :

. parathion eq. (;g/l) 0.17 ! 0.25; 0.24 ;  0.04! 0.08°  0.13; -
?H S 3, i 7.55 0 7.600  7.50 L . 7.65! 7.700 7.50! 7.6
‘flow : (m /sec) 2572* g 1648% , 287T0% 349TF L 1964* F1329% 1 350%*

*  Lobith. -

¥%  Lith.

For each experiment new glassware was used to precludée cross-contamination.
‘)ZP-labelled methylphosphonic acid (specific activity 1 mCi/g) and >2p_labelled VX
(specific activity 20 mCi/g) as well as the corresponding unlabelled compounds were

- :gynthesized in this laboratory. Diazomethane was prepared and used. in diethyl ether

(1),

solution’
2.2. Hydrolysis -

As stated in Chapter 1 gas chromatography in combination with a specific phosphbrus
detection is a suitable technique for the tracing of nerve agents in water at very low
concentrations. To make the gas chromatographic picture as simple as posglble

(section 2.6) a complete hydrolysis should be carried out after which most
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nhosphorus-containing nerve agents will present themselves as methylphosphonic-acid
(equation 1), where s orgenophosphorus pest®zides will give rise to phosphoric acid

(equation 2).

RG O RO 0 HO 0
AN /?» N\, {o N
B fast. P slou, P | | | (1)
/ o ’ o N ’ } /s N '
BEC X . H,C o | H,C - Ol
P 3 3 i
IIT , v : . 5

Example of III: VX, in which R = 0235 and X = SCH CH N(i.c3H7)2

Sarin, “in- whlch R=1i,C_.H and X = F.

. PN .. e - .- . .. 37 .

RO - 0(8). . RO 0 . H 0 . o
;;Pj fast, RN slow, P (2)

RO X R0  OH g0’  oH
vV o VI : IT

'Example of V: Parathlon, in whlch R=2¢C HS, and X = 6H4N02--p and
’ O(S) 0 '
P,~ = P

A strong acidic medium is a prerequisite to ensure a complete hydrolysis of both

chemical warfére agents and pesticides witk cheﬁical formulae represented in
equations 1 and 2 respectively. Moreover the process of hydrolysis should take place
in a reaconable period of time. In order to establish optimum conditions, hydrolytic
data of a num%ar of organophoaphorus compounds were collected.

| In addlt*on to some hydrolytic half-life values derived from llterature a number of
model cqmpounds has been selected to detcrmine their rates of hydrolysis. Experiments
vere carried out in 1 uwl sealed glass ampoules containing 0.5 wl of‘0.05_M sodium citraic/
citric acid buffer ét rB 3. The concentrationvﬁf the different model compounds ﬁas
0.02"M.  The ampoules vere heated in an oil-bath at 130°C. From the quantitative
anolysis of the reqction mixture using high-voltage papér electrophoresis, ?apéiﬁ -
chromatography, gas chromatography and ultraviolet spectroscopy the respective hydrolytic
nalf-life values were detérmincéa). Table 2 comprises hydrolytic data of a
representative of the nerve agents (VX), of gsowe pesticides (Parathion, Disyston and
DIVP) and of intermediates.thet might appear during hydrolysis. To. motivate the
presence of souwe- i these intermediates it is to bes remarked- that in- the.acid hydrolysis

~ of nerve agents (equation 1) and pesticides (equation 2) to I and II respectively, the
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llydrulytl: hatf-1ifa valuss of wuiee umpuundv nlnud to pl’nlphnl'"l'ront.lln\ng '

-, narve agunts sud pesticidus at pH )

! systematie hydroly= Yy
compound ) or sis temp, ™ eof.
, ki tzivial name * (°C)‘
i CHO0_ 0 : vK: 130 | 0.26 | -
2757\ . . ;
HJC/ sCH CN H(l C 7)
2 C,H0 0 ethyl hydragm mt.hyl-
LS '\P/ phosphonan 130 |10 -
7\
3 CzBSO o ethyl hydrogen methyl-
: \P/ | thiophosphonate -~ 130 9.8 | =
B C/ -\SH .
3 .
4 HO (1] oethylphosphonothioie
\r/ acid 130 | 0.36 -
Cﬂj/ st
5 Cz 50\ / Parathion 0 |2 43
. ) \ Ca
czuso ocGakxoz-p N
6 ‘czlls \ / Paraoxon 70 lZJx A3
-, \ -~ iy
CaRs07 0C “A"°z"’ :
7 . CHO. 0. - diethyl hydrogen phon- - .
BIN 7 phate = - 1o | 82 -
e a0\ ’
¢, g0’ " o
B c.H 0" 0 athyl dxhydrognn phoa- 130 1.42 -
s \P/ phau :
uo'/ Non
9 2 5 ‘ du:hyl hydrogan phol- . S
: \ , phorothlo-u 130 61 -
/ \ : -
19 ch 5 \ / Disyston. R  76- ‘62% 13
% \ e
c,h50” scazculsczn. o
1t o, .. diethyl S~ hydrogen pho-- 130 0.97 -
5 \P, ‘phorodithicata : co
Ve
M50 TS _
12 \ I ronochiophosphocic lcid_ 452,81 1.2 .14
w” \
. : x
g 10 3.4 ]
13 oago / pove , 3
CHJO/ OCHLCI
14 cno 0 dinethyl hydrogen phos- 100 1o 15
N phate .
culo/ Non :
5 "o 0 nethyl Jihydeogen phos= ‘fco 06.25 N
P/ phate ’
CIIJO -\OH

Trlie: refera to the figul Taosier

rYags

J
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hydrolysis of the intermediat-ly formed dlkyl hydrogen methylphosphonate (IV) and dialkyl
hydrogen phosphate (VI) is the raie determining step. Therefcre hydrolytic data on
these compounds are included. : |

The rates ol hydrolysis of phosphates and phosphonates are known to be
pH-dependent. The hydrolysics of alkyl dihydrogen phosphateé9)generally shows a maximum
rate at pll /4; the hydrolysis rates of dialkyl hydrogen phosphateélo)and phosphonateéll)
rise progressively when lowering the pH-value. Thiophospha.tes12 show a maximum rate at
pll 3. As o compromise and for practical reasons a pH 3 was selected for all hydrolysis
experiments: acidic solutions below pH 3 may atfect the performances (e.g. the capacity)
of the anion-cxchange column in the second step of the procecdure (section 2.3).

A temperature of 130°C was selected to obtain measurable Tates of hydrolysis in a
four-days period.

From Table 2 it may be concluded that nerve égents, pesticides and their
decomposition products hydrolyse to I and II respectively in a reasonable period of time

at pll 3 and 130°C. In the ultimate procedure the temperature was increased to 160°C to

- obtain a complete hydrclysis of organophosphorus esters in 24 hours.

2.3. Isolation and concentration

After the hydrclysis the water samples of the Rhine and the Meuse river are passed
through glass-fibre papers to remove solid particles (silt) preceding the use of the
anion-exchange coluan. In this way the resin could be reused by wmeans of a
regeneration proces,* and a possible disturbance of the sample flow through the column
wag excluded. The adsorption of I onto the solid particles in the river samples is
negligible as was determined by means ol 32P—labelled I. After filtration through
the filter paper ng quantities of I were recovered quantitatively in the eluate.

A strong anion-exchange resin [type ¢-N(CH3);1;] is used to adsorb the methyl-
phosphonate anion from the hydrolysed water samples. A simultaneous adsorption of
other anions occurs e.g. chloride, sulphate and phosphate, which are generally present
in excess when compared with‘the amount of compound I. The bicarbonate ion and other
anions or weak acids aré not adsorbed. A 2-3 fold excess in adsorption capacity of
the anion-exchange column is used which is based on the average amount (3.5 meq.) of
anions pfesent in 0.5 litre of Rhine water in addition to the mefhylphosphonate ion and
the added amount (about 3 meq.) of hydrochloric acid used to adjust the pH to 3. The

first experiments were carried out with the commercially available anion-exchange resin

P

*/ _According.to BIO-RAD: (step 1) resin-C1\" + NaOH = resin-OH'™'; (step 2)

resin-OH " + formic acid = resin-formate '~ .

i [ — - Em mE s
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Amberlite IRA-400 in the chloride (€1 7') form. On a column packod with this resin a
quantity of 0.1 meq. - of the methylphosphonate anion proved to be adsorbed incompletely
from one litre of the water sample. 50-60 per cent of the added amount of I was not
retained on the column. A quantitative adsorption of I was obtained when the resin was
converted into the formato_ﬂHCOOT_:) form. Afterwards a commercially available resin,
type BIO-RAD.AG 1-X8 HCOO;:)was used. By means of a breakthrough chromaiogram using a
0.5 litre sample containing 815 mg of chloride or 1200 mg of sulbhate and 225 «g of
32P-labelled I it was found-that during the isolation I woved as a narrow band on the il
column in front of the chloride and the sulphate ions. - Compound I eluted from the
column only when the anion-content in the water: sample surpassed the anion-exchange-
capacity of the column.

After the passage of the water sample the resin is washed with methanol to remove
the interstitial water together with some neutral and basic compounds presenf in the ™
original water sample. It is important that the hydrochloric acid-methanol solution, ! -
which is then used to elute the methylphosphonate anion,. is dry because the subsequent
evaporation of this solution in the presence of water gives rise to considerable losses
of compound I, } ; v

A recovery of compound I amounting to 75-100 per cent  was found after evaporatlon C
as wag checked by experlments with - 32 P-labelled I.. = .

2.4. Derlvatlzatlon

Compound I itself cannot be gasn chromatopraphed but has to be converted into a
volatlle derivative to achl ve a qen,ltlve gas chromatographic detectlon and senaratlon
The compound was transformed into dimethyl methylphosphonate using diazomethane in
diethyl ether solutloé7?““ The yield of the esterification was nearly quantltatlve _

(95 per cent) ‘as determined by gas chromatography (Chapter 3). Other acids such as
phosphoric acid and sulphur¢c acid are methyiéteo simultaneously. These acids may be
present in the ion-exchange column elﬁéfouooainéwffoﬁ tﬁo'orig{hal water sample and
trapped on the resin together with cownpound I.

2.5, Clean-up

This part of the complote verification procedure was introduced to obtain a proper
gas chromatographic anolysis of dimcthyl mnthylphosphonato as outlined in section 2.6.

Ether as well as wmethanol are removed from the esterlfncd sample (section 2.4) by
means of bLoiling under reflux in o Vigreux column until a regidual volume of %-4 ml
persists. This concentration step wuc checked by means of a number of cxperiments with
mixtures containing 10 miAof benzone, 10 ml of ether, 1 ml of methanol and 3w g of
dimethyl methylphosphonate. & recovery of 90-100 per cent of the phosphonate was found

as determined by gas chromatographic analysis.



CCD/533
page 8

The procedure according to reference 16 using a small silica gel column removes
the majority of trimethyl phosphate and dimethyl sulphate from the methylated sample

solution. Details of the gas chromatographic interferences of dimethyl sulphate are

given in section 4. The silica gel column is successgively eluted with benzene, ethyl

acetate, -and methanol. It was found that the benzene fraction contains mainly dimethyl

sulphate, the. ethyl acetate fraction trimethyl phosphate and the first ml of the methanol .
fraction about 80 per cent of the added amount of dimethyl methylphosphonate.

2.6. Gas chromatographic analysis

For the:separation of dimethyl methylphosphonate and trimethyl phosphate the
performances (e.g. " resolution and peak symmetry) of a number of-different stationary
phases such as SE-3%0, QF-1, FFAP, OV-225, DEGS and Triton X-3%05 were evaluated. Triton
X-305 turned out to be the best. '

The optimum column temperature was found to be 140—150°C. Due to a2n increased
column bleeding at higher temperatures the column-life decreased considerably whereas
an increase in detector noise  and detector contamination occurred.

Besides the use of diazomethane for the esterification of methylphosphonic acid

and phosphoric acid it is possible to use other diazoalkanes. The resolution of the

.
. N —~

resulting trialkyl phosphates and dialkyl methylphosphonates may be expressed by:
tr(trialkyl phosphate)-tr(dialkyl me thylphosphonate)

R = - . -
s =2 y (trialkyl phosphate)+y(dialkyl methylphosphonate)

(3)

where Rs atands for the resolution, t for thr retention time and y for the peak width
at the base. The results together w:th the retention time relative to dJmethyl
methylphosphonate are given in Table 3.

! Table 3
: ‘ Resolutlon and retention times relative to dimethyl methylphosphonate-/
. of a number of methyiphosphonates and phosphates

j
! : 2
| (RO)ZP(O)CH3 i relative. f (RO>3P(O) : Telative resolution
| R = i retention ; R = { retention S04 ll
; ! - !
L CHy 1.00 ! CHy 1.33 2.1 !
1 | i !
; 02H5 i 1.29 i 02H5 2.07 4.0 ?
| CH 2.5 C .5 .1 i
! n. sta | 57 : n. 3H7 5.953 4 :
¥ !
i 1. Cj“/ 1002/ PCoHy | 1.58 | 2.8 |

f/ Retention time is 200 sec, column temmerature 140°C, for further gas
chromatographic conditions see Chapter-?

**/ Tailing peak.
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From the results given in Table 3 it might be concluded that it is advisable to
prepare either the ethyl or the n.propyl esters instead of the methyl esters.
Nevertheless the use of the methyl esters is to be preferred for the following reasons:
(a) Dimethyl methylphosphonate is detected at least two times more sensitive

than- diethyl methylphosphonate and dipropyl methylphosphonate.

(b) When using the ethyl esters or n. propyl esters the analysis time will be
increased two or four times respectively in comparison with that needed fof

’the vethyl esters. |
(¢c) Methanol is used as a main component of the eluent system to desorb

methylphosphonic acid from the anion-exchange column. In that case the

use of diazomethane(;7)is recommended.

Owing to its specificity for organophosphorus compounds the thermionic detector
was the detector of choice. The mean lowest detectable: amount of dimethyl
methylphosphonate proved to be 0.23 ng (range 0.15-0.30 ng). ~ The maximum injection
volume was found to be 5 4'1. More solvent volume caused an extinction of the
detector flame. ‘

~ Dimsthyl methylphosphonate can be identified by means of its retention index
according to Kovétgla) The index amounts to 1427 when determined at 170°C on
Triton X-305 as a stationary phase. Under these conditions trimethyl phosphate, which
will be detected as well, has a retention index of 1483.

To prove unam.iguously that the peak ascribed to dimethyl methylphosphonate is not -
due to the presence of a non-phosphorus compound in relatively high concentration, the
thermionic detector was used in combination with a flame ionization detector. In case o:
a non-phosphorus cowpound the last mentioned detector will give a relatively high pressur
3. DESCRIPTION OF THE VERIFICATION PROCEDURE

From the results outlined in the preceding Chapter the following method was
selected to verily the presence of nerve agents or their decomposition products in
waste water. ‘ o
Hvdrélxsis: The hydrolysis is carried out in sealed 750 ﬁl Carius tubes containing
500 ul water samples adjusted to pH 3 using 0.5 N hydrochloric acid. The tubes are
heated in an oil-bath at 160°C during 24 hours.
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vol. 100 mi

50

vol. 5 mi’
mm .

——————

— ol

Figure 1., Pear-shaped flask to concentrate the column eluate.
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Isolatlon and concentratlon After filtration through glass~-fibre paper (Whatman, uP/A

the hydrolyzed sample is passed through an anlon—exchange ‘column (length 20 cm, i.d. 1lmm)

packed with AG 1-X8 (formate form, BIO-RAD) at a flow rate of 1-2 ml/min. After the

'passage of the sample the exchange coludn 1s washed ‘with" 30~ ml of methanol. Méthyl—

phosphonlc acid and other a01ds adsorbed on the res1n are eluted at a flow rate of -

0.5-1 ml/mln with 20 ml of a01d1f1ed (w1th gaseous hydrochloric acid up t6 3N) methanol.
The eluate, collected in a pear—shaped flask (Fig. 1),-is concentrated to a volume of less
than 1 ml by evaporation in a water-bath waintained at 50°C, using a gentle stream of air.

Derivatization A solution of dlazomethane, generated from N-methyl-N-nitroso-p-toluene-

sulphonamlde and potassium hydroxxde(7), in ether is added to the residue of the eluate
until a yellow colour per31sts " The mixture is allowed to stand for 15-20 minutes.
The excess of dlazomethane is removed by weans of a few droplets of acetic- a01d

Clean—up procedure. After the addltlon of 10 ml of benzene the methylated solution is

~

concentrated by b0111ng under reflux using a Vlgreux column (length 19 cm;<i.d. 11 mm)

until a residual volume of 3-4 ml. To prevent bumping of the boiling liquid use-is

~made of a device consisting of a glass bar bent in a U-form 7_. During boiling the

‘pear—shaped part of ‘the reactionhflask (Flg. l).is ‘immersed in an oil-bath,. which is

gently heated from room temperature up to 160°C in the course of 45 minutes.
Slllca gel after pretreatment by heatlng for 48 hours at 135°C, is partially .
deactlvated by shaklng w1th 3 per cent (w/w ) distilled water. After four hours the gel

_1s ready for use. To a column (length 19 cm, i.d. 8 mml plugged with glass wool 1 g of

(16)

the silica gel is added followed by 2 g of anhydrous sodilm sulphate The column
is prewashed wlth 10 ml of hexane ' The sample solution is fransferred to the silica

gel column whlch is success1vely rinsed w1th 16 ml of benzene, 24 ml of ethyl acetate

“and 8 ml of methanol at a flow rate of O 220. 4 ml/min. ‘The eluates of benzene, ethyl

acetate and the initial 1 ml of methanol are collected separately. The methanol

fraction is set asmde for further use.

_Gas chromatography " The gas ohromatographic analyses are carried out on a Becker gas

chr-matograph type 409, equlpped w1th a thermionic detector (TID), type 712. The
001led glass column (length 2 m, i. d 1.5 mm) is packed with Chromosorb W-AW/DMCS 80-100
mesh coated with Trlton X—305 (25 per cent w/w after sieving in the particle range

from 149-177 pm. ~ The column, injector and detector are maintained at 150, 200 and

200°C respectively' Gas flow rates are 40 ml/mln for nitrogen, 65 ml/mln for hydrogen
and 250 ml/mln for air, Because of the use of a splitter at the end of the column.
[ratlo (3: l)] only 20 ml of nltrogen pTo minute ‘reached the TID detector. The remaining
part is led to a flame 1onlzatlon detector. = Maximum sample volumes of 5 pl can be
injected. ) Reference samples of comparable concentratlon are used for quantitative

measurements
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4. APPLICATION AND DISCUSSIO - o
Once developed tie complete verificatior procedure was checked by adding varying
quantities (0.1 pg -1 mg) of vi to 1 litre of demineralized water and Rhine river water.

. Based on dimethyl methylphosphonate a mean recovery of 73 b 11 per cent was obtained
in demincralized water. The clean-up part of the procedure was omitted in this case.
Considerable concentrations of phosphoric acid (approximately 0.2 mg/litre) were found
which were detected as trimethyl phosphate by gas chromaiography. Phosphoric acid is
probsbly released from the wall of the glassware during hydrolysis._

Samples obtained after the addition of a relatively high quantity (1 mg) of VX to
1 litre of Rhine river water were analysed similarly. A clean-up of the sample before
the gas chromatographic analysis proved to be unnecessary because no interfering
substances were present at that concentration level and the comparable amounts of
dimethyl methylphosphbnate and trimethyl phosphate could be sufficiently separated by
gas chromatography. Based on dimethyl methylphosphonate a recovery of 78 < 10% (n=6)
was obtained. ' ‘

In the analytical procedure carried out with small quantities of VX (0.1-1 ng)

added to 1 litre of Rhine river water the clean-up method had to be introduced because of

interferences in the gas chromatographic analysis. First of all separation of small
amounts of dimethyl methylphosphonate from a 1000 fold excess of trimethyl phosphate

pfoved to be insufficient because of overlapping of the peaks. Moreover dimethyl

sulphate interfered seriously in the detection of dimethyl methylphosphonate. Depending

on the hydrogen'flow the thermionic detector gave negative or positive peaks for dimethyl

sulphate which influenced the response of dimethyl methylphosphonate, because of pecak
overlap. Dimethyl sulphate was identified by the combination of gas chromatography and
mass spectrometry (type JEOL JMS-01-5G) . It is most probably formed by methylation of
sulphuric acid present in the Rhine river samples (concentration level of sulphate

= 80 wg/litre). The interferences of excess trimethyl phosphate and dimethyl sulphate

could be overcome when using o clean-up of the methylated gample before the gas

chromatographic analysis. In this way it proved to be possible to analyse concentrgtions

of VX added to Rhine river water samples down to 250 ng/litre. Based on dimethyl
methylphosphonate a recovery of 80-90 per cent was found in Rhine river samples taken
25 August 197YH.

These recoveries were corrected for an amount of dimethyl methylpliogphonate
(0.7-0.8 pg/litre) detected in the same Rhine river samples to which no VX was added.

The identity of this compound was approved by mess fragmentography on a Finnigan

quadrupole gas chromatograph-mass spectrometer, type 3100-003%D. The peak was scanned av

three characteristic m/e values: 79, 94 and 109 vhich correspond with (CHSO)P(O)H'f?,
(CHBQ)P(o)H(cna)’f’.and (an)gP(U)‘+5- Phe peak intensity ratio was 6:4.4:1 which
J
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equals the result obtained with a reference sample of dimethyl methylphosphonatet'4'Ouing
to the-small amount: the’ intensity of :the molecular ifon was too small for scannlng

Later-on the same compound Was detected in" the Rhire river samples 01" March 1976

(conc. 760 ng/litre). and in the Meuse river sample of 23.F bruary 1976 (180 ng/litre).
Obviously one or more emlsslon sources in or at both rlvers glve rlse to the presence
of a compound contalnlng a PCH3 group in .the molecule therature gives no -indication
that such compounds oceur in nature. It is known that a number of 1nsect1c1des
contalnlng a P—C bond ‘are oommerclally avallable e.g8. Dyfonate (ethyl S—phenyl
ethylpho phonodlthloate) As' s result of ‘the’ descrlbed analytlcal procedure dimethyl
ethylphosphonate will-result. ... Accordlng ‘to‘its retentlon 1ndex (1468) thls ‘compound -

~'will not’ interferé” in ‘the gas chromatographlo analysls of dlmethyl methylphosphonate

(retention index.1427, see: section: 2. 6). - However, M]ecarphon(5 to our knowledge the .
only commercially available pesticide contdining a PCH3 group will® glve ‘rise to dlmethyl
methylphosphonate: on application. of the analytical procedure and will-'thus 1nterfere‘1n
the verification process. ‘ o R R h

As stated in section 2.6 the mean lowest amount of dimethyl methylphosphonate:
detectable by gas chromatography (sectlon 2. 6) is O 23 ng of dlmethyl methylphosphonate
or 250 ng of VX per litre of water, belng corrected for a mean recovery of 80 per cent
and’ an’ orlglnal water sample volume of O. 5 lltre, which was ‘concentrated’ to a volume oi
1 ml,. ~-Th1s means- that. if a plant carries-off at least 5 kg of VX.or.an equivalent

quantlty of 1ts decomp031tlon products or. starting materlals in 24 hours 1nto 2 river

- with a flow of 250 m /sec it will be detected A survey of adxanced waste treatment

technology has revealed that carbon’ adsorptlon processes would be capable of reduclng

a concentration of 1 mg/litre'of phosphorus .containing insecticides in a waste stream